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ABSTRACT

Some 1,000 quantitative measurements of the intensity of propeller
noicessof the 5-20 were mede under different conditions of water, speed,
range,;“end depth of submergence to determine the effect ofs

P

(8) Covering the propellers with rubber by
two different methods. o T

(b} Insulating the starboerd motor &nd re-
duction gear with compressed felt.

From & statistical treatment of the large quantity of dats, it is
concluded that on the averzge:

(s) Covering the propellers with rubber in-
crecsed the noice.

(b} The anodic covering caused less noise
than the vulcalock type.

(¢) The felt insulation installed by the
* Lrthur D. Little Company increased the
noise at 220 turns (3 kts) and decreased
it at 260 turns (6 kts).

(d) All the effects produced are smell com-
pared with the tot&l noise level and
they ere therefore minor fzctors in the
totel noise reduction problem. »
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135 work wes suthorlzed by Buresu of FEngineering letter, rel.\&
taditionsl references pertinent to this problen are listed as refs.ib)
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Buling let.S8174/841(12-16-Do) of 20 Dec.19323.

NRL leb.S68/61 of 18 hpril 1934 to BuBng.

Bufng let.C-WP14(/-18-Do) of 24 ley 1934 to NREL.

Bufng let.C-85172/641(12-18-Ds) of 14 July 193/.

NRL let.C-568/61 of 17 Dec.1934 to Buing.

Buling let.P16-4{5-23-K) of 27 ley 1935 'to
Lest.Sec.Nav.

Reference:
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(b) Statement of Problem

T

The fundemental problem wes to reduce the range at which propeller
~oises of & submerine could be hesrd by & listening ship. Since noice
must be produced by some vibrating structure on the su werine, reduction
in the vibration should reduce the noise. As explained in previous re-
porte, there are certzin obviocus sources of vibration and two were se-
lected for study, partly because they involved relatively simple changes
snd afforded an opportunity to develop the meesuring technique.

(¢} Descripticn of Materiel

The submerine S-20 was used as 2 sound source or target ship through-
out these experiments. The U.S.S. SEMHES wae used as a listening ship.
THe $-20 has 2 standard low speed direct drive motor on the port shaft and
2 high speed motor driving through a reducticn gear on the starbozrd side.

In the fzll of 1934, a Spare set of propellers for the port sice of
the S-20 was obtzined end covered with rubber by the vulcalock process.
Lfter these had been installed at the Norfolk Navy Yard, the originzl set
fron the S-20 was covered with rubber by the znodic process.

In the spring of 1935, a compressed felt insulation was placed under
the motor &end reducticn gear on the starboard side of the S-20. It was
imprectical to remove this for z comperison with end without the insule-
ticn, so the effect of the insulation wes lergely eliminated by plecing
steel wedges between the motor base and the hull bed pleate.

II. HETHOD CF TEST

Beesuse of the many uncontroilable varieble factors, absolute measure-
ments cre not practical. Comparison tests for the port and sterboard motors
were thereforc made for each item under &5 constent conditions zs possible.
This cssumes that the same motor will produce the seme amound of noise in
the water for the same number of turns under the same conditions, and that
i# conditions chenge they will effect both motors equelly. The series of
tests ere shovm in the table.



Itenm Port Sthd. Conditicns
Before changing Bere Bare Deep water, 1934.
Rubber covering Vulecalock Bere Deep water, 1934.
Rubber covering Vulcelock Bare Stbhd. insuleted
chailow water,1935.
Rubber covering Anodic Bere Stbd. insulated

shollow wabter,1935.
Effect of insuleticn £nodic Uninsulated

For each test runs were made as follows:

Bun Range Motor Speed Turngs
E 1,000 Stbhd. 3 kts. 220
-, " n 6 260
3 N Port 3 220
A " " 6 260
5 2,000 Stbd. 3 220
6 " L 6 260
7 L Port 3 220
8 " 1 4 260

For eazch run a series of 20 readings of the intensity of received
sound were mede at frequencies of 10, 12, 14, 16, 17, 18, 19, <0, 21, 22,
23, 24, 25, 26, 28, 30, 32, 35, 40, and 45 kilocycles. Lbout 80% of the
reedings were checked by duplicate runs.

For ezch run the S-20 submerged to periscope depth on a specified
course snd the SEMMES took positicn on the designated side and adjusted
the renge by echo to within 50 yards of the specified distznce. Ranges
were checked at approximately 10 minute intervals and readings discarded
1f the error exceeded 10% of the range. The date from 1934 were obtained
in deep water (over 1,000 fathoms) but at New London in 1935, it was neces-
sery to opercte in shellow water due to the limited time svailuzble and the
distance ‘out to deep water. fAn area in Block Islend Sound was chosen
having on average depth of 110 + 20 feet wnd & smooth bottom. The course
was reversed on alternate runs to confine operations to the same ercc.

The listening apparatus on the SEMEES consisted of a transceiver and
e sound analyzer. The transceiver gives a flet response over z wide range
£ freguencies and & linesr response over & wide renge of intensities.
The anaiyzer had wiform selectivity and sensitivity over the frequency
range uscd and means were provicded for rupidly end frequently checking

the smplifier gein.
Reedings were mede in decibels defined by the equation

db = 10 log
¥,

vhere W is the ratioc of received sound energy, W, to some erbitreary
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level, Viy. In these experiments Wy wes teken a5 minimum audibility for the
normal human ezr. The practical adventege of the decibel scale for listen-
ing is that it corresponds roughly to the energy responce of the human esr

which is logorithmic. £Also one decibel is sbout the minimum difference in

the intensities of two sounds which the humen ear can distinguich.

The SHIES and the S-20 took water tempercture readings st 15 minute
intervals during tests and at least once each day the S-20 read the tempera-
tures during a deep dive. The SEMMES used injection water temperatures and
the S-20 had a thermometer mounted outside &n eye port in the conning tower.
This gave the date for horizontsl and vertical temperature gradient studies.

IIX. DATL OBTAINED

For each speed and range a series of 20 readings &t as meny different
freguencies were teken on the starbosrd and then on the port motor. The
SEMES was elweys on the operating side. For each frequency the algebraic
difference, 5-P, was found, and these values were averaged for the runm.

Tf S5-P is positive, it means that the starboard side is noisier than the
port side end conversely. There was considerable veriation 1n Individusl
readings, tut it is believed that the large quantity of data teken warrants
this simple statistical treatment.

The date teken in October 1934 are shown in Table I, as follows:
Table I

Bere vs. Vulcalock-covered Propeller Blades

ate Range Speed  Ave.S-P Remarks
17 Oct.193 700 3 +2.2 Both propellers bare
7 n -8.0 Port covered by vulcalock

10.2 Vulealock minue bare
Covering increased noise.

17 0ct.1934 700 5 +3.1 Both propellers bare
27 . r +3.8 Port covered by vulcalock
+0.7 Vulcslock minus bare

Lo materisl effect.

17 Oct.1934 1400 5 +1Q0.0 Both propellers bare
ar » v 0.0 Port covered by Vulcalock
-10.0 Vulecelock minus bare
Covering increzsed noise.

17 Oct.193 hve.of above +5.1 Botk propellers bare
oy B 1.4 Port covered by vulcalock
6.5 Vulcalock minus bare

Covering increased nolse.

For the 17th of October runs, both propellers were bere. For the
27th of October runs, the port propeller had been covered with rubber
by the Vulcalock process. The date show that for the bare propellers,
the starboard was consistently noisier than the port by en average of

2
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5.1 db. When the port propeller was covered with rubber the results varied
widely, but the average S—P is -1.4 db. showing that the port wes noisier
than the sterboard. The algebraic difference of Vulecalock covered minus
bare is -6.5 db which meesns that covering the port propellers made them
noicier. A difference of €.5 db. meens that on the average the sound energy
in the weter from the propeller wes incressed by & factor of 4.5 (6.5=10 log
4.5}

This result was rether disappointing but might have been ettributed to
the process used in rubber covering and that it changed the contour &nd
smoothness of the blede, particulsrly on the leading edge. It was decided
to cover & set of blades by the anodic process which is of the electroplcting
type end should ceuse less chenge in contour.

The next teste were made under different water conditions end after
the eterboard motor and reduction gesr had been insuleted from the base.
Tt wes necessary to repeat the test of 27 October 193/ and then substitute
-the port propellers covered by the anodic process. The summery of resuits
s« shown in Table IIL.

Table II

Vulcalock vs. Anodic Propeller on Port &Side

Date Range Speed Ave, S-P Remarks
5 Aug.1935 1,000 3 +0.1 Stbd. bare, port vulcalock.
g " 1+6.1 Stbd. bare, port anodic.

+6.0 Anodic minus vulcalock
Anodic quieter.

FrR.

tug.1935 1,000 6 +0.6 Stbd. bare, port vulcalock.
+6:1 fnodic minus vulcalock
Anodic guieter.

5 fug.1935 2,000 3 H5 . Stbd. bare, port vulcalock.
g * " ¥2.7 i I " gnodic.
-3.0 Anodic minus vulcalock.
Vulcalock quieter.
5 hug.1935 2,000 6 -6.8 Stbd. bare, port vulcalock.
g n 1 2.6 " 3] n anodic.

th.2 Anodic minus vulcalock
Anodic quieter.

Ave. of sbove +3.3 Anodic minus vulcalock
AMnodic quieter.

In three of the four cases of Table II, the enodic covering was definite-
ly quieter than the vulecalock by an average of 3.2 db. In the fourth case,
2,000 yards end 3 knots, an error in the range on the starboard run did not
seem to be large enough to werrant discerding the data, but was in the di-
rection to make A-V negative instead of positive. Although the anodic cover-
ing is definitely better than the vulcalock covering, it is not &s good &s
the bere propeller. :
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