NRL 128 2

17 June 1936 NRL Report No. S~1282

NAVY DEPARTMENT

BUREAU OF ENGINEERING

Report on

Sound Analysis of the U.S.5. S5=-20

NAVAL RESEARCH LABORATORY
ANACOSTIA STATION
WASHINGTON, D. C.

Number of Pages: Text = 7 Tables = 11

Authorization: BuEng let.5S125/568(10-7-Do) of 21 Feb.l1936
Date of Test: 11 March to 21 April 1936.

Reported by:

E. B. Stephenson, Sr.Physicist

Reviewed by:

H. C. Hayes, Pr.Physicist
Superintendent, Sound Division

Approved by:

H. M. Coolﬂy, Cap‘t&in, U. S. N.
Director

Distribution: BuEng(5)

APPROVED FOR PUBLIC

RELEASE - DISTRIBUTION
UNLIMITED



Table of Contents

Authorization

Statement of Problem
Description of Material
Method of Test

Data Obtained

Accuracy

Conclusions
Recommendations

Appendices

Program of Test Runs

Noise from Auxiliaries at 500 Yards
Sound Output vs. Turns

Power vs. Turns

Effect of Sound Insulation under
Starboard Motor and Reduction Gear

Port vs. Starboard Engines
Shadowing Effect of Hull

Intensity vs. Range

Frequency Distribution vs. Speed

Background of Noise on SEMMES

Temperature Gradient

Page 1
5 1
1
1
=
6
6
7
Table 1
2
3
4
5
6
T
8
9
10
11



AUTHORIZATION

l. 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) Buling let.55125/568(10-7-Do) of 21 Feb.1936.
(b) NRL let.C-568/61:C-568/L5 of 9 March 1936.
(c) NRL Report No. S=1199 of 25 September 1935

STATERENT OF PROBLEM

2. An immediate problem was to detsrmine vhether thc sound insula=-
tion of certain auxiliarics on tho 5-20 had any material cffect on the
range at which sho could bo hoard by anothor ship listoning to tho sound
through the wator. Tho genoral provlam was to measurc tho intonsity of
tho sound in wator produced by the 5-20 undor difforcont oporating condi-
tions at differont spoods, ranges, and dopths; to comparc tho roletive
intonsity of tho scunds produced by cach of the driving units; and, if
possiblo, to dectorminc thc mochanism of thc production of sound in wator
by a ship undorwaye

DESCRIPTION OF MATERIAL

3. The submarine 5-20 was usod as o target ship throughout those
experiments. The converted destroyer SEENES was used as a listening
ship. The 5-20 has a direct drive low speed diesel engine and a direct
drive motor working through a conventional clutch to the propeller shaft
on the port side. On the starboard side the 5-20 has a high speed,
opposed cylinder dissel 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 the propeller shaft. A
flexible rubbor, sound insulating coupling had been installed between
the reduction goar and tho thrust bearing of the propeller shaft and
folt sound insulation had beon installed under tho motor and reduction
goar unit and under the line shaft boaring supports. Licans wero elso
provided for bridging tho insulotion on thesc units during particular
tosts to dotermino their offocts. In geoneral, the port sido is of tho
conventional typo, but on tho starboard side numecrous attompts havo
beon made to isolate the driving source so that it connot transmit its
vibrations to tho hull or to tho propellers.

METHOD OF TEST

(a) To_determine the effect of insuleting the auxiliaries.

4, The 5-20 hauled down on her anchor in 50 feet of water and
operated the minimum suxiliaries necessary when submerged for a short
time. The SEMMES anchored at 1,000 yards range and measured the noise
level over the frequency range from 8 to 50 kilocycles. The range was
reduced to 600 yards and the 5-20 increased the number of auxiliaries
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until ell were in operation. The SEMLES was unable to identify any noise
from the 5-20 above the genersl background of noise in the bay. All the
sound insulated auxiliaries were then bridged with C clamps and operated
full blast. In addition, the diving planes and steering gear were operated
continuously and both motors were idled at 255 turns. As the results were
still negative, tho 5-20 got underway on the surfoce on one motor at 205
turns and circled tho SERMES at 600 yards rengoe This is cbout the minimum
turns at which thc 5-20 can oporato submorged and govo o basis for compari-
son with the auxilicry noisoce.

(b) Gonorgl Problems .

5« In order to dotorminc tho rclative importonce of tho difforont
sound sourcos in producing sound in the water and tho offocts of spocd,
rango, dopth of submorgence, and shadowing by the hull, the schodulo of
runs given in Teble 1 wos workod out and partielly compleoted in tho
aveilable timo. In proparing the tablc, it wos acssumod thot, under the
favorable conditions of woanthor ond tomporaturc gradiont found in the
Guantanomo aroec on provious oxpoditions, it would bo possible to compare
the absolute valuc of tho readings on onc day with those of 2 loator daye.
This proved not to bo so, cxcopt whorc a largo quontity of dotc permitted
statistical trontmente The ordor of the tosts wis lator modified so that
comparative instcad of absolute rosults could be obtoined. For cxomplo,
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 turns was chosen as about the
minimum speed &t which the diesel engines could be opsrated on the sur-
face and the ship controlled when submerged. The speed corresponding
1o 255 was about the meximum the S-20 could meke submerged for a full
day's operation and also requires twico the shaft horso power usod at
205 turns.

7. The SEMMES was oquipped for listening with a sound analyzer
and a special flat anclyzing tronsceivor fully described in roforonce
(c) and with separcto horizontcl echo ranging oquipmont to moasure tho
range. Tho background of noisc on tho SEMLES ot spceds below 10 knots
is low and did not intorforc with tho listoning to tho 5-20 on a boam
boaring. A run consistoed of 20 rcadings of tho intonsity of the noise
from the 5-20 above minimum audibility on phonos in tho main sound room
of tho SEMMES ot 20 froquoncies of 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
18, 20, 22, 24, 26, 28, 30, 32, 36, ond 40 kilocyclcse Thosc frequon=-
cics werc choson to pormit plotting an nccurato curve, boing closer
togothor whore the slope is chenging rapidly. After the first serics
of roadings, overy third or fourth rooding wos ropested and if the
chock rondings cgrced within 2 doeibols, the run was considered satis-
foactory. If thore wore too much vorietion, tho whole soriss would bo
chockod, but in an irrogular ordcre.

8« To got o single numcrical veluo for a run to pormit simple
comparison with another run, thc avorages of the readings ot cach fro=
quency worce added and diviled by 20, the number of frequencies at which
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readings were madee. From the energy stondpoint, since db = 10 log P/Pos
to add decibsls is to multiply the ratio of the energies 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; ie.es, directly proportional to decibels, the arith-
metical mean of the decibels, or the geomotrical mcan of tho onorgios,
gives o number proportionzl to the rosponsc of the car over the selocted
froquency ranges A comparison of these average values thersfore repre-
gents 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 made 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 insulsting auxiliaries.

10. When all the auxiliaries were operated full blast either when
insulated or uninsulated, they could not be heard on the SEMVES at a
range of 500 yards so as to be recognized above the general background
of noise in the Bay, cveraging 21.4 decibels.

11. The doto ot 500 yords for comparison betweon auxilicrios,
charging battorics, ond running ot 205 turns cre shown in Toble 2.
This table shows the apparcnt sound from the nuxilizries to be approxi-
metely the same os the general background of noise in the Bay. It is
proboble that the guxiliorics wore really below this lovel and wero
not hoard ot 2lle Whon operating at minimum practicnl spood, the sound
averaged 14.5 docibels above the cmbiont noisc lovol. When charging
bottories on the port ongine, delivering the same power as when running
at 205 turns, the sound averaged only 4.5 docibols above tho ambicnt
lovol; thot is, tho noise in the wetor from the ongine and gonorator
was only 10% of that from the propollcrs when undorway.

(b) Sound Output vs. Turns

12. The offect of the number of turns on thc sound output is shown
in Table 3 for difforonmt conditions. Tho avorage goin in noiso for the
incroasec in spoed is 5.3 decibelse

(¢) Kilowatts vse Turns

13. From the rocords kept by the 5-20 on the velt-ampere roadings
roquired for cach spoecd under different conditions, the averageo velucs
given in Table 4 worc obtzined. To increcsc tho spoed from 205 turns
to 255 turns roquired thot the power be incroased by o factor of 1.92.
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(g) Intensity vs. Rengo.

18« A limited number of runs werc mdo at both 1,000 and 2,000 yords.
Tho datc aro summerized in Toblo 8. Thore is considerable variation os the
runs at different ranges were made on different days and under different
sea conditions, but they are suf ficient to warrant averaging. The average
loss in intensity is 6.4 decibels for an increase in range from 1,000 yards
to 2,000 yardse This gives a low ebsorption coefficient of o = .0004. The
practical meaning of it is that if the noise of a submarine can be reduced
by 6.4 decibels, the range at which it can be heard would be reduced 1,000
yards for the same odbsorption coefficiont. For oxcmplo, driving from tho
side opposite thc listoning ship would reducc thc range 2t which tho 5-20
could be hoard by over 1,000 yards (scc Tablo 7).

(h) Effoct_of Spcod on tho Frequoncy Distribution of tho Noisge

19. 1In ordor to dotorminc the effoct of spced on tho frequoncy 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 shallow water, the data have been averaged in two
groups in Table 9. In deep water ond long range, the 15 kilocycle noise
is obout 10 decibels louder than that at 30 kilocycles. In shallow wator
and at short range, the difforencec is much less and the higher speod
secems to accontucte tho higher frogquencye.

(i) Background of Noise on_ the SZMMES as o Function of Spced.

20. Tho background of noisc on tho SEMMES wes mecsurcd at different
speeds and bearings using the QC-2 and QC-5 magnetostriction geur with 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 analysiss The selectivities of the transceivers and amplifiers
differed from the analyzer. The distance from transceiver to propellors
was about 160 feet, although some of thc sound must have traveled farther
due to reflections from surface waves. Thorefore, the decibel rocdings
are not directly comparable with thosc obtzincd in the sound analysis
of tho 5-20.

21. Thoe QC omplifiocrs overloaded ot about 28 docibels outpui so
that it was nccossary to reducc the goin by 25 deeibels to go above 15
knotse Tho volucs above this speed as shown in Table 10 arec adjustod
to componsato for the chango in gein but are not considered so roliablos

(j) Tomperaturoc Data.

22. Tho surfocc temperaturc in the opon soa gradunlly increascd
from 24.5 to 27.0° C during the five wocks ot Guantanamo. Whenovor
the S5-20 submorged, sho mocasurced tho tomperatwe on two thormomoicrs
outside cycports in the conning towecr. Tho difforonce botwoon the sur-
faco and 60 foot wos always loss then 0.5° C. A typical sorics is
shown in Toble 1ll.



ACCURACY

23« The discrimination and constancy of the sound equipment is
good to 1 decibel. Readings were made to the nearest 2 decibels. The
two listeners consistently checked to better than 2 decibels on the
average. Ranges were maintained within 5/, except on some of the 500
yard runs, which should meke less than 1 decibel error in sound intensity.
The temperature difference between 1 and 55 fect was always less than
0.5° C and frequently was loss than 0.1° C. Tho absorption coofficiont
was vory low. Tho only othor known variables arc thc surfacc sca condi=
tions = swells and ripplos - and the sound output of the 5-20 for a
givon condition. While all the work wos done undor what would normally
be considered good sec conditions, yot thero was clways a ground swoll
and the ripples varicd from calm to light white caps. A courso wos
alwoys choson into or with the swolls cnd tho ripples wore usually about
309 off the coursce Considered as &n accidentzl irregularity, tho of-
foct of the soz should avercgo out in o sufficiont numbor of rocdings.
This condition wos only partially met for some probloms and is bolicved
to be a major cause of tho inconsistoncics in tho dotne. Tho analysis
olways gives o differenticl offoct betwoon two or morc operaoting conmdi-
tions. OSince the difference is usually a small percemt of the total,

a small error in the total may make a relatively large percentage error
in the difference.

CONCLUSIONS
24, The following conclusions are drawn from the foregeing data:

(a) Sound generated in the water by all the auxiliaries of the
5-20 forms less than 10% of her total sournd output when submerged and
underway at 205 turns. Under such conditions the range of detection
will not be appreciably affected by supplying the auxiliaries with
flexible mountse.

(b) Tho major portion of the sound gencrated in the wator by
both the 5-20 and the SEMMES origimatcs in the driven propellorse This
statement probably holds truc for all types of shipss

(¢) Within tho spced limits investigated the intensity of the
sound gencrated by end through the drivon propellers incrcasos rapidly
with increcsc in r.peme In casc of tho 5-20 incrcasing the r.p.me from
205 to 255, which moans about doubling tho shnft horse power, tho in-
tonsity of the sound is inecreascd by o foctor of 3. In the case of the
SEMMES, this incroasc of sound output with r .p.m. bocomss very marked
for speeds beyond about 11 knots. At 15 knots the sound 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 amd a flexible coupling have
changed conditions since 1935.



(e) No significant difference was found between the sound from
the port and starboard engines. Since no effort was made to isolate
the port engine and considerable effort wes made to isolete 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 yards. This is a factor of 4.4 in snergye.

(g) In deep water ond long range, the average intensity at 15
kilocycloes is about 10 decibels greater then at 30 kilocycles. In
shallow wator and short range, tho averzge difference is only about
20 docibels.

RECOMMENDATIONS

25. Sinco the difforonces duc to tho various operating conditions
s shown in this study arc of tho order of 10 dccibels or less while tho
average total noisc is of tho order of 20 to 40 decibels and has boon
domonstratod to come from the propolling systom, it is obvious that the
mejor effort toward the roduction of noise produced in the woier by
Naval vossols should be concemtrotod on the propellors and their associnted
structuros. A progrom cilong those lincs is being prepored.

26. Providod the SEMMES is mado ovailcble for this work, it is
planned to mke = more complotoc study of tho background of her noiso
using tho analyzor cquipmont amd covering widor rongos of spoed, froquency
and soa conditions.
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Program of Test Runs

Listening
Bange Drive Turns __Side
1000 PE 205 Port
i PE 255 3
g PM 205 i
= PM 255 ki
" SE 205 "
" m 255 (1}
@ SM 205 "
i S 255 .
i SM 205 ©Starboard
- SM 255 B
. SE 205 =3
> SE 255 =
n PE 205 "
2 PE 255 -
i PM 205 "
s PM 255 2
3 PM 205 Port
" PM 255 n
" SM 205 {1}
e SM 255 i
b S 205 Starboard
n SM 2 55 n
t Pl 205 %
- PM 255 ’

"
"
"
2000
n

1000

oble 1

2,000 yards range.

Both
"

Both

its effect.

PM
PM

PM
E

255
255
255
205
255
205
255
205
255
205
255

Port

Remarks

Periscope Depth

40 £t
65 ft.
90 ft.



Table 2

Noise from Auxiliaries at 500 Yards.

Sound

Submergence Insulation Operation Average Db
50 £ft. In All awiliaries 21.3
50 ft. Out o v 19.3
Surface In SM on air pump 20.8
Average = 20.5
Surface None PE charging batteries 25.0
Surface Nonse PE at 205 turns 35.4
- " PM at 205 turns 34.3
Average noise underway -  34.8
Surface Lying to. General noise 21.4

level in Bay not from
5-20.



Table 3

Sound Output vs. Turns

Average
Depth of Submer=- Intensitiy Db.
Water gence Drive Range 205 T 255 T Diff. Remarks
(a) Deep Water, long range
1000 Surf, PE 1000 30.7 34.7 4.0
1000 Surf. FPE 2000 28.6 34.0 5.4
1000 Surfe SE 2000 25.4 28.8 344
1000 Subme PM 1000 35.5 37.4 1.9
1000 Subme SM 2000 20.1 25.6 545
Average = 4.1
(b) Shallow Water, short range
50£ft. Surf. PM 500 30.8 34.8 4.0
50 " Surf. SM 500 25.7 34.6 8.9 Insulated
50 " Surf. SM 500 3246 3945 6.9 Not insu=
lated.
Average =~ 6.6

(c) Deep Water, long range
SEMMES on opposite side of S5=20

from driving propelleres

1000 Surf. SE 1000 278 29.0 1.2
1000 Surf. SE 2000 20.6 268 642
1000 Subma SM 1000 25.4 32.2 6.8
1000 Subme PM 1000 23.5 29.8 643
Average = 5.2
Table 4
Power vs. Turns
Calculated Power _Submerged Power
Submer= KVA at Turns Increase in Surface Power
gence  Drive 205 255 Db o
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
Submerged PM 221.2
SM 220.0

220.6

1.08



Table 5

Effect of Sound Insulation
under Starboard Motor and Reduction Gear

Avg.Iatensity
at Turns Qut minus In
Drive 205 255 Diff. Insulation 205 255 Remarks
SM 22.6 3543 12.7 In Renge 500 ydse
26.8 3345 6a7 " Water 50 ft.
27.8 35.3 73 = Surface
2547 34,6 8.9 "
SM 31.3 373 60 Out
33.9 41,7 T8 .
3246 39.5 649 i 649 4.9
PM 2643 34,1 78 None
34,0 3626 246
32.1 33.8 1.7
30.8 34,8 4,0
P=5 5.1 Q<2 In
P=5 =18 =4.8 0111: 69 5.0
Table 6
Port vse Starboard Engines
AvgeIntensity P-5
Submergence Drive Range _205 255 205 255 Remarks
Surface PE 1000 30.7 34.7 Port side conventional.
29,2 24.3 5tbd side electric
25,4 24.4 drive and sound insu=
2000 28.6 34.0 lated.
285 29,3
Surface SE 1000 2847

2000 _25.4 28.8

27.1 28.8 + 1-4- +005



Table 10
Background of Noise on SEMMES

Noise Level of QC-2 Bearing Noise Level of 4C-=5 Bearing

Speed Turns _0° 90° 1809 0° 90° 180°
0 0 0 0 0 0 -6 0
5 58 = 0 - - =6 -
8 20 - 0 - - -3 -
10 112 3 1 - 5 0 -
11 123 4.5 24D 12 3 0 16
12 126 7 7 13 7 5 17
13 148 9 9 18 9 7 15
14 159 11 13 -- 15 17 17
15 7l 16 2 e 28 i8 22 23
_l; i _lé4- : -2; bl —2; e ;l- g ;5 ----- 35 il ;0-
T - ey 31 33 38 32 40 42
18 205 34 37 40 38 47 47



Time
0820
0830
0840
0850
0900
0910
0920

0930

0940

0950
1105
1110
1120
1130
1140
1150
1200
1210
1220
1230

1240

Temperature Gradient

Table 11

13 April 1936 =~ Deep Water

Guantanamo Bay Area

Keel Therm.
Depth Depth
28 T
30 3
30 3
30 3
34 7
39 12
40 13
40 13
41 14
40 13
26 0
41 14
40 13
60 33
60 33
60 33
60 33
80 53
80 53
80 53
80 53

Temperature °C.

Port
25.7
25.7
25.7
25 .8
2545
25.5
25.5
25.5
25.5
25 .5
25.9
25.8
25.8
25.5
25 .4
25 .4
25.4
25.3
25.5
2545

25 .6

Starboard
2642
26 .2
26 .2
26.3
26 .0
26.0
26.0
26.0
26.0
26,0
26 .4
263
2643
26.0
25,2
2549
259
25,8
26.0
26.0

26.1



