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SECRET DISCTEET 1
SONAR SELP-NOISE IN SURBURINES

’

FRECIS

1« Measurements of Sonar Self-Noise in domes and in hydrophone arrays
in submarines have been carried out over a period of ssveral years. The
results of such trials received in A.U.%.B. before the end of 1961 have
been collated and summerised in this report.

2, The array results (Type 186) are most conveniently grouped as follows:-
(a) 'A' class, modernised.
(b) PORPOISE and OBERON classes.

The measurements are presented in tabular form as a comperison of the level
in the noisiest octave in the noisiest half-array with the Admirelty noise

target level, The interference due to machines individually end in groups

is discussed in detail.

3. It has been found that the results in conventional sets in the various
classes of submarine, somc with several sub-clesses according to stege of
modernisation, can be reduced to three “divisions™, namely:-

I "0ld, ummodernised submarines” including old '4','S' and '?! class
vessels.

II Modernised submarines including 'A', 'T' class modernised submarines
and !'T' conversions,

III PORPOISE class.

4, This grouping is based on a natural division according to the levels
of the results themselves apart from any tacticel grouping. The measure-
ments have therefore been averaged into these divisions and plotted as
functions of speed, except for the static measurements which ere plotted
egainst frequency. Comparisons between the divisions are presented to show
the reductions in self-noise achieved in later submerines and the difference
between levels in topside and keelside positions, The variation in noise
with operating depth, speed and frequency is discussed in an attempt to
establish the major component of self-noise under various conditions of
operation including the snort condition. Comperison is also mede with
results from special trisls in R.N. submarines and with submerines of other
Navies, R.N. escorts, and an estimated limiting level of flow noise.

5. 4An overall summary of the self-noise status »nf modern R.N. submerines
is given in Figure 11 and discusscd in the conclusions below,

CONCLUSIONS

6. In only one submerine so far measured has the Adairalty sclf-noise
target level far Type 186 operation (namely Sea State 1 between 300 and
1200 ¢/s) been achieved in every half-array when underway, This limitation
is primarily due to auxiliary mechinery noise; however, even in the absence

SECRET _DISCREET




of such machinery noise the flow noise produced by the submarine underway
even at slow speed is often above the target level. PORFOISE and OBERON

class vessels are quieter than 'A' class and those recently refitted are

the q\liete’to

7« While continued research and development effort directed to noise
reduction appears to be necessary in order to ensure that all submarines
can achieve and stay below the Admiralty noise target level (whon sca con-
ditions permit) detailed attention to the individual submarineswhich were,
at the time of the trial noisier (e.g. H.M. Ships /RTFUL, AURIGA and
ORPHEUS) should make it possible to reduce their self-noise level mare
nearly to that of the quieter ones (e.g. H.M. Ships PORPOISC, OBERON and
ALTERNEY) which achieve the target level wiun in their quietest condition
(Type 186 Group I, static). It is stressed that these conclusions apply
strictly to measurements in uncorreleted helf-arrays and are not necessarily
an absolute measure of the performance of tne complete set.

8. For Type 187 Search State (2} kc/s) the Admirelty noise target level is
also Sea State 1 and both PORPOISE class and modernised submarines fail to
echieve this by a small margin under static conditions. The noise level
when underway increases as the speed is increased above 3 or 4 knots but
the further reduction of this noise in FORPOISE Class is dependent upon
research into the mechanism of flow noise and its control.

9. Por Type 187 snort stete (10 kc/s) the noise target level is Sea State
6 and this is achieved in the slow snort c>ndition by modernised sibmarines
(Just) and by PORPOISE Cless (easily). The failure to mect the target
under fast snort conditions is due to propeller cavitation and not to
machinery noise.

10. R.N, Submarines compare closely with U.S.ii, Submarines as far as self-
noise is concernsd,

RECOMT.NDLTIONS

11, It is considered that regular self-noise trials should be continued for
the following reasons:-

(a) To monitor the results of the contimued work on noise reduction
in submarines.

(b) To check that the best results obtainable in the present state of
knowledge continuc to be maintained and extended in the Fleet,

(¢) To provide up-to-date information on submarine self-noise for use
in tactical studies and technical assessments.

12, It is suggested that a proportion of production Type 187 transducers
should have full acoustic calibration at A, U.7.B. so thet absolute levels
can be attached to recent Type 187 measurements.

13, Vessels for which a Type 187 transducer calibration is available
should be allowed running tizme in more open and deeper water, independent
of radiated noise measurement, in which to exploit their speed and depth




cepability for self-noise measurement.
14, Attention should be given to the self-noise correlation between two

halves of the Type 186, Without this the present Type 186 measurements
ocan give only goneral guidance,

Blank reverse ...
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15 The aim of this report is to summarise the information obtained from
a number of sonar self-noise meesurements carrisd out as part of the
routine noise trials of submerines., These trials have been conducted by
the Officer-in~Charge, H.M. Esteblishmont, Loch Goil, originally in
accordance with Reference 1 and currently Reference 2,

16, A second aim is to provide as much basic information as possible to
those concerned with problems involving self-noise in submarine sonars.
To this end results of trials not strictly nf a routine nature have also
been included. Copies of the original reports which have g limited
distribution are held by S.2.R.L., O.in C. H.M.E., Loch Goil, and
C.S.A,U.W.E, only and as this Technical Note procsents a digest of the
informetion, references to the original reports are not includsd,

17. Measurements of noise in conventional sonar positions have been carried
out in the following H.M. submarines:-

(a) PORPOISE Class (4) PORPOISE
RORQUAL
N:RWHAL
GRAMPUS® (* actual Type 187 Transducer used)

(v) 'A' Cless ALLIANCE
Modernised (6) AMBUSH

ALIERNEY

ARTEMIS

ASTUTR
IBN:ASE (F topside dome abaft fin)

(c) 'T' Class TURPIN
Conversion (6) TIPTOR
THERRMOPYLAE
TRUNCHEON
TABARD
TLCITURN

(a) 'T' Class TALPIR
Modernised (3) TALENT .
TIRZLESS
(e) 01a 'T' Class (1) TACTICIAN

(£) o01d '4' Class (2) ACHERON
ALARIC # (% before modernisation)

(g) 01a 'S' Class (3) SCYTHIAN
SBA SCOUT
SENESCHAL

(h) 'E' Class (2) EXPLORER
ZXCALI3UR

(J) Speeial Trials SCOTSK.  (dome development),
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Measurements in Type 186 half arrays arc available for the following !A'
Class Kodermisationa:-

AURIGA (3 trials)
ARTPUL

AMPHION

ALARIC

ASTUTE

ALLE

and for four submerines of the PORPOICE and the OBERON Classcs

ORTHEUS
WAT RUS
OF: RON
P(i.FOISE
Mcasurements using individual Type 185 hydrophones specially piaced in

H.M.S. CACHALOT, one of the FORPOISE (lass, from which thooretical results
in half-arrays were computed, have also becn included for comparison,

EXPERIMENTAL TLCHNIOUES
General Procedure

18, The procedures end equipmant for routine measurcment of self-noise
levels in submarines (as in other vessels) are described fully in Peferenmce
3« In particular, the measurements are normelly carricd out with a 15~-inch
barium titanate hydrophone substituted for the operational sonar transducer
(or transducers) normally fitted in the boat. The edvantage of this (epart
from accurate knowledge of transducer calibration) is that messurements can
be taken at frequenciecs distributed through the full sonar spectrum and not
merely at the frequencies of the set or sets which happen to be fitted in
the boat at the time of the trial. Thus measuremcnts of self-noise in a

1 ko/s bandwidth centred on 1, 2.5, 5 and 10 kc/s are normally teken in all
the standard sonar positions in the boat, and then are reduced to equivalent
omnidirectional self-noise spectrum levels by the standerd bandwidth core
rection and directivity corrections as in Table 1,

19. This procedure ‘cannot be retained for measurements with Type 187 nor
for the Typc 186 array, since neither type of trensducer can readily be
removed, While the frequency rangc of measurements is more restricted if
the special trensducer cannot be used, in two respects replacing the Type
187 transducer would be undeairable. One is that the old type transducer
and training shaft, not being designed for use at low frequencies, are more
suscoptable than is the Type 187 cquipment to mechanically-conducted ncise.
The other is that the highly directivc Type 187 transducer discriminates
more strongly against noise sources off its ecoustic axis, s.g. rattles in
the casing, than does the 15~-inch transducer, and by more then ths differ-
once in the correcction for the two dirsctivity indices. Both of these
circumstances could recsult in a pcssimistic value for the self-noise level,
For Types 186 and 187, mecsurements therefore are made with the operestional
transducer in situ, However, for purp:scs of comparisonm, the resultant
figures have beon reduced to cyuivalen: omnildircctional spcctrum level,

aa—




using factors as given in Table 2 for Type 187 and Table 3 for Type 186.

20, For Type 187 rusults are given in this report only for cascs in which
the trensducer calibration was known from .,.U.W.E. mecsurements available,
Thus a number of more recent trials have had to be ignored. Por the

Type 186 trensducers, & genorzl sensitivity figure of 10 microvolts per
microbar for individuasl clemcnts has been accepted. This figure has been
quadrupled for the arrengement of four hydrophones in series and doubled
again for the baffle effect of the pressure hull as suggested in Reference
L. Subsequent corrections for bandwidth (25 and 28 4B) and directivity
(=12 and =15 AB) bring the overall conversion factor to 54 dB for both
channels, In order to comparc the results in this report with Type 186
messurcments which may appear later, and only as levels in 4B Roference 4
microvolt, 51 dB should be subtracted from the microvolt level to convert
it to equivalent omnidirectional spectrum level of prcssure. It is
stressed that these mecasurements take no account of the corrclation between
half-arreys.

Electronic Background Noigse

21. Prosent day sonars such as Type 186, 187 etc., were designed for use
in & submarine as a silent listening platform end for this purpose very
slow speed of advance and the running of only a very few items of
auxiliery machinery were acceptable in order to attain the Admiralty Noise
Target Level of approximately Sea State 1 = Knudsen curves (Reference 8).
If conditions prevajling st the time of ths triel should be considersbly
rougher than Sea State 1, it would not be possible to determine whether

the submarine would mect the targct under celmer conditions. This is
inevitable., However, one of the limitations of making measurements of
noise with a broadly-resonant transducer is that its scnsitivity at any
one frequency is much less than that of a sharply resonant trensducer on
resonance and the level of elcctronic bakcground noise is relatively much
higher. With the 15-inch transducerim use for the conventionzl sonar
positions and the present metching arrengement (matched et 16 kc/s) the
equipment background noise is approximately equivalent to Sve State 2 at
10 kc/s, though rether lower at the lower frequencics., Some of the earlier
trials were carried out using & transformer matching et a lower frequency
with a result that background levcls et 1 and 2.5 kc¢/s are below Sca State
1 but the level at 10 kc/s is even higher (around Sea State 4). It is

thus never possible with this cxperimentel equipment to state the exact
level of sonar interference if this is below Sca State 2. Celculations
bzsed on the sensitivity of the trensducer and the mezsured beckground
noise in the amplificr (which epproeches theoretical thermal noise)

suggest that it should, in fact, just be possible to obtain See State 1
equivalent but this has not beon realised in practice, possibly owing to

a certain amount of residual electricei pick-up. In all the relevant
plots actual measured levels are quoted, uncorrected for this background
which hes therefore becen sketched in, in the plots. This enables the reader
to make his own estimetec of the true level end also of the probeble accuracy
of any correction.

22, Two or three recent measuremcnts have becn made using actual Type 187
transducers. For some of thess units acoustic calibrations are available
in A,U.V.E. end calculations suggest that an scoustic background of Sca
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State 1 should be ecasily measursble above equipment noiss, In neither of

the two vessels where the noise levels in Type 187 could be converted to

absolute acoustic levels did this minimum measured level in fect turn out .
to be appreciably below Sea State 2 or the best measured with & 15=inch

diameter transducer., However, as the background noise in Loch Goil is often

not below Sea State 1 to 2 cven when conditions appear calmer it is not

clear whether this background in Type 187 is due to ambicnt see noise or to
ninimum auxiliary machinery. Measurcments in H.M.S. THERMOPYLAE during the
development of Type 187 have shown that lev.ls at lecast down to Sea Stato 1
can be obtained by the set. d

23, As regard Type 186, no difficulty hac been experienced with electronic
background noise interfering up to the Adziralty Noise Target Level of
Sea State 1,

zlectrical Interference *

24, 8Some of the early mcasurements in this serics of trials where pearts of
the 1ype 138 or 129 installetions were uscd were comple tely invelidated by
elcotrical interference in the submerinc, Tne original technique was to
take measurements from thc Sound Room wherc the transducer cable could
eesily be tapped, and treining of the hydrophone was most convenient, It
was rcadily apparent in some vessels that ccrtain machines produced undue
interference, and replacement of the transducer by & dummy one proved this
interference to be electricel. The low sensitivity of the spcciel trans- {
ducer increased the ratio of electrical to acoustic signal ané listening

in en untuned audio band made the effect even more noticeable, *hile ‘
encountering this difficulty was salutary from the service point-of-view

in that it spotlighted & growing problem in submeriaes et the time, and

resulted in the institution of an electrical interference triel of sub- .
nerine sonar, the originzl purpose of the self-noise trial was purely J
acoustic, It was therefore decided thet any subscquent electricel inter-

ference problems would be as far as pessible avoided by working close to
the somar hydrophone position, and indcpendcntly of cable runs fitted in i
the boat, This hes the additional advantege of reducing cepacitive
"padding" of the trensducer which lowers the effective sensitivity end 4
relativcly increases the electronic bagkground noise. This has since been
done, but is not, of course, possiblz, nor necessary for Type 187 itself '
where the signal cable has been designzd to run outboard in the casing end
$0 be of low impedance to minimise electrical interference at the outset. !

25, &4t tho beginning of the changsover in the fleet to Type 187 an attempt
was made in one or two vessels et direct comparison betwecn 15~inch and
S=foot transducers by mounting the smclleir one behind the larger, pick-a-
back fashion. This nccessitated running a cable aft in the casing to a
suitable socket such as the "N.U.C." light in the fin, Thilst this could
be done without great difficulty and the restriction on contimious training
acoeptad for e brief trial, the extent of clectriccl pickeup in the com-
peratively short but unscreencd down lcad from the fin to the first point *
where it could be tapped inside the submarine resulted in no real compari-

sons boing obtsined between the two mecsuremsnts, It may bec possible to

obtain a useful estimate of the scmsitivity of uncelibrated Type 187

transducers by this wethod if a screencd lezd can be provided to an externmal

watertight socket (the Type 167 monitor lead could perhaps be used for this
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purpose) but for the time boing these pick-a~back trials have been dis-
continued,

26, Severe eloctrical interference was expcrienced in Type 187 on one or
two occasions when the 400 c/s motor-generator was run and elso from some
othor machines, depending on the cable routeing in individual submarines.
As none of these machincs was essential to Typc 186 scarch stats, the
simplest solution hes been to switch them off,

E TS

Type 186 Arrays

27, Vhen considering self-noise levels in relation to Type 186 the pro-
cedurc has been to compare the adjusted noisc levels in each hell=erray
(as celoulated in parsgreph 17) with the Knudsen curve for Sce State 1,
which approximates to the idmiralty Noise Target Level far Type 186
operation. The amount by which the adjusted level in the noisiest octave
exceeds the Knudsen curve for Sea State 1 is taken as the sriterion of
noisincss, whether of en individual machine or group of mechines, or of the
submerine as a whole while underway. The bulk of the noise mcasurements
for Type 186 consist of static tricls of individucl mechines, There are,
in general, eight moesurcmonts on cach machine; that is, measurcments on
eech half-arrsy at cech of the two frequencies - 450 and 900 c¢/s (arith-
metic mean frequencies of octaves). The emount by which the noisiest
octave ocxceeds the Knudsen curve for See State 1 is set out for each
machine in cach submerine in Table 4 for 'Z' Class and in Table 6 for '0f
Class, Included in Teble 4 are measurements carried out in H.K.S. AURIGA
by the Project Team and publishcd as /ppendix A to Reference 4, end
corresponding figurcs derived from measurcments by S.A.R.L. (Reference 5).

28, Comparison of the three measurencnts in H.N.S. AURIGA teken et differert
tincs by different steffs show, in the main, rcasonable agrecment, Some
mechines such as Telemotor pumps and the ballest pump seom to show stecdy
increasc in noise with time while others heve either had attention between
triels or are the subjects of slight anomalies, for exemple, the mid-line
circulator which was quieter in later triels, The agreement is, howewer,

not reelly any closer than between the differcnt submerincs of the seme
class,

29, Somo tentative results in H.4.S. CACHALOT bescd on the correction of
moasurcments in single hydrophones to probablc helf-array responscs are
included in Table 6 for comperison, They are based on Reference 6.

30, The ovcrall acoustic status of submarines in relation to Type 186
operation is summariscd in Table 5 for the six 'A' Class submarines, and in
Table 7 for the four '0' and 'P' Class submarines (and H.M.S. CACHALOT).
Considering Table 5§ ('A' Class) in detail, the first row of figures is the
level due to absolute minimum euxilicry machinery, run es a group, as
measured during the static part of the trial. The sccond row is the
measurcment with the same group of machines running when underwey. The
third row »f figures gives the flow con.ribution of the submerine underway,
ostimnted from a comparison of rows 1 cnd 2, The fourth row is e oel~
culation of mrchinery noisc bescd on static mcasurements, adding to the
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minimum level of row 1 the noise of further machines which would be
essenticl to the submarine in a search over a rcasonable period of time,
The fifth row is a final estimate of & realistic Type 186 search state
underway based on the addition of the flow contribution to the revised
1list of required machinery.

34, Table 7 ('0' and 'P' Class) gives thc noise level produced by two
stetos of machinery operation, first under static conditions and seoond
underway. The figures for H.M,S. CACHALOT and all thc figures undor the
honding "Group II (Underway)" are estimates based on combinations of
moasurements, as direct measurement was not made at the time of the trial,

32, 4 rough check hes been provided of the acoustic celibration of the
Type 186 arrays by simul tancous measurements of both background noise and
of flow noise in the Typc 186 transducer end an A.R.L. Type 1 hydrophone,
In only one of the six measurements does the average difference (without

account of sign) bctwcen the Type 186 and the Type 1 measurement exzeed

3 dB, though individuel chamncls differ by as much as 10 dB,

33, The "Underwey" fizures from Tebles 5 and 7 are plotted for mechinery
"States"” 1 and 2 1n Figure 11 as part of & summary of the Acoustic Status
of the Modern Submarine,

Convent Sonar Positions

3% The long list of submerines in which soms measuremcnts have been

carried out would suggest that a normal statistical approach should be ‘
possible, However, because of the weather and other conditions, vessels

often feil to complete e full progremme of self-noisc runs; moreover,

as a rosult of changes in standard operating dopths over a period of

several years, the number of measurements available for any perticular con-

dition of depth, speed, end frequency is considerably less than the total {
number of vesscls in the class which have been mede evailable for trials,
The method of averaging hes therefore becn graphical. Teking the sub=
marines class by class, & mean curve hes been derived for noise level
agaeinst frequency for each machinery group in the casc of the stetic triel,
end against speed for each frequency and operating depth in the case of
underway runs., These class average curves hcve then been compored and fell
very reasonably into three ncturel submarine divisions, These are:~

(2) 01d submarines - 'At, 'S!', 'T' Clesses (ummodcrniscd),

(b) Modernised submerines - 'A! modernised, '™ conversions end 'T!
modernised classcs,

(c) New submerings - FORPOIST Class,

Weighted mean curves have therefore been produced for each of thesc three
divisions,

35. The group machinery noise for eech of those divisions is plotted es a
function of frequency in Figure 1 for both topside and keclside transducer
positions. The appropriate target levels end also the limiting background
lovcl in tho equipment are shown as shaded areas. The measuremonts have not
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been corrected for background noise, neither sea state nor electronic.

If the sea state noise is too high (Sea State 2) the static trial is poste
poned or abendoned, With the exception of the Group 4 runs, which are under
the anorting condition, all these measurements were carried out at approx-
metely 100 feot keel depth. The machinery groups are the conventional ones
specified by Fleg Officer Submarines in Reference 7.

36, One class of submarine stends apart, vis the 'E! Cless, The self-
noise measured on the astern bearing at 2% kc/s in H.M.S. FXPLORER (topside
set only fitted) is given especielly in Pigure 2b, A coreful analysis of
the noise versus sequence of event has been made in this submarine (see
paragraph 121) in an attempt to isolate the ceuses of the high self (end
rediated) noise levels in this class of vessel,

37. In Pigures 3, 4 and 5 self-noise in underwey runs is plotted as e
function of speed, compering different operating depths for esch submarine
division in both topside (forward) and keelside positions, In comstructing
these curves 2 certein amount of discretion has been used in ignoring
certain results clecrly due to abmormel circumstances, es for instance,
when severe casing rattles were complained of in the text of the original
report. Even so certain slight anomelies eppear in the three figures,
largely due to the fact that the class semples tend to be both amell and
changing, These plots of self-noise against speed at constent frequency fx
the divisions form the basic information from which the plots and comperisons
discussed later are obtained,

38, Pigures 6 £nd 7 are comparisons, for topside and keelside positions
respectively, of the noise of the different submerine divisions. The
"deep" curves are obtained by teking o mean lower level of the quieter
running depths; the underwey snorting runs (where these cre eveilebls)
have been added. Admirelty Noise Torget Levels of Sea Stete 1 for “deep”,
and Sea State 6 for "snort" conditions have been included.

39. In Figure 8 21l the information of Figures 3, 4 and 5 is replotted
in families of curves of constant frequency and depth to give e comparison
of levels in topside ond keelside positions,

L40. Pigure 9 compares, for topside position and 300 feet depth only,
FORFOISE Class submorines with two experimentel submerines, vis

H.M.S, SCOTSUAN with a2 smell (A/S 59) glass-fibre dome cnd H.M.S. EXPLORER
with ¢ streamlined steel dome.

L41. Figure 10 comperes PORPOISE Cless with U.S. submerines, ond also with
averege R.N. escort vessels, At the some time it gives an indicetion of the
lowest levals of self-noise that have been echieved in surfoce ships and
submerines, levels of noise which cen be attributed with some confidence to
the basic flow noise. Beccuse of the different ranges of frequencies at
which all these measurements were made 5 kc/s hes been found to be the only
frequency at which they can 21l be comprred.

An Operational Summory

42, Mgure 11 consists of a summary of the Lcoustic Stetus of the Nodern

Submerine, The first plot gives the position for Type 186, the second for
o Topside Set, e.g. Type 187 searching at Zi kc/s when deep on motars, the
third for a topside set keeping wetch ot 10 kc/s when cherging batteries.
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Self-Noige Target Level

43, In this report the Admiralty Noise Target Level for Type 186 operation
hes invariably been used. This closely approximates to Sea State 1. This
target level would be taken to mean the terget level of noise for the sube
merine as a whole in its status cs a silent, but none the less fully
operationel, pletform, This couses a difficulty in discussion of the noise
level of individual mechines since if it is required to reach the Admiralty
Target Level of Sea State 1,with a certain essentinl group of mechines of
similar noise level running, then very possibly individusl machines in the
group must needs have a noise level significently bclow the Sea State 1
figures. S,A.R.L. has suggested (Reference 5) that the target for individwel
mechines should be the Admiralty Terget Level for the boat less 5 dB, This
matter 1s astill tho subject of generzsl consideration and for this reason the i

noise levels of individual machines, and also the noise levels for the boat
with specified groups of machines running, have 21l been quoted (e.g, in
Tables) 2nd 6 and Tables 5 and 7) as relative to Sea State 1.

4ye 1t may be noted that in some of the original reports issued by

8.A.R.L. (References 5 and 6) noise levels for individuel machines have been
related to a Fargel level of 8.8.2 less 5 dB. As a result figures in this
report and in S.A.R.L. reports will be seen to differ by 1 dB (382 = SS4+64B).

Machinery Noise in 'A' Class Submarines
(o) Besenticl Machines

45, w%s While both 230-volt clternctors have not been
measured in every su ne, et lecst one has been run in each vessel and
only the No, 2 machine in H.M.S. ARTFUL required eny reduction (about 8 aB {
in the 600 to 1200 c¢/s chennel), It is not thought thet these machines will
be o general problem, but some attention may be required to individual ones

from time to time to avoid interferonce in Sec Stote 1, ]

U6, GEA:E ﬁtemtora: Those in H.M.S. AMPHION, H.M.S. ALARIC cnd

H M.S. were acceptable., Those in H,M.S. ARTFUL, H,M.3. AURIGA
ond H.M.S. ASTUTE required some noise reduction to meet the torget in the
high-froquency channel. {

47. %ﬁg: While those in H.M.S. AMPHION, H.,M.S. AURIGA,
H.M.8. «M.S. ALDERNEY were satisfactory, those in H,.M.S. ARTFUL

end H.M.S. ASTUTE required some reduction,

48, topr Coo ¢ No interference wes experionced from any of :
these n run ot slow speed in any of the six submarines, though only the
starboard one was run in the case of H.M.S8. ARTPFUL.

wes expe . UL and also, on one of the occzsions, in
H.M.8. AURIGA. In this respect conclusion (o) of Referonce 4 (that one main
motor can be run at 110 rev/min without interference in Typc 186) has not
been maintained. No diffioculty has been experienced, however, in recent
trials,
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50. Hydrogen Clearence Fons: When ell these were run, overcll reductions
of 10 dB (H.M.S. AMPHION) to 20 dB (H.M.S. ARTFUL) were required. This
wes due to one or two fens only, and others could be run without inter-

ference, By cereful selcction two or three can usually be used with only
4 or 5 dB interference,

51. After=Services Circuletors: Thesc mostly eppeared to require about
15 dB reduction, though in the port unit in H.,M,S. ARTFUL nearer 30 dB
was required, In the two most recent tricls it wos possible to select a
circulator requiring less than 10 dB noise reduction.

52, Telemotor Pumps: Numbers 1 and 2 IMO pumps erc invericbly excessively
nolsy, reductions of from 13 to over 30 dB being requirzd, In vessels in
which & No. 3 IMO wes run only 2 or 3 dB reduction (H.M.S. AMPHION and
H.M.S. ASTUTE) or even none (H.M.S. ALARIC) was roquired in this pump,

(b) Machines which must be run at lcast intermittently

53 Trim Pump: These werc all noisy and reductions ranging from upwards
of 10 dB in H,M.S. AURIGA to 24 dB in H,K.S. ARTFUL were roquired.

54, Ballcst Pump: In threc 'A! Clecss vessels measurements showed & cone
sistent 25 dB reduction to be required. Eerlier measurements in

H.M.S. AURIGA suggested that the nccesscry reduction was less then this,
No measurcment wes mede on this mechine in the last three tricls,

55. Refriﬁrctors: These ccused interference in cll six submerines, The
required reductions range from 4 4B in the most recent tricl
(B.M,S. ALDERNEY) to eround 20 dB in the early tricls,

(c) pdditioncl Mechines

56. Ship's Ventilation Fons: Reductions of the order of 10 dB eppeared
to be necessery even with the fons running only ot slow speed,

57. Bettery Ventilation Fans: The effect of running these wes measured
in onIy two veueIs, H.M.S. AMPHION cnd H.M.S. ASTUTE, end reductions of
the order of 10 4B were found to be necessary.

58. Air Conditioning Plnnt: These were very noisy in =11 six vessels;
rcductions of from 13 to 4B being requircd.

59. Distillers: The 5-gollon unit required cbout 20 4B rcduction in the
three vessels in which it wes measurcd, while the 15-gellon unit wes
quieter (15 dB too noisy), except in H.M.S. AURIGA where the figure wes
necrer 30 dB.

60, COo Absorption Units: These have only been run in the four most
recont %Iﬁa when no reduction in noisc was required,

61, Reducers: These werc run in H.NM.S. AKPHION, H.M.S. AURIGA and
H.M,S. ALARIC cnd no reduction wes reguired.

62, Sub-Pressure s: Thesc were run in H,M,S. AMFHION, H.M.S. ALARIC
cend H.M,S. £ST end 10 to 25 4B rcduction was required,
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63, Sound Room Pans: The sound room teble fan was run in H.M.S. ALARIC
end 3 reduction was required. The Vent Axla, however, required no
reduction,

6L4s 400 o/s Motor-Generctor: This machine wes run in H.M,S8. ASTUTE 2nd no
reduction was found to be required.

65. Auxiliary Trim Pump: This punp wes run only in H.M.S. ALDERNEY when
43 dB reduotion wes found to be required.

Mrchinery Noise in '0O' and 'P' Cless Submerines
(2) "eroup I" Machines

66. 115 Volt £,C, Mechines: No significent noise wes experienced in any
145 volt motor-generator except in the No. 2 mochine in H.H.S. OKPHEUS.

67. Gyros: Those in all vessels except H.M.S. ORPHEUS were ccoeptsble but
that in H.M.S. ORPHEUS cppecred to rcquire some 8 4B reduction and this on
the wheel itself rother than the motor-generztor.

68, L,P, Generstors: These appeered to be satisfactory in ell vessels.

69, Hydrogen Clearcnce Fons: £11 vessels hed ot least one fon on which
some noise reduction wes required but H.M,S. VALRUS and H,M,S. PORFOISE
(and probebly H.¥.S. CACHALOT) could run most fans with little or no

interforence, In H.M.S. ORPHEUS ond H.,M.S. OBERON about 10 4B redustion
wes required.

70. Mein Motor Cooling Pans: As in 'A'Class these were run without causing
noise interference.

7. Hove Geer: This has bezn run separctely only in H.M.S. ORPHEUS and
HeM.S. OBERON., Vith the cctuator pump only running 1little or no reduotion
was required, but under the pumping condition (not specificd for Type 186
operation) up to 15 dB reduction wes required,

T2 otting Taeble: Agein this wes run separately only in
H.11.8. gﬁ% e.xﬁ1 e marginel reduction (3 dB) eppcared to be required,
T3« VWordr acord r ne Sets): This wes run in H.M.S, ORPHEUS

only and with negligible intorference.

T gterigmgg; g%.toga: In vcssels where those were run seperately
(H.lo . OBmN, HoM. S, 1 and H.XK,.S. CACHAI;OT) no reduction wes
required and as H.X.S. WALRUS only required ¢ smell roduction with eall

Group I machines running it is unlikely thet the circulators require much
noise reduction in this vossel cither., This ropresents 2 considerable
improvemont on the state of affairs in 'A' Cless where 15 dB reduotion wes
required on most units,
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(b) Group II Machincs

75. "Vent Axia"PFens: These fens in the E.M.R. and wardroom were run in
H,¥.S. ORPHEUS only and only & marginel reduction, if any, wecs required,

76. Sound Room Fen: This was run in H,M.S. ORPHEUS, H.M.S, WALRUS and
H.d, S, FORFOISE but only that in H.M.S. ORPHEUS required any reduction,

77. Mein Refrigeretor: Meesurements in H.X.S. CACHALOT suggested thaot
moderate redncéona (8 dB) might be required. In H.M.S. WALRUS,

H.M,S. OBERON and H.M.S. PORFOISE no reduction was required and in
H.¥.S. ORPHEUS little or none, A grect improvemant on 'A! Cleass,

78. Domestic Refrigerctor: This was ecceptable, where run,

79 c/s 2 achines: These were run in H.M.S. ORPHEUS, H.M.S. WALRUS
end H,N.S. PORPOISE end no reduction was required. ;

80, 4,T.M,C.8: This was run separately in H.M.S. ORPHEUS only, but no
reduction was required.

(c) Additionel Machines

81, Steering: This was run separately in H.,M.S. ORFHEUS only, when 6 dB 4
reduction was found to be necessary, 4

82, Telomotor Pumps: As in 'A! Cless Nos, 1 and 2 IMO Pumps were noisy;
up to 20 dB reduction being required. The McTaggart-Scott Pumps in

HoM.S. CACHALOT and H.M.S, PORPOISE were calculated to require 14 dB
reduction and the N.Z.R.L. pump in H.M.S. ORPHEUS wes no quieter, The
NeE.R.L. pump in H.M.S. WALRUS, however, wes noted as being fitted with
flexible piping and this pump was 10 dB quieter then the otherwise similer
pump in H.M.3. ORPHEUS, If this is goneral in subscquent members of the
class only 4 dB further reduction will be required, No., 3 IMO in

H.U,S. OEERON required no noise reduction, agein similer to 'A! Cleoss,

83. C.P. Generntors: About 12 dB reduction wes required in both units

in H.M.S. ORPHEUS but none in H.M.S3. OBERON or H.M.S. PORFOISE., No

necsurements wers made in the other two vessels, These goncretors are

included os Group I machines in the H.}M,S. CEERON and H,M.S. PORFOISE \
reports, but as they are quiet in thcse vessels it does not confuse the

issue,

84, Terdroom Hecter: This rcquired little or no reduction in the only
submarine in which it wes meccosured. )

85, 10 x 6 inch and 10 x 3 inch Ventjlation Pens: Bach of thcse in
H.M.S. ORPHEUS required up to & dB reduction but wes accepteble in

H.M.S8. WALRUS, H.M.S. OBERON and H.M.S. FORFOISE; measurements in

H.M.S. CACHAIOT suggestcd need for about 10 dB reduction., 40 x 3 inch
rodar and gelley cxhrust fans wore run in H.U.S, PORPOISE and no reduction
wos required.
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86. Air Conditioning Plents: About 6 dB reduction was required in
H.M.S., ORPHEUS and in one of the units in H.M.S. OHERON, but none in
HoMoS. WALRUS or H.N.S. PORFOISE. A marginal reduction was required in
H.M, 8, CACHALOT,

87. 100 kW Generators: No rcduction was required in H.M.S. ' ALRUS, the
only vessel in which measurement was made,

88, Trim Pump: This was meesured in H.M.S. CACHALOT when 14 4B reduction
appeered to be required. In H.M.8. PORPOISE only 4 dB was required, and
that only when pumping from forward to aft.

89, Ballast Pump: Measurement has been made only in H,M,S, CACHALOT when
10 4B reduction was required.

90. Both Sub-pressure s, Distillers and CO, Abso. on Units were run
in both H.M.S. OBZRON a.u%l H.M.S. PORFOISE (oﬂy, and no ram%on wes

required.

91. 500 o/s Motor-Generators: These were run in H.M.S. PORPOISE only,
but no reduction was required.

92, 180V Machines: These were run in H,K.S., OBERON only and no reduction
was required.

93. Battery Cooling Pump: These required 16 4B reduction in
H.M.S. PORPOISE and about 6 dB in H.M.S. OEERON. No others were run,

94. Acid Agitation: This required 3 dB reduction in H.M.S. FORFOISE but
none in H.M.,S. OBERON. No others were run.

95. Battery Ventilation Fans: These were run in H.M.S. OBERON and
H.M.S. PORFOISE when up 16 4B reduction was required, asccording to which
fan was run end to whether it was run in the "slow" or "group up" condition.

96, Lubricating 0il Priming Pump: This was run only in H.M.S. PORFOISE
and no reduction wes required.

97. Turning Gear: This wes run only in H.K.S. FORFOISE and while
the s oerd gear was quiet, 4 dB reduction was required on the port gear.

98, Crypto Machine: This was run -nly in H.X.S. PORFOISE end no reduction
was required.

Type 186 Secrch State

99, During the trials, prectice has varied in what was deemed essential
machinery for Type 186 operation, not only betwe.n 'A' and '0' Classes,

but even within the same class of vessel, For this reason, the two classes
will, in the first place, be considered seperately. Clearly, the ocomparison
between two vessels in the same class would not be a fair one if a parti-
cularly noisy mechine were omitted from the list of machines required in onme
particular vessel, In overcoming this second dfficulty lct us first con-
sider the 'A' olass triala,
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100, The following five machines were invariably* run in the search state:

One 230V a.c. machine

Gyro Motor=Generator

L.,P, generator

One main motor cooling fan (at slow speed)
One main motor (120 rev/min - 2 to 3 knots)

101, In addition the following three machines will be essential far periods
of more then a few minutes listening:=-

at least one hydrogen clearance fan
one after-servioss circulator
one telemotoar pump

All those eight items have becn termed in this report "Essential liachines"
end comprise list (a) for 'A! class,

102, The noise outputs for "Type 186 Search State" and "Total Type 186
Mechinery" from the original 'A' class reports have therefore been amended
to include all eight machines in each case, These are the "Revised" Type
186 levels in Table 5. This also agrees with the grouping suggested in the
report of the trials in H.M.S. CACHALOT (Reference 6). The use of the other
machines such as the ballast and trim pumps and the main refrigerator would
clearly be desirable from the operating point of view, at least at
intervals, but it is intended to be fairly ruthless st this stage so they
have been excluded. These three items form list (b) of "Machines which
must be run at least intermittently”, There are no measurcments of list
(b) mechines as a group or of lists (a) end (b) together. Other mechines
which are not necessary in Type 186 scarch, but the effect of which on
Type 186 self-noise has been meesured, form 1list (o) ~ "Additionel
Machines",

103. Turning to the '0' and 'P' claases, which include the provisional
measurements in H.M.S. CACHALOT, the mochines were grouped at the % of
the tricl as those which form an ebsolute minimum necessary opersa e
submarine, and additional machings which are necessary for e normal Type
186 Search Statc. Usage has coms to call these "Type 186 Group I" and
Type 186 Group II" respectively, but thoy must not be oconfused with the
Groups 1, 2, 3 and 4 of auxiliery machinery clloocted when dealing with
conventioncl sets, This usage is deplored, but to avoid confusion in this
report the Type 186 machinery groups are printed with Roman figures, and
the groups for conventional scts with Arabic numerals.

* In the triel most rocently conducted (H.M.S. ALDZRNEY) even the main
motor end main motor cooling fan were omitted from this group (static)
but &8s neither was noisy the results arc not affected by this
simplification,
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104« The groups are:-

one 115V a,c. machine

Gyro

L.,P. generatar

one main motor cooling fan
Hovering gear (actuator pump only =

Type 186 boat at virtually sero speed)
"Group I" AR L., plotting table

'0' and 'pt VWardroom record-player on phone sets
Classes or one after services circulator

(practice varied)
41l hydrogen clearance fans (not spares)

All "Vent Axia" fans
all table fens
"Group II" mein refrigerator and cool room fan
(aad domestic refrigerator
74-inch exhaust sound room fan
400 o/s 205V motor-generator
A.T.M.C.8

105, Compering these two lists with the two previously given for 'A' cless,
it will be seen that all the machines in the full "(J- 1ist for 'A' class
are included in "Group I" for '0' and 'P' Classes except the regquirement
for a telemotor pump which does not appear in either list for '0! Class,
The eddition of "Group II" mechines in '0' Class represents less siringent
living conditions then the full (a) 1list in 'A' Class where, for example,
the refrigerator is excluded. Although evon among 'O! Class, practice
voried, this did not normally involve the inclusion or ocuission of noisy
machinos,

106, Considering the summary table far 'A' Class (Table 5) it will be

seen that there is a gradual improvement in noise level with the passege of
time which is undoubtedly due to progressive application of expericnce in
noise-reduction work. Thus the total underwry noise level has dropped from
22 4B in the third H.M.S. AURIGA trial in 1959 to 13 dB in the H.MN.8. ASTUTE
trial in 1961, an improvement of 9 dB. Unfortunately, no underway results
are availeble for the most recent triel, (H.M.S. ALDERNEY), but on this
occasion, for the first time, no reduction was estinatod to be required in
the noise level due to the minimum group of machinery when run under static
conditions,

107. In the summary for '0O' and 'P' Classes (Teble 7) en even greater
improvement can be seen and within a shorter time (that is if one ignors

the H.M.S. CACHALOT results which were catimates based on single hydrophons
nccesurements). There is a fell in noisc level from 20 dB in H.M.S. ORPHEUS
reported in Jenuary 1961 to only 1 d:B in H.M.S. PORPCISE in Septomber 1961.
stotic conditions, Of the total naise, not only the machinery noise con-
tribution, but also the flow noise contribution in the Type 186 Search State
appears to have been roduced in vessels more recently available for trials;
ond this applics to 'A', '0' znd 'P' Class boats equally. The improvement
rangos from & 15 4B reduotion necessary in H.M.S. ARTFUL and H.M,S, ORPHEUS
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to 0 dB in the most recent - in which underway tricls were carried out -
H.M.S. PORPOISE, While it may not now be necessery to keep the submarine
underway in order to carry out e search with Type 186, to be able to search
when underway without incurring cn edditionel self-noisc penalty cleerly
increeses the operational flexibility of the vessel.

108, The speed at which the vessel mgy proceed without curtailing detection
range is thought to be of the order of 5 knots for the most modern vessels.

109, There is no information on the dependence of self-noisc with depth
for Type 186, though no dependence would be expected.

Comperison of Frequency Channels

110, From the avercge noise levels in the Type 186 half-arrays (which are
not published here), the background in three 'A' Class submarines with the
absolute minimum of cuxiliaries running is 2 dB above Sea State 1 in both
octaves (300 to 600 and 600 to 1200 c/s). Underway, this becomes 7 and 6
dB in low and high-frequency channels respectively. The implicetion of
this is thot the gemeral background noise in Type 186, excopt whon perti-
cular machines with very strong discrete frequencies cre present, has e
similar spectral distribution to sea stote noise i.c. =5 or -6 dB per
octave,

141, When machinery is the dominent contributor to noise in Type 186
exroys, it sometimes happcns thet the contribution in the lower octave

2300 to 600 c/s) is consistently more significant then in the higher octave
600 to 1200 ¢/s) (e.g. H.M.S. AURIGA ~ Reference 5), Broadly speaking,
this tends to be the generzl rule, 4t the seme time the general survey

of this report indicctes that it is not necessarily true; thorc ere
frequent examplcs in which mechinery noise as a whole, or the noise of
individual members is of grcater significance in the higher octeve, It
follows that it is not enough to bese requirements for maximum reduction on
mechines simply on measuremcnts in the L.F. octeve only.

Comparison with U.S, Results

112, ‘fvailable comparison with rcsults in submnrines of other Nevies is
rather speree. Somc aerly measurements in U,S.S. BAYA (Reference 9) taken
on the 50-clement "LORAD" receiving system at 700 ¢/s geve the minimum
level in individual hydrophones under "petrol quiet" and "ultrs quiet" con-
ditions at around Sca State 2 (the maximum wes in excess of Seez State 6),
levels comparable with those recorded in single hydrophones in

HeMoS, LCHERON (Reference 10). In the erray, tllowing 17 dB far directivity
effect, a level between Sea State 3 and Sea State 6 has reparted. As this
is 10 to 15 dB cbove Sea State 1 it compares with Type 186 in the early 'A'
Class and is some 10 to 15 dB noisior thon the most rccent 'A! and '0!
boats,

113, Measurcments on a single hydrophone in the superstructure space at
freme 58 in U.S.S. NAUTILUS undor "Recctor Crecp" conditions are mever
below Sec Statc 6 even with the feed pump, 2 noisy machine, seccured, 7with
the full "Ultra quiet" machinery runaing the levels are at least 10 dB
higher still at Type 186 frequencies (Rcforcnce 11).
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114 In eddition to radiated noise and sonar interference in Type 186
helf-errays (where fitted) measurement was usually mede, during the static
trial, of machinery noise interierence in both topside (Types 168, 138, and
occasionally 187) and keelside (Type 169 and 129) positions. During the
ecrlier trials measurements were often mode of noise from individual
nachines, but only the average in the different submarine divisions of
'Group' machinery noise is included in this report (Figure 1). In recent
trials measurement on individual mechines in conventional sonar positions
has been omitted altogether beczuse of the time involved in measuring the
individual contribution of the large number of machines fitted in modern
submarines, This is one of the sacrifices which had to be made to keep the
time teken by the complete noise trials of a modern submarine within the

5 days allocated, and it has proved to be justified for the following
recsons:~

(a) Speaking generally, machinery noise is not too serious & problem
in oonventional sonar positions.

(b) Anymachine which czuses interference in a conventionel sonar is
normally even more noticeable in radiated noise or in Type 186
self-noise, and attention is therefore drawn to it in any cease.
Although measurements have been made (both static and underway)
of noise in the keelside positions over the whole frequenoy
range 1 to 10 ko/s as for the topside position, this is largely

" for comparctive purposes es it is unlikely that a set operating
at frequencies below 10 kc/s would ever be used in this precise
position. At this frequency the noise levzl due to mechinery in
a modern submarine either approaches the target closely or is
affocted by background noise in the equipment, so that, again,
auxiliery mechinery does not eappear to be a serious problem, and
any machine causing interference in Types 129, 169, or 719 would
be expected to be & serious prodlsm from other noise espects.

15, On exemination of the plots of group machinery noise ageinst frequency
in Figure 1 several points are recdily epparent. One is thet with Group I
or II machinery running the moise levels at 5 and 10 kc/s (and occesionally
even ot 2} ko/s in & quiet submerine are limited by background noise in the
moasuring equipment. This can be true at 10 kc/s even with Group &4
machinery running. 4 second point is that the Group I machinery target
level is approached very closely by modern submarines at 2} kc/s (end pre-
sumably at frequencies above this, too, if the background had been low
enough to allow this to be checked). Groups 2 and 3 require possibly 6 4B
reduction to achieve their targets, while with Group 4 mochinery running,
under which conditions the target is relaxed to Sea State 6, cnd the
froquency of interest is 10 ko/s, the target is achieved for the PORPOISE
Class and almost achieved by modernised submarines, (Snorting runs under-

way are slightly quieter,)
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116, The curves for old submerines are not of greet interest except,
perhaps, to indicate what progress has been made in the resilient mounting,
end nolse redustion of submarine machinery. In making this comparison a
further point, whioh is indicated in the key, must be berne in mind., It
is that the practice on the very carly triels was to train both hydrophones
astern during the static trial to give the maximum chance of detecting, as
was thought, individual machines. When comparing group machinery noise
with a target level it is probably fairer to train the hydrophons on en
operational beering, and this has since been done, For this reason the
"0ld submerine" measurements topside are, no doubt, pessimistic and the
keselside ones probably optimistic as the astern bearing of the normel keel-
side set (Type 129/169) is blanketted by the keol.

Individual Machines

117, Occasionally, individual machines are noted in reports as causing
exceasive noise in a conventional soner position. In the case of

H.M.S. RORQUAL five such items were mentioned, Thus 'bangs' occurred at
the end of each hydroplene movement, Four items in the tarpedo control
gecr ceused excessive noise. Except in the topside position at 10 ko/s,
the G.4.P.S.U's gave rise to levels 10 4B above all other Group 3
mechinery when meesured in either position and at any froquency, and upwards
of 20 dB noiser in the keclside position at frequencies of 5 ko/s and
below, 0.P.8.U.'s, Torpedo ramming geer and TCSS3, were also shown to be

noisy. Independently, all G.A.P.S.Ws, D,P,S.U.'s cnd re Zear were
found to be exccssive contributors to rediated noiso, the G.AP.S.U, being

detoctable at cn estinntod 9000 yurds in Sea State 1 (Roforence 12).

118, While in H.M.S. PORPOISE end H.M.S. GRAMPUS no specific mechines were
cited, H.M.S. NARWHAL had o similer list to H.M.S. RORQUAL's, Hydroplanes
and torpedo control and menipulation again appeared, but T.C.S.S.3 was
omitted and a ballast pump cited, Again, these items were generally bad
from the radiczted noise viewpoint.

119, In 'A! cless, noisy mechines included the mein motors in H.M.S. ARTEMIS
and the forwerd high~pressure air compressor in H.M.S. ASTUIE.

Turbine Mechinery - 'E' Class Submarines

120, It has been known for some time from tocticel exercises that the sub-
nerines H.M.S. RXPLORER and H.M.S. BXCALIBUR, when under turbine propulsion
are excessively noisy from the rediated noise viewpoint. Because existing
noise-renging facilitios did not allow the level to be measured directly
whon at high speed & self-noise trial wes undertaken with the cause of the
high radiated noise level in mind a2s much as the level of self-noise alone.

121, A mejor difficulty is always encountered in trying to seperate flow,
machinery, and cavitation noise, as the machinery cennot be run end made to
dissipete power except by driving the vessel, This results in flow and
cavitation noise in addition, though some veriation in the lotter component
cen be obtained by varying the depth of operstion. However, certain
auxiliary machines connected with turbine propulsion can be run seperately
and in order to isolate, where possible, such items os apprecieble cone
tributors to toteal noise the sequence of running-up turbine machinery was
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followed oarefully with the hydrophone traincd astern. The turbine was
then oclutched in, and when the vessel hnd gathered way, all the machinery
was stopped and & "glide" run obtained., The noise associated with each of
theso steps is depicted in Pigure 2bfor a frequency band of 2 to 3 ko/s.

122, When commencing to run on turbines three pumps concerncd with cooling
end removing the steam from tho condenser are started first, Those are
normally run together end while the total noise level was fairly high it is
not known which pump was largely responsible., Next the "Triple Pump" is
started, so called because the thrae pumps supplying fuel, H,T.P., and
water are ganged in order to keep the proportions correct. In the first
position, however, the 3-cam valve ellows only H,T.P. to the catalyst cham=-
ber., The fuel and weter injection being by-passed et this stage. Initially,
there is only the mechanical noise of the pump, which agein is high, but
aftor o few seconds decomposition builds up and stcam is ojected outboard,
Subjectively, both on the sonar and when running turbines alongside for
trial, this sounds like a locomotive letting off steam, The next stage,
when the combustion chamber hes reached the appropriate tomperature, is to
inject the fuel and water. The fuel burns in the released oxygon producing
CO, and more steam at & very high temperaturc. The weter injection results
in"a further very much largarvolume of steam but reduces the temperature.
411 this steam is still ejected overside ot this stage and results in a
further increase in noise of over 15 dB = now reaching a spectrum level of
1 dyne/cm2, This is entirely steam noisc as the vessel is still procecding
at only 3} knots on main motars. The character of the noise is similer to
previously, i.e. unpitched; but much more intensec.

123, The next step, "Steam to Turbine" reduces the flow of steem outboard
in order to run up the turbine, It will bo seen thet the noisc dropped
considerably according to how much steam was being ejected, and the drop in
noise suggests that the turbine itself was not en unduly noisy mecchine,
certeinly when compered to the steem noise. The turbine was then clutched
in and the vessel gathercd wey until o spced of about 15 knots was attained.
There was no stecm overside, but the noise of the vessel hed clmost regeined
the "steam overside" level, This wos now apparently due to propeller and
local cavitation (the vessel wes "crabbing" and intense "spitting® noises
could be hocrd under these conditions). Whiloc no steam was going oversids,
exhoust CO, from the condenser wes hrving to be compressed and ejected
overside and it is thought that this must clso be noisy.

12L,, Vhen the turbine was stopped, (by stopping the triple pump) tho noise
dropped sharply by over 10 dB before the vesscl lost way at all or the
turbine could run down, It is thought that rcmoving the drive from the
propeller caused this sudden drop in noise as thc cevitation on the "beck"
of the badly slipping propeller would elso stop suddenly. This manocuvre
nay on the cther hand throw some cavitation onto the normsl thrust face,
but it is certain to be much less and is, in eny case, bettor shielded from
the sonar dome, The position is complicated by the fact that the vessel
stops crabbing immedictely the drive is removed and so local cavitation 1s
also reduced; moreover, the quantity of co, "overside™ is reduced quickly.

125, Instantancous log readings of speocd were taken as the vessel lost wey
until tho speed dropped to 4 knots, when the noise level was consistent with
thet obtained when deep under motors., In fect, the noise at all speeds when
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81iding was consistent with flow noise in the casing of a fairly modern
submorine,

126, Wnile some of the turbine machinery, perticularly the triplo pump,
is undoubtedly noisy, the noise output does not compare with the none=
machinery sources of self-noise present when underway turbining, These
other noise levels, as will bo scen, ore very high, though it must be
romembored that there is no experience of operating !'conventional! sub-
marines in this speed range from which a so-celled "reasonable® noise
level could be estimated.

Underw uns

127, Beceuse time was not allowed for independent running for self-noise
nersuremonts in more open and deeper water ell runs had to be carried out
et the seme time as the noise ranging in Loch Fyne, Hence no very deep
runs at high spec:d could be included., Thus in older submarincs, speeds

up to 9 knots wore employed and in the laeter ones speeds up to 17 knots at
shallower depths only, It is unfortunate that these high-speed runs deep
could not be carried out as it is at high specd that the greatest change

in noise with change in operating depth is expected. The auxiliary
machinery operated was normally confined to Group I, though on some
occasions some even of the Group I machines were not required and were
therefore omitted. Considering the basic plots of noise against speed for
the different divisions of submarincs, Pigurcs 3, 4 and 5 are arranged to
show the effcct of depth at the different frequencies, It will bc seen that
there is & generel decrease in noise as the dupth of operation is increased
from periacope to the maximum in both topside and keelside positions. Since
there is no reason to expect e changs in mechinery noise with change of
depth, and the evidence is that flow noise is not depondent on depth, this
noise roduction can only be due to a reduction in the propeller cevitation
component. The foct that the reduction in total self-noise with inareese
in depth is gonerally greater in the keelside position therefore suggests
that a relatively greater proportion of total self-noisc in the keelside
position is duc to propeller noise then in the topside position., In
Figures 6 and 7 the different divisions of submarine heve been compared for
the two toctically most important conditions; namely, the snort and deep
conditions. The snort runs are confincd to PORPOISE and T Classes because
runs under the snorting condition were not part of the normel self-noise
progrenme at the time most of the old vessels were ranged, end to date

only one A modernisetion hes snorted for self-noise runs. This was left

out of the sverages as the topside dome wes abaft the fin and the

cxcessive machinery contribution would have been misleading. Under snmorting
conditions the Admiralty Noisc Terget Level is Sea State 6 for frequencies
between 1 and 10 ko/s. This terget is met et 5 and 10 kc/s for both topside
and keelside positions but in the slow snort condition only. 4All the fast
snort runs end the slow snort runs at the lower frequencies are considersbly
above ths Admirslty Noisc Target Level in both topside end keelside
positiona,

128, Comparing the snort runs for PORPOISE Class with thc bettery driven
runs for the Class es shown in Pigure 5 the snorting condition is seen to
be only about 2 dB noisier, showing that the failure to meet the target
under the fost snort condition is due largely to the increcse in propeller
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and not to engine noise. In faot, the same is true for the T Class when a
similer striot comparison is made., This, however, is not directly apparent
by comperison of Figures 4, 6 and 7 because the plots of Pigure 4 inolude

o number of A Class submorines which are quieter than T Class under these
oonditions, There are no measurements of A Class snorting to compars with
the results from battery runs, There is, howover, some machinery contri-
bution to self-noise under the snorting condition. This is particularly
noticeable in the T Convorsions at 1 and 24 ko/s in the keelside position
where the noise is very much greatcer than in either the keelside position
during battery runs or in the topside position snorting; this mey be due to
mechenically-conducted noise. In the seoond place, while FORFOISE Class
meet the Admirclty Noise Terget at 10 kc/s, when snorting at slow speed,
speed for speed, the battory runs are considercbly quieter, showing that
elthough the fast snort condition is not machinery noise domincted, the
slow snort condition is,

129, The overall reduction that would be necesscry to achieve the target is ‘
cbout 10 4B for the T Conve:sion and 5 dB for POIPOISE Class, This cpplies

et the higher frequenclies and the amounts would be even .reater at tho lower
frequoncies, The component to bo tackled is the propeller noise component
ot the higher smort speed and the higher frecquencies, while some reduction
in nochinery noise will be necessary to achieve the target at the lower
frequencies.

130, Compering the different subnmarine "divisions" on datteries, deep, it
is immedictely apparent that the old submerines erc very noisy when at any
speed at all, This is due to old, unfaired domes end ccsings (possibly
rattling) end to old, noisy designs of propeller with low cavitation
inception speeds even at depth, It is clso apparent that ths gecp between
FORPOISE Cless and the modernised subnerines tends to widsn cs the speod is
increased, This eppears to be due to quieter propellers in FORFOISE Class
end this conclusion is supported by the fact thot o greeter reduction in 4
noise is achieved by going desep in & modernised submerine then in PORFOISE
Closs,

131. Even 8o, if the old secarch-stcte target of Sea State 1 is to be
approached et the higher speeds considerable further reduction is required
even in the quietest submcrines - for instence, 15 dB ot 10 knots in
FORPOISE Class, The source, when deep, appears to be largely, if not
wholly, flow noise, although reduction in propeller noise would ellow
rcsults no worse to bo obtrined at shellower depths.

132. Comperison of topside ond keelside results at identicel speeds end
frequencies in Figure 8 shows the topside set to be noisier than the keel-
side in ecch of the three divisions of submerines; (old, modernised, and
PORPOISE Classes) except for FORFOISE Class et the lower frequencies, For
old A, S, and T Clcsses the dfference cversges cbout 5 dB, increesing
slightly with depth, but lergely independcnt of speed cnd frequency, while
for the modern submerines the difforence is 2 to 4 dB at 5 and 10 ke/s end .
less at the lower frequencics, perticulerly in PORPOISE Cless. This
smeller difference between topside and keelside positions in modern sub=-
mrrines tends to confirm thet old topside domes were unduly noisy., This
wes, in fect, partly due to the ocsing. ¥low noise is still, however, a
relatively importent contributor to noise in the newer vessels, cnd often
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the major one because the propeller performengce has besn simul tansously
improved,

133, When assessing the tao%og advance in noise performance it should
be borne in mind that in older vesscls the keelside set (Type 129) was
regerded as the primary set wherecs now it is the topside (Type 187) on
which first attention is fooused. Tho improvement is, therefore, repro=
sented by the difference between keolside in old submarines and topside
in new vessels and is thus, rather less than the absolute reduction
obtained in the topside position,

Comparison of PORPOISE Clesa with H.M,S. SCOTSMAN and 'E! Class

134, Spcoial trials concerned with domc development were carried out in
HoM.S., SCOTSMAN over a period of several years., The rcsults obtained
with an experimental stainless stoel dome spheroidsl in shape were used in
obtaining the smooth dome flow noise levels published in Reference 13,

135. Further trials were attempted with a dome of similar shapc but
constructed of resin-bonded gloss fibre., This, howevor, broke up dwring a
high-speed run, though the scanty results already cbtained were droadly com-
perable with the earlier meesurements with the steel dome. Both these
tricls had been conducted using a large rectangular transducer similar to
that used in Type 187. The next trials, reported in Reference 14, were of
e prototype glass fibre dome, again a body of revolution but this time for
use with existing 15~inch diameter transducers, These are the results
plotted in Figure 9. It will be seen that the levels are considerably
higher than either PORPOISE Class or the eerlier H.M,S. SCOTSMAN results.
This is thought to be due to a combination of two reasons,

136, In the PORPOISE Class thc dome seating is in an extreme bow position
and is thercfore well away from, and relcotively insensitive to the locelised
disturbed flow (and possibly rattling) of the casing of the submarine, In
all the triels with H.M,S. SCOTSMAN the dome lay much further aft and was
subject to such localised noises, though in earlier tricls the transducer
usced had a much higher directivity end discrinmineted better egeinst such
sources well off the transducer &xis, This enebled lower levels to dbe
obtained even after mcking the larger correction for directivity. Further-
nore, the object of the ecarlier cnelysis was somewhet different, for,
whereas it is the aim of this report to give average total sclf-noise
levels on operationcl bearings, end this had been done for the leter

H.M.S. SCOTSMLN work and for the routine trials, the most urgent roquiremont
at the time of the earlier H.M.S. SCOTSMAN trial wes to establish & mean
level of the flow noise component and its dependence on speed and
frequency. To this end the nolsier bearings were ignored as being due to
sources other than flow noise on the dome skin and the mean of quieter
bearings were plotted «s true flow noise,

137. The sonar equipment in 'E' Class employs 2 15«~inch diameter transducer
but in & dome intermediate in size between that normally used for Types 138/
168 and that for Type 187. It is similar in form to the 100-inch frigate
dome, and of streamlining superior to the early submerine domes, Its
location 1s well forward on the cesing but not quite so fer forward es on
the modern submerine.
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138, From the plots in Pigure 9 it will be seen that the 'E' Class on main
motors are considerably nolsier than H.M.S. SCOTSMAN and therefore much
noiser than H.M.S, PORPOISE. The levels from the battery runs at shallow
depths (which are not published here) were much quieter and were comparable
with, say, a T conversion under similar oonditions, This lnorease in noise
on going deep, which ocourred in both submarines, has not been explained,
No such anomaly was, however, apparont when under turbines, and this was the .
condition on which major interest was centred., The speed obtainable

under turbines is about 18 knots, though apeeds between 1} and 18 knots may

be obtained by running on one shaft only. Because of functioning diffi.

culties only single~shaft running was, in fact, possible in H.X.S. EXCALIBUR

but these results confirmed closely the corresponding results from the

H.M.S. EXPLORER trial,

139. As would be expescted, single-shaft runs are considerably noisier than
two-shaft runs at the same forward speed since, in the ccse of the single-
shaft drive, the propeller is slipping and therefore cavitating excessively ‘
and the vessel is "crabbing" somewhat, resulting in more turbulent flow and

a greater extent of non-propeller cecvitation., These effects would all
produce an increase in noise,

140, Levels on two shafts increescd steadily with increcse in speed up to
24 lmots but the faster run at "J throughput" (the normel meximum power)
produced a sharp rise in self nolse for a amell increase in forward speed
(1% knots) and a marked increase in vibration throughout the vessel.

141, The fall-off in noise with inoreasing frequency is less for one than
for two=shaft runs. This would tend to confirm the existence of a greater
oxtent of cavitation noise when under one=shaft drive and suggest possibly
flow or machinery noisa domination over certain ranges of speed and

frequency when driven by two shafts, especially as the slope is generally
steeper than -6 dB por octave. {

142, The fall-off in noise for increesing depth (which is not shown here)
is, however, also less for onc than for two-sheft runs, This would not
have been expected and has not been explained.

Comparison of PORPOISE Class, U,S,Submarines and other vessels

143. From Figure 10 it will be seen that the FORPOISE Class submarine,
within its speed range, closely approaches the lowest self=noise levels
attainable in our present state of knowledge. This is represented by the
firm line curve of "flow noisc in smooth domes" which has been generally
confirmed by a number of different inveatigators under widely differing
conditions, A level besed on three U.S.Submarines, also follows this flow-
noise line closely (Refercnce 15). Because of the number of results which
achieved this level and the fact that none was ever found to be below this,
it is considered up to now that & "break-through" in the menipulation of the
boundary layer and hence of the mechanism of flow noise would have to be .
achieved in order to recach substantielly lower levels, Certain experiements
in U.S.8. ALBACORE obtained during some noise reduction oxperiments
(Reference 16) eppear, however, to yield results of a considerably lower
level, Either these U,S.S. ALBACORE results achisve this breekthrough or
there is some factor which has not been allowed for in presonting the
results. It is thought that it is the latter,
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144, The technique of R,N, and U,S.N. measurements of flow nolsc differs
in the following important respect; wherees the measuroments summarised
in this report have been obiained with a directionsl hydrophone and ocon=
verted to an omni=directional level as described in paragrephs 18 to 20,
the U.S.N. technique has normelly been to use an omni=dircctional hydro-
phone, If, now, large solid angles of the hydrophone!s "view" ere
blanked by absorbent meterincl the sound fleld will no longer be isotropic
and the measured level of noise in the cpni-dircctional hydrophone will be
less in proportion to tho angle blanked. A directional hydrophone in the
same position treined on an unblanked bearing would initially show a still
lower level, but the correction for direotivity, which would bring the
noise up to the level expectecd in an omni=dircctional hydrophone, would
assume not only an omni=directional hydrophone, but also an isotropic sound
f£i0ld., The resulting level would then be higher than the omni-directional
measurement in the non-isotropic fisld, and it is thought, more nearly the
figure required since a sonar equipment of this sort is clmost certain to
be directive, It seems likely then, that the U,S.S. ALBACORE results are
relatively low for this reason.

445, Below 10 or 12 knots PORPOISE Class are quieter than cverage R.N.
escorts (Reference 17) but the rate of increase of noise with speed scems
to be less for the escort,

146, Until e "breck-through" is achieved in the reduction of flow noise,
and unless deterioration in dome, hull end propeller conditions is allowed
to ocour in individual submarine, PORPOIS: Class cppear to be cs quiet as
it is likely they can bc as far as Type 187 is concerned.
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TABLE 1

£ (ke/s) 112,515 10

D(aB) |=4| -8 |-12] -18

TABLE 2

DIR.CTIVITY INDEX OF TYFE 187 TR:NSDUCER

£ (ko/s) | 2.5 | 10

FE (aB) 14 | =26
1

TABLD 3
DIRECTIVITY INDEX OF TYFE 186 H/LF-ARRAY

2 (/%) | 600 | 4200

D (aB) -12 -15

.
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H.M.8. AURIGA(1) | H.M.8. AURIGA(2) | 4
Type 186 Group D.E. LRI, , HoMl8, Aggizlu(s) H.M.8.
Noohine Operating Spring 1958 September 1958 Loch Ootober 1
‘ Reference 4 Reference 5 Beptember 1959
230 volt a.0. (No, 1 0 - 0 -
nachine No. 2 0 - - 8
Gyro = Motor Generatoxr - - 8 4
L.P. Genexrator - - 0 8 4
Moin motor ?m't (] 0 - -
ocooling fons (stb'd 0 0 0 o]
Nedn motor port 0 0 - -
'} 110 or 420 rev/min (std'y 0 0 é 8
- (No. ¢ - - -
Rydrogen (0" 5 Pr K - -
cloaranoede * o Jeva -
fons O 1 8 0 - - -
No, 2 stdbtd 0 - - -
No. 2 Port + No. 1 stbtd - - - 18(3
(a1 - 12 1 20
4iftor- ort - - - 29
services stbtd - - 13 15
circulcotars (mdd-line 16 16 18 -
I1)0 No. 1 18 23 32 18
Tolenotor
No, 2 16 19 2 1
pupe 3 No, 3 - 2 - 7
0 (sero) meens "not abowe 881" or "no reduction require
- (dash) mocns "no mocsurement®
(1) *slow or full"
(2) ™10 or 150 rev/min"
(3) "All oxcept forwcra®
(4) "All excopt No. 2 stb'a"




A.
LR L
RRAYS IN "A"
(4B vs 881)
AURIGA(2) .
RL. | Ho“ig;h‘ﬁg‘(” H.M.S. ARTPUL | H.M.8. AMPHION | H.M.8. ALARIC | H.M.8, ASTUTE | H.M.8. ALIGENEY
tber 1 gsa Soptember 1959 | October 1959 April 1960 | Pebruary 1961 July 1961 September 1961
‘onoe
- 0 - 0 0 0 -
- - 8 - - 0 0
- 8 4 0 0 7 0
- 0 8 0 0 2 0
0 - - 0 08 0 0
o 0 0 0 o(4 0 0
o - - 0 o{z; 0 0
0 6 8 0 o(2 0 0
- - - 7 6 1 3
- - - 0 4 12 8
- - - 10 1% - -
- - 18(3) L 5 - -
12 14 10 - 12(4) -
- - 29 - 16 20 10
- 13 15 - 15 18 5
16 18 % - 13 14 8 11
23 32 18 30 2, 13 21
19 2 17 1% 16 14 2

5 "not abows 881" or "no reduwctlion required®

8 "no mocsuromant"®

u n
v/min"
rwerd”

o 2 stbta"
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TARLE & (Contd. )
NOISE LEVELS IN TYFR 186 A"
(dB vs 881)
H.M.S., AURIGA(1) | H.M.8. AURIGA(2)
Additioned o e ARL H'”iﬁ;h‘mcouﬁ“” HM.S. ARTPUL
Mcchines T 1 Soptember 19 October 1959
Roforence L Roforence 5. Scptember 1959
Refrigcerator 19 23 17 17
oft - fortd N
Trin pump ifor'd - of't) 13 17 10 2
- 4
Bollest rump . 8 14 23 25
Air conditioning por:: - - - 28
plent ® (stb'a - - - 26
o both 26 29 30 -
c f.-
Shirs vex(x;tﬁz‘)t:lon cns 15 15(1) 10 12
L X
Battery ventilotion fons - - . - -
qb‘———— .
Sub=pressure sfor'd - - - -
puap l‘.ft - - - -
002 absorption (fortd - - - -
Sound room table fan - - - -
Sount room "Vont Axi-~" - - - -
400 ofs ablomener” - - - -
Auwdlicry trin pum - - - -
Reducer 0 - - -
o sasmn o ame e — . arn
Distiller 5 ;ellon - - 20 -
15 grllon - : - 27 -
(1) full speed
(2) due to 10 x 6 inch fans; 10 x 3 inoh fams quist
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TABLR & (Contd.)
JEVELS IN TYFE 186 HALF- A I3RST
(4B va 881) =
AURIGA(2)
RuL. HollaSe ARIGAG) | 44,5, ARTPUL | H.K.S. AIPHION | H.K.8. ALARIC | H.M.S. ASTOTE | H.M.B. ALTGINEY
tber 1958 October 1959 April 1960 Fobruery 1961 July 1964 Sentember 1964
sonco 5 Scptember 1959 i .
- o -q‘
3 17 17 10 16 12 L
- 19 20 12

17 10 2, 1% 20 " 2
& 23 25 2 - - .=
- - 28 2 14 - 18. 18
- - 2% - 13 14 19 THh
9 30 - - - - -
5(1) 10 12 é 7 15 6(2)
- - - -1 14 - 8 =
- - - 2l 18 1 -
- - - 0 o 0 -
- - - 0 c 0 0.
- - - 3 - - -
- - - 0 - - -
- - - - - O -
b - ————
- - - | - - - 43
- - - 0 0 - -
- 20 - 17 2 Z -

—_— 27 - - ‘”0- _i 1 -
» inch fans; 10 x 3 inoh fans quiet
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330

IONS IN NOISK A" CLASS TO AC
SBA_STATE 1 IN | =ARRAY OF TYPR 186
AND AT ROTH FREQUENCIES (dB)

HoM.S. | HoMoSe | HoM.S. | HoM.8. [HM.S. | HM.S. |
AURIGA | ARTIL | AMPHION | ALARTC | ASTUTR [ALDERNEY
Total 186 M/C (Static) | 12 12 " M| ¢ o(2)
186 Search State (1) -
(underway) 14 17 9 6 5
Flow contribution 10 P18 8 - -
Revised 186 W/C (5) O] ] ol (9 !
evise ;
R 22 18 13 14 10®)h/2¢
Revised 186 SS , {
e S 2 19 i W 1% 13 - -
1 H 1 ' I | 4

(1) H.C.P.'s domincte; thcse were not run in other vessels et this stage.
(2) Based on mecsurements of individual machines only.

(3) Based on published figure; uncertain why this is not equal to the
difference between the two figures sbove it.

(4) Including extre machines, see text parcgraph 102,

(5) No. 2 I¥O Pump dominotes.

(6) Mid-line circulator dominates,

(7) After -services circulator dominates.

(8) Assuming mid-line circulator and No. 3 IMO ere added,

(9) Assuming starboerd circulator is edded and No. 1 IHO is not/is run
(no measurement on No. 3 IO which is usually quioter).




SR LVELS (P8 B30 HALD-
(N 70" CLASS (NOTSIZST CHAN

. ;] :
NEL)

1 PAS R &

"roup I° HM.8 ! HM8 | HMS, | HM.S. | HAS, |
Moching Oberating | CACHALOT!) ORPHEUS | WAIRUS | OBERON | FORPOI
Peb, 1960{Jan, 1961 | May 1961 | July 1961 | Sept*.196
115V a.0. No. 1 Oh(!) 1 0 0 -
machine No, 2 - 5 0 - 0
Gyro wheel 0 8 0 - -
+400 ¢/s m.a. 0 8 0 0 0
..P. Generator No. 1 0 0 0 0 0
No. 2 - 0 0 0 0
: +=
Rydrogen port - I 10 ..’ 2 10 0
clearance nid - - - 0
fans No, 2 stb'd - ! 9 ‘ 0 )
port - J v 0 0
mid - - - 0
All 1 10 0 10 -
Mein motor port 0 <2 0 0 0
cooling fans (utb'd 0 <2 0 0 0
Hovering gear - <2 - 0 -
(cctuator pump only)
A.R.I‘o plotting table - 3 - - -
W.R. record player - - - -
(phone sets) <2
After services port - ! - - ; 0 o
oirculator tbtd 0 ! - - . 0 0 ]

0 (zero) means "not ebove 881" or "no reduction required".

~ (dash) means "no mecsurement",

(1) Estimeted from single hydrophone meecsurements (Reference 5).

(2) 230V e.c. machine,
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5.
M (Contd,)
(aB_vs _881)
Group II !!lntso l!ln.s‘ —.m‘m:. ﬂonoso }!.ulg.
Machine Operati CACHALOT CRPHEUS WALRUS | OBERON FORFOISE
P e iMob, 1960 |Jen. 1961 | Moy 1961]July 1 X
E.M.R, "Went Axia® - < 3 - - -
W.R. "Vent Axia" - <3 - - -
Sound Room Fan - 5 0 - 0
Main Refrigerator 8 <3 0 0 0
Domestic Regrigerator - <3 0 - 0(1)
100 c/s 205V éNo. 1 - 0 0 - -
machine No. 2 - 0 0 - 0
A.ToH.C.B - 0 - - -
Additional
Machines
Steering - 3 - - -
Hovering gear ﬁoff load] =~ - - 0 -
punping - 15 - € -
Telemotor (IMO No. 1 22 9 10 3 6
pumps INO No., 2 - 8 14 6 1
mo No- 3 - - -(2) o -
(N.E.R.L,pump - 14 I - -
MoTaggart-Scott pump 14 - - - 1,
C.P. Generetor No. 1 - 12 - 0 -
No. 2 - 13 - 0 0
WQR. heater - <3 - - -
1
10 in x 6 in No.1}) 9(3) 5 0 0 0
Fons No. 2! 3 0 0 0
10 in x 3 in No.1 13(3) 3 0 0 -
No.2{ 6 0 0 -
Both 10 in X 6 in + ! - - - - k
both 10 in x 3 in i
Fens 10 in x 3 in radar{
exhaust ! - - 'y - - 0
galley exhaust Lo - - - 0
(1) ‘teither',
{2) "fitted with flexible piping".

(3) "ships ventilating fans",




3.
TABIE 6 (Contd. )
(4p _vs 881)
A341H onal B8, | HA.S, [ HXS | HM.S, | HX.8.
Maohi. CACHALOT ORPHEUS WALRUS OBERON FORPOISE
otlne 8 Peb. 1960 | Jan. 1961 | May 1961 | July 1961 | Sept. 1964

Alr conditioning(No.1 6 0 0 0
plent &mqg 2 6 0 6 0
100 kw generator No.ﬂ - - 0 - -
No. - - 0 - -
Trim pump ifor'd aft " - - - 4
aft for!d - - - 0
Ballest pump 10 - - - -
500 ¢/s motor  No.4 - - - - 0
generator No,2 - - - - 0
Sub=-pre ssure No.1 - - - 0 0
pump N°{ﬁ - - - 0 0
Distiller No.1 - - - 0 0
No. - - - 0 0
180V mechine No.1 - - - 0 -
NO.2 - - - o -
C0, absorption f - - - 0 0
2 untt ] - - - 0 0
Battery cooling No.1 - - - 7 16
m NO.2 - - - 5 16
hcid agitation - - - 0 3
Battery venti- No.1 - - - 7/16 } 1
lation fan(slow) No.2 - - - 0/8 1 1
VL] - - -/16 -
Lub. oil - - - - 0

priming pump
Engine turning gstb‘d - - - - 0
gear port - - - - L

Crypto machine - - - , -

"Group up".

(1)




37,
REDUCTLO NOZSE
ASS TO ACHRIFVE SEA STATI
N ',': B6 R .
HM.8, | H.M.S. | HM.S, | HM.8, | H.M.S,
CACHALOT | ORPHEUS | WALRUS | OBERON | FORPOISE
Group I (Static) 0 1 3 1 o/90)| oD
Group I (Undaruy)(”m 8 1 5 5 o2
Group II (Static) 8 |2 9 279 (W)
1
Group II (Underway) 1 ' 20 10+ 5/9(1) 1(")

(1) 9 4B reduction required when all H.C.F.'s run; No. 2 set could be
run without interference

(2) excluding H.C.F.'s.

(3) 50 rev/min both shafts,

(4) excluding ?lain and domestic refrigerators
AT.M.C.8
but including some H.C.F.'s.

sthough not noisy)
not measured)

H.M.S. OBERON and H.M.S. PORFOISE up to 95 rev/min both (and
H.X.S. PORPOISE 110 starboard) with no increase in noise,
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AUWE. TECH. NOTE

7 ¢"0ia.PROP

DOUBLE REDUCTION GEARING

3 CAM VALVE - | -
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TRIPLE PUMP 4—'-—
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SECRET DISCREET FIG.2 (o)
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AUWE. TECH. NOTE -105/62

OMNIDIRECTIONAL SPECTRUM LEVEL (d' VS IMICROBAR INI CYCLE IAW)

o]

'
»
o

- 50

/
/
/
/
!
/
/
¥
77
V' /
v
I 4 | 1 L
(o] 10 15 o S
o S 10 15

KEY:

- e KEELSIDE

BELOW EQUIPMENT
BACKGROUND,_ NOISE
(eLecTroncc)

-

| Ke/s

2" Keps.

FIG.8.0) COMPARISON OF TOPSIDE AND KEELS

SPEED IN XNOTS




SECRET DISCREET FIG. 8@

KEY:

cmmtmemee  TOPSIDE

- == KEELSIOE

W BELOW EQUIPMENT
BACKGROUND_ NOISE LEVEL PERISCOPE DEPTH !
(a.scraomc

2" Kefs. S Kefs 10 Kefe

&\i\\\\\\\\\

— n
o S 10 1S
5 o) 15 0

SPEED IN XNOTS

a) COMPARISON OF TOPSIDE AND KEELSIDE RESULTS-PERISCOPE DEPTH.

| SECRET DISCREET




105/62

A.U.WE. TECH. NOTE

(dB vs | MICROBAR N | CYCLE 8AND)

OMNIDIRECTIONAL SPECTRUM LEVEL

==== KEELSIDE

~<XXT BELOW EQUPMENT
NOISE LEVEL (ELE

1 KC/$S / 2'h  KClS 5 KC/S
o
o OLD'AST 4 4
20— . SLOAS)
OLD 'AST i
- 301m 7
/
){

/

/
-40

-50

FIG8(b) COMPARISON OF TOPSIDE AND KE

j

5 'O <peen '3« KNOTS




S e 7 =

SECRET DISCREET FIG.8 (b)

) KEY
——  TOPSIDE
-==— KEELSIDE
~<xX BELOW EQUIPMENT BACKGROUND
NOISE LEVEL (ELECTRONIC | 100/120 FEET
ba'h KC/s 5 KC/S 10 XC/S
o
-10

o

AT CONV

| Pl

-« o bt
OLD 'A'S,T,
y &
/
/(

/v‘ ,
/
// /
7/

/
£ /7
‘| / =

R AN

JGB(b) COMPARISON OF TOPSIDE AND KEELSIDE RESULTS 100/120 FEET.

SECRET DISCREET




KEY:
----- KEELSIDE
w SELOW EQUI
0
ELECTRONIC
IKels. 2¥2 ke
Fl °
-
:
_ -0 -0
2
3 oLD ‘A'SY.
3 -2 X AT, conv. -20
2 / oLo ‘KY;
“? /7 .
> ,I / OLD ‘AS.T}
& /e /
4 —3 -30
§ W & [
g / // :’1
5 ! ‘AT, CONV.
-40 -40
3 K
4 /
g / ‘,
o~
2 g -50 - 80 o
a é
o
» g
9
< % s 10 s ) s
g . o) 5 10 1S
SPEED N KNOTS !
g FIG. 8g) COMPARISON OF TOPSIDE AND
2
<




S YIS st s

s

SECRET DISCREET FIG. 8/

KEY:
—— TOPSIDE
----- KEELSIOE
BELOW EQUIPMENT 200/240 FEET
§§§ KGROUND_ NOISE LEVEL
euscmomc)
2¥2 kess 8 Kejs 10 Ke/s
-0
-0
A
oLo K¢y
OLD ‘AST

‘A':rlcouv.w
7

/

'/

{o]

FIG. 8¢) COMPARISON OF TOPSIDE AND KEELSIDE RESULTS 200/240 FEET.

SECRET DISCREET



105/62

A.UWE. TECH NOTE

OMNIDIRECTIONAL SPECTRUM LEVEL (48 vs 1 MICROBAR N ICYCLE BAND)

TOPSIOE

——— KEELSOE
BELOW E
TS o &‘:"‘(JJ

1kC/S 2'h /s S KC/S *
-20} -20
‘2T conyd—" /
-W '30
‘AT CONV.
A
{ L]
¢ ©
-40 o —=P __40
‘A
- -50
Py
- —60
(<) 3 10 ] o s

10 15
SPEED N KNOTS

o'l
[T

FIG.8 (d) COMPARISON OF TOPSIDE AND KEELS|




.

e i s 5 PR,

SECRET DISCREET FIG.8 (d)

TOPSIOE
— ——  KEELSIDE

XXX JELOW EQUIPMENT BACKGROUND 3 FEET
NOISE LEVEL (ELECTRONIC) 0

2k kC/S S KC/S 10 KCIS
-20

" M.

b 0 s 0 ]
) ] 10 33
SPEED IN KNOTS

d) COMPARISON OF TOPSIDE AND KEELSIDE RESULTS - 300 FEET.

SECRET DISCREET




15

0

T
22 KC/S

Y

10

I KC/S

20

°

(S/2 NI S¥vEOoudIN SA 8P) 13A3T WNYLD3IAS TVNOILIIYIGINNO 3SION 3713S

o

°
'

o
~
'

(o]
<
]

(o4
"]
'

IN KNOTS

SPEED

€9/SO1 31LON HO3L aImny



|
S KC/S

T

10 KC/$

T~

-20
/
-, | |
-30 .
/! p H
T / < 1.
I" ’
/ d
-‘o ’ 70 -
"— ( ‘4/
P 1 N 2 y
» 'l
x /
]
-50 J
SR
as 0 S 20 2s
] 10 20 s o -] {e]
SPEED IN KNOTS




-
SECRET DISCREET FIG. 9
10 KC/$
DEPTH..300 FEET
KEY
— o e+ H.M.S. EXPLORER
(8OTH SHAFTS)
ccewe=aHMS SCOTSMAN
(A/S §9 DOME)
PORPOISE CLASS
| —— o — HMS. EXPLORER
[ (ONE SHAFT)
= y BELOW EQUIPMENT
P
V"‘/ (’ / \E\s:;;ucncaouno NOISE
. / LE VEL (ELECTRONIC)
A -
" ’
%
/P A Smm——pt - ‘l
) —— .
’
’
'l
Lemeu-- / FIG.9. COMPARISON OF ‘PORPOISE’
e / CLASS WITH HM.S. SCOTSMAN
L ]
AND HMS. EXPLORER,
4_/’ (TOPSIDE POSITION)
A AR ..
N N N\ NN
. -] 2

O 2s

SECRET DISCREET




KEY -

—— ——— HMS. EXPLORER.

% X~ PORPOISE CLASS (DEEP)

- — 4 REPORT ON 3 uS. SUBMARINES. (REF. 18.)

pr——— FLOW NOISE IN SMOOTH DOMES. (REF. 13)

. B8OW DOME.
@----------- ® uss. Asacore (oo oo ,N,wm> (Rer. 16)

— === =] AVERAGE RN. ESCORT. (REF. 17)

Y .0 Vi
¥ 4 e
'./. N

3 y Y,
g / /
(Y] AN
2 \/
= -20r 7
H N
< v
— \/
] .
5 i /;4" ~

-3OF; I\/

”~
: P 9
P -
1%} 4 ’9’
W ’
& ,
- ‘l
< 7
5
- ”,
o 9
<
]
2
( ADMIRALTY NOISE -
- -~ — - - — - —_ — — =+ — — TARGET LEVEL ‘SILQNT LISTENING VLATFGRM' (REF 0/
-60 L l L
0 5 10 1S 20 25 30

SPEED N KNQOTS




s (DeeP)
us. suBMARINES. (REF. 1S)

N SMOOTH DOMES. (REF. 12)

BOW DOME.
E \AR maT mrm’so) (“5"' 16)

ISCORT. (REF. 17)
_— ./'
e
- / h
- 7
7 %
— \/
7
AN
\/
/‘/
\
-
/*% /\/\
» LR
' 7\
A )
/ -
II”
n;’,‘
7

’I
— i

ADMIRALTY NOISE -
1]
= — TARGET LEVEL SILENT LISTENING PLATFORM’ (ner )

| | A

20 a5 30
SPEED W KNOTS

-

FIG. 10.

o s a e e

SECRET DISCREET FG. 10

COMPARISON OF PORPOISE CLASS,
US. SUBMARINES AND OTHER VESSELS

(5 kc/s., DEER)

SECRET DISCREET

1




105/ 62

AUWE. TECH NOTE

TYPE 186 arrars

SEARCH STATE (UNDERWAY)

NOISIEST CHANNEL

n
FULL (a) LIST

3

] ! M
SHORT “(a) AVERAGE OF
LIST y

—— AVERAGE OF

10| 0 a'P' CLASSES

ADMIRALTY NOISE
TARGET LEVEL(SS.L)

7
v

TYPE 186 MACHINERY GROUP

LEVEL IN NOISIEST HALF - ARRAY (dB vs S.S1)

N\

NS

A
)

FIG Il. SUMMARY OF THE SELF NOISE STATUS OF T

(48 va uBAR IN C/S)

OMNIDIRECTIONAL SPECTRUM LEVEL

-20

‘a1 Mmoo

‘1" conv.
-30

L ]
/'
®

-50 TA

- 600

swee: (nJ




vy 0 ST

SECRET DISCREET

s TYPE 187 posiTiON
ERWAY ) SEARCHING 2 '/2 KC/S SNORTING 10 KC/S
L (ON MAN MOTORS , DEEP)
' ]
NOTE :- NO ‘A- CLASS
i —  VESSELS INCLUDED
'”# | - N THIS PLOT. —
R Y
AT MoD .
‘T COnv. \ /
a -30 -30
>
3 * . \J
> 13 . T_MOD
&9o , T’ Conv. y
AVERAGE OF Sz .
D &°P CLASSES w = / s - AR
bg - 7 Paass- 3-40 ' P CLASS
3 . Y / ADMIRALTY
‘ ' : g mmag"f*
$.6
g ] / 2 (850
E U. . G 7
su) 8 DMIRALTY NOISE &
- —e O Al AL - p)
/ é 59 TARGET LEVEL (SS.) ® sc /
2 NI,
Z -60 / A - /4
o s 10 ;)

SPEED (KNOTS)

VMMARY OF THE SELF NOISE STATUS OF THE MODERN SUBMARINE.

sreeo (mors)

SECRET DISCREET




(8)
(3)

(¢)
(D)
(E)

®
(6)

(1)

)

Country of Origin
Establishment of
Origin with short
address

Title of Report
Author

Pages and
Figures

Date

Originator!s
Reference

Security
Grading

Abstract

R 3C

U.X. ABSTRACT
NO,

UNITED KINGDOM

Admiralty Underwater Weapons Esteblishuent,
Portland.

Sonar Self-Noise in Submarines

Js A+ Stacey

4O peges ((1) = (ii1) (1 =~ 37))
11 figures

December 1962
Technical Note 105/62

SECRET DISCREET

From the self-noise standpoint the number
of classes of R.N, submariines can be reduced
to only three - viz. "0ld", "Lodernised" and
"PORPOISE". Measurements in both conventionel
(Type 187) and correlation (Type 186) passive
listening sets carried out up to lote 1961 are
summerized and compared with noise measurements
in other types of vessel ond with submarines of
other navies, It is concludesd that, except
under the snorting condition, the Ldmiralty
Noise Target Levels for self-noise in submerine
soners cre generelly not achieved, though the
margin of failure in some modern vessels 1s
quite smell,
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