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AUTHORIZli.TION 

1. This work was authorized by Bureau of Engineering letter, refer­
ence {a)• Additional correspondence pertinent to this problem is listed 
as references {b) and {c). 

Reference: (a) BuEng let .SS125/S68(10- 7-Do) of 21 Feb .1936. 
(b) NRL let.C- S68/61:C- S68/15 of 9 lliiarch 1936. 
(c) NRL Report No. S- 1199 of 25 September 1935. 

STATEi:,.ENI' OF PROBLEM 

2. An immediate problom was to detonninc v.h0the r tho soun:i insula­
tion of certain auxiliaries on tho S- 20 had any material offoct on tho 
range at which she could bo hoard by another ship listening to tho souni 
through tho wator . '.i'ho general problan uas to measure tho intensity of 
tho sound in water produced by the S- 20 under difforont operating condi­
tions at different spoods, ranges , and d0pths; to compare tho rolctivo 
intensity of tho sounds produced by OQCh of tho driving units; .:ind, if 
possible, to detormino the mechanism of the production of sound in ;-;ctor 
by a ship underway. 

DESCRIPTION OF 1ATERIAL 

3. Tho subm:1.rino S- 20 wns usod o.s e:-. to.rget ship throughout those 
experiments. The converted destroyer S~tiliES was used as a listening 
ship. The S-20 has a direct drive lou speed diesel engine and a direct 
drive motor ~orking through a conventional clutch to the propeller shaft 
on the port side. On the starboard side the S- 20 has a high speed, 
opposed cylinder diesel engine driving an electric generator. The gene­
rator is connected through a Ward Leonard control system to a high speed 
motor and reduction gear directly connected to tho propeller shaft . A 
flexible rubbor, sound insulating coupling had been installed between 
the reduction gear and tho thrust boaring of tho propollor shaft c.nd 
felt sound insulation had boon installed under tho motor nnd roduction 
goo.r unit o.nd under tho lino she.ft boo.ring supports . }:io~ns wcro cl.so 
provided for bridging tho insuluti on on these units during particul<'..r 
tests to dotermino their effects . In gonor~l, tho port side is of tho 
convontiono.l. typo, but on tho sturbo~rd side numerous attempts have 
boon mo.do to isolnto tho driving source so th~t it c.:'.?lnot transmit its 
vibrations to tho hull or to tho propellers. 

?.IETHOD OF 'IBST 

(a ) To determine the effect of insulating the auxiliaries. 

4. The S-20 hauled doym on her anchor in 50 feet of water and 
operated the minimum auxiliaries necessary when submerged for a short 
time. The SE1u.uES anchored at 1,000 yards range and measured the noise 
level over tho frequency range from 8 to 50 kilocycles. Tho range was 
reduced to 600 yards and tho S-20 increased the number of auxiliaries 
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until all were in operation. The 33:L.iBS was unable to identify any noise 
from the S- 20 above the general background of noise in the bay. All the 
sound insulated auxiliaries were then bridged With C c lamps and ope r ated 
full blast. In addition, the diving planes o.nd steering gear were operated 
continuously and both motors were i dled at 255 turns . As the rosults were 
still negative, tho S- 20 got underway on tho eurfo.ce on one motor o.t 205 
turns o.nd circled tho :5E1JvES o.t 600 ya.1·ds r c.ngo . This is cbout the minimum 
turns nt which the S- 20 con opor.::.to submorgcd c.nd '§'.vo o. be.sis for compa.ri­
son uith the a.uxilic.ry noise. 

(b) Gonorc:.l Probloms . 

5 . In ordor to dotermino tho r ol .--.tivc import::::.nco of the difforont 
sound sourcos in producing sound in tho m-.tcr o.nd tho offccts of spood, 
ro.ngo, depth of submergence, und s ho.dowing by tho hull, tho schedule of 
runs given in Tc.blo 1 w.s r:orkod out r..nd po.rtic.lly comploted in tho 
C'.vr-.ilublo t imo . In prcpcring the table , it u::-.s c.ssumod thr-.t , under tho 
fc..voro.blo conditions of wo:-;.thor end to1:1por r-.turo gr;'.diont found in the 
Gua.nt.::.nc..rao c.roc. on p rovious oxpodi tiono, i t ,;1ould b o p ossiblo to c ompn.ro 
the o.bsolute va.lue of tho roo.dings on one d~y with thoso of o. le.tor dc.y . 
This proved not to bo so, except uhero a. lo.rgo qu2.11tity of dctc permitted 
stn.tistic::-..1 t r odment . Tho order of the tests vr.i.s lutor modified so t hc.t 
compo.rntivo instead of cbsoluto resul ts could be obtcinod . For oxc.mplo, 
the port motor would be used as a reference level with which to compare 
the starboard side under different operating conditions . 

6. The speed corresponding to 205 tur ns vra.s chosen as about the 
minimum speed at which the diesel engines could be operated on the sur­
face and the ship controlled when submerged. The speed corresponding 
to 255 i:vas about the maximum the S- 20 could make submerged for a full 
day ' s operation and also requires t\"1i.Co the shaft horso power usod at 
205 turns. 

7. Tho SEMt.ES was oquipped for listening m. th a sound o.no.lyzor 
and a. special flc.t c1no.lyz i ng tr2..nsccivor fully desc r ibed in roforonco 
(c) uni ,-rith sopurc.to horizontcl echo r~ngi ng oquipmorrt to moc.suro tho 
range . Tho ba.ckground of noise on tho SEM~ES c.t speeds below 10 knots 
is low o.nd did not interfer e \7ith tho listening to tho S- 20 on o. boom 
boaring . A run consistod of 20 ro~dings of tho intensity of tho noiso 
from tho S- 20 nbovo minimum c.udibility on phones int ho ma.in sound room 
of tho SEfil/ES o.t 20 frequencies of 7, 8, 9, 10 , 11, 12, 13, 14, 15, 16, 
18 , 20, 22, 24, 26, 28, 30, 32, 36, c.nd 40 kilocycles . These froquon­
cios wero chosen to pormit plott i ng ~n ~ccurnto curve, bei ng closer 
togothor uhoro tho slope is chc.nging r::-.pidl y . After tho first series 
of rondings, every third or fourth rec.ding m-.s rope-:::.tod ~d if the 
chock roe.dings c.grocd uithin 2 docibols , tho run wr-.s considered sntis­
f~ctory . If thoro were too much w.riction, tho uhol o sori os uould bo 
chocked, but in en irrogul~r order. 

8. To got c. single num~ric.:-.l vcluo for a. run to permit simple 
comparison with o.nothor run, the nvorc.'..gos of tho roc,dings ::-.t on.ch fro• 
quoncy wore o.ddod c.nd div'~d by 20 , the number of frequencies ct which 



rec.dings ',Vere nnde. From the energy st::-.ndpoint, since db • 10 log P /Po, 
to add decibels is to multi ply the ratio of the ere rgie s above an arbi­
trary level and to divide this sum by the number of readings is to extract 
the root. The number thus obtained is the geometrical mean of the series 
of readings of energies. Since the response of the human ear is approxi­
mately logarithmic; i.e., directly proportional to decibels, the c.rith­
meticul mean of tho decibels, or the gooraotricul moun of tho oncrgios, 
gives a number proportionQl to tho response of tho our over tho selected 
froquoncy ra.ngo. A comparison of these average values therefore repre­
sents their relative intensities as heard by a listener, which is the 
practical purpose of this study. 

DATA OBTAINED 

9. Approximately 100 runs of 30 readings each, or 3,000 separate 
intensity measurements, were im.de during this study. These have been 
grouped for comparison in a series of tables. The numbers given in the 
tables are the averages for a run under the conditions stated. The 
abbreviations are: P, port; s, starboard; E, engines; M, motors. 

(a) Effect of sound insulating auxiliaries. 

10. When o.11 tho auxiliaries were operated full blast either when 
insul~ted or uninsulated, they could not be heurd on the SEMl\:iES ~to. 
runge of 500 yurds so us to be recognized ubove the general bnckground 
of noise in the Bey, QVer~ging 21.4 decibels. 

11. The dc.tc. ut 500 yQrds for comparison between o.uxilicrios, 
chQrging bnttorios, C'.rld running ci 205 turns nre shown in Tc.blo 2. 
This table shows the c.ppc.rent sound from the c.uxilicries to be c..pproxi­
mc.tely the so.me o.s the generc.l bc.ckground of noise in the Bay. It is 
probc.ble that tho uuxiliurios wore rec.lly below this level o.nd wcro 
not honrd at ull. When oporo.ting nt minimum prc.ctice'.l spood, the sound 
o.vorugod 14.5 decibels ubovo tho cmbiont noise level. Whon charging 
bc.ttorios on tho port onginc, delivering tho scJno powor ~s when running 
o.t 205 turns, tho sound c.voro.god only 4.5 decibels above the ambient 
level; thut is, tho noise in tho we.tor from tho engine a.nd generator 
wo.s only 101- of thnt from the propollors when undor,-.rc.y. 

(b) Sound Output vs. Turns 

12. Tho effect of the nu.mbor of turns on tho sound output is shown 
in Table 3 for differont conditions. Tho nvorr:.gc go.in in noiso for tho 
incroaso in spood is 5.3 decibels. 

(c) Kilowc.tts vs. Turns 

13. From the records kept by the S- 20 on the volt-nmporo readings 
required for ouch speed under different conditions, tho nvcrngo vc.lues 
given in Table 4 wore obtc.ined. To increc.so tho speed from 205 turns 
to 255 turns required thc.t tho power bo incrocscd by o. factor of 1.92. 



(g) Intcnsi ty vs. &ngo. 

18. A limitod number of runs 110ro rrr.do a.t both 1,000 a.nd 2,000 yc.rds. 
Tho da.tc. a.ro su.mmc.rizod in Tc.blo 8. Thoro is considerable vo.ric.tion o.s tho 
runs at different ranges were made on different days and under different 
sea conditions, but they are sufficient to warrant averaging. The average 
loss in intensity is 6 .4 decibels for an increase in range from 1,000 yards 
to 2,000 yards. This gives a low absorption coefficient of oe ... 0004. The 
practical meaning of it is thn.t i£ the noise of a submarine cun be reduced 
by 6 .4 decibels, the range o.t which it c::tn be heard would be reduced 1,000 
yards for the so.me o.bsorption coefficient. For oxc:mplc, driving from tho 
side opposito the listoning ship would roduco tho range '"!.t which tho S-20 
could be hoard by ovor 1,000 yards (sec Ta.blo 7). 

(h) Effect of Speed on tho Frequency Distribution of tho Noiso. 

19. In order to determine tho effect of speed on tho frequency dis­
tribution of the noise, the intensity at 30 kilocycles was compared with 
that at 15 kilocycles for 205 and 255 turns. Because of the different 
effects in deep and in sha.llo~ wc.ter, the do.ta. ha.ve been uvcrc.ged in two 
groups in Table 9. In deep W2.t0r c.nd long range, tho 15 kilocyclo noise 
is a.bout 10 decibels louder than that ct 30 kilocycles. In shc.llo~~c.tor 
and o.t short ro.nge, the difference is much loss r.:.nd tho highor spood 
seems to accontucto tho higher frequency. 

(i) Bc.ckground of Noise on the S~:M1~S o.s c Function of Speed. 

20. Tho buckground of noise on tho SEMMES YJC'.s mousurod at different 
speeds and bearings using the QC-2 and QC-5 magnetostriction geur ,1ith an 
attenuation box and an output meter as an indicator with an arbitrary 
zero level. This level was some 10 to 15 decibels above the level used 
in sound analysis. The selectivities of the transceivers and omplifiers 
differed from the analyzer. The distance from transceiver to propellers 
wus about 160 feet, although some of tho sound must huve traveled farther 
due to reflections from surfuco ,m.ves. Therefore, too decibel roe.dings 
aro not directly co~p~rnblo with those obtc~nod in the soun:l nnn.lysis 
of tho S-200 

21. Tho QC amplifiers ovorloadod ct a.bout 28 decibels output so 
tho.t it wo.s necessary to reduce the gc.in by 25 decibels to go c.bovc 15 
knots. Tho v::luos nbovc this speed c.s sho,rn in To.blo 10 nro o.djustod 
to componsc.to for tho change in gcin but o.ro not considered so rolinblo. 

(j) Tomporo.turo Do.to.. 

22. Tho surf:::.cc tompcro.tur o in tho open son gra.du..'1.lly incroo.sod 
from 24.5 to 27 .o° C during tho five v1ooks c.t Gua.nto.nomo. Whonovor 
tho S-20 submerged, she moo.sured tho tompcr~turo on two thormonoters 
outside oyoports in tho conning· tower . Tho difforonco bct,10on the sur­
fc.ce and 60 foot was nlunys less tlr.n 0.5° C. A typico.l series is 
shown in Table ll. 
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ACCURACY 

23. The discrimination and constancy of the sound equipment is 
good to 1 decibel. Readings were n:ade to the nearest 2 decibels. The 
two listeners consistently checked to better than 2 deci bels on the 
average. Ranges were maintained vnthin 51/o, except on some of the 500 
yard runs, which should make less than 1 decibel error in sound intensity. 
The temperature difference botwoen 1 and 55 foot was always loss than 
0 . 5° C and frequently uas loss than 0 . 1° C. Tho absorpti on coefficient 
~as very lou. Tho only other known variables arc tho sur face sea condi­
tions - swells and ripples - and tho sound output of tho S- 20 for u 
given condition. While o.11 tho work wc.s done under who.t would norm..1.lly 
be considered good sec. conditions, yot there TTC.S c,lwo.ys u ground s,1011 
and tho ripples vc.ricd from cC'..lm to light white ca.pa. A course wc.s 
c.lv1nys chosen into or ui th the s.:,olls ~.nd tho ripples ,.-;,ore usua.lly a.bout 
30° off tho course . Considered c.s a.n uccidcntc.l irregularity, tho ef­
fect of tho sec. should cvcrc.gc out inc. sufficient numbor of roQdings. 
This condition we.a only po..rtio.lly m::t fo:.~ some prob lo ms uni is boliovcd 
to be o. mc.jor cc.use of tho inconsistencies in tho dr.ta. . Tho c.no.lysis 
o.hw.ys gives c. diffcrentir.l offoct bcti;;oon t,;;o or more oporc.ting corrli­
tions. Since the difference is usually a small percent of the- total, 
a small error in the total may !Ilake a relatively large percentage error 
in the- difference. 

CONCLUSION3 

24. The following conclusions are d r awn from the foregoing data: 

(a) Sound generated in the water by all the auxi liaries of the 
S- 20 forms less than 107o of her total sou.rid output v.hen submerged and 
underway at 205 turns. Under such conditions the range of detection 
will not be appreciably affected by supplying the auxilio.rios with 
flexible mounts . 

(b) Tho major portion of the sound generated in the wator by 
both the S- 20 and the SEM1ES origimtcs in the driven propellors. This 
statemcrrt probably holds true for all types of ships. 

(c} Within tho speed limits invostigc.ted tho intensity of tho 
sound gcnora.ted by c.nd through th.3 driven propellers increases rapidly 
with increase in r.p.m. In case of tho S- 20 incrc~sing the r.p . m. from 
205 to 255, which moans about doubling tho sh:-.ft horse power, tho in­
tensity of the souni is increased by o. fc.ctor of 3. In tho cc.sc of tm 
SEMMES, this incroo.sc of sound output rr.i.. th r.p.m. bocorro s very mc.rkcd 
for speeds beyond about 11 knots. At 15 knots the souni output is in• 
creasing by a factor of 4 per knot. 

(d) The felt insulation under the starboard motor and reduction 
gear reduced the sound output at 205 and 255 turns. In the 1935 tests 
it reduced the noise at 260 turns, but increased it at 220. Installa­
tion of insulated line shaft bearings am a flexible coupling have 
changed conditions since 1935. 
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(e) No significant difference was f oun:i between the sound from 
the port and starboard engines. Since no effort was made to isolate 
the port engine and considerable effort was made to isolate the star­
board engine by electric drive and sound insulation, the rather inade­
quate data tend to confirm the conclusion in paragraph (b) above . 

(f) The average intensity of the sound at 1,000 yards was 6 . 4 
decibels greater than at 2,000 y.::.rds . This is a fo.ctor of 4.4 in energy. 

(g) In deep water~ long range , the avoro.ge intensity ut 15 
kilocycles is a.bout 10 decibels granter thc.n at 30 kilocycles. In 
shallow wator end short ro.nge , tho o.vorcgo difforonce is only about 
2 .0 docibols. 

REC0MMENDATI0t-6 

25. Since the difforonccs dw to tho vc.rious oporP.ting conditions 
ns shown in this study arc of tho order of 10 decibels or loss vrhile tho 
o.vorngo totcl noi so is of tho order of 20 to 40 decibels ruid hns boon 
domonstrc.tod to come from tho propelling system, it is obvious thr-.t ih e 
mc.jor effort tow<'-rd tho reduction of noise produced in tho we.tor by 
Nc.vnl vossols should be conccrrtrci.ted on tho propellers nnd their c.ssoc:ir.ted 
structures. A progrc.m r.long tho so lines is being propc.rod. 

26. Providod tho SE?cl-1£S is mado c.va.ilc~blo for this work, it is 
pl::.nnod to nr.ko :-.. more comploto study of tho bc.ckgroun:i of hor noise 
using tho un...~lyzcr equipment ruxi covering wider rcngos of spood, frequency 
a.nd soa. conditions. 
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Tr-.blc 1 

Program of Test Runs 

Run Depth of Submer- Listening 
No. Water gence Range Qrive Turns Side Rezmrks 

1 1000 Surf . 1000 PE 205 Port 
2 II II II PE 255 " 
3 II II II PM 205 II 

4 II " " PM 255 If 

5 " II II SE 205 II 

6 " If II SE 255 II 

7 II 11 II SM 205 II 

8 II II II Sii 255 II 

9 II 11 SM 205 Starboard 
10 " II Sli 255 " 
11 II II SE 205 II 

12 II " SE 255 It 

13 11 II PE 205 " 
14 fl It PE 255 II 

15 II II PM 205 II 

16 fl fl 11 PM 255 ti 

17 II Subm. It PM 205 Port Periscope Depth 
18 II II fl PM 255 " 
19 II II II SM 205 fl 

20 II II II SM 255 II 

21 II II 11 SM 205 Starboard 
22 II II II SM 255 II 

23 II fl II PM 205 II 

24 II 11 II PM 255 " 
Runs 25 to 48: 

Repeat Runs 1 to 24 at 2,000 yards range . 
Runs 49 to 60: 

Repeat Runs 5 to 12 and 19 to 2 2 wi. th insulation 
bridged to elirainate i ts effect . 

61 fl II II PM 255 Port 40 ft. 
62 fl II " PM 255 fl 65 ft. 
63 11 " " PM 255 II 90 ft . 
64 II Surf . II Both E 205 II 

65 II II II II 255 11 

66 II " 2000 11 205 II 

67 II II " II 255 If 

68 II II II Both M 205 II 

69 II 11 II 11 255 II 

70 II II 1000 II 205 II 

71 II II " II 255 II 

Repeat inconsistent runs as tiIOO pennits . 



Table 2 

Noise from Auxiliaries at 500 Yards . 

Sound 
SubmergelliU! Insulation 

50 ft. In 
50 ft. Out 
Surface In 

Surface 
Surface 

II 

Surface 

None 
None 

II 

Operation 

All aux.iliaries 
II 1' 

SM on air pump 

Average 

PE chargi~ batteries 
PE at 205 turns 
PM at 205 turns 

avorage noise underway -

Average 

21.3 
19.3 
20.8 

20.s 

25.0 
35.4 
34.3 

34.8 

Lying to. General noise 21.4 
level in Bay not from 
s - 20. 

D_p 



Table 3 

Sound Output vs. Turns 

Depth of Submer-
Average 

Intensity 
Water gence Dr i ve ~Emge 205 T 255 T 

(a) Deep Water, long range 

1000 Surf. PE 1000 30. 7 34.7 
1000 Surf. PE 2000 28 . 6 34 . 0 
1000 Surf . SE 2000 25.4 28 . 8 
1000 Subm. PM 1000 35 .5 37.4 
1000 Subm. SM 2000 20.1 25 . 6 

Average 
(b) Shallow Water, short range 

sort . Surf. PM 500 30 . 8 34 .8 
50" Surf. SM 500 25.7 34.6 
50" Surf• SM 500 32 . 6 39.5 

Average 

(c) Deep Water, long range 
SEiviMF.:S on opposi te side of S- 20 f rom driving 

1000 Surf • SE 1000 27 . 8 29.0 
1000 Surf. SE 2000 20 . 6 26 . 8 
1000 Subm. SM 1000 25 . 4 32 . 2 
1000 Subm. PM 1000 23.5 29 . 8 

Average -
Table 4 

Power vs . Turns 

Calculated Power 
Submer- KVA at Turns Increase in 
gence Drive 205 ~ _illL J_ 

Surface PM 106.6 205 . 9 2.86 93. 3 
Surface SM 102.4 202.4 2. 96 97.8 

104. 5 204. 2 2.91 95.5 

Subroorged PM 221 . 2 
SM 220 . 0 

220. 6 

Db. 
Dif f.• Remarks 

4 . 0 
5 .4 
3 . 4 
1 . 9 

2!.L 

- 4. 1 

4 . 0 
8. 9 Insulated 
~ Not insu-

lated. 
- 6. 6 

propeller . 

1 . 2 
6. 2 
6 . 8 

~.!.L 

5.2 

Subn:erged Power 
Surface Power 

1.08 



Table 5 

Effect of Sound Insulation 
under Starboard Motor and Reduction Gea r 

Avg . Intensity 
at Turns Out minus In 

Drive _gos _g.&_ Diff • Insulation ~~~ Remar ks 

SM 22 . 6 35 . 3 12. '7 I n Range 500 yds . 
26.8 33 . 5 6 . '7 II Water 50 ft . 
27 . 8 35.1 7. 3 II Surface 

25 . '7 34. 6 8.9 II 

SM 31.3 37 . 3 6. 0 Out 
33 . 9 41. 7 '7 . 8 " 

32.6 39 . 5 6. 9 ti 6 . 9 4.9 

PM 26 . 3 34.1 7 . 8 None 
34.0 36 . 6 2 .6 
32.l 33 . 8 l. '7 

30. 8 34.8 4. 0 

P- S s .1 0.2 I n 
P- S -1 . 8 - 4 . 8 Out 6. 9 s.o 

Table 6 

Por t vs . Starboard Engines 

Avg . Intensity P- S 
Sub~rgence Drive ~ ~~ _w._~ Remarks 

Surface PE 1000 30 . 7 34. 7 Port side conventional. 
29. 2 24. 3 Stbd side electric 
25 . 4 24.4 drive and sound insu-

2000 28 . 6 34. 0 lated . 

28 . 5 29 . 3 

Surface SE 1000 28 .7 
2000 25. 4 28.8 

27.1 28e8 + 1 .4 +0 . 5 



Table 10 

Background of Noise on SEMi~S 

Noise Level of QC-2 Bearing Noise Level of QC-5 Bearing 
Speed ~ oo 90° 180° oo 90° 180° 

0 0 0 0 0 0 - 6 0 

5 58 0 -6 

8 90 0 - 3 

10 112 3 1 5 0 

11 123 4.5 2.5 12 3 0 16 

12 136 7 7 13 7 5 17· 

13 148 9 9 18 9 7 15 

14 159 11 13 15 17 17 

15 171 16 17 25 18 22 23 
- - - -

16 184 23 25 31 25 30 30 

17 197 31 33 38 32 40 42 

18 205 34 37 40 38 47 47 

20 235 42 45 44 46 52 50 



Table 11 

Temperature Gradient 
13 April 1936 - Deep Water 

Guantanamo Bay Area 

Keel Therm. Temperature oc. 
Time De:eth Dept!l_ Port Starboard 

0820 28 l 25 .7 26.2 

0830 30 3 25.7 26.2 

0840 30 3 25.7 26.2 

0850 30 3 25.8 26.3 

0900 34 7 25 .5 26.0 

0910 39 12 25.5 26.0 

0920 40 13 25 .5 26.0 

0930 40 13 25.5 a6.o 

0940 41 14 25 .s 26.0 

0950 40 13 25 .5 26.0 

1105 26 0 25.9 26 .4 

1110 41 14 25.8 26 .3 

1120 40 13 25.8 26.3 

1130 60 33 25 .5 26.0 

1140 60 33 25.4 25.9 

1150 60 33 25 .4 25.9 

1200 60 33 2.5 .4 25.9 

1210 80 53 25 .3 25.8 

1220 80 53 25 .5 26.0 

1230 80 53 2.5 .5 26.0 

1240 80 53 25.6 26.1 


