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SECTION 1. SONAR DfUIPENT

I*II- SUBMARINE SETS

Aotive/Passive Sonar TY26 2001 for H.M.S. DRIAMOUGHT:,and LHM.S.-VALIANT.

Sea Triala

Only one major trial of Type 20OIX in H.M.S, VERULAM took place in 19624,U The aim of this trial was to test the prototype electronics of the SecotrDisplay in botb the active and the passive moia3 of operation and compare itsdetection capability with that of the other displays. The trial was carried
out in May in the Atlantic, North an' 'auth of the Canary Islands. Thei target
was H.M.S. SEALION. Climatic and ooc.cdographio data for .he time of yearI: indicated that near-surface propagation conditions would be beginning to
deteriorate and would depend critict~lly upon the prevailing weather conditionstThe trial was therefore planned to start in the north and move south ifnecessary to take advantage of inortoased surface mixing in the North-East Trade
V7ind belt. As foreseen, weather conditions in the north were unfavSurable and
so the latter part of the trial was carried cut to the south of the Canaries,

21 The trial also gave propagation inform~ation and considerable echo and
background data were recorded on magnetic tape for subsequent study in

L ciinneotion with automation research. As in all previous Type 2001 trials thedetection results were augmented by oceanographic, propagation and
reverberation measurements.
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(b) Ths active and passive bearing+ ccuracies;,of the S.D. lie well
ithin the required limits. (I r.m.s.)

(a) Whilst the 10 Kyd range inorement display as fitted in

H.M.S. DREADNOUGHT is essential tactically, it does'not permit use
of the full range discrimination inherent in the system.

(d) The S.D. prcvides a useful classification zid and is capable of
showing wake echoes from surface targets.

1.0

0.8.I

0.6.

S0.4 o

04-

0o.2 -v

9140 15'0 & 17'0 18' 190 20 0 okh-,0 o 18 20o.0

2-WAY PROPAGATION LOSS FROM I YD (dB) 2-WAY PROPAGATION LOSSFRM I YD (0e) FOR
5aDETECTIC)N PROBABLITY

Fig- 3 Detection TransitioFig. 4 50 Detection Probability
Curve for one run. Histogre for 26 runs,

4. Part of the analysis of the results obtaiiwa on the ID.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 run. The cumulative
probability curve is the best fit to the de.ta. Fig. 4 has beei derived from
26 runs analysed in a similar manner. This figure shows the number of
occasions when the two-way propagation loss for 50 probability occurred in a
given propagation loss interval. These results apply to "possible" detections
since they are obtained by working backwards in time from valid detections to
zero detections. The effective 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 consequencb 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 E, ipment

5. The experimental Type 2001 has been extensively refurbished during
H.M.S. VERULAM's refit and it will be used during the ship's future programne

I -2-



of trials in conneotion with Automatic 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. VERUI!M trials the design of the Sector
Display for Sonar Type 2001-X1 (to be fitted in H.&.S. DRF.ONOUGHT) was
modified during 1962. The revised parameters are now as followss-

(a) Beam width: 200 (receive and transmit on any salected bearing from
Red 1100 to Green 1100). /

(b) Pulse length: approximately 612 millisecs, dependent upon local
velocity of sound in the sea (adjusted to 1,000 yd travel time).

(c) Analysing filters: 30, spaced at 10 c/s intervals.

(d) Frequenoy Deviation Linear 3.8 to 3.5 ko/s.

7. In the active mode of operation the left and right hand channels use
identical circuits to process the
received signals. The phase
differences of the pairs of rang:
filters are measured to give the
angular position of the target
relative to the line of sight. The
output of the left hand filter is
rectified to give the display video
brightening signal.

8. The display showb 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
selects the beam-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 ielector switch
and phase correction network are
also used in the passive mode of
operation for the determination of
accurate bearings of radiated
noise. To do this, the left and
right outputs are correlated, but a Fig. 5 Initial Detection Display.
900 phase-shift is inserted in one
line so that the amplitude at the centre of the correlogram is zero. lfhen the
target is to the left of the beam the output is positive and when it is to the
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right the output is rcgative. Two cent.e-zero meters are used to display the
outputs of' the two received frequency bands 1.5 to 2.3 ko/s and 5.5 to
6.5 kc/s.

11. Another eceiver is used to amplify the sum of the left and right hind
signals. The received frequency bands, 1.5 to 2.3 kc/s and 5.5 to 6.5 ko/s
are both heterodyned to 500 to IO00 c/s. Either of these channels can be-fed
to the operatonrl headset to assist in classification.

Tyve 2001-XI EquiLxnont for H.M.S. DRDADVOUGHT

12. The whole of Soiv-r Type 2001-XI bbm now been installed in
H.M.S. DREADNOUGHT, All but one cabinet of clectronic equipment was in use
during the contractor's sea trials which we-e completed during x'ebruary 1963,
Since that time the r~ziamining cabinet has boen installed, minor difficulties
o'servd auring the c(,ntractor'a sea triale have been resolved and the formal
4 m pattern trials 3re planned to take place during May 1963.

13. A eries of limited beam pattern trials, to prove the array prior to the
contractor's sea trials, were carried out, as planned dwing January 1963.
For this trial H.M.S. DREADNOUGHT was submerged with the top of the transducer
array 15 fett below the surface. A 62 ft aluminizi boom (sea Fig. 6) carrying
a calibrated transducer was mounted on the submarkne hull above the array and
could be trained between Red 1500 and Green 1500. Pen recordings were taken
of delay line and correlator outputs in xaception and of the boom transducer
output during transmission.

g

If-rig. 6 Boom Arrangement for Beam Pattern Measurements.
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14, The beam axes, corrected for errorsdue to the .aiymr~t4 of, the boom
arrangement, were found to be coriect to.an. ouracy of +t. Near field
effects ind reflected sound did noct seriously affect the'main lobe shapes, but
minor lobes were distorted:by reflections and theiri positions and amplitudes,
are of little quantitative value.

15. A complete set of H.P. and L.F. correlograms was recorded, using o noise
t signal transmitted by a transducer mounted on the end of the boom, confirming

that all round pkssive cover was available. A detailed analysis of these
results is still in progress.

Theoretical Beam Patterns

16. A programme has boon written for a computer to compute beam patterns
obtainable with the confoxmal arrays in HX .S. VERULAM and H,M.8. DRIADN0UGHT.
There is provision for plotting horizontal and vortical bom pattesns on;
transmission or reception at any angle of depression, and for varying the
number of staves used, the amplitude shadings, and the phase delays. The
programme has also been used to investigate the effect of phase and amplitude
errors and possible ways of improving side lobe suppression by empirical
meagre. It is now being extended to cover the near field so that the beam
pattern measurements in H.US. DREADNOUGHT can be checked against theory.

6 047w Pressure Hull Gland

17. The problem of passing 1176 twi,,-cores (plus sufficient spars to cover
contirgencies) through the pressure hull has been solved by the provision of
22 opeoially designed glands. Each gland accepts 60 twin-cores from the trans-
ducers and passes a 30 quad cable through the pressure hull.

18. The glands fitted in H.M.S. DREADNOUGHT have been tested to 1,000 p.s.i.
hydraulic 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,..S. VALIANT. In the
modified design the original 64 moulded entries are replaced by eight screwed
units each carrying eight moulded entries.

Sonar Intercept Set - Dye. 197 (Formerly known as "VELX",

20. The use of the hydrophone element fitted in the Type 719 transducer to
replace the original hydrophone is under investigation and preliminary 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 aff'ected by depth. In addition
it can be produced with a polythene cable thus obviating the need for Zhe
present cable-changing boxes.

Submarine Search Hydrophone - yp,,e 186

21. A noise source similar to te foreign device used by A.R.L. has been
manufactured by Messrs Hart]ey Electromotives Limited. This is a 110 volt d.c.
motor driver mechanical "rattle", Ahich can be lowered from any suitable vessel
and used as a noise source for Type 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 sonar confidence check whilst on patrol.
The first experimente model, driven by a battery operated electric motor, was
not satisfactory as regards noise output. A clockwork version is now being
considerei and preliminary noise output trials are encouraging. This noise
maker is intended 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 the experimental equipment in HM.S. BROCKLESBY has been
used for operational evaluation trials in conjunction with J.A.S.S.,
Londonderry, under the following circunstancest-

(a) Varying oceanographic/climatic conditions.

(b) Against unrestricted, manoeuvring and multiple targets.

(c) Investigations of operating, tactical, and maintenance procedures.

(d) Side by side comparisons with Typo 177.

24. Three important conclusions have been drawns-

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

(b) The experimental equipment in H.M.S. BROCKLESBY was not operating as
efficiently as it is reasonable to expect the prototype equipment
will do. Prototype items and setting up procedures were slowly
introduced during the year, and the results became 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 affected in this respect during
the early trials.

(c) The trials to date have not provided in full the difficult search
situation for which Type 184 wts designed, so that the compromise
between detec.ion potential and search capability has not yet been
completely proved, although it would appear tn be acceptable in deep
water. There is still an urgent need to have high seed submarines
available for the assessment of modern sonar systems.

25. The reverberation 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 sea area is used as a reference for reverberation
level. For one deep water results, the target is always in the layer. Some of
the evaluation figures should be regarded as preliminary, since analysis
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is still proceeding. It is obvious from these results, however, that
Type 184's disadvantages in shallow water under igh reverberation condit.ons
are considerable.

MeinDetection~

Water Reverb. Level Layer Sea Target diane (yd)
aterDepth Ref. Portland Depth

Dth sea area (ft) State Aspect
(fathoms) (dB) Type 184 Type 177

>1000 -20 150 10 - 2 Beam 19800 180006

>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 Random 7100 9400

>1000 -10 450 3 - 5 Random 6000 6000

70 0 - 1 - 3 Random 4900 6700

< 100 +10 - 1 - 3 Random 0 12000

< 100 +5 - 1 - 3 Random 5000 11000

<150 o to +10 - 3 -6 Random 1000

26. Some understanding of the reverberation problem may be derived from the
basic sonar equation in terms of the detection potential of the equipment
parameters which is given bys-

(10 log - 10 log 'j - J - Rf - IA) dB

where 'L = pulse length
w - bandwidth
J Receiver Reverberation Directivity

Rf = Reveberation spectrum level in a 1 c/s band relative to thettotal reverberation energy in a bandwidth wide compared with
the spectrum spread

U the recognition differential.

27. A practical detection range, however, not only depends on the detection
potential but also on actual level of reverberation and propagation loss and
may be related to the detection potential as shown in Fig. 7 on the next pagg.
Shallow water reverberation levels associated with the Portland area are
assw'ied together with a 15 dB target at periscope deptb in a 150 ft isothermal
layer 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 8 dBj
and for the Doppler Display 13 to 23 d depending upon the amount of targetf! doppler.
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28. Means of improving the detection potential of Type 184 within the limits
of the present system design are under investigation.

Own Doppler Nullification

29. The own doppler nullifying system, described in detail in the previous
report, has been workin& successfully and has now been incorporated into .the
final design.

Protot Manufactue

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

Automatic Handling of TM 184 Data in the D.L.G.'s

31. There is now a firm roquirenm3t to handle and display sonar information
within the ADA (Action Data Automation) System in the Guided Misaile Destroyers
D.L°G.05 and 06, Thin involvess-
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(a) The injection into ADA of range, bearing and doppler informationfrl
sonar contacts, by "semi-automatic'!-means (io. dir& 4om,.he.
Sonar Control Room under operator control), iogi6h'4 '

supplementary information such as instant of trahsmiabion-and sons:
range scale.

(b) The display of this data to show post history by presenting the
last few echoes in quick succession ("rippling").

(a) Classification, including correlation with radar and othr
information.

(d) The interchange of A.S.W. information over TIDF links.

(e) Improved MATJH fire control. using the ADA oomputes to prediot
tar-,t position and calculate orders to the helicopter,

) Calculation and display of recommended manoeuvres tor torpedo,
avoidance.

32- Prolimiary demonstrations have shown that the proposed "rippling"
technique appears to be adequate for the display and assessment of past and
presentsonar information, so that an A/S plot can be dispensed with.

33. The equipment modifications nd additions required to feed the 184 data
into the ADA system are now well in hznd.

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

(i) The writing of detailed "rules" laying down the operational
requirements.

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

(iii) The further translation of flow diagrams into detailed computer

programmes.

(iv) The testing, evaluation and assembly of these progremmee
(including the writing of auxiliary, programme material for testpurposes).

35. Stage (i) (rule writing) is the responsibility of a T.A.S. officer
attached to D.U.S.71. and working in close collaboration with A.U.W.E., and some
ten draft rules having been written to date. The broad outline of the flow of
data within the computer has been laid down, and work on detailed flow diagrams
has started. Stages (iii) and (iv) are not yet under way; progress in these
will inevitably be slow because of the lack of inmediate dccess to a POSEIDON
computer, the only one available at present being at A.S.W.E., Portsdown.

Variable Depth Sonar nlyee 199

36. The first Canadian equipment was received in Ly 1962 ai.: set up in
A.U.W.E. in order to check the additional modifications required for R.N.
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installations and to carry out a System Test of equipimnt. This iet has nowbeen iistalled at 4.M.. COLLINGWOOD.

37. The .seoond 'equipment is being installed in H.U.S. I,IDER and a series
of joint-Dd.I.S./A.U.W.E. trials of the Handling Equipment a d Sonar is planned
for 8etember 1963.

Sonar Tne 17OB"Depth Determination

38. Further meetings with R.C.N. representative were held in A.U.W.E. in
March 1962 and in Ottava in Novembei. At the latter meeting the Canadian

)proposals for their future attack sonar system were discussed, and it was
learnt that they intend no sweeping changes to Type 170 in exiting
installations.

39. A trial to check the effect of changes 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 due to lack of trials vessels.

3 e HELICOPTER SED

Dipping Sonar -Type 195

'Shipborne Trials of Eperimental uipment

40. The experimental Sonar Type 195 installed in ET.V. ICFWHALE in
December 1960 continued in use throughout 1962 for circuit development.Another experimental model was fitted in the Wessex helicopter X9,329. Delivery

of this 'helicopter was much delayed and it became available at Portland ir.
March 1962. On conolusion of trials, XM329 was returned to Westland Aircraft

SLimitedin August for the fitting of prototype equipment.
41. 4e investigation into transmitter performance showed that the electrical
efficiency could fall below the design value, leading to a current draiii in
exce "of the nominal 460A +10%, to overloading of the aircraft generato0 and
to risk of transmitter overheating in high ambient temperatures. It was also
foud that the impedance of a transducer strip could vary over a wider ranger than as at first supposed, duo 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
thei "cut-off frequency" of about 7.5 kc/a , and the resultant circuits are
unduly sensitive to changes in transistor characteristics.

42. The transmitter was therefore redesigned for the Prototype model, using a
modified circuit less dependent on 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 equipnent. and of the pertinrc.t chapters of the handbook.

43. The individual Doppler ANO amplifiers and rectifiers were redesigned to
obviate large-signal overloading by 3noreasing the dynamic range at all back-
ground levels. It has also been found that a reduction in the rate of recponse
of the AGO loop to deceasing signal levels can lead to a more uniform, and
hence an apparently lower backvn,,,d level; ?nA o to a significant improvement
in detectability of low-level echoes.
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44. The interference in signal circuits, originating inithe redesigned servo
training system which uses a mercury-wetted relay, has required ahber of
changes in submersible body and winch wiring. It was found that thebalanced
quad layout of conductors in the strain cable must be-ma\ntaihed at e very
point in tho circuit, and in all connectors carrying signal leads.

45. The Strain Cable design was changed to give a further increase of'life.
All internal screens have been eliminated, the conductors now being arrangedI symmetrically in six quads and six interstitial wiresi It has been Aetablished
that there is not significant coupling within the cable between the signal
leads and the high voltages on power supply and servo leads.

46. finch avid Body trials late in 1961 had demonstrated that the sinking
speed of the body was inadequate, and that slack cable could occur on wator
entry. The action of the winch hydraulic controls remained too abrupt, and the
resolection of t'e control valve at water entry caused an unacceptable delay.
A new immersion switch system 2or 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.IFurther weight reductions in the winch were achieved by use of an aluminium
brake drum and cotton-base brake linings. Trials showed that the new system
gave promise of solving the water-entry problem, but that a num=.r of winchdeficiencies still remained.

47. It is hoped that these remaiir'r problems have been ovorcomA 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 redesigned. Excessively stiff
operation of the hydraulic control lever was roduced by incorporation of a
servo 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 fitted in its place. Trials of the prototype winch from
E.T.V. ICU7HALE have yielded the promising results. Work is in hand to improve
the procedures for setting-up the winch controls, and a final check will be
made when Wessex XM329 becomes available for prototype trials.

Flying Trials of the Complete Experimental Sonar Equipment

48. Following the return of Helicopter XM329 to Portland in March 1962
initial difficulties with the winch, electrical interference, and helicopter

9 engine starting prevented an effective start of the triala until the end of
Easter 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 year. In the shallow
waters off Portland, in isothermal conditions, contact was maintained to over
12 .d on one occasion, and to over 8 Kyd on several occasiorns. During the
first series of trials off the Lizard a fairly strong thermal layer was
present, 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 Yyd was achieved.

49. A second deep-water trial series cff the Lizard was held 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~-11-



isothermal layer down to 70 ft and a deep isothermal region below,90 ft. The'
detection trials all took place below the thermocline and- uniformly good
detection was obtained. 2'Unalerted" detections using a search procedure took
place over the range 2 to 8 Kyd, and contact was held out 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 is well in hand. A
complete prototype equipment has now been fibted in Wessex helicopter XM329.
The prototype trials were commenced in March 1963. These trials are expected
to take three months and will be followed by the Naval Acceptance Trial. It
is hoped to complete a draft handbook prior to the Naval Acceptance Trial.

Speoial-to-type Test Equipment

51. In addition to the development of the sonar equipment, much effort bps
been deployed on the devulopmint of apeoial-to-type test equipment. The
development of an Airborne Monitor Box, a first-line test set, and a ful, iot
of equipment for use at second line is expected to be substantially complete
within the next six months.

1.4 - HOVERCRAFT

52. Some woik has been carried out at A.U.W.E. using Hovercraft SRN-2. To
date SRN-2 has ben over the noise and magueio ranges at Portland and during
February 1963 a series of trials were oaried out to determine whether SRN-2
can be held in a sufficiently stable hover so as to use Helicopter Sonar
Type 195. Should this not be the case, a redesign of the Type 195 submersible
body mounting arrangements will be required for the hoveroraft 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
frequencies and slightly less noisy at frequencies above 10 kc/s than is the
case during "passage" running at 25 to 35 knots.I
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-engined Coastul Minesweeper.

i-5 - ANCY TARY EQUIPMENTS

Underwater Communications and I.P.P.

55. In January 1963, D.U.S..I. prepared a draft Staff Requiremeat for the
modification of the 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 draft 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 A/S escort. An intramural project study
is in hand.
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56. A sepaiateStaff Target isbeing raied by.D.U.S.W for an acoustid
underwater data link compatible'with'ADA :and TIDE. 'This is.a geparat6and.
mnuch longer term siubject still in heA6arly rese'ch stage. The basic
problem is to eliminate 6onfusion'duet multi-pathpropagation' the effects
of which can vary enormoualy in different sea areas and conditions. InitiaL
consideration suggests the use of a variant of the RIKA166einiqu6 devel6ped
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-
maticall% analysed to determine the optimum coding procedure for the
conditions prevailing at the time. By this means, although the mean-rate of
exchanging messagos will vary with acoustic conditions, a high degree of
reliability should be ma~ntained.

J, Underwater Detection Equipment Test Outfits (U.D.E.T.O.)

57. Limited effort has been available since June 1962 and work is now in
hand to meet the requirements of H.M.S. THIUMPH with priority given to Types
170, 176 and 177. This will also enable existing requirements for surface
ship U.D.E.T.O.'s to be brought up to date. Waen the information for
HM.S. TRIUMPH is completed, Submarine Depot chips will be considered,
followed by Minesweeper Mintenance Vessels and Escort M&intenanoe Vessels.

Ruggedised Bathythermograph

58. Some improvements have been made to the design to facilitate the
accurate adjustment of instruments i, a standard calibration. TLC reliability
of the depth recording mechanism has been established by tests at twice 6'e

maximum pressure and by approximately 2,000 cycles between surface and maximum
pressure.

59. The prototype instruments for occeptance trials now being manufactured

should be completed by mid-1963.

Echo Sounding Equipments

Echo Sounder Type 773

60. The installation in H.M.S. (WEN was modified during the year to operate
in conjunction with the National Institute of Oceanography's Precision DepthRecorder 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
modernisation 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.

62. The proposed replacement will be based on"Type 773 but will include an
A.U.W.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 Ships
and certain selected general service ships for auquiring depp sea data, D.N.D.
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I
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, Monaco
64. The Precision Depth Recorder will be used with the replacement for the
Echo Sounder Type 765.

Interference in Submarines

65. The problem of interference on Type 186 in "All class submarines, caused
by the air conditioning 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-circuiting the affected hydrophones. A trial on these lines will be
carried out in June/July 1963.

Low Frequency Triplane Target

66. A v:rslon of the standard triplane target, but scale& to buit the
frequencies ,? Sonar Type 177, has been made and moored off Portland.
Preliminary sonar trials are promising.
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/ SECTION 2, - .WEAPONS AND FIRE CONTROL,

2.1 - ONGAR WEAPON SYSTEM

UL1 Introduction

Increased financial approval for the weapon and control system is -being
oouh,. . •

2. Eight weapons have been assembled and runy though never more than three
at any one time. Running is limited both by availability of spareis, and trial
facilities. Some 100 runs have been carried out in the last 12,monthc with the
loss of one weapon. Modifications as a result of experience to date are being

introduced to achieve compatibility, reliability, and readonable ease of
assembly and maintenance.

3. Certain pioblems have appeared as a result of the trihlsi For example

the radiated noise is greater than anticipated and difficulties have come to
light in the secondary battery which fails to hold its charge.

Homing

4. Trials 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 PETTANE vehioe have shown no
untoward effect from the flat nose sc.pe.

5. First runs using an ONGAR vehicle at 24 knots brought little 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 duringNvember 1961 using an ONGAR
homing transducer mounted in the fin of H.L.S. ALCIDE. Most of the rials en
route to Gibraltar were in water deeper than 1,000 fathoms and the remainder in
a Mediterranean exercise area were in a water depth between 200 and

L 400 fathoms.

9. The measurements of reverberation level were recorded in four beams of
kthe ONGAR transducer, two upward looking beams (A and 0) and two downward

looking beams ('f and Y). The ONGAR Comparator was also usei with beams A and
C, and its output recorded. The folloving transmission parameters were used:-

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

(b) A 20 mS pulse of white noise generated between 32 and 35 ko/s (the
sAme as the ONGAR transmission).
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(0) Transducer depths of 50 ft, 150tft ,nd 350 ft.

(d) Transducer tilt angles of 00, ,7.5, ±_150 and'±30.j

10. The records are being analysed and the- following provisional conolusionsi
have been reached:-

(a) The peak reverberation levwl observed in theiONGAR "bame is about
10 to 15 dB less than the echo level expect6d from a 10 d" target.,
This is so for ranges between 200 to 1,000 yd. At ranges less than
200 yd the difference decreases.

(b) 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 (itandard deviation/mean level) is
about 0.4 for the interrupted C.W* transmission and about 0.2 for
the noise transmission.

(d) The dependence of the scattering-strength on the grazing angle e
appears to be between sinO.le and sin e.

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

(f) No amplitude corselation exii.L between beam A (axis 22.50 port) and
beam 0 (axis 7.5 starboard), but some correlation (coefficient 0.3
to 0.4) exists between beams in the same vertical Blane, e.g.
between beam A (axis 7.50 up) and beam 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.

AzimuthWeapon 
Contrla

Azimuth

12. Direction keeping has been found to be good over the short ranges run to
date, but early runs gave some damage at the nd of run owing to rapid
precession of the gyro as the weapon surfaced nose up. All gyros have since
been modified to fit slip-ring pick-offs on the inner gimbal and an anti-spin
brake 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 ope:eated
consistently in trials. Roll gyroscopes are also in short supply.

I
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15. The three interim depth gears have proved their worth and-been taken out
of service. The final depth gear in its shallow waterfIxrm(ttb'23d.'ft)has
run well down to 190 ft to date and satisfactorily executed up and down
ihanges (20 ft steps). The full depth range (50 to 1,150 ft in 1006'ftstepg)ris about to be introduced.

16. This is another holding item in the development programe.

W Propulsion System

Batteries

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

18. Extensive tests are being conductd to find the cause of failure of cells
when assembled as a battery. Meanwhile silver oxide/zinc battaries, consisting
of cells developed for the PENTANE torpedo, are being used for weapon running
with a duration limited to 5 minutes at high speed.

Motor

19. Eight motors have been built at A.U.W.E. and four more by contract.
These motors have been run for the full practice duration at full power with-
out water cooling. The power raqured for full speed ia less than estimated,
however dy'u mcmeter tests including speed changing (series/parallel on
battery) at the calculated full load have 6iven no tr6uble. No trouble hasbeen 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. Adequate stocks of stainless-steel blades are now available. Even
blades in this metal have suffered some damage in trials from malhandling and
early runs on the noise range at Loch Goil show that cavitation is higher than
anticipated.

ONGAR - 10 inch Powered Mode]

21. Trials on a 10 inch diameter 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 cavitation performaice
characteristice of the ONGAR propellers. The water tunnel facility enables
trials to be conduted over a wide range of front and rear propeller pitch
ccarbinations with the aim of obtaining optimum cavitation performance

concurrent with an acceptablg propulsion performance.
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22. Measurements of pvpr ion performance have been made over a range of.
propeller pitch combination ranging from about 32 degrees to 45 degrees on
each propeller. The analyois of the measurements is completed andinhe case
where comparison with full scale runs is possible the agreement between uodel
and full scale is good.

23. A preliminary examination on the model of the cavitation performance at
the present ONGAR blade settings indicate a cavitation inception depth in
excess of 50 ft at 24 knots. However, detailed cvitation mcamaremeits is the
subject of the last phase of the trials currently 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 developed by the shaft-driven pump closes
the contactor on to the battery and the motor then comes under power. This
system has worked very satisfactorily and required about 20 revolutions of the
propellers to become self powered.

Two-speed Contactor

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

V4re Guidance System

26. All 27 guidance ele(tronic units
have now been made, but vibration tests
have shown that some mechanical
stiffening is necessary.

27. Trials have shown that the comnand
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.p.se pulse. A
further pulse is being added to provide
a meacure of the true speed of the
weapon. This has been incorporated in
view of the tolerances on the primary
battery output now being quoted by the
manufacturer.

Fig. 8 Two-speed Contactor Unit. 28. An additional channel is being
added to the guidance unit to give
command arming and thus increase the
safety of the firing submarine.
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outboard Dispenser

29. The Mk 2 Outboard Disponserp intended for ONGAR, contains 5,000.yd~of
wire against 2,000 yd in the disipenser for the Mk 23 torpedo, and .s designed
for higher towing speeds. TLI first experimental model was completed in
September and subjected to a number of discharges through the Deep Fnriig Tank
to prove compatibility with Water Ram-Discharge as fittedin
H.M.S. DREADNOUGHT. It has esnce been employed in a small number of submarine
runs with ONGAR at speeds up to 8.2 knots ar)d dispensed satisfactorily. Towing
stability has been confirmed up to 10 knotso 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 speeds.

Pistol

30. The pistol provides for contact operation with a sensitivity adjustable
betwoen 5 and 15g and for non-contact operation tip to a range of 15 ft from
the target submarine.

31. The ncn-contact pistol supplies approximately 150 watts at 1,900 c.p.s.
to coils in the tail fins to provide a rotating magnetic field around and at
right tngles to the axis of the torpedo. In the head th6-e are four coil
pockets connected so as to have their axes along the torpedo axis to reduce
the direct piok-r from the tail coils to a negligible level. These receiving
coils pick up the reflected signsl from the taresL and this is amplified and
differentiated to actuate the detonator firing circuit at the point of neare-t
.pproaoh to target.

32. The experimental non.oontact pistols have functioned satisfactorily in
ONGAR vehicles against sutveioged static tets; two models, engineered to
production standards, eae at present undergoing environmental tests prior to
releasing the drawings for production.

33. A coprehensive pistol test set has been deigned and one model
constructed for assessment with the two production pistol models.

Ancillary Power Supplies

34. The 3-phase invertor has been very reliable in use and the early modelsI of the new de3ign are now to hand.

3. in common with other transistorised equipment, overloads cannot be
ktolerated and an extensive programme of voltage stabilisation is being

progressed. In addition to this many relays 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 delive:'ed 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 0.29 . No measuremort of range accurac was made; 3s indicated
in earlier trials this is not a problem, ..e. under the worst conditions a
standard deviation of 8 yi was obtained at 15,000 yd range.

I
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37. A prototyp- transponder has since undergond a series of climatic and
durability tests followed by a 1,000 hour life testj, these were cC1ctCd
without failure. Th., unit met the requirements of the K114.TeEt Specifioation
after the 1,000 hour life test had been completed.

38. Twelve prototypes and three pro-produotion models are to be made. The
Test Specification is in draft form and drawings are almost- complete.

Hull

39. There has been a big demand for OGAR dummies, space models, etc. and
owing to difficulties in achieving crack-free welds the delivery rate of body
sections has fallen - present commitments can just be met. The afterbody is
being re-modelled internally to allow easy access to the tightly packed
assemblies and improve generally the layout of cables, pipas, etc. Weapons 13
to 27 will have those modifications, though in fact most cf the components will
come from weapons I to 12. The modifications are being carried out as matorialbecomes av ailable.

Transport Containers

40. Fourv ni-, k resistant boxes for weapon and head are now in use and have
proved satia Eo,

Test Gear

41. To avoid a multiplicity of special-to-type test gear, the us, of TRACE
(Tape-recorded Automatic Check-out Equipment) ie being investigated. This will

check out most of the assemblies in Armament Depots and Depot Ships merely by
inserting a punched tape and setting the machine to work*

42. The general prngramme of test gear and test specifications is behind
schedule and contract action on some components awaits receipt 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 EAuipment

43. The past year has seen the completion of the design of the experimental
model of the Torpedo Guidance Control Unit, Mk 2. The lessons learnt with the
breadboard equipment have proved of great value and the simplified logic and
storage systems used in the experimental model have permitted a very
considerable reduction in size. The equipment is Aoused within one modified
standard cabinet, the upper four drawers being acsociated 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 beccme
available in August 1962 and have been subjected to extensive laboratory
tosting prior to their assembly into the cabinets. Checking of both the com-
r'1.sr and display system as separate entities is now nearing completion and the
next 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 out.
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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. Ilk 2. Should own ship
data from log or compass prove unreliable, these functions can now be set in

by hand. Similarly, it will also be possible to hand set target range,
course, speed and bearing, and the successful operation of the equipment is not
wholly dependent on the sonar, which provides automatic tvansmission 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
against surface targets for weapons with an anti-ship capability.

46. Extensive shock and climatic testing of the individual units of the
enuipment has been narried out durin7 the past year and this testing will
eventually extend to a complete T.G.C.U. ;iU 2. 1Vaknesses have thus been
discovered at an early stage and remedial action taken.

47. Whilst the main effort over the past few months has been devoted to
T.G.C.U. Mk 2 itself, progress has been made on a number of associated
instruments: -

(a) Tornedo Simulators Requirements f~r a 'lrpedc simulator which will
permit functional checking of T.G.C.U. hk 1 have now been finalised.
The simulator; in effect, replaces the guidance unit of the torpedo
and indicates that the "weapon" is responding correctly to the
ommand. The repeat-backs of course and speed from the "weapon" are
also providod and, besides providing a chacl. on T.G.C.U. Ik 2, thin
will also allow realier .c. dur ry attacks, including weapon guidance
to be carried out in operational submarines.

(b) Action Data Recorder: The requirements for the recording system
used in conjunction with T.G.C.U. Mk 2 durin.g practice firing of the
weapon have recently been linalisod and an Action Data Recorder is
on order. The recorder will store on tape the wire commands and
repeat-backs, the highlights of the dicital data on tho storage
drum, and a voice commentary. When played back through T.G.C.U.
Mk 2 the binary data will be decoded by the computer and presented
on the Numerical Display. Wire comiands anO repeat-backs will
appear on a multi-channel paper recorder.

(c) Test Equipment: It now seems probable that the special test equip-
ment needed will primarily be a simple card tester. The monitoring
system built into T.G.C.U. Ilk 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 equip-
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 fault per 200 hours is pessimistic and
a more likely figure is one fault per 700 hours. Thip comes about
because of the enhanced reliability shown by the encapsulated Combi
elements used through the equipment.

Prototyse Ecuisment

48. Whilst the experimental equixnent already described marks a big advance
on the breadboard systev discussed in earlier reports, it now seems possibl3,
whilst the design is still 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 different types of printed cards used and should result ii
easier maintenance and increased reliability. The drawings':for the prot6tyje
are, therefore, being based on this simpler system and equipments numbers 2
and 3 will be made to these drawings.

T.C.S.S. 8X and QX

49. These systems, which are developments of T.C.*. 6 and 7 in which
T.G.C.U. Hk I is replaced by T.G.C.U. Ik 2, are being fitted to H.M.S. CACHALOT
and H.M.S. OCELOT, respectively 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 T.C.S.S. 8X system in H.M.S. CACHALOT is nearing completion and
trials should commence in mid-1963. In the first instance, these trials will
be 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. Uk 2 in association with the weapon can commence.

51. The T.C.S.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 system,
less T.G.C.U. Mk 2, has undergone system tests at the works of Messrs Barr and
Stroud and has proved to be functionally satisfactory.

52. The existence of two tnrpedo con~tc. systems T.C.S.S. 8 and 9 for
spindle and cable set torpedoes, respectively, raises serious logistic problems
in regard to types of torpedo, torpedo control instruments, spares, etc. It
has been proposed therefore, that an attempt should be made to standardlse on
the more flexible cable set T.C.S.S. 9 system. Although this would take some
years to accomplish the fitting in submarines it would eventually show a
considerable simplification in the types of weapon, control instrumoents, etc.,

required and result in reduced requirements for logistic support.

2.2 - MK 23 TORPEDO AND CONT.ROL SYSTEM3 T.C.S.S. 3, 6 AND 7

ToEvedo

53. Further triels of the torpedo were carried out during 1962/63 and these
are summarised below:-

(a) Shock Trials: One torpedo was subjected to shocks of 16, 30, 40 and
57g when mounted in a tube in che N.C.R.E. Shock Test Base. The
torpedo functioned satisfactorily after the first two shocks, except
for a Syro Wander 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 unit that 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 12: F and -20 0F. 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 occurxing to date have
been of a minor nature.
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(c) Climatic Trials: Tw'o torpedoes are currently being sub3ected to

climatic trials. After two montnh at -23' r2 the torp)doea
functioned satisfactorily when brought to the m inimum operating
temperature of 20 F.

(d) Three Months Storage Trials n a Submarine Three torpedoes wee

stored for three months in a subr.arine. Two tortedoas were stored
in tubes, and one in the racks. One of the torpedoes in the tubes
developed a fault which is being investigated. The othei tw'o
torpedoes ran satisfactorily to maximum range at Lie end of thn
storage period.

(e) Further Acceptance Trial Running: In further vrials in July 1962
the torpedo performanccs were as shown in the table below:-

Valid Successful % Succas

Aim Runs Runs 1962 1961

Trials Trials

Guidance and Position 40 40 100 80
Keeping__0 40 10____

Acoustic Contact 33 33 100 57

Homing and Hitting 30 29 97 100

54. Further small torpedo modifications recomiended 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.

Outboard Disnenser

55. Ninety runs were completed with the prototype dispenser for the 21 inch
Mk 23 torpedo (Ilk 1 Outboard Dispenser) during the first half of 1962 and
followirg minor modifications, this dispenser was offered for acceptance. In
the ourse of system acceptance trials in July, sixty discharges were carried
out and dispensing performance was better than 90o. Since then, satisfactory
discharges have been wade from both bow and stern tubes of an 'A' Class
Submarine, but durin, trials in ..... ......T.. in January 1963, sane trouble was
experienced with the operation of the dispenser release mechanism, Gwing to
high discharge velocities.

Control Systems

56. Modifications to the prototype T.G.C.U. iAk 1 in Hi.S. WALRUS were com-
pleted in May 1962 ane their success demonstrated during a subsequent trial.
Acceptance trials on tae complete sysTem were undertaken in July 1962 and were
generally successful, although due to abnormal sound propagation cond.iions the
"acoustic contact" link with the weapon was net as conclusive as on previous
trials.
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57. The fire control equipment was released for service ise although foimal
acceptance of T.G.C.U. Uk I was withheld 'pending further inv6stia'tion iito
the torpedo and continuing weapon trials. The equipment was, ho6ver,
released from production and is being widely fitted in operational dubmaries,

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 auccessful contrcl of Mk 23 torpedoes
from H.M.S. OTER has been demonstrated. Similar trials, but using the
T.C.S.S. 7 system to control the Mk 23 torpedo, will be carried out in
H.M.S. OLYMPUS in July 1963. A proving programme of weapon trials is at
present in hand and the final stage of these trials will be a long range
operational trial for the complete Mk 23 control system against a realisti(.
target in November 1963.

59. Installation of the T.G.C.U. Mk I in both new construction and submarines
refitting is proceeding and with the completion of H.7oS. DREADNOUGHT seven
submarines will oe 3,n service with a Mk 23 control capability.

T.C.S.S.

60. With the excep+ion of a few "T" class submarines, the T.C.S.S. 3 systems
are being replaced by T.C.S.S. 6 as submarines are refitted.

T.C.S.S. 6

61. The T.C.S.S. 6X system wae fitted in ..M.S. OTTER subsequent to chore
testing at Hessrs Scott in May 1962. Since the T.G.C.U. Uk 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. Vk 16, Mod.3 on its predecessor 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. 1k 1 guidance control unit became available 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 Uk 8, Mk 20S and Mk 23 torpedoes were successfully fired and controlled.

65. Four other submarines, H.M.S. ORACLE, NARWHAL, TRUNCHEON and ALLIANCE,
have been fitted with production T.C.S.S. 6 systems during the development
period allocated to the prototype system in H.M.S. OTTER. Whilst this goes
some way to ensuring that the latest equipment gets into eervice Ps soon as
possible, it does raise considerable difficulties in ensuring that production
systems are up to the latant prototype standard.

66. Some further work on the T.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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T.GS.S. 7

67. At the commencement of the development of the prototype T.C.SiS. 7X
system it was intended that the system shouldbe installed in H.M.S. OLYMPUS
following a shore test at the works of Messrs Barr and Stroud. Furthermore,
it was intended that final development and trials of the system would be
complete prior to the installation of production equipments. However, due: to
delays in completion of the submarine, followed by difficulties encountered
during testing and tuning whilst the submarine was still in shipbuilders'
hands, nuch of the prototype lead time was lost.

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

(a) The abnormally long cable run of 150 to 200 ft in R.N. submarines.

(b) The use of a common 83 stator line for five different servo motions.

(a) The susceptibility of +he Mk 5 rA.o. servo amplif.er and associated
Data Set Unit to 400 o/s interference.

69. Investigations of these probli on II..S. OLYMPUS proved both difficu.t
and uneconomical and the data transmission 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 caused by cross talk from core to core in the submarine
cabling and were considerably reduced 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 introducs the improved cabling into H.M.S. OLYMPUS
or H.M.S. .2ADNOUGHT 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 cabli,, although this
naturally involved a considerable rearrangement of existing functions.

71. The result of these modifications is to limit transmission errors to +_30
minutes of arc for "coarse only" transmissions and to +15 minutes of arc for
coarse/fine systems. Harbour acceptance trials of the T.C.S.S. 7X 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
1H.M.S. DREADNOUGHT in March 1963. Suucessful firing of the U.K. Mk 8 Mod.4
torpedoes have already been made from H.M.S. OLYMPUS and sea acceptance trials,
in which all compatible British torpedoes will be fired, will take place whauI, the submarine can be made available. The DREADNOUGHT system will be subjectdd
to similar trials, which will take place in conjunction with deep discharge

tests in August 1963.
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72. The draft handbook for the T.C..S. 7 system has been completed and

vetted and is in process of being converted to the final handbook.

2. 3 - MK 20C COMBINED ANI-SUBMARINE/ANTI-ESCORT TORPEDO

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

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

2.4 - THREE-DIMENSIONAL TRACKING RANGE

75. The estimated completion dhte is still the erd of January 1961. 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 finaliaed and these
should be available for installation on FT.V. WVMMBREL at Gosport during
June 1963.

77. The first of the three hydrophone supporting booms is being installed in
H.M.S. GOSSAMER Yor handling trials. The other two booms should be ready for
June 1963.

2o' - ARROCHAR TORPEDO PROOFING RANGE

78. A report on possible methods of instrumenting the Arroohar Torpedo
Proofing Range to give the degree 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 makes recommendations on
the techniques 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 bting given to designing a simple 3D Range
installation for Arrochar using standard 3D practice heads on the torpedoes,
and simple tracking inst.llations on one or more of the target 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. WHIMIBRZL 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 - RECORDING EQUIP4ENT 1OR TORPEDO ATTACK DATA

81. Further development of a small, portable digitizer/decoder with "freeze
and read" facilities now includes a simple print-out facility. Prototype units
are expected to become available shortly and production versions of these will
replace the original unit developcd for testing T.G.C.U. 14k 1.
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82. The 15-channel data recorder on H.M.S.,MAIDSTONE has now, been in service
some nine months without repetition of tue last reported defects on the
Underwood typewriter and it would appear that this weakness has been overcome
(see page 46 ).

83. Special-purpose writc-out machines are now available and it is intended
to use an input/output writer manufactured by International Business Machines
in place of a typewriter on subsequent-attack teacher recorders.

84. Further details of recording equipment being developed for use in
association 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 electronic
equipment into a pa.ckage suitable for incorporation in the present Holmes Light
pocset. However, with the introduction of three dimensional ranging, the use
of the torpedo location indicator will presumably not be so pressing.

I 2.8 - DEEP ACOUSTIC TORPEDO TARGETS

Static

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

87. Work is, however, proceeding on the 1&c 44 target and limited modifi-
cations are in hand as a rocult of recent trials.

Deep Mobile

88. In view of the difficulties of obtaining lire targets for the development
of anti-submarine acoustic torpedoes, the design of a synthetic mobile target,
to carry out manoeuvres similar to those or 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 contrict 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 sections. The programming and
recording system required by the target can utilise apparatus already being
developed for the Hk 44 torpedo, thus reducing development costs and the extra
expense of -mall quantity production. Proposals for development are being
prepared. Consideration is also being given to the use of such a target for
Fleet practice, and a Staff Target is in preparation.

2.9 - Mk 8 !OD.4 TORPEDO

89. 4cceptance trials were carried out in early September 1962 but were only
partly successful since the azimuth and depth items af the torpedoes were out-
side the limit specified. This error had not appeared in the prototype

ftorpedoes and an urgent investigation was carried out.

90. 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 inoorpcrated in production
torpedoes.

2.10 - THE MATCH WEAPON SYSTEM

91. MATCH, as a system, results from the adaptation 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 aplioation of a wide variety of
equipment to exploit the longer range deteition potential of sonars such as
Types 177 and 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 Uk 44
Radar display Type JUA True Motion
Radar display Type JYA Sonar Marker
ADA Optical Plot Attachment
X-Band transponder system
MAD

93. The basic installations are shown in the table belows-

Class of Ship Helicopter Control Facilities

TRIBAL's WASP 177, (199), 978, JUA, JYA

LEANDER's WASP 177 or 184, (199), 978, JUA, JYA

D.L.G.'s WESSEX 177, 978,.JUA, JYA or 184, 992, ADA

CARRIER WESSEX/WASP 184, JUA or ADA

BLACKWOOD's - 177, 978, JUA, JYA

ROTHESAY's - 177, 978, JUA, JYA

WHTBY's - 177, 978, 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 trials were held in H.M.S. ASHAUTI in March 1962, utilising
experimental models of the main countrol system developments, with the exception
of the improvements to Sonar Type 177 which are reported below°

-28-



96. These trials had two purposes. The first was to obtain experience of
aircraft handling and operation 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-offs and
landings were made under a variety of conditions. The anti-roll itabilisation

of the ship made a major contribution to operation in heiivy 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 accurate, but the random jumps in its position, due to
the crudity of the sonar data, were found to be disconcerting to the helicopter
director. Nevertheless the results of some 120 runs against a submarine target

at speeds up to 12 knots and at ranges out to 18,00O yd indicate that, using a

salvo of two U.K. Mk 44 torpedoes, tho syctem should have a useful capability
against alert evasive submarines at speeds up to 15 -knots. The ship must,.

w however, be in sonar contact up to the time of weapon release, and it is a
major weakness of the system that the nlelays 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 system
were the Pecca Optical Plot Attachment which was found to make an important
contribution to direction accuracy by enabling the attack graticule to be

visually superimposed or. the radar d,splay; and sea-stabilisatioii of this

display with the aid of "True-mction". An X-band radar transponder system was

found to be esoential for following the helicopter through bad sea or rain

clutter. Luneberg 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. ITDER,
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 WSP Mk I helicopter will be utilised. Improved operating
procedures will be -ried to improve fire-control accuracy against faster, deep,

and evasive uubmarines. (Until 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 essaeutial and

for this purpose a D.A.E. (Distance Measuring Equipment) available commercially

in the U.S. has been ordered.

101. The MATCH fire-control problem is no "equately solved by manual methods

using the data and facilities available in -s with conventional A.I.O.

systems. The better handling of sonar data, raokiag and prediction possibleIwith 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 development has made possible better estimates of
system delays and this in turn has lead to a revision of the dropping'rules
recom.anded for the 1k 44 torpedo. For the full MATCH system in which,

prediction is made by the A.S.W.O. 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
triale 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 the Range Recorder.

(c) Facilities to be provided for tne esmi-automatic feed out of target
information.

(d) A trial to be carried out to assess the performance of a 400 wide
Sector Display beamwidth compared to the existing 200 width.

104. To implement these recommendation5 a contract was placed with
R. B. Pullin and Company in April 1962 to carry out the detailed technical
modifications and to assist A.U.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 knots, as distinct from L5 knots and +1 knot respectLively,
in the present Type 177 sets. Reverberation suppression with a rejection
characteristic of variable 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 Display. Other components under
evaluation were the audio and recorder marking circuits 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 200 or 400 acoustic beam
width of the 3ector Display.

106. Shallow water areas visited durin, the course of the trials were off
Portland, south-west of the Scillj Isles and the Londonderry exercise areas.
Excellent sonar conditions %ere encountered in the first two areas whilst

severe galeswere encountered in the latter, somewhat curtailing the trials.
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F'07. In these trials the Doppler Display was cperating with a 5 oycl band-
width and 100 acoustic beamwidth while the Sector Display had a 400 cycle
bandwidth and a choice of either 20 or 40 beamwidth.

108. Results show that the introduction of reverberation suppression ii the
150 mS pulse receiving channel of the Sector Display is of assistance in
detecting targets showing more than 6 knots of doppler. The targets were
either A class or PORPOISE class submarines and generally ranges in excess of
1O,0C3 yd, were obtained with very little difference in detection range with
the different bandwidths or beamwidths.

109. The degradation in performance which theory would predict from
increasing the bandmidth and beamwidth was not evident and th~s may be
explained by reference to Fig. 7. In the 150 mS pulse and 40 beamwidth mode
of operation reverberation limitations are about the same as those for
Type 184 and the same generalisations about the change in detection potential
due to variations of the parameters apply. It may therefore be predicted from
the more comprehensive trials with Type 184 that increasing the beamwidth to40°0 would reduce the detection potential of Type 177. Thus it will 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 range from 5 to 15 kyd.
Day to day changes 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
D.splay modified to provide for +AO knots of doppler and also ,he addition of
visual integration on the 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 Sector 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 - FURTHUER DE-ELOPMENT OF A/S MORTAR MK 10

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

Etension of Range

114. i ials have been successfully carried out at Predannack Down to 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 firm requirement (see page 92).
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"Slimeline" Limbo

115. The object of the "Slimline" configuration is to accommodate double
mortar mountings in a reduced length of ship, to provide increased 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 10a CANADIAN PROJECT INSIGHT

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

118. Ae a result of the discussions with the Canadians it became necessary
for calculations on the magnitude and pattern of the near field of a typical
submarine to be carried out with special 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 necesoary to guide
selection of procedure and equipment for the trials against the target.

119. Financial 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 ^o]lows:-

(a) Setting up a single barrel A/S mortar at St Thomas 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.

(o) The magnetic survey of a wooden barge, its purchasG and modification
for use in trials against a target in Loch Goil.

-
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BE -MON 3 -LAUNCHING EIIMENTS

301 - WATER RAM DISCHARGE FOR NUCLEAR SUBMARINES

Prototype quircent

The trials of the prototype water ram discharge system fitted to the
A.U.W.E. Deep Firing Tank were completed in September 1962. During this trial
the weapons discharged inoludedt-

M k 8x x torpedo to a depth of 200 ft
Mk 20 torpedo to a depth of 700 ft
Mk 23 torpedo to a depth of 700 ft
ONGAR to a depth of 700 ft
S Mk 6 mine to a depth of 70 ft

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

2. The trials of all weapons to be discharged from H.M.S. DREADNOUGHT were
fully instrumented and analymed. 1-rom the results Test Specifications for
"Setting to Work" and "Calibration" were drawn up. These specifications

together with others covering pressure testing, gauging, interlocking,
irAicating and safety mechanisms for use by Admiralty Overseers and Test Tears
formed the culmination of the trials programme. This is tbe first timo 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. Thu full scale bow mock-up of H.M.S. DREAINOUGHT at A.U.W.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 other Departments, e.g. by Direator 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.S. DREADNOUGHT

5. All the equipment for H.u.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.A.S.) 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 leakage of the standing
air supply from some components. The leakage 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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Ii 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

7. All production information, drawings and test specificationb have been
issued to D..U.

3.2 - PCTER LOADING GEAR FOR NUCLEAR SUbmARINES

8. All the torpedo handling, stowage and loading equipment for
H.M.S. DREADNOUGHT has been manufactured and installed. The Advance
Installation Inspection (T.A.S.) was carried out on the starboard side loading
and traversing 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...E. Ab a result
it was decided that the fore an aft support beams needed stiffening to
prevent the possibility of an accident when loading short weapons, particularly
the Mine I Mk 5. Modifications were put in hand.

10. T X Installation Inspection and Part Harbour Acceptance Trial (T.A.S.)
was successfully carried out during Novemi- 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 correution
prior to the Final Harbour Trial.

1.3 - SUBMERGED SIGNAL EJECTORS MK 4 AND MK 5

11. The 'k 4 Submerged Signal 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 stores are discharged by a water
pump system and the whole equipment is designed to full shook standards.

12. During harbour trials of the Mk 4 Mod. I ejector in H.H.S. OTTER the
noise level of the water pwnp during discharge was unacceptably high. No
reason could be disco, -ed for this in H." S. OTTER and an ejector was mounted
on the test tank at A.U.W.E. exactly repeating the configuration of the OTTER
installation. Instrumented trials showed that the water pump cavitated during
the firing stroke. The collapse of the cavity gave rise to peak pressures of
the order of 500 lb 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, althou6h less pronounced, were found
when firing the lk 4 Mod. 0 ejector in H.M.S. DREADNOUGHT.

14. It was found possible by a reduction in firing pressure to eliminate the
t pressure peaks. A clearance trial was carried out in H.M.S. OTTER in December,
I
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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 0 class submarines fitted with the Mk 4-

15. A redesign of the water pump assembly is now in hand with the object 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 Echo Ranging (SEER)
system.

Mk 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 ejector 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.S. OTTER in December the
ISk 5 ejector has been recommended for acceptance from the surface to 350 ft.
Clearance for use for emergency and escape purposes has been given from 350 to
500 ft. It is hoped that a full acceptance trial to 500 ft will take place in
1963 when a submarine and surface escort can be made available.

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

3.4 - DlSCHPRE 1R0M 1U. DESIGN NUCLEAR SUBMAR77Y: [

20. The Staff Requirements for this submarine have not yet been finalised.
%brk on this project has been limited to sketch designs of varying fore end
layouts in collaboration with the Ship Department. This work has been aimed
at attaining the best possible layout of torpedo tabes and sonar transducers,
with particular emphasis on siting any extraneous noise source, e.g. bow caps,
shutters, and torpedo dispenser tcwing cables, ae far aft of the transducers
as possible. Preliminary studies of the effect of increased 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.

S.5 - TORPEDO DISCHARGE FOR PORPOISE AND OBERON OTLASS SUMIARINES

Constant Impulse Feature

22. Resulting from the experience gained in thu, trials in H.M.S. RORQUAL,
further modifications cre carried out oi the Impals3 Cut-off (I.C.O.) Units and
a fully instrumented trial was carried out in H.N.S. GRAMPUS in May 1962, to
ascertain the perfonnance of all components of the system.

23. The complete system has now been set up on the deep firing tank at
A.U.W.E., but unforeseen delayz have prevented trials starting. It is now
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expected that trials will nommence in May 1963. It is intended to investigate
all the pr'oblems existing in the firing and venting system and to modify as
necessary to make it fully opezitional. This work will include finding a
solution to the run-back problem (see page. 110).

- 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 submarines has been planned in two phases, vizs-

Phase I

(a) Modifications consequent on fitting T.C.S.S. 8 or 9.

() Modifications to the embarking arrangements, stowages and loading
gear to minimise shook and abrasive effects on the torpedo during
handling and loading.

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

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

Phase 2

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

(b) Modifications to the upper stowages of OBERON class submarines to

make them suitable to carry ONGAR.

(o) Modifications to the loading gear of OBERON class submarines to
enable ONGAR to be loaded intu the upper four tubes.

25. Phase I modifications, with the exception of those to minimise the
abrasive effects in the loading gear Pnd tubes and corrosion in the tubes,

have been designed and fitted in H.[.S. CACHALOT. The same modifications are
being done in H.M.S. OCELOT with the addition of anti-abrasive features in the
loading gear.

26. Admiralty approval is being sought for use of one of the torpedo tubes
of H.M.S. ORPHEUS to be bored oversize and fitted with Tufnol or Terylene/
resin sections over the strips. This is the proposed teohnique 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. OCELOT were made to
sketches in a very short time to enable H.M.S. CACHALOT refit completion date
to be met. Shortcomings are already becoming apparent and depending on the
experience gained in these ships further redesign may be necessary.

[



SE--ION MINE CO4ITUDRWASURES AND MINING

4.1 - MINEHUNTING

Minehunting System (Acoustic) Mk 1

Sonar,,- Type 193

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

2. The first production equipment is being fitted in H.M.S. KIRKLISTON due
to complete conversion to a minehunter in October 1963 (seo page 107).

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

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 conversion to minehurter by October '963.

Mine Disposal Weapon

5. The redesigned bridge and fitti-. for towing the charge from the Gemini
dinghy wa2 supplied to H.M.S. SHOUIEON and proved satiefaotorily robust. A
requirement was rdised 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 giv
a preset terminal velocity, did not prove satisfactory and a new desigil 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 HazardA Committee is being
sought for use of a less expensive cable.

6. Ten charge cases suitable for inert filling have been completed. A
further twenty oases coated internally for explosivo filling are being made.
Thirty safety and arming 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.
7. 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 results.

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 A.S.W.E. to A.U.W.E.
requirements. This buoy completed trials 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 rill be required to meet the Staff Requirements for an
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Fig. 9 Transfer of a Mine Destruction Charge from Ship to Dingby.

Improved Standard Dan Buoy, which requires longer endurance but may have a
greater scope than the Short Scopy Buoy (see paSe 41).

Remotely Controllea Vehicle for Hine Disposal

9. A Staff Target has baen issued and investigations of possible control
systems and propulsion systems have commenced. A Gemini ditghy has been
operated under radio control and steered by differential propulsion using
lash-up arrangements to provide the initial "feel" of the problems of control.

Sinehunting System (i agnetic) "'k 1

Gradiometer

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

Mine Position 1rnker

11. After a repeat proving trial carried out in June 1962 the Mine Position
Marke: qas not accepted for se.vice because%-

(a) marker buoys dipped and dragged in tide speeds less than those

specified;

(b) explosive cutters were not comiletely reliable;
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(c) coductoris broke internall j within the armoured cable;.

(d) markcers did not always stream coripoltly.

Action is in hand on defects (a), (b) a~nd (a). Defect (d) has been 'overcome*

12. Proposals for an alternative design of marker and with different Agreed
Characteristics, were~ irovestigated but it was decided that first priority
should go to clearing outstanding problems on the existing design. The ffnarker
requirements are being reconsidered for the 1970"9,C31- Veasels, and for those
Conversion Minehunters which will also be fitted with both the Acoustic an.
Magnetic Systems, with the possibility in mind of using the Mine Disposal

Weapon to attack targets detected with the magnetic system.
Ine. Splash Sidfulhtor

13. The design incorporating solf-sinking ar'rangements was completed and
single units were tested satisfactorily. There has been considerable deiliy in
getting sufficient samples from the firs for A',ceptance Trials.

4.2 -IIINESNEEPING

Unified Acoustic Sweep - OSBOR14 Phase By

14. Development of electro-hydraulic mechanisms to driweo both the Audio
Frequency and Low Frequency sound -olice'vcs has continued.

Audio-Freguency System

1P. The Dowty Rotol A.F. System was instal.led ini an O~R1~ body in mid-1962

Fig. 10 The A.F. Urit in OSBORN PhaseBX
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and is shown in Fig. 10 on the previous page. Alsound output of 5,000 micro-
bars octave level measured at a distance of 6 ft, was achieved over a
frequency range of 40 c/s to 450 c/s. This represents an extension in the
upper frequency beyond 240 c/s required by the Agreed Characteristics.
Between 40 c/s and 30 c/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 has been achieved with excellent repeatability of response with-
out adjustment of settings.

Low Feauency System

17. An experimental unit has
been constructed and installed,
as shown in Fig. 11, in the
central part of the OSBORN
body. Laboratory trials wa re

satibfactory and experiments
are in hand to measure the
sound output in water over the
designed range of 8 c/s to
30 c/s.

Electrical Control Panel and
Strain Cable

18. An experimental control
panel, built at Cottage
Laboratories, has been
installed dn H.I.S. GLASSERTON.
This controls the L.F. and A.F.
syatems, and provides indi-
cations of depth and roll of
the OSBORN body, and indi-
cations of the hydraulic systema
performance. Trials have been Fig. 11 Thc L.F. Unit in OSBORN Phase Bx. I

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 do.sign to increaso its endurance is now contemplated.

Explosive Shook Trials

20. Two series of explosive shock trials against OSBORN bodies were carried
out during the year to provide early data on the shock resistance of the L.F.
asd .F. units. Encouraging results were obtained. During these trials a new
buoyancy material for inclusion in the tail section was satisfactorily tested.
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VOutput Indicator

21. In order to distinguish between the sea bed inonitor hydrophone, required
for predicting acoustic propagation conditions, and the hydroph6he to be
mounted on the OSBORN body to give a continuous indication of the working of
the sweep, the former device has retained the name Acoustic Monitor ('see
page 75) whilst the latter is now known as the OSBORN Output Indicatbr.

22. An experimental version of the Output Indicator was built during the
year and is being fitted to the OSBORN body for trials.

Interim Towed Acoustic Sweep

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

Non-Magnetic Improved Standard Dan Buoy

24. A new development programme for the Improved Standard Dan Buoy has now
to be arranged since it iv no longer considered possible to use the float of
the Short Scope Buoy for the lmproved Standard Dan Buoy (see page 3y).

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

Sweep for I.M.S.

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

Sweep for C.M.S.

26. A buoyant cable of French manufacture using aluminium -"n'autors
completed about 150 hours endumxnce 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 trials will be made 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. Environmental and packaging trials have since been
completed. The cable reel manufactured by D.G.S. was not satisfactory ani is
being modified. The swell recorder, less the cable reel, was accepted for
service, and is in production.

Acoustic Sweep Test Seti 28. Production of 40 test sets is continuing. One prototype calibration
machine of the new hydraulic type has been made and was satisfactory.
Components for five further machines bave been made, and are being assembled.

-41



Mine A Mk 12 Exercise Version

29. The design using a sodium phosphide 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. Six suction clamps for securing a neutralising point charge on a mine
case are being made for trials.

Radiographic Equipment for Mine Investigation

33. After further trials during the year the Mine Radiographic Outfit,

complete with processing equipment, radiation monitor, etc., has been accepted
for service.

Magnetic Mine Detector for Clearance Divers

34. The first two instruments have now been manufactured by a contractor,
and trials will be 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 also 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 conbidered for R.N. use. The equipment had, however, a
number of known failings, mainly the standard to whioh various parts have been
engineered. It is now known that the manufacture of a new version of the
Underwater Telephone engineered to service standards is being supported
abroal. It is intended to purchase six sets for U.K. evaluation.
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SECTION 5 - INSTRUCTIONAL EQUIPMENT

5o. - INITIAL DETECTION AND CLASSIFICATION TEACHERS

Type 177 Teacher A/S 1072

Im 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 units.

Ir

I Fig. 12 Ten Channel Playback Unit.

Tyne 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 ) would practically
satisfy the requirement for an I.D.C.T.

Tne 195 Teacher A/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, powpr units and certain parts of Type 195
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equipment together with several Type 195 consoles. Tapes played on, the unit
will operate the displays and sonar effects at the pupils' positi6ns, the
Instructor being able to monitor through a o1%&id intteroom system. Recordings
from which mazter tapes will be prepared will have to be made under operation.l
conditions, and this involves siting a recorder in the helicopter in a suitable
position and providing plug-in junction boxes and cables to break into the"
Type 195 circuits at the required points.

.2 - ANTI-SUMARINE UNIVERSAL ATTACK TEACHER

4. The commitments of A.U.W.E. are virtually complete$ the first A/S 1068E

version, which caters for Tyes 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 I068v is proceeding
satisfactorily.

5.3 - TYPE 170 ATTACK TEACHER A/S V71

5. Production of these teachers 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 isbased on a one-pupil unit
consisting of the Type 187 Sound

Room equipment, and electronics
cabinet, in which the synthetic
effects are generatel and anInstructor'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 e 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'sa Control Unit.
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35.5 - TYPE 193 COw.mAND TpRAINERA/S 1076

1. A feasibility study has beenc6mple.d of a Type 193, trainr imed
towards making use of the major- components of an existing Radar Simulator..
Tho proposed trainer would include the full Command control of the minehunter,
effect of tide on the ship, position keeping on buoy, operation of dinghjyind
weapon analysis.

5.6 - TYPE 170/177 AND 170/184 SHIPBORN.COMM TMAINER A/s 1077

8. A feasibility study has been completed for a Shipborne A/S Command
Trainer for ships fitted with einar Types 170 and 177 or with Types 170 and
184. When at sea a synthetic submarine echo will be injected into the sonir
sets while they are working under normal conditions. With the ship in-harbikr
the sonar sets will not be able to transmit, therefore a synthetic backgrgund,
reverberations etc. will be provided; this nondition 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

chvnge of vessel co-ordinates in response to external manual settings 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 frequenciesi by means of precision voltage/frequency converters, from
which range and bearing informaticn wnuld be derived in digital formwby
counting pulses. This information would be used to control the sonar effects
by a digital computer described 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 Mk 10, and to incorporate facilities

k for future weapons, e.g. guided missiles. Analysis of the weapon attack 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 remote 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 several stages, from simple Sonar Control Room operations to

L the more advanced training for both Operators and Commands using more than one
ship. Ae a result of feasibility studies it would appear to be more economical
in developuent 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
stored progrk-ze, using well established techniques. Information which (xists
in the sonar sets in analogae form, shaft rotations, etc. would be converted

to binary code. The computer would scan the inputs at regular intervals and
transfer this information to the store, for use by the programme performing
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the oalculpti6rs when required. Calculations m jihc ewid
control the sonar displays. Inatruoto6r'rue motion-
plot. Thd sonar effects would be genoted i eriheral e.u enti dsigned ,V

for each- type of 'set.. ,'

14. The system vw'ld provide for a single-ship or two-ship Command. Traine
requiremenD, the -tw arrangements differiig in:the quantity*of input/oitut,
peripheral equipmerx required, but all basically comm6n units. Incorporation
of new developments' in sonar and weapons w6uld, mean reprgraamming the oputer
and the addition of new peripheral equipment, the:baAi units remaining the',

same.

15. As sonar effects should be as realistioas 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 programme is to complete 'a detailed design/
project study for which contracts are being placed.

5.8 - TYPE 195 HELICOPTER A/S TRAINERI
17. The proposed system will provide for training on one, two or three
helicopters attacking a single submarine target, with weapon simulation and
the full search facilities of the Type 195 sonar. Helicopter movements
conforming to true flight characteristics and other desirable features are
being considered in the project study. The requirements of this trainar are
so nearly identical with the A/S 1079 Command Trainer (seepage 45) with the
exception of the peripheral equipment associated with Type 195, that it is
proposed 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
H..S. MAIDSTONE 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 be a similar system to that installed
in'H.M.S. MAIDSTONE, but will now incorporate T.C.S.S. g and 8 training
facilities. Manufacture is underway and the system wlil be assembled, tuned
and shore-tested prior to assembly in H.M.S. FORTH in January 1964.

20. The teacher for H.H. . DOLPHIN will also incorporate T.C.S. 6 and 8
training facilities and, in addition, certain design changes affecting the
model ship track and display unit have been incorporated. A tad'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.

ID
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I
BECTION 6 -. REEARCH

6.1- TORPEDO RFEIACH PROGI r ;tE

Introduction

The period under review corresponds roughly to the first year of the
joint A.R.L./A.U.!.E. torpedo research programe which has been planned on.a
five-year basiso

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 cycle system with
isolation of the power plant from the pressure prevailing at the depth of

operation. The syRtem is based on the propellants combination H.T.P. and
PPS. (phouphorus/phosphorus sesquisulphide) the exhaust products of which
are in the main either condensable or soluble. Thus the exhaust isolation
problem is essentially one of pumping liquids overboard: since this can be
achieved without an excessive expenditure of power, propulsive performance can
be rendered almost independent of depth,

3. Particular emphasis ic being laid on the development of a g generator

to provide the working fluid for prime mover operation. A specimen design of
a gas generator is illustrated in Fig. 14. Gas generation has been reliably
achieved at full scale. The required propellant flow rates, high combustion
efficiency and a good admixtur3 of a water diluent in the combustion product

HTP7

OXIDAN~T
INJECTION

INSTRUMENT
DILUENT IN SETO

I ~ ~CATALYST / E
PACK"-UE

NOZZLEL

. NOZZLES

INJECTOR CHAMBE-1-- SONIC
COOLANT COOLANT NOZZLE

Fig, 14. Working Fluid Generator EX.5.
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have all been obtained. The latter is required'to provide an acciptable
temperature condition for adm 3sion to the prime mover.

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

5. Two parallel prime mover developments are being pursued for operation
witb the propellant system. The first is a multiple-lobed cam plate pistona
engine. Design data on the load transmission structure of this type of engine
have been obtained from operation of an experimental unit rated at 30 H.P. On
the basis of these data two different full scale engine designs have been
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.P.S., having regard to the possible nature of Lhe working fluid. The
second Is intended to provide confirmation of mechanical design with respect
to the power, weight and space requirements of a propulsion system installation
in a test vehicle.

6. The second prime mover developnent i6 a high speed, single stage impulse
turbine engine with speed reduotion gear transmission. Detailed design of the
power plant is complete, but manufacture is being held awaiting the outcome of
the materials evaluation programme which is in hand.

7. Component procurement is in hand for the test facility for develop'ment
of the exhaust isolation and disposal unit of the propulsion system. TWo
forms of exhaust disposal have been studied, a high pressure water driven jet
ejector 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 design 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 attainment of high automobile performance with
substantial independence of operating depth. A simple direct cycle system,
using a very high pressure piston engine power plant, appears promising and a
design development of the multiple-lobed cam plate piston engine referred to
above has been put in hand to allow experimental evaluation of the system.
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Study of an indirect closed cycle system hac now reached the stage where
_j 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 form and some of itn physinal and
chemical properties investigated. As the fuel ignites in air all handling and
transfer operationo are done under water, and izitial difficulties due to the
formation of a scum at the interface between the P.P.S. and the water have
been ovarcome by the addition of potassium metabisulphite to the water.

11. Compatibility tests of materials in contact with P.P.S. over a six month

period have indicated that stainless steel, titanium alloys, nickel alloys and
pure aluminitu, are suitably resistant at 60 C. Suitable plastics are P.T.F.E.,
polythene and polystyrene. No completely suitable elastomer has yet been

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

~Metallurv

13. In view of the almost complete absence of reliable data on the corrosion
resistance of materials to the prodwcts of combustion of P.P.S. with H.T.P., a
qualitative survey has been carried out using, in particular, a simple tube
furnace containing the sample at the test temperature down which mixed acids

tof appropriate composition were allowed to flow. Corrosion was measured by
weight change after a standard time, usually one hour, and 0by metallographical
examination. Temperatures of 60 C, 2200C, 7000C ani 1,000 C were used,
corresponding roughly to condenser exhaust, condense r inlet, turbine inlet and
combustion chamber respectively. In view of the known susceptibility of
nickel-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
hourt-

Metal 600C 22000 70000 1,000CC

Mild Steel .009 _2. 1.1 0.85

Stainless Steel En 58J .001 2.0 .19 .21

Aluminium Bronze B.S.1400-AB2 .0008 .4 .02

Aluminium 25% Si .3 1.0

Titanium Alloy 318A .6 20

Monel .0001 .035 .003 3 (estim.)

Corronel B .003 .02 .002

Nimonic 00 .07 0.28

Hastelloy .002 .04

Molybdenum .010

Silicon Nitride (AHL245/12) .006 (gain)
~-49-



14. From this work materials were selected for combustion rig construction.
It was found that, whilst the combustion chamber conditions were much more
severe than in the tube furnace so that metal removal retes of 0.001 inch per
second 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 carbon, but this material is not yet in production.
Silicon nitride and molybdenum showed most promise of the other materials
tested.

Fuel 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 electrical outputs are required over
a long period, and under these conditions a high overall conversion efficienoy
of chemical to electrical energy is achieved. Howevor, increasing the power
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 limitcd 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
electrodeb must have a high porosity to provide a suitably large area for the
electrode reaction. This results in a veiy bulky coll and hence a low power
density. An assessment of hydrogen/oxygen fuel cells for torpedo propulsion,
allowing for storage of reactants in pressure vessels, shows that for a
duration of less than 1 to I* 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 dapolariser (or oxidant) dissolved in a circulating
electrolyte. Advantage can be taken of the extremely rapid electrode reaction
of halogens on a film of precious metal to construct duplex eleitrodes that
could then be made into a vqry compact battery. From initial cal'culations it
would appear that a battery wuperior to zinc/silver oxide is possible, and
further theoretical study of suitable systems is planned.

Torpedo Homing 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
essentially of a general purpose analogue computer and special purpose elec-
tronic equipment in which are generated the signals needed in simulating the
torpedo homing acoustics. The simulator will be used as a tool tor the study
of alternative search and homing systems.

19. The proposed method 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 special purpose
equipment, which is under the control of the computer, generates separately
signals representing each of these quantities correctly scaled in magnitude.
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This combined output is passed to a circuit representing the torpedo slgnal
processing and this circuit is used to determine whether or not the target
echo is detectable against the background of noise plus reverberation. .7hen
once an echo is detected a circuit representative of the torpedo "logci
checks whether consistent detection occurs in one or two subsequent pings.
W en satisfied that this is so, the logic circuit informs the computer pro-
gramme that the torpedo has acquired its target and the searoh trajectory must
cease. 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 computer programmo simulating torpedo control and dynamics. Results
obtained from a number of runs representing difforent target courses and
speeds and differont initial torpedo positions can be used to make a good
assessment of the likely performance of the search and homing system under
study.

20. A view of the Torpedo Simulator laboratory ie shuwn in Fig. 15. A
general purpose analogue computer consisting of two PACE 231R computer units
has been installed. The special purpose equipment consists of a number of
units known as target echo generators and reverberation generators. One set
of such units is required for each transducer beam being simulated.

Fig. 15 Torpedo Simulator Laboratory.

21. in 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
interval equal to the time taken for the sound to travel to the target and
back to the torpedo. Pulses in the several beams are phase 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 output amplitude. Three generators are required per beam, one for
surface reverberation, one for bottom and one for volume reverberation.
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Separate T.V.G. 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 a
typical C.R.O. trace of the final combination of target echo signal, surface

and volume revcrbcration components is shown in Fig. 16.

VOLUME REVERBERATION

I URFACE REVERBERATION

TIME DELAY TO ONSET OF SURFICE REVERBERATION

TIME DELAY BEFORE ARRIVAL OF ECHI

Fig. 16 A Typical Simulated Iehc/Reverberation TTace.

24. The task of programming the computer for the investigation of torpedo
search procedures is in hand.

Transducer Beam Patterns

25. While simulator studies may show that certain transducer beam patterns
have special 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 combinations of transducer elements on L. flat
torpedo head. Results have shown a significant disagreement with theoretical
predictions of beam patterns using standard predi.otion methods which assume
that the transducers 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 Rydrodynamics Noise

Flow Noise

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

27. The design of equipment necessary to investigate, inder laboratory
conditions, th6 effects of speed and body surface state on both the direct and
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radiated cowponents of flow noise over the frequency range 2 to 70 ka/s is
complete. It is proposed to conduct laminar and transitional flow regime
studies on a rotating disc assembly and turbulent flow regime studies on this
and a rotating cylinder assembly. Manufacture of the first of the engineered
6euipments, namely the rotating cylinder, is nearing completion. An extensiveF series of experiments is being planned.

28. An attempt is being made to develop a laboratory technique designed toI 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. Considerable progress has been made with the development of a flow noise
test vehicle, based on the ONGAR design, -which will be uued in a full scale
check of self noise levels as predicted from the laboratory experiments. A
sketch of the proposed test vehicle with the salient features detailed is shown
in Fig. 17. The nominal values of all-up weight and displacement will be
I,700 lb and 1,750 lb respectively. The vehicle is to be capable of bursts of
9peed up to 50 knots. Thu maximum operating depth will be 600 ft.

ROLL STABILISN UN -A7MUI CXM.UT

SALVAGE GEAR"i U GY RO

OVERALL LENGTH-14 FEE.

V1g. 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
vehicle when commanded to dive to a preset depth of 400 ft, control being
effected by the current ONG.D control system. In this system the vehicle is
under pitch control only when within a preset depth bracket (2hi) of the
nominal running depth, the elevators being operated oin a "bang-zero-bang"
mode. In addition, the pitch angle is limited to 5 when within another depth

bracket 2h2 (b2 > hI) .nd to 30 outside this bracket, the elevators operating
in a "bang-bang" rode when these limits are reached. Examination of the
figure shows that sudden changes in depth can occur as the positively buoyant
vehicle bounces along the top of the fixed depth bracket 2h 1 This depth
variation is not considered to be a desirable feature in a test vehicle
designed for noise measurements in level flight and accordingly alternative
control systems are being investigated.

34. Special noise measuring transducers of sensitivity 5|1V per microbar and

3,000 pF electrical capacity are to be used. To match these a broad-band,
transistorised low noise amplifier has been developed. Preliminar- tests
reaults on the amplifier have indicated t- following noise performance:-
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2 to 5 k6/s 3,dB above Bea state 2
5 to 50 ko/s Bea state 2
50 to 80 kc/s 3 dB above sea state 2

This has been achieved mainly by selection of low noise components and*

component layout.

Torpedo Dynamics

Stability and Control

32. Studies have also been made on the hydrodynamio performance of a torpedo
initially describing a vertical trajectory when commanded to pull out and
describe level horizontal flight; such investigations are relevant to concept
of a "vertical 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 piton and depth to
operato the 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 decroacos, the stability of the torpedo decreases and its
manoeuvrabiliq increases. The corresponding effect on the pull-out
trajectories can be derived from Fig. 19.

HORIZ-, ),O TRAVEL

• '

G IS THE MARGCI OF SMU1Y

Fig. 19 Torpedo Trajectories.

'6.2 - RESEARCH IN SUPPORT OF CUTET TORPEDO DEVELOPME T

, Investieation of Silver 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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300 to 50 C is initially quite slow, s6,.:that. the6indrease in rate 6f
decomposition with storage time was notirnoted ir earlier tbets< 6f limi d
duration. At 100 0C the rate of decomposition is considerably higher anud-thd
complete decomposition curve-can be plotted in a relativeli'shortpeiid.
Tests at this higher temperaturo indicate thatsilver dioxideh--
shaped decomposition curve with an initial induction period withyeryiittle,
decomposition followed by a rapid speeding up of decomposition rate i .The
results available at lower temperatures can be ext:,apblated to longer peiods
by comparison with the shape of the decomposition curve at 100C , aid suggest'
that a loss of about 5 to 10% 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 plat are
wetted with KOH electrolyte has been measured, and the discharge characteristics
of the plate noted. Long term storage of plates at 300; 400 and 6000 hL.c shown
that the volume of gas evolved or wetting increases with storage time and is
higher at tho higher temperatures. The effect of an equivalent amount of gas
liberated in the confined space of a cell is being investigated using silver
dioxide plates that have been heat-treated at 700C for one week to reproduce
conditions equivalent to storage for one to two years at 400O.

35. An investigation of the anodio dissolution of zinc in alkaline solutions
has demonstrated the need to warm the silver oxide/zino primary cells to
prevent passivation of the zinc electrode at low temperatures. The effect of
temperature, KOH electrolyte concentration, and zinc in bolution on the anodic
polarisation of a zinc electrode 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 twenty charge/discharge 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 assembled as
a battery. The reason for the large difference in cycle life 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 demonstrated that the
temperature rises very steeply when the battery is overoharged, and with the
present interleaved cell connectors it is not feasible to disconnect cells
when they roach top of charge condition. It has been found that the time to
top of charge varies greatly from cell to cell.

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

Research on Weanon Hulls in R3inforced Plastics

38. The mechanical testing of the hull sections in glass reinforced plastics
has continued. The first of the two hull sections manufactured with glass
rovings-reinforced resin skins and rigid polyurethane foam core has been
fitted with strain gauges and transducers and preliminary pressure tests carried
out. With pressures up to 1M p.s.i. the deflection has been found to be
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1
linear. Exparimcnts on the water absorption of the glass rovings-reinforced
resin skins have shown an abscrption of I mg per sq. ci. after 12 weeks
exposure at 43°C.

39. Two hull sections with fluted core construction replacing the poly-
urethane foam have been manufactured by Bristol Aeroplane Plastics 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 lb. The corresponding section in aluminium alloy weighs 100
lb.

6.3 -MEASURES TO IMPROVE SONAR PERFORMANCE

Propagation Research

40. The five-year programme of pr3pagation 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 those one-way
propagation ceasurements to the measurement of second-order statistics
-fluctuations, corrolation between separated receivers, etc.). For this i;ork
more sophisticated equipment (dirpc+fonal line hydrophone arrays, high fidelity
tape recorders and correlation
analysis equipment) has had to be STRN ¢ALE-_
obtained. Preliminary trials to

prove the equipment were started in UNIVERS
July 1962; the results are now AIR FILLED JINT
being evaluated. INSTRUMNT POT

42. The continuation of work
beyond Phase II will be concerned
mainly with topics involving two-way SUPPORT TUBE

CONTAINING

propagation, such as reverberation 42 TRANSFORMERS
and target echo studies. This will
constitute Phase III. HYDROPHONE

1 1 k1 -EJLE}IENTS
Bottom Reflected Sound 12

E1 43. Effort has been largely
devoted to the development of the 16 FEET

line hydrophone array, recordingF system and correlaticn processing ROTATE TO
equipment required for the study HORIZONTAL

of secondary characteristics of
sound fields in ponnection with 3 STAYS
Phase I.. The receiving array,
which is 16 ft long and contains HYDROPHON
42 hydrophone elements, is shown ELEMENTS

in Fig. 20. It is pivoted about 245
the centre point so that it can be V
used in either the vertical or

-oiznal position.horizon'. pFig. 20 A Multi-Element Hydrophone Array.
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44. Sea trials were conduceted in July in the Atlantic and in October in the
Mediterranean to evaluate the array and recording system under a variety of
envirornental conditions. Useful data at a frequency of 3.6 kc/a 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 chann(l, at a
depth of 400 ft in Mediterranean waters, is of easy access and is of intbrest
in that reflections at the sea surface and bottom are not involved.I

45. Development is nearly complete of a loop recorder delay unit and
correlator for laboratory processing of pairs of recorded outputs from
selected elements in the hydrophone =,ray. An example 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, but the variations in shape of the signals from elements spaced only
1.4 wavelengths apart are apparent. In this example, much of the Nariation
is due to interference with the surface reflected wave. To avoid this
omplication it will be necessary to operate the array at greater depths than
the 400 ft available in the trial, and so it is being modified to work at
depthn of 2,000 ft.

HYDROPHONE ELEMENT

14 INA, -2 1 2MILES - 2 MILES

20 ~HORI ZONTAL 36(i

20ARRAY APROJECTOR

38

I MOND

Fig. 21 Envelopes After Bottom Reflection.

Bottom Bounce Study (SUM11T)

46. While te detailed mechanism 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 '6er extended areas require simpler measurements. For this purpose,
Hydrographer has made available, full time, a survey ship in 1963 and 1964 to
obtain statistical information on bottom loss data over the whole North
Atlantic area, with associated oceanographic measurements. '
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47. This survey (SUMIT) forms part of 'the NAVAD0 crise' (NorthjAtlantic
VIDAL and DALR!PLB Ooeanography), H.M.S. VIDALand H.M.S. -DALRYMPLE, being the
survey ships involved. The provisional track chart for the operation,
involving some 70,000 miles of sounding lines, is shown in Fig. 22.

A •aF Fig. 22 Provisional Track Chart for NAVADO Cruise.

L48. The system of measurement adopted uses a deep Echo Sounder (Type 7713) to

which is coupled a Precision Depth Recorder. The latter will provide precise
~depth records with a resolution of approximately 1 fathom for any depth.

echo returns from the bottom.

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

50. Preparatory trials have been carried out over the last year using a
flestrex Precision Graphic Recorder in conjunction with the 10 kc/s Type 77.3
Echo Sounder. The bottom reflection losses mnasured in these trials are
compared with steep angle losses at 3.5 kc/s as measured by two-ship experi-
merts in the Table below.

L3.
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Depth .....
Area (fathoms) 0$iipe 'Verticai

__(3.5 kc/s) (0,okc/6)

SVIALOW BAN 8' a1
,o,,, 8 T12 dB

140 15t W 4!' 08' NI /

GALICIA BAF'K 1000 20 dB 22 d.B

110 20W 420 43' N

81)'11 OF TOULON 1500 9 rB 10 dB

60 30, E 420 20' 1_

51. These values are averages taken fr.an several measurements in the areas
tabulated. The correlation between th. two sets of measurcments is better
than might have been expected. An interesting feature of these trials was
that in these areas which have been charted in detail by oceanographers, the
Precision Grahpio Recorder was also used for accurate navigation.

SURVEY HELICOPTER
SHIP

SURFACE

HYDROPHONE T I lb CHARGE

\ /
\ /
", /

goFT BATHY /

CORE /
SAMPLER "BOTTO

Fig. 23 SUMMIT Measurements with a Helicopter.

52. In the forthcoming survey it is planned to take bottom samles and, it is
hopad, photographs of the bottom. Together these will indicate the nature of
the bottom reflecting surface.

Surface Duct Propagation and Internal Waves

53. The effect of internal waves on surface duct propagation is of interest
to the users of sonar equipment, and it has become apparent that insufficient
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is known of the frequency of occurrence or of the magnitude of such waves to
enable an v-timate of the effect on sbnar ranges to be made.

54. No effort is availale for a full-scale study of this phenomenon, but
the example in Fig. 24 shows a 100 ft variation of layer depth over a period
of I hour. This was noted incidentally during a propagation trial in the
South West Approaches.
' ' TEMPERATURE

55. It is of intercst that this observation 300. TPUE arose by cbance during a period when bathy- 320thermcgraph dips were being taken at o
unusually frequent intervals. This 340
emphasises the inadequacy of a single bathy- E 360
thermograph dip in a situation varying in 380both time and space.

400'

Model Experiment in Bottom Reflection 0 10 20 30 40
MINUTES AFTER 1120 his. GhT,

56. The laboratory investigation into VARIATION IN LAYER DEPTH,
reflected sound from acoustically hard
surfaces in air is temporarily in abeyance
due to concentration of effort on Fig. 24 Internal Waves.
preparations for Phase 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, bapt "-,nn 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.I.E. The main difference in performance between
this calculator and its predecessor is that the maximum grazing angle at which
rays may be launched has been increased from +100 to +700.

59. Some theoretical work on ray tracing has been carried out. This has
cleared up a number of sources of error, and given a basis on which more
sophisticated computations may be made. When time penits, it is planned to
produce a digital computer ray tracing programne which will include such
useful features as calculations of intensity, effect of horizontal variation
of velocity structure and effect of imperfect reflecting surfaces.
0ceanoAraphy in A/S Detection
60. The collection of temperature and salinity data from various international

sources has continued, and has been of use in planning piopagation trials.
During the course of these trials serial observations were made so that the
velocity structures computed from them could be used in analysis of the
propagation data.

i 61. The Chief Officer of O.W.S. TEATIER SURVEYOR has been instructed in the

use of the oceanographic equipment and observation of salinity, temperature and
depth are now being made weekly while on station by the three weather ships
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WEATHER ADVISER, WEATHER REPORTER and WEATHER SURVEYOR. it is expected that.
O.W.S. WEATHER MONITOR will be instructed and her programme 6f 6bseryation°
started in 1963. The data from these ships are being analysed buttthei is
not yet sufficient for definite conclusions to be reached conceiniiig temporal
variations in the deep velocity structure in the Atlantic Ocean.

62. In April 1962, a N.I.O. Thermostat Salinity Meter, loaned by the
Fisheries Laboratory, Lownetoft, was installed in A.U.W.EB Since then the
salinities of water samples collected durin; ;r-!paqation trials and by the
Ocean Weather Ships, have been measured. It is hoped that further equipment,
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 metres, the results being displayed on a paper0 0 0, 0 to 0 o0
record. It has five temBerature ranges, 0 C to 10 0, 0 to 20 , 0 to 30
10 to 200 and 10 to 30 . No tests have yet been made at sea.

Echo Formation

64. In the "imae pulse" theory of echo formation 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 the source. This
theory has been extended from the previouFly treated case of amplitude -
modulated transmissions to deal with a more general form of modulation,
embracing F.M. and noise transmissions, to deal with back scattering at small
distances and with the bistatic as well as the monostatic case.

65. The same ocho-formation process applies in these cases and irrespective
of tha type of modulation. Each directly backseattered echo component has the
same form as the transmission.

6.4 - EXPLOSIVE ECHO RANGING

66. in August 1961, A.U.W.E. in collaboration with Royl §ircraft
Establishment, Fariborough, drafted an outline roeearch programme to cover a
period of 21 years with the following terms of referencet-

To carry out acoustic research on Explosive Echo Rarging.in shallow
waters with the aim of drawing up a specification for an airborne
sonobuoy system to meet the requirements of the part of Operational
Requirement (OR) 3548 relating to active detection in shallow water,
i.e. detection and localisation of a submerged submarine out to a
range of 10 miles. In the execution of this task particular
attention is to be paid to the problem of distinguishing between
submarine and non-submarine 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 Pos-tland. The vessel was required to have adequate laboratory
space, accommodation, equipment handling facilities and a high capacity battery

supply for extended silent ship working. To weet this need modiftcations areI being made to A.C.S. BULLFINCH.

68. 3ubject to Admiralij and D.R.P.C. approval this research programme should

commence during 1963.
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6.5 -TECHNIUES TO IMPROVE THE DWYOY 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. Calculation6 show that there is an optimum
amount of copper necessary to achieve minimum atteuation wih a fixed overall
size of wire. The amount of copper in use at present is well below 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 associated with the
manufacture of long lengths of wirc witth reduced insulation, Messrs British
Insulated Callenders Cables Limited have manufactured a nwmber of experimental
lengths of wire with different types of insulation.

Twin Circuits

71. The results of measurements made on the impedance balance to earth of
L flat twin wire show that the use of such a wire at frequencies as higl, as

20 kc/s is not justified if the length is greater than about 10,O00 yd, unless
a very large dispenser is used. The degree of impedance balance measured is
comparable with that predicted by the manufacturers, iie. of the order of one
per cent.

Dispensers

72. The attenuation of the wire in a fully or partially coiled state is
to difficult to predict. Measurements show that at high frequencies the

attenuation of the present wire in the coiled state io usually less than that
Df a fully paid out wire. However, with the proposed lower loss wire, the
attenuation in the coiled 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

74. A theoretical investigation of the likely magnitude of electromagnetic
backgroun6 noise induced in the guidance circuit has been Uade. It is hoped
to confirm this theoretical work by measurements at sea.

6.6 -NOISE REDUCTION (INCLUDING FLOW NOIS)

IP Flow Excited Noise

75. Two further trials with the buoyant body designed to elucidate flow noiseproblems in ships, hav been performed in Loch Liinnhe whet,, 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 -hat this effect which was shown in earlier trials
was due to entrapped air at this joint.
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RELEASE TIME SUR NE9

Fig. 25 Noise Pressure Level Versus Tint
for a Third-Octave Band Centred at 111 c/s.

76, Measurements of the spectrum level of the noise between 100 c/s and
10 kc/s have been made over the speed range 25 to 45 ft/see. Speotrum level
measurements have also been made on the body with Its shell coated internally
with an Aquapla damping material. Fig. 26 compares the spectrum level measure-
ments on the damped and undamped body and also the wall acceleration levels
measured with internal accelorometers. :t will be seen that the ,daming
material has a considerable effect on the
vibration levels but n qffe-+. on the 60- --
noise measured at the nose hydrophone.
This appears to be good evidence for -4C

assuming that the wall vibrations do not
contribute to the flow noise, but this - . .
should be concluded only with caution
until more experiments have been made to I
determine the exact source of the noise.i
The variation of the noise with speed P
was found to be close to a power law --- ,o

over the whole frequency range. The II
values compare with the theoretical '
values, for pressure level fluctuations,
of 9 dB at the lower frequencies and -4_ 0 0
18 dB at the higher frequencies. U (()

77. When the hydrophone is sits" in Fig. 26 Noise and Wall Acceleration
the apex of the nose it is in a Spectrum Levels Versus Frequency.

stagnation region and can therefore only
receive noise by acoustic radiation from downstream. This means that the
hydrophone is in a region of acoustic shadow and will receive noise only by a
diffraction process which is frequency depondent.

78. This partially accounts for the very steep slope of the spectrum levels,
about 15 dB per octave, above about 800 c/s. Subsidiary measurements were
made of this diffraction by using a small noise source on the wall of the body.
On the basis of the results of these tests the spectrm c~n be corrected for
diffraction effects; when this is done the slope above about 800 c/s is close
to 17 dB per octave.

79. The new buoyant body with an array of hydi-ophones 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 boundary
layer exploration using pitot-static tubes.
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83. The contract work at Southampton University has been completed anda,
final r eport issued. Measurements in the 2 inch water tunnel 'were made 6f the

r. s. pressure fluctuations, statistical amiplitude distributionh lo ".tudinal
spatial correlations and of the effect of a step-in the tub wall :on the;,jdown-
stream pressure fluctuations. The general conclusion drawnfrobm the wo ,4 is
that the results are in broad agreement with the more extensive m surementb
on turbulence in air tutzelo.

Flow Noise - Amoeba

81. A hose-like cylinder of rubber, 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 ft long transducer array towed deer in a 1,000 fathom
site some 1,500 yd astern of a coastal minesweeper. The data from the trial
are being analysed.

aa lSelf Nois e i k. Surface Ship's

82. A summary of self nuise moEburements taker, in 1962 is sbown in the table
below.

Ship Class Purpose of Trial

H.M.S. TYPO 81 A/S FrigatA To compare self noise levels due to
,AqHANTI (1st of class) steam and gas propulsion and metteure

increase of noise from ptabilisers in

various conditions. Auxiliary machinery
noise was axsmined.

H.H.S. Type 15 A/S Frigate To measure self noise in a ship a long
VERULAM time out of dock. The Type 2001 Sonar

dome was observed to shield the done
forvard of it from direct radiated
propeller noiso.

H.M.S. Type 15 A/S Frigates To compare the degradation of Sonar
URCHIN performance due to self noise, over aand per: : 3 2 years out of dock, in two
VFWUS similar hull forms having different

underwater finish. (3 trials in
H.M.S. VENUSp 2 trials in H.M.S. URCHIN
in 1962.)

H.M.S. lyp 12 A/S Frigates To study the contributic, to self noise
L-OWrSTOFT from main and auxiliary machinery and
and take routina measurements up to 28

IF BERWICK knots.

E H.M.S. Type 12 A/S Frigate To measure self noise in double curva-
LONDONDEPRY ture glase-fibre domes fitted to hull

outfit 15 and hull outfit 20.

1.M.S. LION Tiger Class Cruiser Routine self noiew measurements. Cbange
of noise level during evive action was
examined.
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Stabilisers

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

Machinery Poise in H.M.S. BERWICK and H.M.S. LOWESTOFT

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

85. Further trials in H.M.S. BERWICK are desirable in which auxiliary power
may be obtained from shore supplies, to carry out "on/off" measurements of
the noise contribu.d by individual machines.

Relationship between hull Vibration in Vicinity of Domes and Self Noise

86. During the first-of-class noise trials carried out in H.M.S. ASHANTI,
measurements of hull vibration in the vicinity of the domes ware made to
determine whether, acid over wbat upeed range, vibration of the hull is a
significant nonttibuto- to self noise.

31. F4. 27 compares the hull vibration levels in the octave 4.8 to 9.6 kc/s
near the Hull Outfit 20 dme with self noise levels at 6 kc/s in Hull Outfit 20
for a range of ship speeds. Above a speed cf 15 knots a factor other than hull
vibration dom 4nates self noisL 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 noise.

_j 
0

SASTERN 
BEARING

-lo-

--- - -3o
CL DME AT END

01 AHEAD BEARING

DOME CENTRE 0

-0 ,60- 1DOME -0
LU FOWD ENE 0 OPERAT<IONAI.BENG

5 t 15 20 25 S 10 " "20 25

(e) Hull Vibration (b) Self Noise

Fig. 27 Comparison o" Hull Vibz ztion Lnd Self" Noise Levels in H.U.S. ASHANTI.



Hull Finfthbs~

88. Comparison the effects on self noise-of alterh~tive dnti-f oulig2hul.
treatments in H.M.S. URCHIN and H.M,S.*VE INUS has iiot be;n p'oesiblqeo'wing'.io
Uad weather during &Lj. 'thiee of the trial&i.,dofar ca~e~'~ nHMI.$H
The series of triala in .' M.S. URCHIN has accordingly boq'enabanAdonid:.but'A. is-
proposed to' complete the o,-respondi Ing .series for H.M.S. V M1US in ih hope o
assessing the effect, over a 'neriod of two years out or dock, 'of -the special.
anti-fouling treatment that sb. received t.nitially, i.e. Vacu-bleting and
painting with Ccmposition 161P.

Effect of Evrasive Action

89. H.M.S. LION steamed at 18 knots carryring out Evasibn Zig-Zag Steering
Plan 258 from "IAT? 3 - Anti-:Submarine evasive steering". Self noise was
recorded ir. Type 176 position on a~iead: abeam and astern bearings and in
Type 174 position on R90 0 * In no instance was any significant increase in

self noise reoorled.

90. H.iI.S. VENiUS repeated the procedure uI 22 kn~ots -1en .r.s was measured
in Type 164 position on ahead, abeam and astern bearings and in Typo 174

position abeam. Again no significant increase was- recorded.

[ia
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-Propellet Noise

AGOUTI

91. Trials were carried out with iH.MS. 'UNDAMTED during the.;poriod.,September
to December 1962. Using large caphoity ociprossorsthe effe6it of-var.ations
in air volume and hole patterns have Veen studied todetemne the-optmum
combination for the reduction of noise radiated fro& the propeller. Detailed.
assessment of the trials results is still in hand bit initialanalysisshws
that over the frequAnv range 75 c/s to 76.8 ko/s the ship at 18hkots with
AGOUTI working is no noisier than at 10 knots without AGOUTI.

H.M.S. YAXHM1 - Cavitation Noise Trial

92. A trial with H.MS. YAXHAM is in prnSress with the aim of studying the
noise significance of different forms of
cavitation. By varying the propeller 8oo H FITCH 0 2 S 0  20P A 10*
f itch, at constant revolutions
800 ropem.), it has been possible to

produce either essentially no visible ¢ D.A_"
cavitation or strong visible oavitatio
of the tip vortex alone or strong
visible face cavitation alone. This ispillusrated in Fig. 28 on th4 previous -s

93.- It is remarkable.,that whereas the .,MouEKY (16 0)
tip vortex °and face cavitation are
accompanied by substantial 'iAreases of Fig. 29 The Effect of'Pro~eller
radiated noise at low frequencies, Cavitation on Noise Level.
little effect ia apparent at the higher
frequenciee. This is illustrated in Fig. 29.

Underwater Viewin. Eguipment

9,4. A system for recording the behaviour of submarine pr,3pollers is being
developed at the request of DG.S. The system, working at depths of up to
350 ft, will use th6 pulsed high peed camera equipment developed for the
oi',/television in'6tallation.

Portland Sound Range

Radi&e4 d Noise Measurements Durirg 1962

Class No. of Ships Range Days

Aircraft carriers 2 2
Fast replenishment tankers 1 1
Submarine base maintenance ships 1 I
Destroyers 4 4
Frigates 17 24

,Minesweepers 17 34
Cableships I I
Helicopters 1 3

Hovercraft - 2
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95. Rangings of s'pecial interest included:-

(a) The first-of-class tfial of the Type.81,frigate H.M.S. ASHAh"TXi_
which has both steam and gas turbine jroptision.sydtems. Th6r, is
evidence td buggest that, with suitabl' isolation.montingasoigas
turbine propulsion could be considerably quieter t- an steam at; all
frequencies. Trials have 3hown thati 'reful balancing o t)egas
turbine is not by itself enough "o yield this potentially qtleter'
performance and it is clear that failure to employ:isolatibno
mounting carried a heavy penalty.

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

(c) The German frigate DIDFN, fitted with controllable pitch propellers
a combined Diesel and gas turbine propulsion system.

Machine_vy Noise (Radiated)

Importance of Snectrum Lines due to Machinery in Type 12 Frigates

96. An analysis has been carried out of the most prominent spectrum lines
radiated from Type 12 frigatis 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 with the fitting of'
modern 5-blade noise-reduction p.:op!ilors because the underlying level. ofP general noise is markedly less than with the standard propellers.

Effect of Line Components on Ranke at vh'ich Shiz ¥ be Detected

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

H.M.S. SCARBOROUGH as an example. The following table shows the calculated
effect of suppressing particular lines on detection ranges by Sonar Type 186
in the listening band.300 to 600 c/s and assuming sea state 2. Two situations
have been ounbidered in which depths of 100 ft and 300 ft for the surface
duct apply.

Propeller Gear meshingDepth of

Speed S e o No Suppression singing lines lines alone
(kt) Sufte(kyd) alone eradicated eradicated(ft) _ _ (kyd, (kyd)

10 100 3.4 2.0
300 130 38

100 3.0 2.3
14 300 100 5.4 1

16 100 2.7 2.5
300 76 68

100 2.4 2.3
300 58 54
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98. It will be seen that the singing propeller in hisba~e-is t'he d6minant
source of discrete frequency noise. The effeots-n ~mine ctuationare
similarly important. If the propeller didnot sing the. rel ati magiitdes- 6r:
gear mesh and other machinery lines would beo6me mofe importanti This+he
discrete frequencies tend to control the risk 'of destie6 and the Ene risk.

6.7 - DOME INVESTIGATIOUS (INCLUDING NOISE REDUCTION)

Renlacement 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 reports.
Further acoustic trials have boon carried out with this type of dome to assess
the bearing error which might result from phase distortion. Cumarative tests,
using the phase conscious Type 170 transducer at 21 ko/s, produce the results
given in the table below.

rem.so Value ofAr~m~s Vrdu of ean Attenuation
Bearing Error dtDome Description (Comparison of d

L and R Squares) (L and R Squares)

Standard production 0.020
A/S 82 in. itainless steel skin 0.60 2.3

with steel reinforcement.

Double curvature glass fibre

A/S 8OX skin 0.25 in. thick. Steel 1.30 2,8
vertical and glass fibre
horizontal reinforcement.

A/S SX As above - with sections ofmodified glass fibre horizontals 0.80 1.3
removed.

A/S 8OX As above - skin only 0.20 0.25

Shell

ICO. Tlxe significant improvement obtained by removing certain sections is
tho-ught to be in part due to the preeence 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 fibre) has however demonstrated the manner in which a single rib may
increase the attenuat:.on out of all proportion to its size. Thp effect is
particularly marked when the width of the rib corresponds approximately to one
quarter wavelength in perspex.

102. Development is acoordingly being directed toward replacing the glass
fibre horizontals with steel girder structure secured to the skin but not
embedded within it.
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New Dome Configurations

103. An underwater observation sea trial has been carried otit in
H.M.S. LOIDO'DERRY. Twelve underwater periscope positions were inistalled fn
the ship a view of the bow and both domes. A comparison between onsei 0o
cavitation obtained iuring this tridl -and- results of -water unede~cal
tests is shown-in the table below.

-Cavitarto.Onset' ondtikinsi
Mean ..... __ _At-tack
Attace H.M.S. LONDONDERRY Result, Wate' Tunni Rsult

Angle __ _ _ _ _ _ _ _ _ _ _ __frjII u~ ._o Resul(Estim. Rudder iiolrica
Feature t. Speed of Appro? Critical Critical~for lgle Ity as& O + ti n  ^^ -.

Full C apeedtio CV v c nvin
scale) into Turn in Turn Index.(for Scale In&ex (for
cl(kt) (kt) Kee; Line) Keel Line)

0 0 
1 10°  0o°  17 3.6 1/6 0.8

0 0 17A
B 20 15 22 16 1 1/6 1.25

60 250 20 14 5.3 1/6 2.95
80 35u  8 to 12 6 to 8 20 1/6 4.1

0 1 n-o* 1/6 0.55
A/S- - * 0.55
om. o2o' - *i/6 0.6
Dome 3 5 0 1/6 0.65

A/S 74X 00 0 25 to 26 25-to 1.6 1/ 0 1.35
157 in. 15 24 to 28 20 to 24 2.0 1/10 1.3
Do 1 2: 250 24 to 28 20 to 24 2.0 1 !0 1.25Dm 20 35 22 13 6.0 i 1.25

* Noon visible up to 28 kt, the maximum speed during trials.

104. Although a reasonable relationship between 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 during turns executed with 353 rudder in
calm weather. The serious effect which the bubbles must have on sonar
performance suggests that in order to maintain sonar contact in turns surface
escorts should use the minimum rudder angle possible.

106. The results of the trial confirm and strengthen the need to improie the
shape of bows of A/S escorts and to install a fairing to defer cavitation at
the 157 in. dome/hull junction. A further sc trial, for which equipment is
already being made, has been requested; this trial should demonstrate the
improvement which may stem from an elllutical bow and faired dome.

aSlarinR Trial

107. Equipment has been installed in H.M.S. LONDONDERRY to measure the
dynamic pressure loadings on the domes during "alamming". Both 100 in. and
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157 in. domies have. been fitted with pressure- sensit~ive trreuesiutd
:flush with the external profile. Outputew of t-hese,. and.~ti ; gai ', I~
in the domes are fed to two twelve. channel recoders. -e6rdeill', bet '*dken,

S by sh ip's s taf f whe n c ond it ion of .spe ed aid' i"ahe r se e i -l"Akq y,', ., " ~ie~

slammi_7

(11) view looking forward (b) View lookn T6**rX r ,b
past 100 in. dome to forefoot position forwart' of 100 in. dome

Fig- 30 Cavitation Shed from the Dowi of
H.?.S. LOMNUERRY in 350 Rudder Turns.

j Replacement Dome_ for Type 187 Sonar

j 108. To eliminate the operationel speed limitation now imposed on conventional'
submariness which arises as a result of failures among existing A/S '19 domes on
the surface in rough weat1her, a stronger replacement dome design has been

produced and two prototypes are being manufactured.

Fin Domes

109. A further design of glass fibre dome is in hand for use with theIType 185GL sonar in nuclear submarines. In view of its location adjacent to
the re;peating compass in the forward part of the fin the atiffenir,3 structure
for the dome will be produced in an aluminium bronze of suitably low

Ipermeability.
S Bottom Bounce Sonar Investiqations

110. 'IhI' estimated HP. requirements, predicted from towing tank trials, of
a ye12 frigate hull fitted with the 100 ft lorg integral dome form (which

hd excellent cavitation onvait perfoimance) suggest an increase of 150/1 as
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comparsd with bare hull at 20 knots, This very large increase in power
requirement is considered 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 determine an optimum position-for a large dome on the huil.

111. Consideration is being given to other-arraugements for bottom bounce
arrays which would minimise such propulsion pealtie i-in-frigate sized vessein
including the poasibility of stowing the array above water.

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 aircraft carrier.

I 6.8 - INVESTIGATION OF TORPEDO DISCHARGE FROM SUBMARINES

113. The development of a model for investigating the external hydrodynamic
forces on torpedoes durihg the launching phase -has continued. Although a
satisfactory method of firing tho model torpiedo has been developed, some

I 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 for 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

Magnetio Sweeping

115. Tests have been carried out at the Bexington Range using the corstal
minesweeper H.M.S. HIGHBURTON to determine the magnetic field levels associated
with the closed loop sweep, 1, 0hk 11(L) and the open loop electrode sweep,III! Hk 11(0). The results of these tests on the ran. e are being compared with

the predicted field levels obtained in the laboratory from tests on scale
models of the two sweeps. A plot of the field contours obtained fromIlaboratory tests for a depth of 10 fathoms and a plot obtained from the
Bexington trial results for the 1 Nk 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 to use the parameters Q (a reflection
coefficie t) and d/H (an electrical depth ratio) to describe the conductivity
conditions. The laboratory diagram is drawn for values of Q = 0.95 and d/H
1,2; the average values applicable at Bexington are now known to be Q = 0.93
ald d/H = 1.15. It is already clear that there is a very good degree of
correlat3on between the observed and predicted patterns. ,P set of punched
tapes appropriate to the exact values of Q and d/H 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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I, 4

0 AVRG o.9r3 a 0.95
KH AAG 1-.15 9V 1.2

H AVERAE 8/4 FATHOM H 10 FATHOMS

Fig. 31 Comparison of Model Scale

Prediction£s of Sweep Field and Observations.

HM Hk 11 and H Mk 20 Sweeps - Overational Data

117. Itinesweeping calculators have beer, produced for the open loop and
closed loop versions of the MA Hk 11 and the IN 14k 20 sweeps. The calculator
slides apply to sweeping speeds of 6, 8 ana 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 circuit to
actuate.

118. The calculators give values for the aggregate actuation width averagd",
S over all angles of mine orientation. The usa of this value of swept path(We)
,I for calculation of percentage cleprance of a mined area will tend to give, in

S certain cases when high order clearance is required, an over-estimatGs :f the

percentage cleared, and for this reason it may be necessary tec produce a second
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set of sliOes for statiStinl mirisieeping purposes zivin-i,
upon the aggrae ......atationwidth' f he % worat angles. This mater is
under consideration.

119. Tables of safe current have been prepared from knowledgaeoft he
combined magnetic field of coastal minesweepers and the 6c ipted'-value, of he
sweep ._eld in th6 region around the mines*e6per. F6reac weep-
sweepcombination, two sets of tables have been prepared:- oneAforsweeping
horizontal fbaid component mines and the otherfor vertical field o666- onnt"
mines.

Acoustic Sweeping

Definition of Aooustic Mine Actuation Levels

120. Experimental work on the actuation level of the BritishV. circuit to
both sweep-like and ship-like noise has shown that the-definitions propobed-
to N.A.T.O. by the U.K. are realistic and the measurement procedures:simple.

fThe definitions were fully discussed at the 196? meeting of the N.A.T.O.
M.C.M*W.P. technical panel.

Acoustic Propagation Monitor

121. Trials with the prototype production model of the monitor have been
Buccessful. A small number of outfits of this equipment are b iinglmade for
practical evaluation pending a d2ci-ion from the assessment mentioned belor.

Prediction of Acoustic Swept-:Paths

122. A study of L.F. propagation data in shallow water made available through
-* N.A.T.O. has providad some indications of the possible variation of swept path

within typical sweeping areas. From this it has been possib)e to assess the
effect on a sweeping task of propagation data obtainpd theoretioally and by
use of monitors. A single profile from an expendabla monitor is generally
preferable to theoretical prediction particularly at the lower frequencies.
Multiple monitor profiles spaced along the channel become more necessary as
combination mine complexity increases and as minesweeper acoustic safety
requtrements 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. ange at Bexington

123. Apart from tha auto-tracker, the instrumentation is complete and the
fiange fully operational. A number of investigations have already been carried
out including a trial with sweepers of the 2nd M.C.M. flotilla. Manufacture

q of the auto-tracker system is nearly finished and it should be installed
shortly.

Pressure Mine Countermeasures

Intrution

124. A good deal of understanding has accumulated in this field over the
years and it is doubtful whether further research investigations would be

rparticularly rewarding. This being so, it was decided to cease active research
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I. I

in the field of pressure mine counte't, asgesitilba-t-ferth , b Ing
the period 'under review has be~nlgeyd46dtwidn'ptiivt..
gations in proaress and documenting the i. xilt t ;in rep6r"f-., .

Pressure Mine 'Sweep

125. Model-scale work on the MATTRESS pressur6 mine sweep hai how ceased'
pending a decision as to whether to pursue the investigationi with,6 peci l
emphasis on engineering aspects, at large schle. The ihvestigati h tb6,-dt
indicates that the device would apparently be feasible from the pcintoot.a iewi

of construction and towing drag, and that there appears to beta very good
case for examining such further matters as the towing stability, explosion
resistance; handling and seamanship.

Safe Speeds for Ships

126, Work aimed at relating pressure signatures of ships to simple
geometrical and other parameters has now been completed. Exprefsions 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 technical note is being published.

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

M.C.M; VESSELS

128. Variable-strength permanent magnets for "dipole" type compensatio'Qhave
been developed: action is in hand by D.G.S. in.collaboration.with A.0%'V*E..
to introduce them into service on current C.M.S. for use in Oonjuinction with
the normal D.G. coil system to compensate the very large permanent magnetism
in their propulsion engines. The design of the magnets permits the magnetic
moment to be varied over a wide range' to suit the particular requirements of
individual sweeper's engines. The technique of deprmitng the crankshafts of
C.H.S. engines has been finalised and has passed into Service. 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

IiM.3. KRKLISTON has been completed and an interim D.G. coil system design

produced. This system 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-
magnetic field may not be significant for the Conversion Hunters further
trials to measure the electro-magnetic stray field await the availability of a
conversion hunter fitted with an operational set.

130. The relationship between self danger width of a l.C.M. vessel to
horizontal magnetic mines of 0.5 mG level and the N.A.T.O. criterion of "the
peak of the combined vertical component of magnetic signature" has been
investigated on the model scale (see page 103). The results have lead to a

j proposed magnetic specification for the new M.C.M. vessel of 0.6 mG in
5 fathoms (N.A.T.O. criterion) which provides a self danger width in shallow
water such that an adequate risk factor of 0.06 in 3.5 fathoms, falling to

i 0.02 in 5 fathoms and greater is achieved. To eaoh and maintain this magnetik
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specification will require R. and D, effort by all Departments concerned with
construction, storing and maintenance of these vessels and an outline of theeffort 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.CdM.; so alsoWill. prAfittingreat-

ment, involving dipole compensation and demagnetising, will also be-no 'a#y.
Consequently "Land" D.G. ranges both for R. and D. and for produotibnpurposes
are considered essential. Considerable effort has been expended in finding-
suitable magnetically 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 bUBMARINES

132. Preliminary investigation of pressure/magnetic effects of the pressure
hull material under deep diving conditions were made by compressing solid test
pieces in a specially designed non-magnetic test rig. These trials h.ve not
progressed very far, but the results indicate that the mechanical strain under
deep diving conditions may have serious consequences with regard to magnetic

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 the advantage over all existing
methods that magnetic fields inside the hull during the process are reduiced to
a level below that at which they could affect sensitive navigational and
recording equipment and the conten-e of missiles.

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

6.12 - THE NEW NINE COUNTEREASURES VESSEL

135. Target levels for the magnitude of pressure, acoustic, and msegnetio
influence fields in the new construction mine countermeasures vessel have been
formulated for inclusion in the Staff Requirement. The target levels areI based on the concept of minimum acceptable danger widths. a concept which is
operationally more acceptable than the former considerations simply of the
maximum field directly beneath the ship (see page 102). It is, however, a
complicated procedure to make direct measurement of danger paths 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 routine

operational ranging, and the required danger path (see page 76 ).

136. A schedule of R. and D. effort required to ensire a 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.w.E.
has collaborated with D.G.S. in preparing a similar schedule in connection
with noise.

t6.1. - MINEHUNTING PROBIEMS - MINE BURIAL

137. Acoustic minehunting may be made more difficult if the mines are partly
buried and would be ineffective against completely buried mines. It is
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therefore importeint to assess how widespread, in.areas of operational interest,
are conditions in which mines would probably become bried. An anakysi of

available inormation from U.K. and f6reign soirces has been made an& a
tentative basis arrived at for some form of prediction based on parameters
such as sea bed conditions, tie and swell.

6.14 - ADVANCED MAGNETIC TECHNIQUES

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 methods because the outputs are signals of
varying frequency. The standard method of field measurement s by a succession
of frequency duterisations ising a counter-timer. Although the original
intention was to assemble appartus for use in conjunction with magnetometers
for submarine magnetic moment measurement, it is now appreciated that these
techniques have wider application.

139. A commercially manufactured metastable helium magnetometer was purchased

by A.R.L. and has been on loan to A.U.W.E. for laboratory evaluation. The
particular virtue of this magnetometer is its theoretical orientation
independence. Rotational effects have been examined in detail by comparing
Lhe output of the helium magnetometer in various orientations with a nuclear
magnetometer, Orientation errors have been found to exist but indications are
that these originate in the electronics and not in the wagnetometer head.

6.15 - AUTONIATIC PROCESSING OF A/S DATA

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

141. Signals recorded on magnetic tape on trials of the experimental Type
2001 set in H.M.S. VERULAM have been analysed in the laboratory to determine
their statistical character and to look for any systematic differences between
target echoes and the background signals of noise or reverberation. Because
of the very large number of recording channels required if +he outputs of the
doppler filters were recorded directly, the signals at the inputs of these
filters have been recorded. The signal .s have then been replaed 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
fr'edom from wow and flutter. A substantial improvement to a commercial tape
recorder has been made by using a pilot signal from a stable oscillator
recorded on one trs-k to correct the frequency of the signal channels. The
correction is electronic and substantially free from time delay.

i42. Electronic equipment for measurinC the amplitude distribution of the
roplayed signals has been built. This counts the number of timbs regularly
taken samples exceed a preset threshold level. Fig. 32 oni the next page i- a
typical result obteined on a reverberation background. It will be seen that
a- low amplitudes the distribution follows tile Rayleigh law but that at the
largest amplitudes measured (about three times the r.m.s, amplitude) the
frequqncy of occurrence is about four times as great.
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143. Measurements of the frequency of simultaneoue occurrence of revert
beration levels In two adjacent doppler channels or two adjacent beams have
shown negligible correlation at low amplitudes but an increasing corilation
at high amplitudes.

144. True submarine echoes show a M/RXS
spread in range, bearing and doppler 0 o 2 3
about 50% greater than suggested by
elementary calculations based on the
system parameters. These echoes do nott
however, have any characteristic wave-
form which distinguishes them from pesks
of reverberation or noise. Automatic
detection must therefore be based on the M "MRS.ON

Fcomparison of signals received on PAYC omtL,,,, ~successive transmissions and the I• "

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 ore due to bursts Fig. 32 Oomparison of
of noise or to echoes from large bottom Reverberation Distributions.feature s."

145. The estimate of consistency of movement is greatly eased by accurate
bearing information. On a set like '.ype 2001 vhere the preformed beams are
100 wide there is a possible error of nearly 50 if the bearing is talcen ac
that of the largest signal. It was therefore hoped that a more accurate
b~aring could be obtained by interpolating betreen beams according to the
relative amplitudes of the siulnals received in them. It has been found,
however, that differences of amplification and over-loading on large signals
invalidate interpolation. Comparison of time-bearing plots using boaring
iynterpolation and using merely the bearing of the largest signal show only a
two to one improvement in smoothness for the interpolated case.

146. Apparatus is being developed for translating recordings of signals
recewod on sea trials into digitised "words" representing amplitude, bearing,
doppler and range. These words will be passed into a POSEIDON 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
preparation of useful programmes.

147. In Yiew of the likely complexity of any system of completely automatic
detection and the risk that the computer might handle large numbers of false
targets the possibilities of a special onitoring 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 confrm or supplement
the decisions of the computer and it would allow operation to continue in theSevaent of a computer breakdown. It also lends itself to the development of
automatic detection by beginning with comparatively simple schemes and
proceeding with successive improvements.
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6.16 - FUTURE TREIMS IN FIRE CONTROL

148. The teohniquesbeing followed in the first digital computer,under
development for torpedo fire control, theT.u.C.Us Mk 2 and the-present? 
position with this equipnment are given on page 2Z. The use of_afixed pro-
gramme, speoial purpose m~achine for this tak, does show treM3ndouW'fleixi-
bility as compared to the earlier eleotro-mohanioalanalogue systems used
hitherto. Furthermore, it is also true that special purpose machines of this
typ can be tailored to the form of oaloulation they are required to perform,

149. This evaluation is now being challenged by the availability of small
general purpose digital data processing systems for shipborne use. Such
systems, because of their general purpose nature, can provide solutions to a

S very wide range of computational and data handling problems. This flexi-
bility gives them a much greator long term development potential than that
which could be achieved with any of the spocial purpose equipment.

150. The first general purpose digital data handling system to go to sea in

the R.NM will be the ADA system developed at A.S.VhE. Whilit originally
developed for use in Aircraft Carriers, plans now exist for it to be fitted

in smaller ships which have an anti-submarine capability. This has opened up
the possibility of utilising spare capacity in these ADA syste.s for the

automaticn of anti-submarine warfare. The first ships in which this
opportunity can be exploited will be the guided weapon destroyers D.L.G.05 and

06 as described elsewhere in this report in which the fire-control function
served is guidance of the MATOH helioopteL. 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 later A/S Frigates, it is hoped to overcome
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 IARA. Looking further ahead to the possibility of

A/S vessels fitted with IKARA and a longer-range mortar, 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 possibility of utilising ADA to provide an automatic

threat evaluation end weapon assignment.

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

ships should be provided with a more limited form or general purpose data

handling system and the D.S.C.E.P.S. (Data System Coastal Escorts and Patrol
Ships) is one possible solution.

153. The work at A.U.W.E. required to further this programme is primarily

goncerned with rule writing for the iarious tactical situations -nd associated

computer programing and with the investigation of special peripheral equiryntent

used fcr data display an6 presentation of operational state.
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6.17 - TRANSDUCER RESEARCH -

Develoiument of Lead-Titanate-Zirconite Piezo ,i"eotria.Cerani

154. Early difficulties in polarising tti ceraic have-now ben,0erocme-

and most of the work with this material hat used samples of
supplied by Admiralty Materials Laboratry, eleotroded and
A.U.W.E. Silver electrodes deposited by vacuum evap6iin-havel o-nvshown to
make satisfactory acoustic joints in transdubes driveh at high amplitudes
(up to 0.014%, r.m.s. mechanical strain).' Tensile strength-of 1.510o: 23ons
per sq. inch have been obtained for epoix .'e resin joints between- vaouum
silvered AM97 test discs, compared with Q.5 to 1.6 tons per sq. inch for fired
silver electrodes, and 0.3 to 0.6 tons per sq. inch for electrodes using a
commercial cold silvering solution. The advantage of de,)ositing eleotrodes by
cold silvering or vacuum evaporation rather than by a firing process is ihe
elimination of contamination of thc ceramic by-the electrode material
diffusing into it.

155o AN97 has been tested with mechanical and electrical stresses applied
simultaneously. The table below shows that the changes in porter factor and
capacitance are greater than the sum of those which occur when the stresses
are applied separately.

I ; Stress Power Factor apacitance

Pwat r ko/s at I kc/s, Electrical Nehaniq.al 08 (relative w~luee)

o* 0 oO2. 3 1

2 _kV/*cm 0b. 0.001 108
0 ooo0031 122

2 kV/m 101 1V/D 0.02114

Measured at low electrical field.

156. In this cdse the mechanical stress is applied along the direction of
polaribation 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 grade of similar material tested as a spherical
shell under hydreulic pressure. The capacitance decreased by 53 at 9,000 lb
per sq. inch when the sum of the principal stresses in the ceramic was
55,000 lb per sq. inch.

157. Alternative ceramic compositions are being investigated. Small
additions of Uranium or Chromium appear to reduce the change of capacitance
with stress without seriously affecting the other properties.

Acoustic Joints

158. Good acoustic joints have been made using the soft meta. 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 transducers have been drien successfully at high amplitudes for
short times, although the tensile strength of sample joints has been foud to
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be comparatively low at 0.3 tons per -sq. inch. Th .aev"aitge- thiobhhiqe
is that it eliminates the resinoglues usedlat p "sn.

laterials for.Transducer Pistons

159. The vibrating piston of a high power, broad'band trhnsducbr needeto be
light to keep the Q-factor low and rigid tb prevent fiexural redonafices
occurring in the operating frequency band. It has been shown that for thbse'
criteria the best piston materials have the highest rati6 of velocity of
sound (c) to density (p): this ratio is shown in the following table for
several materials.

Material c/p (cgs units) Remarks

Silicone Nitride 2.4 x 105 Promising new ceramic

Glass 2.08 x 105 Brittle

Aluminium 1.9 x 105 Precautions needed against
corrosion

Titanium 1.3 x 105 Resists corrosion well

Steal 0.65 x 105 Corrodes

Aluminium Bronze 0.5 x 105 Resists corrosion fairly
weIl

160. Alunilnium is used at present wherever the risk of corrosion can be made
small, usually in transducers where all the other parts are of Aluminium, for
example in torpedo and helispter transducers. In most other cases Aluminium

Bronze is used despite its lon c/p ratio. Titanium pistons are being used on
experimental transducers. Silicon Nitride not only has a high c/p but is easy
to machine before final firing and dimensional changes during firing are
negligible. The thermal expansion coefficient is about the same as the
piezoelectric ceramics (1 to 5 parts in 106 per 0C) 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 elements forming an array
should be alike and should not change under pressure or temperature or with
time. Initial differences due To the spread of manufacturing tolerances may
complicate the associated electrical circuits and ma:ce it necessary to tune
each element separately. Variation& due to environmontal changes have a
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 pressuzes and tle 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 which Range -which
Manufacturing Variaciors includes i50% nludes95%

'of samles Of 'saples

Vapacitanoe (Co) ± . . .
Resonance Frequency (fr) 1%

Coupling Coefficient (k) L3 ±16%

Resistanse at resonance from Cofr k :6% +25%

IMPEDANCE CHANGES DUE TO:-

Temperature + 30% : 00 to 3000

Pressure + 4%* : 0 to 500 lb/in2

Ageing + 10% 1 lo to lOOO days

Array Interaction ±30% possibly, depends on array parameters.

*For Type 2001 transducer designed for operation at 700 ft depth

163. Although changes in individual parameters are quite small the total
effect is large. Thus, taking all the changes into account there is a possible
variation in impedance at resonanm 'f 581.

* 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 practicability
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 than had been expected. The sensitivity obtgined, about 10-4 luseo,

was Just adequate but much inferior to the figure, 10- luseo, obtainable in
ideal conditions.

Cavitation

166. Some 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:-

Maximum average intensity at transducer face = 0.3 + 1.7)2 watt/cm2

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

This limit was established for frequencies down to 20 kc/s 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 because of the lower proportion of the total
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transducer area that is vibrating. (The last cause is consequent6nhe-,use
of different methods of oonstfruction and of circlar-rather than rectangular
pistons.-)

167. Experiments at 10 ko/s and 100 milliseconds with the Type- 195 trans-
ducer have shown that the 0.3 multiplier in the above formul6 becomes 0.23 if
the total area of the transducer is taken.

168. Experiments at 3.5 kc/s using a single small element (diametbr one
sixth of a wave length) have given values of about 0.1 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 imppdance
circle during cavitation, i.e. the effective radiation resistarce is increased
by cavitation.

Array Interaction

169. Advantage is b3ing ta".n of an existing A.R.L. computer programme to
make a theoretical investigation of the effects of various elovent and array
parameters on the performance of piezo-eleotric elements within an array.
The A.R.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 electrical characteristics within such an
array. All elements are assumed fed in paralleli and "steering" is not
consideroO.

170. Scaling laws have been ascertained in order to present the results in a
more generalised form, and initial calculations have been made for arrays
containing very small elements, where interaction effects are expected to be
most pronounced. An example of curves obtained for a particular array is
shown in Fig. 33, in which the abscissa is the generalised frequency parameter
2Q(f-fo)/fo, corresponding to that usually 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 pa,.ameter can be used to give approximate results in the
presence of changes of Q-factor. The ordinates are normalisad to an input of
I volt, an electrical to mechanical transform coefficient of 1 newton/volt,
and to fo = I 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 shown of the behaviour of a completely
isolated element, and this bring out clearly the changcs of performance
within the array due to the presence of neighbouring clements. 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 auout 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 peak rate of
emission for an isolated element. Considerable variations also occur in the
electrical input impedance.
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Fig. 33 Influence of Interaction on the Performance of Elements.
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SECTIOT 7 - OPERATIONAL _RES?,ARH -.-AND,' ASSESSMENT

I*1-SHIPEORNE AlNTI-SflMINE WEAPON SYSTMI (SASS)

The Joint Admiralty/Ministry of Aviation Working Party set up in
kuqust 1961 under the chairmanship of a member of A.U.W.E. to advise the
)irector General of Weapons, Admiralty, and the Director General of Guided
Yeapons, Ministry of Aviation, on the provision of a lcng range A/S.Weapon
3ystem for new ships has now completed its work. A report was published in
lay 1962 recommending the adoption of the Australian IKARA with the Ik 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
3ystem. A mission was sent to Australia in July and August 1962. A full
3ubmission to the Board of Admiralty and Defence Research Policy Committee,
Including a Staff Requiremert, detailed Opexational Requirement and Limited
Phrough Costing, has been prepared and was submitted to the Naval Staff in
January 1963. Approval to go ahead on the Project Study is awaited.

Comparison of Sonars

3. A study has been made of the potential fire-control performance of

10. PERFECT TUNE iO 5dB OPERATIONAL DEGRADAflON

jTYPE177
TYEISEA STATE I

"- * ---- 17YE7

""" -.~rTYPE 184 u

0 0 0 0 0 PE 184

RANGE~ ~~YP RAE(K)RNG77~(

4- 4 177
a 'it an . SEA STATE 4LUTYPE18 ---.

2-" 2' "-.'IYPE 184

0 10 20 30 4 0 ) 0 0 ,) 40

10o 30 40 o0 0 2 30 40o s
Fig- 34 Classification Ranges of Sonars Type 177 and 184.

availab~e B,,itish and f-reign sonars. The latter offer no clear advantages

over R.N. e,_tpment. At moderate ranges where signal/background ratios are
hign, iistrun--ntal errors are the main source of error; triala of Type 177
with the MATCH syst: htv indicated sonar accuracies better than 1 in
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i earing and i5 in range. At ranges near the limit of detectability, bearin3
errors ere dom.nated by the signal/background rawio The study showed that,
for a .. Lven perlormance, Type 177 can accept a propagation loss 9 dB greauer
each way than can Type 184.

. An analytical study has been made uv the periormance of Sonars Type 177
.nd 184 for detection and classification in the presence of noise and
reverberation taking into account also the time factor involved Jn sweeping,
detection and classification. Fig. 34 shows a resuJl for typical condiationis,
with a ship's speed of 15 knots, operating at a frequet cy of 7.5 kc/s against
a 15 dB target in a 150 ft isothermal layer. The target range after these
time delays have elapsed is plotted against range rate %ad target doppler.
The extension to 40 knot doppler assumes the planned modernisation of
Type 177 (see page 30). It is seen that, above 15 knot target doppler, the
effect of the above delays is serious in both sonars. The findings for a
moderate 9hip and target speed, in calm and rough seas, with the target both
in and below the isothermal layer, are summarised in the table below for an
operational degradation of 5 dB.

Potential Detection Typical Range after

Target Range (yd) Classification (yd)Sea tate Depth-

SType 177 Tpoe 184 Type 177 Type 184

1 In Layez 10000* 7800 8100 6400
Below Layer 35?0X 3500 1600 2100

4 In Layer 5400 4000 3500 2600
Below Layer 3500 3500 1600 2100

i ' *
Notes.:- Using extended r-nge scale this would be 11600 yd.

Layer depth 150 ft Taaget strength 15 dB
Ship speed 15 kt- Target doppler 7 kt
Transmission interval 15 sec. Own doppler 10 kt

5. It is concluded that these sonars fall short of the aim to attack sab-

marines at ranges out to 20,000 yd.

Attack Times for Sonar and Weanon

6. The above study has revealed that the information rate of the present

generation of sonars is, without exception, too low to meet the needs for
attacking nuclear targets which may transit the swept area at high speed and
may exploit shadow zones to provide only fleeting opport lities for detection
and attack. The table on the next page shows art estimate of the median time
lapses during detection and attack by Type 177 neing - transmission interval
of 15 sec on the 10,000 yd range scale.

7. The total time of approximately 4.5 min. allows considerabc zelative
movement between escort and target, e.g. 7,200 yd for a relative npsed of
48 knots, a movement so large as to permit at 'est a single hasty attack.
Using a range scale of 20,00 yd these figures become 9 min. and 14,4Y0 yd.
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Contributions to total attack time Secoi C 1-

Median awceping delay 90

Detection in 3 piiigs 45
Tar6et 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.

Iype 184 may require a minimum of 180 sec for classification.

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

Submarine Vulnorability to A/S Weapons

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

10 . Fig. 35o',s, for illustration, the estimated stand-offs required

0 LB HB) -I 50100150200250 500 12 0

500- 1 HULLRUPIT RE'

1000-

\ I

0 0

2000 MAX DIVING DEPTH
20oo ,

2500
LE HBX-I %0I Ip 2q0 25,

SUR7ACING SHOCK
l II II

0 ,5 10 5 0 25
FEET

* Fig. 35 Stand-cff from pressure hull for hull riptura s6 murfacing shock.
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between the warhead and the pressure hull, of a hypothetical submarine wiih.a
2,000 ft diving depth, for a range of high explosive warhead *eights. The
curves include crudely estimated effects-of the explosion gas bubble arid
dpply therefore only to stationary or slow targets. The effects againt fas"t
targets are more doubtful and are still being discussed. It is possible that
they would give a behaviour as shown dotted in Fig. 35 for the case of a
100 lb warhead.

11. The stand-offs for surfacing shock damage (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
target.

12. The information on nuclear weapons has also been applied to the case of
the IKARA system with a view to determining the optimum depth of burst and
desirable sinking speed of the we-F,-. 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.

Prediction of Pocoition of an Evasive Submarine from Sonar Fixes

13. The investigation of the method of estimating the position of an evadinj
submarine from sonar fixes has been continued. Evasive steering about a mean
line of advance is assumed to result in a short-leg zig-zag containing a
mixture of simple harmonic components. The most unfavourable si1tation for
the use of the method arises when c;,c such component is predominant at a
particular frequency. Study has therefore been made of the variation of r.m.s.
prediction error with frequency of 'enemy' sinuation, when the fire-control
calctulation is matchd to:-

(a) true sinuation frequency (ideal);

(b) worst frequency (minimax);

(c) zero frequency (linear).

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

1000, - \ O.

00 I ,--IDEAL u t o - -IDEAL.

BOO I K-BEST FURE STRATEGY
-- LUNEAR WEIGHTING --8ET MID STRATEGY

Ii \' • \ ,-ETlAOSRTG

0+ 0 5 I0 O 05 to

FNRTION FREOUE:ICY(epm) SNUATiON FR OlUEC Y(epm:,.. <+,+ c AUWE ME,THOD wD CURJ.P METHOD
Fig. 36 Variation of Predicted Error with Sinuation 4r*quency.
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for a 30 knot target and for particular values of the fire-control variab)les,
namely, 11 fixes each with an error having an r.m.s. value 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 frequancy

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
greater than 10, and corresponds tc a game theory solution of saddle-point
type. Choice (c) reduces the r.m.s. error against a pon-evading enemy but
increases the peak 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
cowputation can be 3ptimised.

14. An alternative method of prediction has been investigated under contract
by Messrs C.E.I.R. (U.K.) Limited, in which seven parameters specxying a
sinuous target track are evaluated by least squares from the observed faxes.
This is a non-linear estimation problem wbich has been solved iteratively on
the IBM7090 Computer using various 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 possible 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, a refined game theory
approach can reduce the r.ms. prediction error below the level of the above
A.U.W.E. method, particularly when the a&iaale 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 sinuation frequency for the same operating variables. Three
separate curves represent the following modes of optimisation:-

(d) ideal;

(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 difference of Ietail in the underlying assumptions, it is fair to conclude
that there is no significant difference in predictior accuracy between the two
methods when fewer than about 10 independent fixes are available.

16. Work to date has not included datc. on target 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 weapons; in particular the
performance to be expected from A/S Mortar Hk 10, firing salvos of 3 or 6
projectiles, fitted with fuses of various types, contact, tie, or proximity,

to ranges qxtending beyond the present maximum of 1,COO yd.

18. System errors taken into account were errors in prediction of target
plan position caused by sonar errors and target 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 all available data given

Vby the range and bearing records of Type 170, and that the enemy would be in a
position to choose the most effective frequency of sinuous evasive st3ering
throughout the tracking and 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.H.S. DREADNOUGHT, and the probability was calculated of inflicting either
surfacing or sink:. g damage with one or more salvos, at various ranges,
speeds, and deptbs, 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, and found to
be negligible. In the final analysis, salvo patterns of proximity-fuzed
charges were taken to be in the form of a single line, aimed to fall acrut.
the submarine, a spacing of 32 yd being chosen t' maximise probability of
surfacing damage.

20. Typical results are indicated in Fig. 37 for 3-charge and 6-charge line
salvos with proximity fuzes against a submarine at 500 ft. The horizontal
lines are for the case of non-sinuating targets. A r.m.s. radial delivery
error of 2% of ranae is assumed.I

1-0-0 AN WRANGEI

100TARET Soo(T TAGE SED(T

64t 6 0

202000

L 20 20 ''

0 6 12 19 24 ,; 1
TARGET SPEED(KT) TARGET SPEED(KT)

(o) 3-CHARGE (b) 6-CHARGE

Pig. 37 Overall Irobability of Surfacin Damage
with a Proximity-Fuzed Line Salvo.

21. It was concluded that the 3-charge pattern fired from singl3-mounting
A/S mortar Mk 10 can give 8M/ probability of causing surfacing daaage to a
15 knot non-evading submarine at 500 ft depth, provided that pro .imity fuzes
are fitted. Haximum target evasion during traching and predictirn times can
reduce this value to 10%. Retention of the presert time fuze would halve these
probabilittes.

22. The 6-chare salvo can give substantially t-,ine the probailitV of kill
against high-speed evadin tar~ets at long range. When probabilities areF-91-



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

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

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 manoeuvrability
to close to a range of less than 1,000 yd targets which are vulnerable to such
unguided weapons; the need for greater ranga capability does not at first
sight seem great. It is, however, the threat to own ship from the submarinets
anti-escort weapo. that rakes a longer range desirable, albeit with reduced
effectiveness and greater expenditure of ammunition.

25. Further studies have been carried on t1 e material aspects of the Hcrtar
1!k 10 and foreign weapons. It has been concludeA that none of the foreign
weapons should be adopted and thaz 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 been
recommended for future classes of frigate. It has been proposed that the
mortar range be extended to 1,500 yd in those ships in which digital computing
faciiities are available. Progresz on the proximity fuze is reported on

Page 32 and on the extension of the mortar range on page 31.

Salvo Firing of IlCARLA Missiles

26. A study has been made of the readiness and oZlvo interval possible w-ith
the IKARA vehicle handling, launching and guidance system and a VWorking Party
paper has been ublished. The present Australian system is expected not to
meet the currei.t requirement that the system should pass from Standby State to
Action State (ready to fire) -.n 30 seconds. Some improvement it this woulJ be
possible by the introduction cf receiver preheating arrangements prior to the
launcher, but the design difficulties and ordnance risks argue against its
adoption. Further gain is obtainable if the missile is tracked by the CF299
radar rather than 'y the Australian tracker, as the missile transponder with
its slow warm-up can be eliminated. Similar d:fferences in salvo interval are
obtained and both oases are surarised in the table below.

Delay from Total delay Minimum Max. range Salvo
System alert to till missile salvo at which interval

order "fire" leaves Interval this is at 100,00C
(sec) (see) (see) achieved (yd) yd (sec)

Present 35 45 50 6800 66
R.A.N.

.A.N. plus

preheat on 26 36 41 5000 66
trolley

R.N. with .
CF?99 TIR 20 30 35 7000 50
for tracking _
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27- These salvo intervals have assumed that only one missile can be guided
in flight at one time, and it does not seem worthwhile to demand more. This
is particularly true while torpedo mutual interference is such a 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-Escort Torpedo

28. It is likely that the efficacy of passive torpedoes such as the
Ilk 20(C) and ONGAR (in the passive mode) will be greatly reduced when used in
the anti-escort role by thb 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 surfacew4: target. Apart from this, wire guidance does not appear to be the appropriate
technique for this weapon because of the restrictions placed on the firingL submarine.

29. Alternative techniques such as wake homing and sonar seeking seem more
attractive -or mid-course guidance and/or homing. Each has its own particular
characteristics. Vake homing provides continuous information; it is difficult
to reduce the wake of a ship and the method does not appear to be troubled by
high torpedo speed. However, the effect of high sea state is uncertain, false
triggers may be likely, the effect o-O target weaves or loops is likely to be
deleterious and little experience is available in this country of the funda-
mental physics of the problem.

30. Sufficient effort is not available to examine the guidance and homing
techniques themselvo, buc a study contract has been placed with the
de Havilland Airuraft Company to examine the kinematical, guidance and
stability aspects of the homing system premised on the existence of reliable
triggering signals.

31. In addition t. contract calls for a comprehensive study of the hit
probabilities of salvos of pattern-running torpedoes so that a definitiva
treatment way be available of the potentialities, and performance of this
type of weapon. This latter analysis would enable a decision to be made not
only on the effectiveness of patte.'n running per se, but also as a preliminary
to a terminal homing phase based, for example, on wake homing.

32. The wake homing problem has been set up on the contractor's analogue
computer and various torpedo steering programmes are being simulated to
determine the torpedo trajectory, hit probability 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 velocity 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 computer 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 te-rgAt course, speei and
range estimation. It appears that a twelve computer running time will be
required to analyse the effect of a four torpedo salvo against one particular
target track.

Universal Wire-Guided Torpedo

35. The logistics problem which will be encountered in su plying, servicing,

carrying and loading the three very similar torpedoes Hk 20fS)2 Mk 20(C) and
Uk 23, has led to a proposal by F.O.S.1I. that they should be suparseded by a
Universal Wire-Guided Torpedo, designated llk 23(U), the simplest an4 cheapest
version of which would be obtained by giving the Ilk 23 an up-homing capability
as for the Mk 20(C) but leaving it otherwise unchanged (e.g. in speed).

36. A study has been made of the effoctiveness in A/S and anti-escort roles
of the propoutd Mk 23(U), together with an assessment of the effectiveness in
these roles of current torpedoes, fk 20(S), Uk 20(C), M1k 23 and UIk 8. The

main conclusions reached are;-

(a) the proposed Ilk 23(U) should be developed;

(b) the mpor',ance of aLtuckii su'amarines transitting on the surface
must be decided before the policy on the development of the
Mk 20(C) can be confirmed;

(c) if the development of the LtII 20(U) is confirmed then the 11k O(S)
should be dropped;

(d) the present Rk 23 gives the best performance against submarines
which may be snorting or fully submerged;

(e) tho 'IT' A Pny hA t.hA ht. tnrpAdo tn %IRA in thA anti-ennort role,
though if the reotritionc of wire- tuidanco are acccptablc. the
umiodified Mk 23 run shallow to hit directly may give a useful
capability against one escort at a time.

Mutual Interference between Lik 20(S) Torpedoes

37. An investigation of results obtained in a trial with 1k 20(S) torpedoes
showed that the variation in speed between torpedoes is as important as gyro
angle and firint interval in detewining whether or not mutual acoustic
interference would occur.

Use of Automatic ComDuter in Ana3.vsis of ONGAR Runs

38. A digital computer programme has been developed for use it. analysis of
ONGAR homing runs. The torpedo internal film record is placed on a film
reader, tie Benson-Lehner iaTa Reduction Systen 03Cal, ihico punches the data
on tape fir input to an Elliott e03 rigital Computer. The output tape from
the digital computr is run on an Llectronic Associates, Inc. Digital 1 ata
fl,.'+z. to obtain tracks of submarine ana torpedo, and torpedo depth, pitch

and roll durimg 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 digita!
computer output tape will also give a tabulated numerical print-out including
both o'dered and actual torpedo headings, at all data instants during the
attack.

7.3 - SONAR TECHNIQUES AND rERFORM.%NCE

Variable Depth Sonar

40. A limited number of the R.C.N. ANI/SQS 504 Sonars has been bought for
fitting in earlier shirs of the present construction A/S Frigates of the
LEANDER and TRIBAL claases to bain experience of the operational value of
variable depth sonar; the first 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 consideration is being given
to the substitution, 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 effbotiveness of a variable17 depth sonar (V.D.S.) to supplement the A/S detection capability already
afforded by a medium-range hull-mounted sonex in a ship with a world-wide
employment and to make recommendations for suitable fitting. The conclusions

TL' of the study are summarLsed,-

(a) When considered on a wor±i-wide area basis a V.D.S. can provide a
supplementary detection capability for approximately 31Wof 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 enqipmAnt cnn provide , Justify the nontinued fitting of a V.D.S.
equipment.

(c) In the majority of conditions V.D.S, detection ranges against
evas!,?e targets will be refraction-limited to less than 5,000 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 independently of the longer range hull-mounted
duct sonar.

New Passive Sonar for Oerational Submarine

422. 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 Lgainst 'P' and '0'
Classes is only some 10 miles. Moreoer 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 removel by improvements to the signal processing. One possibility
would be to retain the array in its present position and by means of a series

i of closely-packed preformed beams 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 formed.
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A development programme has been proposed by A.R.L. using the Type 186 array
to provide these facilities using a parallel digital processing system based
on the use of shift-register delays.

43. Though this system would provide the improved facilities, the performance
and characteristics of the Type 186 array leave much to be desired when usea
for forming beams at a large angle to the normal of the array and its
restricted length gies very short base line for passive raoging. A
preliminary design based on the use of three topside arrayb has been outlined
which could be free of the reflection difficulties of the Type 186 array ar.d
would provide a much longer base line. Moreover such a set could probably be
designed to provide all the integrated fac-iities of search, fire-control,

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
pronAssing e.1etem being developed by A.R.L. could, in principle, of course, be
made compatible with uny ,uwn array spacing.

44. A more complete assessment will be made later in the year in collabor-
ation with A.R.L. of the likely per'feimance of the sels using the two different
approaches and, additionally, of the perfonance to be achieved by a passiveranging system based on Type 186 compared with foreign passive ranging systems.

Theoretical Analysis of Sonar Detectioni

45. Theoretical studies have been carr.., out of the signal-to-noise perform-
ance of sonar receivers. A
particular point of investigation AE__
has been the relative performance
of pre-detector and post-detector 8 B - - -",--

integration vgainst a white W , - I_-1-- --.---...-,
gaussian noise background. It is
shown that in practical cases there - T
4z rclativcly little1 dif±'c'ence P d ~4k b1
between them Por bandwidth ratios z _- _

up to abou ten, but that beyond 2
this post-detector integration is
inferior. -- " x0

46. Fig. 38 shows the loss in
decibels of a receiver with a Fig. 38 Relative Performance of
bandwidth B c/s in the detection rost-Detector and Pre-Detector Integration.
of a pulse of duration T seconds
compared with a receiver employing a nambor n (= BT) of optimally designed
dopplcr filters. It was possible to carri out the calculation rigorously in
the difficult intermediate ragion providing the detectLr 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 10-0

47. The detector and bearing accuracy of hase comparison sonar against

white background noise has also been studied and it was shown that signals
strong enough on averafe to meet the statistical criterion fcr detection would
give a good bearing accuracy. For 9xample, with unshaded adjacent transducer

arrays. with 50% detection probability and a false alarm probability as high
as 1i-4 per range element, a r.m.s. bearin% error of some 45, of the beam'idth
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can be obtained. The effect of overlapping the transducers, 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 has been made of the power spectrum of reverberation
in shipborne sonars; the agreement with the rather sparse experimental data
available is satisfactory. It was uued in the comparison of sonar performances
referred to above (see page 86).

49. From a moving ship, the reverboration spectrum shape is not only a
function of pulse length but is alsoi upread by the effect of sonar beamwidth.
A particular point of interest is that the improvement of echo/reverberation

L ratio obtained frow, doppler filters is greatly reduced.

[Sonar Prediction

50. The experimental Range Prediction Manual for sonar equipments described
in the previous S. and T. Report has boon in use in the Fleet fdr a year.
During this time approximately 60 reports of detection incidents by medium-

1: 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.

51. Preliminary examination of these data suggests that the method will

provide operationally useful predictions for deep water areas. A plot of these
results is given in Fig. 39; it w..1 be seen that for deep water areas 60% of
the actual ranges of detection achieved fell within +25 of the predicted
range, but coastal waters show a gross over-prediction with the actual ranges
of detection apparently limited to approximately 6,000 yd, presumably due to
reverberation. It must be borne in mind, however, that the two sets of cata
were obtained mainly during two exercises in comparatively limited areas and
do not represent an adequate sample of th6 environmental conditions that might

be encountered.

DEEP WATER AREAS / SALOW TER AREAS

10 i ef•

P/ P RA / • i

Fig .39 Coprsno civdadPicte Soa Ranes

/ "-9.: 1%/ -2 ',, ,'

1 / --.. I -

5 */, /\** S I -~

PRo~CEMC(Y IK'o PRDCE ' 4Go ( ,O"

I, Fig. 39 Comparison of Achieved and Predicted Sonar Ranges.
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52. It is believed that rofinament of the method generally, and particularly
in comparatively shallow rater witl require in situ imasurement of the sonar
performance figure versus range using *he actual masking background signal,
whether this be predominantly rever,.jration or self noise. The provision of

such facilities for measuring the background for lype 177 is in hand.

51. The study of Type 177 detection data for which corresponding reverbejiation
aata were available is being extended Lu 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 azainsL reverberation background.

54. The aim of the work ia to see if measurement in situ of reverberation
level with range can provide data on sonar propagation and performance which
might provide a basis for sonar prediction. Since detections are in tho
majority of cases against a reverberation rather than a noise background, the
method used in the manual referred to above, which is based on noise-limited
detection, 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 that predictions may be carried out at sea.

7 .4 - HELICOPTER/HYDROFOIL CRAFT/HOVERCRA;P STUDIES

56. A general theoretical investigation is being made into the A/S require-
ments for the new joint R.N./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/S 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 sie and speed of the Wessex successor are likely to be
determined by other considerations such as suitability for the commando-carrying
and close logistic support role, it is desirable to 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 undergoing 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
tranimission and by increased range. Both these improvements incur extra
all-up weight of the sonar and it is lVkely that if a 5,000 lb limit is imposed
for the weight of the sonar set the rang of the set would be restricted to
some 10,000 yd foL an all-round looking set, even under good sonar conditions,
i.e. the target In a thick isothermal duct.

59. when the requirements of the helicopter in the datum search role are
examined it is evident that the most important A/S 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 a 50% first dip
detection probability 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 role, maximum range is of greatest importance
in increasing the width of the front covered, but the exigencies of scnar
performance are again likely to force the use of rather more units with
smaller range.

61. In both cases it is considered of little valuie to design for maximum
r oges 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 closing phase of an at' x those 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, unguiden or guided fore-
run, self-vectored attacks etc. are satisfactory and the best solution would
be to use a double-helicopter eyeLew. TILV wuapua drupping 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
viable. An 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 lb, without taking into account the snatch
(transiint) load factor, and is beyo.0 the capacity of even a future large
helicopter.

63. A hydrofoil craft has performance characteristics intermediate between
those of a ship and an aircraft, though li-: the helicopter it must use its
nonar in the "grasshopper" mode since a towed sonar would cause a prohibitive
drag increase. its 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 unlese its delAy time OFn 1e made
much shorter than that of a helicopter by keeping it continuously on station.
Equally its comparatively sluggish performance between dips makes the use of a
double vehicle weapon system essential. These comments apply generally to
hoveroraft as well, though maximum speed may not be so restricted.

64. A very important factor in both hydrofoil and hoveroraft cases-is the
self-noise of the vehicle when the sonar is in operation. Unlike the
helicopter both vehicles car, be run in the displacement mode with main engines
switched off and a specially 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 to reach maximum dpsed 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.O.A. problem has
been further developed and evaluated on the computing facilities at Portland,
Results show that within the assumption of the s+udy, i.e. zero navigational
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error, no correlation between bearing errors, no degradation of sonar
perfoirmance due io the tracking submarine manoeuvre, and a constant volccity

target, there is a 9C% clance of achieving a solution within 10 minutes.
These solutions are accurate to within ,5 of rarge and spead and 5 of target
course. They reach out to initial target ranges of:-

(a) 10 miles when the standard deviation of bearing error is 0.250

(b) 5 miles when the standard deviation of bearing error is '-5

66. The automatic method represents a substantial advance of the hand-
plotting method currently in use, sea below. In its present form it is
limited mainly by the inability to introduce estimates of, or c-nstraints on,
the solutions for course and speed. It 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 trials are contemplated. A further etudy
contract has 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. Over 100 complete solutions have been 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 solution
because the necessary data are not contained in tho attack teacher reerdo.

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

69. In the light of the magnitude of the standard deviations and thp size of
sample, the ostimates were unbiassed. It may be noted that stande:d deviations
little larger than these would be obtainod from reasonable priori guesses of
target course and inorting 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 1,000 yd bands of true
range, and averaged within each
band are shown in Fig. 40. This ----------
reveals ihat the estimated range 2
tends towards 2,000 yd whatever the
true vbLuu of range, short ranges
being over-estimated, long range
being under-estimated. The bias 0
tcoards 2,000 yd is explicable by 2 4 6 B
the fact that the records are of TRUE RAME (K

the firing solutions and that the
availabie torpedo is not effective Fig. 40 Uean Estimatod Ra-ge
beyond a maximum of 4,000 yd. versus True Range.
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Tracking is normally continued till the estimated range approaches about

r 2,000 yd. The results show, however, that at this instant there is a Very
large spread in the true range. Contrary to common belief, no appreciable
difference was dezected between the four types of personnel of differingr experience and seniority who acted as operators.

7 - ELECTRONIC AMD SONIC WARFARE AFTER 1970

71. Because of the increasing importance of electronic warfare in wilitary
radar and radio systems the Director cf the Signal Division has called for a

171 forward-looking study that would result in a recommended research end
development programme for future equipmerL and a recommended philosophy of
usage. Because of the similarity of many of the technicl problems and
tactical situations in the underwater equivalent of Electronic Warfare (EW),
which has been termed Sonic Warfare (SW) it was obvious that a co-ordinated
study of the problems would be benefiial not only in the evaluation of
techniques but also in their joint employment in Naval Operations. Accordingly
in early 1962 a study group of three members, including one from A,U.J.E. was
appointed with A.S.W.E. as the co-ordinEting authority. The tetms of reference
of the study call for an appraisal of the likely requirements uver the next
decade based on an assesument of probable design trends in enemy equipment,
priorities for supplementation of the various SW (and 171) tasks and the likely
equipment time scale. An important outcome is hoped to be a cross-

, fertilisation of ideas from the two related fields of EW and SW to ensure that
no techniques and concepts are bc' neglected.

72. It may be seen that the use of sonic warfare has lagged behind that of
electronic warfare, e.g. techniques such as jamming, reciprocal intercept and
radar silence have not yet beeni applied in this country in the sonar field.
However, one A/S vehicle in particular, a submarine, lives almost entirely in
a sonic warfare environment, making detections by passive means, being very
conscious of own radiated noise output, exploiting any favourable propagation
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 EV
field, possibly chiefly in the field of intercept and I.F.F. systems.

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

t SW tasks, an important by-product of a study of this nature is the making

aware of the designers of our own ;,eapon systems of the potentialities and
techniques of SW so that these weapon systems can be made wvi. reisluat to
enemy countermeasures. Moreover to devise effective ST systems which can be
available to the Fleet in time phase with correspon |ing enemy equipment it is
necessary to make an early assessment of the most probable design trends of
enemy equipment including the possibility of his using techniques iot yet
developed for the R.N. With the present 6 to 8 year minimum evolutionary
period from research to production it is usually much too late to wait until
the characteristics of an enemy equipment are known before starting the
design of a corresponding BY equipment. Thus solutioas 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 possiblb 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.
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74. A list of V tasks has leen derived in relati or to probable naval
operation after 1970, the threats to naval forces i-n limited and global war,
and the assessed degree of sophistication of enemy equipment. A short list of
these tasks has been selected on the basis of trctican vl.ue, technical,
feasibility and cost-effectiveness. The n6xt step is to develop the opthum
scientific method of reelising the required characteristics. Although there
i2 a large number of sonic warfare tasks, the majority of them are already
being pursued in some form or other. The outstainding items are in the field
of jainers, mobile decoys, eciunications and I.P.F. though here too the R.N.
is closely watching the development of suitable foreign systems which may be
purchased or anglicised, or joiotly developed.

7.7 - MINECOUNTERMEASURES ASSESSMUNTS

New Mine Countermeasures Vessel

75. To aid an Admiralty working party in the planning and design of a new
mine countermeasures vessel which Is expected to enter service in 1970, a
study wne completed of the characteristics requirAd by this vessel to combat
the likely mining threatin the 1970 era and the techniques to achieve them
(see page 77). It was assumed that the vessels would have to operate in a
limited war setting with equipment very similar to that which 4s at present in
service; the ground mines which would be met would rely on cnventional
influences - ma.netic, acoustic and preseure - with sensitivities high enough
to make the safety to the vessels very difficult to achieve; provision would
also be required for cedling with moored rmaius.

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

77. To achieve a rensori*Ae degree of safety for the M.C.M, vessel, it was
concluded that, for s,-eapers, selZ-danger widths against magnetic and acoustic
mines of seven -0v twelve yards, respectively, were desirable, although a
relaxation of .nese vYdths to 20 and 36 yards, respectively, would be Ji i
acceptable. TLe sweepers should not be endangered by pressure mines. For
mineh ters. a self-danger width not exceeding five yards was desirable, but
9- 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' at r. worthvhile gain could be achieved in
increpsing the sweeping speed frcm 8 to 12 knots, providing the safety
roqidrements could be met at this speed. A1y increase in the operational speed

of E nehunters which did not Jccrcazo the II..IU h ' efficiency would be of
direc! benefit.

79. Piesent sweeper navigational accuracies were concluded to be adequate,
but an increase in the accuracy of navigation of acoustic minehunters was
desirable, to give errors uf not mo-'e than 20 yards.
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Application of Game Theory to 1A.C.M. Tactics

80. Other M.C.M. assessment studies have continued in association with the
Technical Panel of the N.A.T.O. 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 figure. The method, using two limiting sweeping
conditions, applied Game Theory to the problem, and overcame the imperfections

4' of the method that had been submitted previously. The work is now continuing
to cover practical values of the sweeping parameters.

81. The extended study of an M.C.K. assault operation using the Theory of

Games, has been completed and the general results of the study were used in
the new M.C.,. vessel assessment described above.

82. During The 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 specified
situation, but that the study of a completely general situation was not
possible as the pay-off matrices would be too large for the available computer

IR 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.O. operational commands.

Navigational Accuracy of Merchant Shipo

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.O. Working Party. As a start R.N. trials have
been carried out on the Bexington range, using the two shore-based Theodolite
stations 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.O. operational commands
asking them to comment on the method and the presentation. The replies that
were received suggested that simplification in the presentation was desirable.
A method for achieving some simplification has been tried, and it is now
necessary to prepare a shortened paper for operational use.

Assessu unt of Recording Mines

85. A trial was carried out to test oertain foreign recording mines and
assess their value for R.N. use. The trisl formed part (,f a comtined naval
M.C.M. exercise under the command of the Captain, Mine Countermeasures (Home).

rIn the trial, sweepers from both countries passed in line astern at right
angles through a line of recording mines. The track-time chart for ec'1h
sweeper was accurately determined by two shore-based theodolite stations on
their final apuroach to the mine line. The results were subsequently analysed
in detail by A.U.W.E. They showed that the mine clocks were of a high order
of accuracy, enabling the eistance of the sweeper from a wine at the time of
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actuation to be determined witb a standard deviation of error of about
10 yards. The performance of the magnetic sweep appeared to give approximately
the expected actuation widths. Anomalous results were obtained on the accustic
circuits, however. There appeared to be large differences in the swept paths
from different low-frequency sweeps which were nominally the seame, some
actuation ranges being in excess of 1,000 yd from the sweep. The audio-
frequency circuits of the mine also seemed to be activated by the lowfrequency source, either due to the harmonies of this source or to interference

between audio and low-frequency circuits in the mine.

86. It was concluded that, whilst such recording mines cannot offer such
good facilities for testing sweeps as the Bexington range, they could fulfil a
useful function in operational commands, particularly those based abroad.
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SECTION 8 - POST DEIGN

8.1- SONAR EQUIPMENTS

Divers Aid Mk I - Type 151D

As a result of trials to compare the performance of the Divers Aid )k I
and a foreign equipment it was clear that the 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 preselt
pre-amplifiers, was obtained. A further trial of tests at the remaird-W
frequencies is in hand and includes an assessment of the effect of these
pre-amplifiers in reducing self and mutual interference from Sonars Type 117
and 184.

3. Post design work continues satisfactorily at 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.E. Warning Set - Sonar 'Tpe 176

4. The post design contract has been transferred to Messrs R. B. Pullin an6
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. - T Me 181

6. During the past year only four defect reports have been received and
none of these was considered to require further action.

Towed Torpedo Decoy - Zfpe 182

7. A further series of trials, lasting approximately four weeks, wasK carried out in H.M.S. AGINCOURT in July/September 1962. Towed bodies used In
the previous trials, together with bodies incorporating a number of further
modifications, were used in conjunction 1vith 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 cable used

J in the trials in HM.S. BLAWE and HM.S. WIDARiTED during 1961.

1 8. The results of the trials showee that both types of cable were
unsatisfactory, as at nc time was it possible to achieve stahA results with
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the two layer cable and although the four layer cable gave repeatability it
eventually failed mechanically and electrically. The limitations imposed by
the cables only enabled Limited investigations into tho alternative body.'
arrangemints to be carried out.

9. in view of the results obtained from this trial A.U.W.E. reported that
although tome pros-ress 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 a result of this trial and it was shown that the stability could be
increased bg 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 series of sea trials is planned for 1963, starting in
H.M.S. ASHANTY. The object of these trials will be to investigate the
altcrnative body/transducer configuration together with a new design of two
layer armour cable.

Energency Underwater Telephone Type 183

13. A failure in the modulator of this set is being experienced and is
thought to be duo to a 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 ur-gency.

Underwater 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 6 lisfactory solution is the fitting of polythene hull
glands with the appropriate transducers. A programme for the fitting of such
installations is in hand.

15. Further 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 A.U.W.E.

16. Post design work continues at the Post Design Contractors,
Messrs R. B. Pullin. The design of the modified Receiver/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 Rydrophone Type 186

17. Post design work is still ihandicapped by the lack of a Reference
Equipment but th-s i now beginning to becomt available and is being installed

-106-



,,
by the Post Design Contractor, Messrs Cottage Laboratorits Limited. Some
work has however been accomplished by working on equipment installed in the
Fleet.

Submarine Search Sonar - Type 187

18. 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
the present transducer and 3howed impaired performance at both 2 and 10 kc/s.
The sensitivity of the transducer decreased with depth, whereas the back
response increased. The loss at 2 ko/s was greater thai that at 10 kc/s and
the maximum operational depth was observed to be only 300 ft. The transducer

recovered as the pressure was reduced and the recovery time, whic was
dependent on depth and duration of the diVe, 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 ariean for use of Type 187 in the active role for
range deteemination during the later stages of an attack. This is being met
by lengthening the existing 2.5 millisecond mine detection transmission pulse
to 25 milliseconds and by use of the new barium titanate transducer referred

L to above, which -will have a greatly increased transmitting efficiency over
that of the existing scroll type transducer.

f 21. A Reference Equipment has teen installed at the post design contractor'e
works. This will speed up the introduction of modifications shown as necessary

I in service.

I 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
I of the range and bearing of the ONGAR torpedo relative to the parent submarine.

23. Experimental and prototype models of this equipment have been made and
fitted in H.H.S. CACHALOT and H.M.S. OCELOT respectivwly. Trials in
A.M.S. CACHALOT will take place in the kutumn 1963. Monitoring facilities, to
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 in
Proceeding satisfactorily.

ICavitation Indicator - Type 189

24. The first production unit is scheduled for September 1963 and a post
Ldesign contract is being placed with Messrs Hartley Electromotives who a-e the

present production contractors.

f Sonar Tyse 193

25. The first proauction equipment comploted system test early in 1963 andK* other production equipment is following. Post design work, mainly associated
with problems arising during production and system test, is continuing at the
Post Design Contractors, Messrs R. B. Pullin.

-107-



Helicopter Sonar - Type 194

26. The cast aluminium dome to facilitate production has been accepted into
zcrvice and is now in production.

27. The elimination of the corrosion of magnesium cable reels due to sea
water 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 early date. In view of the expected 10 years of
further life for this equipment serious consideration is being given to the
design of in aluminium cable reel.

28. The volume of post design work on this equipment continueq to increase;
this is mainly due to the special probiems arising from its installation in
the Wessex helicopter. A continuation contract, covering post design work up
to 1964, has been placed with Messrs R. B. Pullin by the Ministry of Aniation.

Sound Range - Type 720

29. Produotion under D.W.U. contracts has been subjeot to delays and
difficulties primarily because production proceeded direct from an experimental
model without benefit of a fully and accurately 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 ydrophone - Type 719

30. The replacement units for the 5 inch synchronous link and D.C. motor has
been delayed by lack of Reference Equipment, but the new components are now
available and tests will be starting shortly

31. Post design work is proceeding satisfactorily at the poet design
contractors, Messrs E.M.I. Limited, and the installation of the Reference
Equipment was completed in Harch 1963 and will considerably assist post design
work.

Sonar Directing Gears

32. A post design contract has been placed with Messrs Lawrence Scott and
Electromotors Limited, who are at present investigating mechanical defects in
the Type 187 directing gear, and siwulating working conditions to ascertain
possible noise sources.

Echo Sounders Types 771 and 772

33. Action is in hand to provide time-interval marking on the recorders.

Echo Sounder Typq 77a

34. The post design contractor for this equipment is Messrs R. B. Pullin;
work is in hand to redesign the output stage and provide a receiver test Jack
in the receiver-transmitter. A redeeign of the transducer is in hand to over-
come corrosion trouble.
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Echo Sounder 1ype 776

35. This is a modified commercial equipment and Hessrs Kelvin & Hughes have
a contract to maintain the drawings. The transducer housing has been

L modified to accept polythene cable for submarine fitting.

Submarine Bathythermograph AN/B.H-IB

36. The ship installation drawings have been prepared for fitting this
equipment in H.M.S. VALIANT and '0' 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 trials in a mock-up of the proposed
installation.

t} Submarine Bathtvthenmograph AN/BSH-2

38. The only failures reported with this squipment have been due to the
ingrees of water into the salinity-temperature elements. Arrangements are
being made for pressure test equipment to be supplied to Portsmouth Dockyard.

18.2 - WEAPON EQUIPMENTS

Torpedo Discharge

Torpedo Tubes for 'A' and 'T' Class vbmarines
E

* 39. The decision to fit the new Impulse Cut-Off Units in A and T Class
Submarines has been deferred until trials in the deep firing tank are complete
(see page 33).

1 21 inch Mk 20 Self Discharge

40. Two sets of redesigned torpedo starting gear have been sen. to Chatham
Dockyard for fitting in H.M.S. OCELOT. The new gear has been desigined to
obviate the following defectsi-

(a) Seizure owing to inadequacy of lubrication arrangements.

(b) A torpedo could slide out of the stern torpedo tube prematurely
when the top stop was clear and the boat trimmed bow up.

(c) No remote operation as is desirable in the case of a TC.S.S, 7 or
9 fitted boat.

41. A layout of the redesigned equipment, as "mocked-up" by Chatham

Dockyard, has been generallv accepted with minor modifications. These are

being incorporated mainly by the Dockyard. The outstandirZ requirement is the

provision of a firing circuit from the Control Room.

L-
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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, arid fitted
in H.3!.S. TRUMP, have completed a full commission and have been returned to
A.U.W.E. for examination.

Water Non-return Valve

43. The new design has satisfactorily completed trials and drawings have
been issued for fitting in all classes of submarine. The final report has not
yet been recei-ed from H.M.S. TRINCHEON and hastening action has been taken.

Large Firing Valve

44. Production drawings for retrospective fitting of a modified valve to
ease maintenance in PORPOISE and OBERON Class submarines have baen prepared
and will be issued whcn satisfactory trials have been completed. Since the
time required to modify large firing valves is estimated to be veryj much less
than the present refit time it is proposed to apply the modification to 'A'
and 'T' class submarines.

45. Difficulties have been found in making an airtight seal between the
non-ferrous sleeve and the ferrous motor eylinder casting. It is thought that

solution has now been found, but this zeiains to be proved.

Auxiliary Small Firing Valve

46. Recent trials of Dual Pressure Air Firing Gear have shown that a torpedo
runback could be caused by 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 modification 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 delayed

opening.

Too Stoo and SprinR 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 in Mk 20 torpedoes have shown that the
present velocity drum is unsuitable because of the effects of its large
inertia.

51. A lightweight velzit, recorder has been designed which uses a separate
line ztorage and measuring drums. The line storage is a fixed spool which
c3n carry up to 300 ft of line and the measurirng drum is a lightweight alloy
disc of negligible moment of inertia. The line is Nylon monofilament of 80 lb
breaking strain.



52. Satijtactory trials of experimental models have been carried out and

prototypes arc now being manufactured.

Power Loading Equipment for PORPOISE, Class

hamar Chain

53. The trial of Voler Compound 200R as an anti-corrosion measure has been
terminated in H.M.S. PORPOISE after a total period of 16 months. The trial as
Judged on --he boats' bi-monLhy reports was satisfactory. Admiralty Oil
Laboratory has been notified of the result of the trial and has been asked tofcomment before further acion is taken to patternise Voler Compound.

ITrolle Faths

54. Although it is considered that the only complete solution to corrosion
cf the Trolley Paths is to machine the support beams and insert stainless
steel strips, alternative processes are being tried to obtai.n a cheaper
solution, vint

(a) Voler Compound 200R has been tried in H.M.S. PORPOISE; the ship's
bi-monthly reports so far indicate that this is satisfactory.

(b) Laboratory trials were done 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.

I Traversing Noise

1 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.

Rofitting Specification

56. A specification for refitting PORPOISE class submarines is almost
complete and a similar specification for '0' class is being prepared.
Travcrsin8 and raimaing speeds are to be more closely specified.

A/S Mortar 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 explosive
hazards, in the development of a line charge for de-icing 'he exhaust annulus.
Two proposals are being forwarded for consideration of the Oaval Ordnance
Inspection Division.

59. In oreer to 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-
lytib 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 D.W.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 ballistics chracteristics as a live bomb and is
capable of being fired against a subarine at, a safe depth. The object is to
facilitate the assessment of system accuracy against a realistic target.
Trials 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 ahead bearings, prohibits firing from just forward to aft
of the beam and allow3 pon)!6sive firlng under the control of the Landing
Control Officer over the stern.

64. A prototype panel 59 has been tried successfully on a mounting at thd
Royal Naval Weapon Equipment Depot. This panel enables the mortar barrels tc
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 M1, 20(8) 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 manufacturers. Tests at
A.U.W.E. and by the firr: have established that the correct final specific
gravity is obtained if the cells are filled initially with acid of S.G. 1.210,
and recommendations to this effect have been made.

E.D.P. Primary Batteries

66. Recent 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 reasonable safe stand period will
passivate the electrodes and prevent a high rate dischaige 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 Hzming Unit for Ilk 20/23/30

67. A contract was placed with Messrs G.E.C. in 1960 to redesign the homing
unit to meet the Enviromnental 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 tests to appropriate
[sections of K114. It is intended to issue three units to Captain 53 for

Fleet handling trials in Mk 20 torpedoes and three to R.A,F. Coastal Command

for similar trials in Mk 30 torpedoes. All drawings have been approved and
issued to D.A.S. and D.G.W.(1).

Gyroscopes for lk 20 and ilk 23 Torpedoes
r

68. The present designs of j'ros have proved difficult to manufacture to
the specification and are inaccurate at long ranges. A contract has therefore
been placed with Messrs S. G. Brown to improve the designs and sapply i3ix
gyroscopes to the improved design.

Tube-held Hot Run Device

69. A new tubs-held hot run d6vice which will be common to the Ilk 20 and
MK 23 torpedoes has been designed and two prototype units manufactured. A
Uk 20 hull and a Ik 23 hull are being modified to take these units and trials
will commence about mid-1963.

I 8.3 - MINE couNTEm(EAsUREs AND MINING EQUIP ENT

Sweep AH Mk 4

70. To achieve increased endurance complete helical spring units have now
been made with an interference fit between spring and mandrel, uisig normal
manufacturing tolerances. Arrangements have been made for the issue of these
units to the Fleet for evaluation.

Sweep AD Hk 3

71. Drawings and specifications have now been issued for minor amendments to
the present AD Mk 3s, to improve endurance. To effect a further improvement
in endurance with minimum 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 Ik 3
revealed shortcomings, modifications were introduced and drawings have been
issued. The handbook has been amended to incorporate revised frequency
calibration figures.

T Mk 8 Cutters
73. A further trial on these cutters was unsatisfactory due to failure of
ancillary equipment. Cutters are being assembled for a new trial.

Sag of W k 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 Q (Admiralty Pattern 19)

75. Production of P.N.M.'s with rubber mountings to give a longer life is in
hand. Trials to effect a further improvement in life of the sweep, by

rotating the bars are in hand.
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MMrk Ii S1c

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.

e trials are in hand.

77. Sweeps incorporating buoyant cable to an amended specification have
given improved endurance in trials. Trials have shovin that the replacement
of the present elbow former in the sweep, by the bav and stocking device is
successful, and arrangementa have been made for Fleet use.

Non-Magnetic MinesweeDing 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.

"Talurit" Mk 5 Swaging Press

79. Some post design modifications are being carried Gut by the manufacture.
Those include the provision of cover and lifting lugs for the whole unit,
cable guide and cable .lmp, improved die location, and a dirt exclusion
system between ram and yoke.
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SECTION 9 - SUPPORTING DEVELOPMENTS

1 - ELECTRONIC COMPONENT DEVELOPMENT

General

Most of the work of this section has been 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: ;tmert of filters and coils down to 5 c/s and a new coil design
enables band-pass filters operating down to 10 o/s to be constructed.

Flat Response from a Resonant TransdioAr

3. The efficient use of a bydrophene requires that it should be resonant
in the middle of the frequency band of interest. Howevev, the associated
variation in sensitivity with frequency is then often an embarassment. This
can be overcome either by a compensating equaliser or by associating the
transducer with loss free inductors and capacitors so as to iorm a bani-pass
Sfilter. The second solution makes the best use of the transducer but the use
is limited to a relatively narrow "bandwidth. The first solution merely
attenuates the transducer output where this is greatest. It is difficult to
design an equaliser to work directly connected 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
intervenir 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-pass 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 circuit
as possible and so that the filter input impedance was as high as possible.
The remainder of the transducer equivalent circuit was a simple tuned circuit.
The filter 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 Cie The
coil L2 could be wound as a transformer so that a twin balanced cable to the
transducer could be used, thus reducing liability to interference pick up. In
a particular case a variation in response of 20 dB over the range 6-16 ks
was reduced to 3 dB.

Radio Components Standardisation Committee

4. The A.U.W.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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Fig. 41 Flat Response from a Resonant Transducer.

9.2 - HULL OUTFIT DEVELOVISENT

Hull Outfit 8 (For Type 193 Sonar)

5. First production units have now been successfully installed in two
Australian ,ineoweepers.

6. To provide castings for this equipment having an adequate low
permeability to keep down the magnetic field, a special aluminium bronze
(akin to BSS 1400 ABI) 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 magnetic permeability on all items is less than
1.05.

1 Hull Outfits 18 and 20

7. Among minor improvements being introduced for this basic dcs.gn of hull
outfit to carry the 157 inch dome, a set of detachable glass fibre fairing
blocks has been made. This type of fairing material should ease some of the
prohlems involved in exchange of dome by diver.

Hull Outfit 21

8. Thc monitor hydrophone for Type 184 has successfully completed retraction
testing under load and has been installed in H.M.S. EAGLE for sea trials.
Production infortation has been forwarded to D.W.U.
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9.3 - D= EXCHANGE OUTFITS

9. Development of t!Le improved D.E.O. Type 2 with increased lifting
capacity is proceeding at the contractor's wcrks and further trials are
expected in mid-1963. In addition to larger buoyancy tanks, to ease the work
of the divers the outfit has now finger ofoperated push vaes instead of
scre-down valves. The D.E.O. Type 3 Was offered for acceptance at Malta in
June 1962 and considered satisfactory. The manufacturing dratfings are being
cleaned up prior to issue for production.

10. An A.F.O. dealing with the standardisation c.? dome fairing plates and
fixing scrows will. be issued shortly.

9.4 - STRUCTURAL MATERIALS DEVELOPMT

etallu::gy

11. The assistance of this section given to the projects and research items
is reported under the appropriate heading. A number of itcmc of mhore general
interest has also been studiedi-

(a) Work at R.N.T.F. and A.U.W.E. has shown that crack-free weld, can
be made in the aluminium alloy sheet used for "1IGAI hulls. Current
production is limited by porosity rather than by cracks and work is
in hand to eliminate this defect.

(b) A study of the sea water corrosion of aluminium bronze lead to the
development at C.D.L. of an aluminium-silicon-iron bronze. Small
scale 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. Telding and hot and
cold working trials are in hand.

(o) Considerable diffioulty in obtaining pressure-tight copper alloy
castings has been reported. Trials of a range of alloys showed that
the newly introduced leaded gunmetal LG4 of 1S 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 thb outside surface of
glass reinforceA plastic laminate when these were made by -he hand lay-up
process. This gul coat gives an improved surface finish and could reduce the
rate of i.6terioration in contact with water but it has recenTly been buggested
that it could also r6,uce the strength of the laminate. To examine this
suggestion and to provice design data for an ONGAR contactor cover, a series of
flat panels %ere laid up with polyester resin aiid chopped n brand glass fibre
mat laminate.

13. Simple bend tests were carried out on samples from the laminate panels.
A load-deflector curve, in the specified time of about 15 seconds for carrying
out such tests is shown in Fig. 42 on the next page.
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GLASS REINFORCEMENT BREAKS
20,000

WIDTH:12 IN.
15,000 LOAD THICKNESS
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CRACKS

FALL N STFFNESS AFTER GEL . DEFLECION
IOOO COAT CRACKS SPAN
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YOUNG'S MODULUS

0 DEFLECTION

Fig. 42 Stro..deflection Curve of a Bend Test
on a Giass-Reinforced Plastic.

14. With the gel coat extension, cracks occurred at about half the ul±imate

load and resulted in general breakage of the glass rovings at about 90% of the
ultimate load. With the gel uoat in compression there were no premature
cracks.

15. Comparison of sections through the samples after 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 cracks are
propagated through the section and cause a reduction in strength from
23,600 p.s.i. to 18,2&1 p.s.i.

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 dimensions are
being made to determine the degree of shrinkage obtained during the moulding
process.

9.5 - SHOCK MOUNTINGS FOR SONAR ELECTRONIC CABINETS

17. The 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-ar
improvement on the old.

18. Manufacture of a mould for the bteel-.ubber-steel sandwich sub-assemblies
has been comple+ed and sample mouldings have been produced by A.M.L. It is
proposed to c'..cuct resonance search tests on complete assemblies using varying
giades of rul.,er to determine the optimum hardness value for the rubber mix.
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(a) Gel Coat in Compression (b) OW~ CoR+ in TPenion

I Fig. 43 Fracture of IcUyester/Glass Mat Laminate.

9.6~ SHIP INSTALLATION

Sonar EguiRnents

19. The baoic fitting information for each sonar set, hull outfit or echo
sounding equipment is contained in the Instructions for Installing (I for I)
and the Equipm~ent List (E! List) f rom .which the Establishment List for Sonar
stores is prepared and published by the Director of Stores. The new and
revised I for I and E Lists completed in the last year, or in the course of
preparation, are given below.

Equipment I for I El List

Sonar Type 162 Revision in hand

Sonar Type 170 EC/GC/GF In hand Issued

Sonar Type 176 Revision complete

Sonar Type 177 Revision complete

Sonar Type 181 Revision complete Issued

Sonar Type 183 Revision complete Issued

Sonar Type 184 Preliminary issue complets 2nd Revision issued

Sonar.Type 185 Revision complete Issued

Sonar Type 187 Ravision in hand Revision in hand

Sonar Type 189 Revision in hand issued
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Equipment I for I E List

Sonar Type 193 Preliminary issue complete Revision issued

Sonar Type 199 Issued

Patt. 204674 Cable In hand

Jointing Set

Sonar Hull Outfit 5 and Revision complete
Monitor Hydrophone

Sonar Hull Outfit 15 Revision in hand

Sonar Hull Outfit 18 Revkfon issued

Sonar Hull Outfit 19 Revision in hand

Sonar Hull Outfit 20 Revision issued

Sonar Hull Outfit 21 and Issued
Monitor Iydrophone

Dome Exchange Outfit 3 Revision issuted

Sound Range Type 720 Revision issued

Echo Sounder Te 773 Issued
Echcr ounder Type 776 Issued
Torpedo Guidance Control issued

Unit Mk 2

Standard Electronic Revision complete
Cabinet

Teacher A/S 1068E Issued

Teacher A/S 1071 in hand 3rd Revision issued

Teacher A/S 1072 In hand In hand

Teacher A/S 1073 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 following tables.

Ship or ('l ss Equipment Remarks

G.M. Destroyers Sonar Type 184 and 182 Hull Complete
0-'?tfits 18 and 21

LEANDER Clews Sonar Type 162, 170, 184, 182 Complete
and 199 Hull Outfits 18, 19

I and 5
Typa 81 Frigates Sonar Type 162, 170, 176, 177, Complete

182 and 199 Hull Outfits 19

and 18 or 23

-120-



f

Ship or Class Equipment Remarks

H.M.S. EASTBOURNE Sonar Type 177 in E.O.16 In hand

I H.M.S. GRAFTON Sonar Types 177 in H.O.16 In handI H.M.S. BROCKLESBY Sonar Type 184 and 185 Continuing Commitment

H.M.S. VERUL a Sonar Type 2001 Continuing Commitment

11. II.M.S. UNDAUNTED Replacing Sonar Type 177X2 and In hand
H.O.IOX by production
equipment

Assault Ship Fonar Type 182 Oomplete

H.M.S. HE-ERMS Songr Tjpe 184 and 182 Hull In hand
Outfits 18 and 21

H.M.S. PENELOPE Coaversion to T±,ials Frigate In band
and revised bow form

H.M.S. LONDONDERRY Viewing port- and UPW For dome fairing and
L j periscopes dome slamming trials

H.M.S. RELENTLESS Sonar Type 182 Complete

!,68 Frigate Sonar Type 184; 182, 162, 185, Space requirement
170 AN/SQS35 Hull Outlits 18, drawings complete
19 and5

H.M.S. BUiNARK Sonar Type 182 Complete
A.C.S. 3T MARGAROTS) Conversion to trials vessels In land
A.C.S. BULLFINCH ) for Propagation Research

H.M.S. CACHALOT T.C.S.S. 8 and ONGAR System In hand

H.M.S. OCELOT T.C.S.S. 9, ONGAR System, In hand
Sonar Type 187AC

H.M.S. KIRKLISTON Sonar Type 193, Minehunting In hand
System Mk 1

H.M.S. CHEDISTON Hull Outfits 8 and 22 Complete

H.M.S. FORTH Maintenance for ONGAR, In hand
T.C.S.S, Sonar Training
Facilities

R.F.A. TIDESPRING Sonar Type 182 Complete

H.M.S. SEALION .£xp. equipment for Type 2001 Complete
Trials

H.M.S. MAIDSTONE Maintenance for T.C.S.S., Complete
Sonar Trainers

H.M.S. VIDAL E/S Type 773 and expl. In hand
equipment

PORPOISE and OBEROV DUUX-2 and AN/BQH-1 In hand
Class Sulbarines
Ocean Wgeather Ships Oceanographic equipment Continuing Commitment
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Weapon and Mine Countermeasures Equipment

21. The installation of experimental equipment for weapon and countermeasures
projects is continuing. Details are given in the table below.

Equipment I for I Remarks

Pro.-,6%t OSBORN AUWE Spec. ?rototype equinzent fitted

Phase B 22800/73 in H.M.S. GLASSERTON,
trials satisfactory.

Modification to Loop Cable Proposals fore'ded to
reel to form two separate D.W.U. Dimensional require-

nrunt meS(t awatin confirmatory
trials in H..S. LALESTON
in March 1963.

C.E:.S. Mine sweeper/Minehunter
Conversion

Mi Lnehunting System Mc 1(A) AUW@ Spec. La~yout approved. Details
I 19837/§ prepared. H.M.S. KIRFKL!STON

has started conversion at
Portsmouth.Zinechunting System n (VA\I pc

- ~1983/
(being written)

Eddy Current Compensation To be written Further trials in
Equipment, Ship rolling H.M.S. GAVINTON in No.
outfit cock Portsmouth gave 51

roll. Triale in open water

to be arrangod.

Swell Recorder

Prototype deck unit AUWE Spec. Prototype being mrnuf~ctured
22758 at Messrs Clark-Chapman's.

Anticipato complete end
January 1963.

Magnetic Sweep Leading-on
GearII

SPrtduction Equipment To be written Tenders for writing I for I
from three firms have been

-forwarded to D.W.U.

!Mobile Tracking Range

Equipment for E.T.V. WHIIBPYL 'lo be written One set of boom gear is
being made for handling
trials in H.M.3. GOSSAMER.
Layout of gear in
E.T.V. WHIBREL forwarded

-to D.W.U
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A.U.W.E. Civilian Manned Tenders

22. R.D.V. J. FARLEY was refitted during the year and has been in constant
service aince.

23. R..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. DUCHS OF ARGYLL has been given an adverse survey report and all
Eplans for fitting a 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 and administere6 by CAPIC, Clyde,
nomp]eted a refit in the last quarter of 1962 and as e1 e is the only Trials
vessel with underwater torpedo discharge 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
acceptance trials.

9.7 - REVIEW OF BOOK VMITING

27. In the last year the installai.on of an off-set litho machine has been
completed at A.U.W.E. and four books were reproduced for the Fleei. With
increased experience it is hoped to quadruple this during 1963.

28. The appointment of a full time editor hac, tc some extent, made A.U.W.0.
self contained; books are now written, procAssed, prinved and bound within
the Establishment. Such an arrangement savea both time and money.

29. The number of books in hand now exceeds 200; details are given in
A.U.W.E.'s Annual Review of Handbook Production 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 proportion of A.U,W.E.'s author
complement must be expended on monitoring the contractor's work.
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