
A D—A 031 505 CONTROL DATA CORP ‘~ELV ILLE N V TRG DIV F/S 17/1
PURVIS II SEA TRIALS.(U)
OCT 66 N RESENOFF, R NEWMAN, 0 CHASE NOBSR—93023

UNCLASS IFIED T RS—02 3 —TM— 66— 32/ 3 14 NL 

‘U‘a
I! GUI 

__

UI



I /~~\ ~~ ~)A D A 0 3 1 5 0 5  ~~~~ ~~~

‘

•1 
~~~~~~~~~ ~~ B026 47 01 )/ 47 01 3

I ~“ Mosr P oJecf— (

I 
CONTROL DATA
C O R P O R A TI ON

PURVIS II SEA TRIALS
INTERIM REPORT (U)

I (TRG -023-TM-66- 32/34)

I 
4 p~rEunnEfl

I D! ñCN STAT~Mt~:zu I~ jJ~j~~~JJAppro~cd for pub~ -~ re!eciso; A

I 
This Document Consists oIL~~.Psge.

NJ!_ of _C0PaC.S~
Ms_L

I October 1966

• t~C[ASSJfJ~:~I~
1ff / A S U B S I D I A R Y O F C O N T R O L D A T A C O R P O R A T I O N
IkU/ ROUTE 110 • MELV ILLE, NEW YORK 11746 • 516/531-0600

~ I ~~~~~~~~~~~~~~~~~ ~~i18_ r
~2~4

— \ ~~~~~~~~~~~~~ 

-——*.-- S. 
—~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

_________ —~ .-~ ~~~~~~~~~~~~ —~~- ——-.-. ——- “—.—S .— .~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
_~~~~_.



____ -- 
.

UNCLASSIFIED
-~~ 

— -

~~~~~~~~~~~~~~~~~~~~

‘- — ._... .. •_  - B026-47011/ 47013
U U I ~~,

I

L~~~V~ ~EA IRIALS~

- 

INTERIM RE PORT (U) // o / / ~~_ __

f\~~~ / N .
J

esenoU~~L/~ewman~~~~ ~~~~~~~eJ

Report NO. 0Z.3.~TM-66-32/34
(T )—

~~~~~~~~~~~ 
-
~~~~C~ntr L Obsr-9 2 3 \  

— - _ _ .  _-_ _ - - - _ - ——— — --—-. —— —._.- ~ ~ i.,/
~~ 

/ .

~ ~~~~~~ ~~~._  / f / ~ ‘
~ 

_H - —
~ ~~~~~ ~~~~~~~~~~ Submitted to:

David Taylor Model Basin
Washington , D.C.

DISTRIBUTION STATEMENT A
Approved: Approved: A p ~~~~ for public release;

Distiibutiozi Unlimitedwz_ 
— 

_ _ _ _ _ _ _ _ _

Walton Graham Marvin Baldw in
Department Head , TRG Project Technical Director , NEL

Isidore Cook
Deputy Project Technical Director ,
DTMB

Submitted by:

TRG Incorporated ,
A subsidiary of Control Data Corporation

____________________________ Route 110
Melville , New York 11746

DO ;PA !~ AT ~ Y EA R IN TE R—
A . .S ; I E s ~ I A? ER m s  c ta~ s . ~~~~~

( 
tO~~~C 1R ~~~~~O 10 UNCL SSfl~1EU 

~~ /
— d ~~ Ins r~ ~ 

.4 . :ei p~~ . is

— 
•_.—

. 

~IOf~1bI~C~ t5 ~ .1 ~- 

T~~~-’~ 
I. 

/V U f l L  IVLTTi,r’rt. I

— ____



_——-—.- , - - -
~~

-._- _
~~ 

-_ .
~~~~~~~

B026-470U/47013

CHANCE SHEET

U
CHANGE NUMBER PAGE NUMBER EFFECTIVE DATE

1
I
I
I
I
I
I
I
I
I
r

I
C 11S~~2~



B026 -470 11/47013

TABLE OF CONTENTS

Sec tion Page

CHANGE SHEET i

LIST OF ILLUSTRATIONS iv

LIST OF TABLES vi

I INTRODUCTION 1-1

A. General 1-1
B. Summary 1-4

II TRANSDUCER SUMMARY 2-1

A. Hydrophone Description and Location 2-1
13. Accelerometers 2-7
C. Transducers and Pre-amplifier Identification 2-7
D. Ship’s Motion Sensors 2-12
E. Transmitter-Receiver Distances 2-12

III SHIPBOA RD INSTRUMENTATION 3-1

A. Recording Center 3-1
B. Other Shipboard Instrumentation 3-4

IV SUMMARY OF RUNS 4-1

A. Run Classification/Description 4-1
B. Naval Architecture Series 4-1

V IN-SITU CAL IBRATION 5-1

A. General Description 5-1

B. Instrumentation Configuration 5-3

VI ACOUSTIC DATA (Omitted In Unclassified
Document) 6-1

A. Discussion of Noise Measurements 6-i.
B. Transmission Tests 6-10
C. Active Transmission 6-12

ii ii 

~~~~ _.-~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~



- __-. - _ _ - - _ _  -‘_

B026-47011/47013

TABLE OF CONTENTS (cont)

Section Page

VII PLANS FOR FINAL DATA REDUCTION 7-1

A. General 7-1
B. Programming Efforts 7-1
C. Acoustic Calibrations 7-2
D. Purvis II Da ta REduction Order 7-2

Appendices

A RUN SUMMARY-NAVAL ARCHITECTURE SERIES Al

B-i PURVIS II ACOUSTIC RUNS BY DATA B-la

B-2 RUN SUMMARY-ACOUSTIC SERIES B-2a

C RECORDING COMBINATIONS C-i

D SHIPBOARD DATA FOR~~ D-l

E DATA PROCESSING E-i

F SHIPBOA RD INSPECTION REPORTS F-i

C REDUCTION OF FLOW NOISE BY A COVERING LAYER C-i

Reference R-i

iii

C~O 118- C2~4 p

_ _  _ _ _  ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~



- -_ — _ ——_ - -_ _ - _ —_.__ . - . —.,:--—_ ——-— - —_—_— S— w~~~W _—__ — =

B026-470l1/47013

LIST OF ILLUSTRATIONS

Figure Page

1-]. PIJRVIS II Basic Shipboard System, Block
Diagram 1-3

2-ia PURVIS II C/P Sonar Installation 2-2

J 2-lb PURVIS II Hydrophone Placement Guide 2-3

2-2a Sea Chest 1, Front View 2-4

2-2b Sea Chest 1, Side View 2-4a

2-3 High Frequency Array 2-5 2-5

2-4a Low Frequency Array and Hull Element Hi 2-6

2-4b Low Frequency Array and Hull Elements H2,
H3, H4 and Transmitter T3 2-6a

2-5 Hull Elements H5 through HlO 2-8

2-6a Sea Chest 2, Front View 2-9

2-6b Sea Chest 2, Side View 2-9a

2-7 Transmitter-Receiver Distances 2-15

2-8 C/P Sonar Coordinate System 2-16

3-I PURVIS It Instrumentation, Block Diagram 3-2

3-2 PURVIS II Shipboard Recording Center 3-3

5-1 Overside Calibration Transmitter Setup 5-2

5-2 Record Cc~ibinations Used at each CalibrationStation 5-4

5-3 Overside Calibration Run Stin~n~ry 5-5

5-4 Calibration Station 1: High-Frequency
Array 5-6

5-5 Calibration Station 2: Sea Chest No. 1 5-7

5-6 Calibration Station 3: Low-Frequency Array 5-8

iv

~~~~~~~, ~_ ~~~~~~~~~~~~~~~~ 
.



B026-47011/47013

TABLE OF ILLUSTRATIONS (cont)

Figure Page

5-8 Calibration Station 5: Hull Elements 5-10

5-9 Overside Calibration Ranges 5-li

5-10 Overside Calibration Geometry 5-12

6-1 Gi Noise Spectra: 5, 10, 15, 20 Knots 6-la

6-2 G3 Noise Spectra: 5, 10, 15, 20 Knots 6-lb

6-3 CS Noise Spectra: 5, 10, 15, 20 knots 6-la

6-4 C8 Noise Spectra: 5, 10, 15, 20 Knots 6-ld

6-5 ClO Noise Spectra: 5, 10, 15, 20 Knots 6-le

6-6 G-5 Overside Calibration Run 989 Parts
l and 2 6-if

6-7 G-8 Overside Calibration Run 989 Parts
l and 2 6-lg

6-8 H-3 Overside Calibration Run 989 Parts
l and 2 6-lh

6-9 D4 Noise Spectra 6-4a
• 6-10 D5 Noise Spectra 6-4b

6-11 D9 Noise Spectra 6-4c

6-12 D4 Overside Calibration 6-4d

6-13 D5 Overside Caiibration 6-4e

6-14 D9 Overside Calibration 6-4f

6-15 Oscillograph of Hull Receivers during
Transmission 6-lOa

6-16 Receiver Signals at HF-i from T-l 6-lOb

6-17 Received Signals at LF-8 from T-2 6-lOc

6-18 Received Signals at LF-8 fro~mcT-4 6-lOd

V 

H

—~ —_------ --• —• —- —~ —— ~~~~ —~~~ -- -~ --— ~~~~~- - -——-——-•  -~~~~~~~~~~~~~~~~~~~~~
-— —-----~ —-



r~ 
z~~-~~~~~ -~ i~~~~.L - 

_

B026-47011/47013

LIST OF TABLES

Table =Page

2-1 TRG Transducers and Cable Connectors 2-10
2-2 DTMB Hydrophones (Sea Chest 1) and Cable

Connectors 2-13
2-3 Ship’s !btion Sensors 2-14

vi

~

• - - • •

~

--• •- • -,

~

_ •_
~ •-•• -- •-•~

_•-_ • .- - --.- - •--~-• • --• -_ _ - - _-•~ 
—-

~~~ • --- 1••_ •_~_ __ _ 
~~~ 



B026-41O11/47013

SECTION I

INTRODUCTION

A. GENERAL

The PURVIS II Sea Trials were performed during June and
July, 1966, as part of the C/P (Conformal/Planar) Array Sonar
Development Program, under the direction of the U.S. Navy, Bureau
of Ships. The program is managed by the Navy Electronics Labor-
atory (NEL), San Diego, California, and the David Taylor Model
Basin (DTMB) Carderock, Maryland.

The sea test program has been designed to acquire desired
information which will provide a basis for critical design con-
siderations on the C/P Array Program. Some of the principal
decisions include:

a) Whether to build an array with or without a dome
b) The choice of element size and spacing
c) Whether to use a sonar keel, pod configuration, or mount

the array integrally with the ship in the same manner.

The destroyer USS PURVIS (DD709) was instrumented with
various sonar hydrophones and electronics, ship ’s motion sensors,
motion picture cameras, magnetic tape recorders, etc., to record
the desired data in a medium suitable for data processing and
analysis.

The first series of sea trials (i.e., PURVIS I) were
conducted during February and March, 1966 in the Tongue of the
Ocean (TOTO) area of Andros Island-, Bahamas. A complete descrip-
tion of the sonar and instrumentation equipment installed on the
ship for the C/P Program PURVIS I Sea Trials appears in Reference
1. The data processing equipment and techniques used for the

magnetic tape data recorded during both PURVIS I and PURVIS II

1-1
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Sea Trials are described in Reference 2. An initial documentation
of some of the PURVIS I acoustic data appears in Reference 3.

- 

~~ The purpose of this report is to provide a description
of the PURVIS II C/P Program equipment configuration and to
present some of the preliminary acoustic data from the PURVIS II
tests. A final report will be issued later containing computed
parameters such a normalized eross-correlations and normalized
cross—spectral densities (amplitude and phase) for selected
hydrophone pairs during passive and transmission tests, noise
spectra as a function of ship ’s speed , hydrophone size and location,
strut-hydrophone transmission loss data, etc . ‘~~~~~

— _...

The basic shipboard system of PURVIS II is illustrated
in the block diagram shown in Figure 1-1. The Sea Trial Director
(DTMB) is located in the ship’s bridge from where he can make
visual observations while directing each sea trial “run”. The
TRG Console Operator supervises operations in the Recording Center .
This includes the initiation and termination of operations for
various equipment during the preparation and duration of each run,
such as:

a) Magnetic tape recorciers
b) “Fish-eye” stereo motion picture cameras
c) Bubble generators (Masker system)
d) Index lamp (to synchronize underwater photographs with

tape data during the photographic runs)

e) Driver-amplifiers and transmitting hydrophones

In addition, the Console-Operator communicates with

and supervises the operation of other shipboard facilities (as 4
directed by the Sea Trial Director) such as:

a) Extension of the retractable strut containing a trans-

mitter, to a predetermined length

b) Variations in the bubble flow rate from the masker system.

j-2
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The signals from the hydrophones and accelerometers
installed for the PIJRVIS II Sea Trials are transmitted to the
Recording Center for recording on magnetic tape.

The hydrophories were installed in two of the three
large Sea Chests previously used in PtJRVIS I, and flush-mo inted
in two arrays : Hi gh Frequency (HF) and Low Frequency (LF). In
addition , individual flush-mounted elements were installed at
selected locations between frames 42 and 88. A description of
the transducers and instrumentation appears in Sections II and
III , respectively, of this report .

• Five calibration fixtures were added to the port side
of the ship at positions which were approximately at the center
(longitudinal) of each of the five groups of hydrophones
(i.e., HF array , LF array , etc). During in-situ (overside) cali-
bration tests , a boom containing an acoustic projector (J-9) was
placed at each fixture , and the received signals fran each group
of hydrophones associated with the fixture position were recorded
on magnetic tape. A description in the in-situ calibration oper-
ation appears in Section V .

• B.  SUMMARY

The PURVIS Ii Sea Trials were performed during the
period c ommencing on June 22 and ending on July 20, 1966. The

run s were chronologically divided into two major series : Naval

Architecture and Acoustic . The Naval Architecture Series was

• also known as the photographic series , since both shipboard and
external underwater cameras were used during this series to obtain

data on water and bubble flow over the forward portion of the ship

for selected ship ’s speed , heading with respect to sea, etc .

Free-divers were used to obtain external photographic data during

PURVIS II, and the test area selected was off Bimini Island .

The ocean floor in this location was relatively too shallow for

1-4
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acoustic runs, but was composed of very bright sand , which fur-
nished an ideal background during photographic operations .
Photographic operations frequently utilized the masker (bubble
generator) system and an air hose placed in the bow wave to pro-
duce bubbles. Four recording flow flags and instrumentation

• were also installed ~n the ship ’s motion (low bandwidth) magnetic
tape recorder . However , 3 of the 4 flow flags malfunctioned
by the 2nd day of photographic operations . The photographic
series was concluded on June 25.

The acoustic series began on June 27, when the USS
PURVIS departed from Pt. Everglades , Fla. for the Tongue of the
Ocean (TOTO) test area. The acoustic tests included 3 types:

• a) Overside calibrations
b) Passive runs (No transmission)
c) Active runs (Transmission)

Overside (In-si tu)  calibrations were performed while
the ship was located in the TOTO area , during the period July 6 -

July 12. A comp lete description of the In-Situ calibration
operation appears in Section V.

Passive run s were generally 2 or 3 minutes in duration .
During these run s , the ship travelled at a speed of either 0 , 5 ,
10 , 15 , 20 , 25 , or 30 knots.  The ship ’ s heading wrt sea (with
respect to sea) was 00 , 90° , 180° , or 270° or was performing a
turn by using either full rudder of 1/2 full rudder . Two
different recording combinations were used : recording combination
1 which included all forward hydrophones , and recording combin-

ation 2, which included all aft hydrophones.

Transmission runs, using 3 or 4 transmitters , also
included a passive portion of from 20 seconds to 1 minute prior
to the start of transmission, and after transmission was terminated .

Transmission frequencies were 1955 Hz, 2125 Hz, 2465 Hz and

1-5
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2975 Hz. Transmitter No. 2, which was on a retrac table strut, was
usually extended 5 fe et , with some runs occurring with shorter
extensions . Transmission periods were usually 2 to 4 minutes in

• duration.

• During the first week’s operation, analysis of data
indicated that the transmitting strut located at frame 58 was

apparently cavitating at speeds above 20 knots. Accordingly,  the
strut was removed from the ship during the period between July 2
and July 5, limiting subsequent transmission tests to the use

of 3 transmitters.

The final week of PIJRVIS II Sea Trials took the ship

on a northbound course from Pt. Everglades to Newport , R.I., in
search of “rough weather” (i.e., sea states of 3 and higher).
However , the highest sea state encountered during the data run
was “2” . The last data run was recorded on July 20 and the
LJSS PURVIS entered Newport , R.I. on July 21.

1-6
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SECTION II

TRANSDUCER SUMMARY

A .  HYDROPHONE DESCRIPTION AND LOCATIONS

The Conformal/Planar Sonar installation used for the
PURVIS II Sea Trials is illustrated in Figures 2-la and 2-lb .

• During the month of May, 1966 , in a Boston Naval Shipyard dry
doc k , the port side of the USS PURVIS was modified by the removal
of all PURVIS I acoustic receivers located in the 3 special sea
ches ts and selected hull areas .4’ As part of the C/P Array
Sonar Development Program, the ship was retrofitted with 46 TRG
5” receivers and 10 DTMB FS-13 receivers , along with other

special sonar and instrumentation equipments. The 10 DTMB hydro-
phones were installed in a special window made by GD/EB, containing
various thicknesses of a visco elastic material between the

fiber glass face of the window and the fac e of each hydrophone.
Each hydrophone had two outputs: an acous tic s ignal and a vibra-
tion signal. The acoustic signal from element Dl is identified

in this document as D1H, etc., and the vibration signal is

identified as D1A , etc.  The window was installed in Sea Chest 1.
(Figur e 2-2).

The 46 TRG 5” hydrophones were ins talled in 4 groups :
a) A “high frequency array” of 13 flush-mounted elements ,

9 horizontal and 5 vertical (1 common), spaced approx-
imately 10-1/2” apart, center-to-center , in the area
of frames 15-20 (HF1 through HF13) (Figure 2-3).

b) A “low-frequency array” of 13 flush-mounted elements ,

8 horizontals and 5 verticals spaced approximately

31-1/2” apart , center-to-center , between frames 48-60.

(LF-l through LF-13) (Figure 2-4).

* Reference 1

2— 1
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c) 10 flush-mounted single elements located near the two

fixed struts and near frames 42, 58 , and between
frames 72 through 88 (11-1 through H-l0) (Figure 2-4

and 2-5).

d) 10 elements located within and near Sea Chest 2 (Figure
2-6). Of these 8 are mounted on a special fiberglass
window in 4 pairs : two pairs are flush-mounted (Gi ,
G2 , G7 , G8) and the other two are recessed from the
water by a 6” cavity, (G3 through G6). The cavities

can be flooded with water and also drained . During

the sea trials, the cavities were filled with water .

The last two elements (G9 and GlO) were flush-mounted

above the window A dome was placed around all 10
elements which also could be flooded and drained .

The dome was not flooded during the sea trials .

B. ACCELEROMETERS

At the request of DTMB a miniature accelerometer was
mounted on the rear masses of selected TRG receivers located in

each of the 4 groups above in order to measure the magnitude of
vibration appearing along the sensitive axis of the hydrophone.
The locations of these accelerometers (11 in all) are illustrated

in Figure 2-la (A-i through A-li).

C. TRANSDUCER AND PRE-AMPLIFIER IDENTIFICATION

Each TRG 5” hydrophone, accelerometer and preamp l i f ier
installed on the ship was serialized . A tabulation of the serial

numbers vs. element, their associated SCA (Signal Conditioning

Amplifier) and connector identification in the Shipboard Recording
Center appears in Table 2-1.

2-7
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TABLE 2-1. TRG TRANSDUCERS AND

CABLE CONNECTORS

B + CAL . SIG. HYDROPHONE/ACC. PRE-AMP.
ELEMENT NO. SCA NO. CONN. 

— 
CONN. SER IAL NO. SER . NO.

HF 1 1 1—1-1 1-2-1 P1007 110

• HF 2 2 1-1-2 1-2-2 P1011 117

HF 3 3 1-1-3 1-2-3 P1076 253

HF 4 4 I’ “ 4 P1036 121
• HF 5 5 “ S “ 5 P1027 146

HF 6 6 “ 6 “ 6 P1019 125
HF 7 7 “ 7 “ 7 P1030 136
HF 8 8 “ 8 “ 8 P1002 112

• 

HF 9 9 “ 9 “ 9 P1014 130
HF 10 10 “ 10 “ 10 P1060 137
HF 11 11 “ 11 “ 11 P1031 149

0 HF 12 12 “ 12 “ 12 P1004 103
HF 13 13 “ 13 “ 13 P1008 122

• A 5 14 “ 14 “ 14 1001 256

- 
A 6 15 “ 15 “ 15 1002 160

f LF 1 16 2-1—1 2-2-1 P1015 111

LF 2 17 2-1-2 2-2-2 P1034 259

LF 3 18 2-1-3 2-2-3 P1010 120

LF 4 19 “ 4 “ 4 P1001 127
LF 5 20 “ 5 “ 5 P1043 113
LF 6 21 “ 6 “ 6 P1063 106

• LF 7 22 “ 7 “ 7 P1029 150
U~J LF 8 23 “ 8 “ 8 P1059 118

LF 9 24 “ 9 “ 9 P1068 142
LF 10 25 “ 10 “ 10 P1012 123
LF 11 26 “ 11 “ 11 P1062 107

‘-4
LF 12 27 “ 12 “ 12 P 1050 102

— 
LF 13 12 “ 12 “ 12 P1065 134

A 7 29 “ 14 “ 14 996 116
A 8 30 “ 15 “ 15 1003 258 

-

2-10 
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TABL E 2-1 (cont ’d)

TRG TRANSDUCER S AND CABLE CONNECTORS

B + CAL. SIG . iYDROPHONE/ACC . 
- 

PRE-AMP.
ELEMENT NO. SCA NO. CONN. CONN . SERIAL NO. SER . NO.

C 1 31 2-3-1 
— 

2-4-1 P1095 144
G 2 32 2-3-2 2-4-2 P1073 135
G 3 33 “ 3 “ 3 P1021 131

- 
• 1  C 4 34 “ 4 “ 4 P1098 152

G 5 35 “ 5 “ 5 P1020 141
G 6 36 “ 6 “ 6 P1042 145

G 7 37 “ 7 “ 7 P1045 156
• C 8 38 “ 8 “ 8 P1071 143

Cl) G 9 39 “ 9 “ 9 P1079 155

G 10 40 “ 10 “ 10 P1052 133

A 2 41 “ 11 “ 11 994 153
A 3 42 “ 12 “ 12 993 132
A 1 43 “ 13 “ 13 999 151
A 4 44 “ 14 “ 14 995 164
A 11 45 “ 15 “ 15 992 140 

—

z
*H 1 46 2-5-9 2-6-9 P1075 105

H 2 47 2-5-10 2-6-10 P1051 148
H 3 48 2-5-11 2-6-11 P1078 126

• H 4 49 2-5-12 2-6-12 P1057 159

H 5 50 3-1-5 3-2-5 P1046 158

H 6 51 3-1-6 3-2-6 P1061 255

H 7 52 “ 7 “ 7 P1056 251
H 8 53 “ 8 “ 8 P1016 139
H 9 54 “ 9 “ 9 P1009 114

H 10 55 “ 10 “ 10 P1049 129
A 9 56 “ 11 “ 11 997 147

A 11 57 “ 12 “ 12 1000 168

* H 1 is located near calibration Station 3

2-11 
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A tabulation of the DTMB hydrophone and accelerometer
outputs , connectors and SCA s, appears in Table 2-2.

D. SHIP ’S MOTION SENSORS

The 12 ship ’s motion sensors used during PURVIS II
are listed in Table 2-3. The three accelerometers (Sway, Surge ,
Heave) and the three potentiometers (Yaw , Pitch , Roll) originate
at the Stable Table (inertial platform). The sea state buoy ,
which is cas t overboard on Jays when sea state data is desired ,
transmits the sea state signal to the recording center via a
UHF radio link at 138 MHz. This device , nicknamed “Splashnik”
contains an accelerometer that is used to measure wave height .

The bow probe is an ultrasonic device which measures the

height of the bow above the water during the course of the runs .

The modifications to the ship for the PURVIS II Sea
Trials included the addition of four recording flow flags

manufactured by GD/EB and modified , per DTMB instructions , by
TRG . Three of the flags were installed on the por t side at
frame 29-1/2 (FFA), frame 52-1/2 (FFB) and frame 86 (FFC).

A fourth flag was installed on the starboard side at frame 29-1/2

(FFD) .

All twelve signals were recorded on the low bandwidth

• recorder (No. 5) at 1-7/8 ips.

E. TRANSMITTER-RECEIVER DISTANCES

The distances between each 5” receiver and the four
transmitters have been computed and are tabulated in Figure 2-7.

In addition, the angles associated with the distance R to T and
a line normal to the transducer front fare (N) have also been

tabulated . These angles have been measured in the C/P Sonar

Coordinate System as illustrated in Figure 2-8.

2-12
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TABLE 2-2
• DTMB HY DROPHONES (SEA CHEST 1)

AND CABLE CONNECTORS

Hydrophone (H) Accel. (A) Vibrator
_________  _________  __________  ________  

Input

— 
Connector SCA No.* Connector SCA No. Connector

Dl 1-4-1 60 1-3-1 75 1-5-1
D2 1-4-2 61 1-3-2 76 1-5-2

• D3 1-4-3 62 1-3-3 77 1-5-3
D4 1-4-4 63 1-3-4 78 1-5-4

• 

~~~ 
D5 1-4-5 64 1-3-5 79 1-5-5

D6 1-4-6 65 1-3-6 80 1-5-6
— _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _

D7 1-4-7 66 1-3-7 81 1-5-7
D8 1-4-8 67 1-3-8 82 1-5-8
— _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _

D9 1-4-9 68 1-3-9 83 1-5-9
D10 1-4-10 69 1-3-10 84 1-5-10

*To SCA via dual channel summing amplifier modified for use
as a 20 DB preamplifier

r

r

2-13
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TABLE 2-3 SHIP’S MOTION SENSORS

RECORDER NO.. 5

rrack Signal Name Comments

1 Sway
Stable Table Acceler-

2 Surge ometers.

3 Heave
• 4 F.F. “A” Near Fr, 29 1/2 (port)

5 Bow Probe Ultrasonic device

6 S.S, Buoy Transmitted at 138 MHz
9 Pitch

10 Roll Stable Table Potenti-
ometers

11 Yaw

12 F ,F . .  “B” Near Fr.  52 1/2 (port)
13 F .F .  “C” Near Fr .  86 (port)
14 F .F .  “D” Near Fr .  29 1/2 (stbd..

2-14
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SECT ION III

SHIPBOAR D INSTRUMENTATION

A.  RECORDING CENTER

A functional block diagram of the PtJRVIS II instru-

mentation appears in Figure 3-1. The equipment configuration
within each rack of the Shipboard Recording Center is described
in Figure 3-2. This facility contains all of the instruments
necessary for amp lifying signal conditioning and recording on
magnetic tape, up to 60 data channels plus 10 timing and tape
speed control signals simultaneously. In addition , the equip-
ment contains variable and fixed filters, power amplifiers, a
direct write recording oscillograph, waveform analyzers, and
other instruments useful in performing a “quick-look” analysis
of data prior to, during, or after a “run” has been completed .
All equipment needed to calibrate the tape recorders is also
included within the facility .

A detailed description of the equipment within the
Shipboard Recording Center used during the PURVIS I Sea Trials
appears in Reference 1. This configuration was basically retained
for the PURVIS II Sea Trials with the following modifications ;

a) The number of Signal Conditioning Amplifiers (SCAs)

was increased from 48 to 84. This provided the

capability of connec ting each sonar transducer
(hydrophone or accelerometer) preamplifi er output
directly to a SCA . En this manner the “patching” of
signals (limi ted by the number of tape recording

channels to a maximum of 48 high bandwidth channels

s imultaneously) was performed at the SCA outputs ,
where the amplified signal levels were considerably
higher than at the SCA inputs . (The latter technique

was used for PURVIS I.)
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b) Ten variable gain dual-channel and summing amplifiers
were added to the Recording Center for the acoustic
and vibrat ion signals originating at the 10 FS-l3
hydrophones located in Sea Chest 1. The gain of each
channel was set at 20 db and essentially served as a
preamp lifier for the signals from Sea Chest 1.

c) The pushbutton oscillator used for PURVIS I was
supp lemented by the addition of 3 more units , in
order to have 4 var iable frequency sources for the
four driver-amplifi ers and acoustic transmitters.

d) A “combiner-separator” panel was fabricated and
installed. This unit used a summing network for
combining a monitor output signal for each driver-

amp lifier into one composite signal which could then
be recorded on the magnetic tapes during transmission

tests. In addition , it contained fixed-frequency,

narrow band-pass filters which could be used to separate

any one frequency of the four transmitting frequencies

from a hydrophone output during either the “real time”
or during tape playback.

e) A flow flag instrumentation and control panel was

installed in the ship ’s motion electronics rac k for
conditioning the 400 Hz signals from the four flow

flags , in DC signals suitable for magnetic tape

recording at 1-7/8 ips .

Other modifications inc luded a change in the cabling
used (from the bulkhead terminal strips to the SCAs) from TTRS-l6

to Triaxial type, adding new preamplifier power supplies and
eliminating the calibration patch panel.

B. OTHER SHIPBOARD INSTRUMENTATION
The experiments planned for PLJRVIS II included trans-

mission tes ts for determining the effec ts of bubble sweep down,

_ _  - 
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ship ’s motion , etc ., on the amplitude and phase of the received
signals , at various hydrophones. For this purpose , three struts
(2 fixed , 1 retractable) were installed on the port side of the
ship , each containing a hydrophone suitable for transmitting .
(A fourth transmitter had been installed in the Sonar Dome prior

to the PtJRVIS I tests.) Four driver amplifier s were installed,
one in the vicinity of each transmitter , to provide the necessary
powe r amp lification for the sinusoidal transmitting signals which
were generated by test oscillators located in the Recording
Center .

The output signals from most. of the 46 5-inch hydro-
phones and Ii miniature accelerometers mounted on the rear mass

of some of the hydrophones were connec ted to 20 db gain pre-
amplifi ers which were mounted on the back cover of each hydro-
phone sea chest. Since the hydrophones mounted in Sea Chest II
were installed in a water-floodable area, the preamplifier s,
which were not designed to be comp letely watertight , were

mounted approximately 10 feet away in a dry area .

Four flow flags , each containing a rotating inductor ,

were fabricated by GD/EB and installed on the ship (3 on the port
side , and 1 on the starboard side) - These devices , operating

with 400 Hz excitation , generated signals as a function of the
position changes of the flag due to wa ter flow around it.

The masker system (bubble generators) was modified to

permit three different flow rates of bubbles from each masker .

A velocity transmitter-indicator unit was installed

near the retractable strut , since this device was basically a
velocity sensing rodmeter which was modified by the addition of
a transmitting hydrophone .

3-5
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SECTION IV

SUMMARY OF RUNS

A. RUN CLASSIFICATION/DESCRIPTION

The PURVIS II Sea Trials were performed in two basic
series of tests: a) Naval Architecture (Photograp hic) and

b) Acoustics. Each run in both series was assigned a pre-
determined three-digit run number. The magnetic tape data
recorded during the run was identified by both voice annotation
and the range time code , which contained the thumb-wheel controlled

run number within the code recorded on each tape . The external
photographic data was identified by photographing an underwater
slate containing the appropria te run number prior to the start
of each . A brief description of the test conditions for each

series appears below .

B . NAVAL ARCHITECTURE SERIES

The Naval Architecture Series is more commonly described
as the photographic series , s ince both e~ternal and on-board
(Fish-eye) cameras were employed to obtain photographic data

of the ~“5ble flow patterns associated with both natural

bubbles ani ar tificial bubbles injec ted by the shipb oard Masker
System and b r  Bow Wave Hose. The run numbers for the photo-

graphic series were generally subdivided into 3 ?thundreds l
~

series as follows :

“0” hundred (i.e., 021) No Maskers were used

“1” hundr~d (i.e., 114) Masker No. 3 used
“2” hundred (i.e., 216) Masker Nos . 2 & 4 used

A tabulation of all photographic runs appears in Appendix A.

C . ACOUSTIC SERIES

The Acoustic Series was identified by run numbers

between 300 and 999. The general description of each “hundred”

4-1
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series was as follows :

“3” hundred (i.e., 336) Passive Runs, ships heading WRT sea 00
“4” hundred (i.e. , 448) “ “ “ “ ~~ 90°
“5” hundred (i.e • , 550) “ “ “ “ ~~ ~~ 1800

“6” hundred (i.e. , 642) “ “ “ “ ~~ 
‘~ 2700

“7” hundred (i.e. , 782) Transmission runs, various headings
“8” hundred (i.e. , 835) Transmission runs and electrical

calibrations
“9” hundred (i.e. , 970) Special tests , such as Ship ’s motion

data only, electrical calibrations,
overside acoustic calibrations, etc.

A complete tabulation of all Acoustic Series runs in

numerical order appears in Appendix B-2 . A cross-referenced

tabulation of these runs by calendar date appears in Appendix B-i.

~-2 
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SECTION V

IN-SITU CALIBRATION

A. GENERAL DESCRIPTION

In-situ calibrations were performed at the TOTO test area.

during July 6-12 , 1966. The hydrophone locations are shown in
Figures 2-la and 2-lb. A block diagram of the transmission instru-

mentation set-up is shown in Figure 5-1. The scanning frequency

was derived from a General Radio Wave Analyzer. The current to
the transmitter was monitored on both an oscilloscope and an RMS

voltmeter. The transmitter current was kept constant by manually
controlling the Wave Analyzer voltage while viewing the meter.
The current (voltage across a 1 ohm resistor) was also recorded

on a magnetic tape channel during each calibration a long with
the hydrophones covered at each station. The hydrophones and
record combinations are summarized in Figure 5-2.

The in-situ calibrations were performed at five stations

along the portside of the ship corresponding to the approximate

center of each grouping of hydrophones. (See Figures 5-4 to 5_8)*.
The transmitt ing projec tor was p laced at four different depths
at each station while the transmitting frequency was swept from

50 Hz to 20 KHz .

The frequency was swept in three ranges: (1) 50 Hz to

3 KHz , (2) 2 KHz to 6 KHz, and (3) 5 KHz to 20 KHz, with a 1 KHz

overlap between Parts 1 and 2 and between Parts 2 and 3. The sweep

rates and currents are summarized in Figure 5-9. In addition , at

each range , a 30 second “cons tant frequency” and a 30 second
“ambient level” (no transmission) were recorded. The summary of

run s is given in F igure 5-3. The distance between each 5”
receiver and the J-9 transmitter (R to T length) for each cali-

bration position is tabulated in Figure 5-10 (Note : R to T lengths

for receivers D1H through D1OH were not available for inclusion

in this report.
*Reference CD/EB Dwg. No. 200771
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B. INSTRUMENTATION CONIIGURATION

Each of the five calibration stations were selected

to provide an approximate central forward-aft position for each

of the five groups of receiving elements , as follows :

Fr. 17-1/2: Station 1 - High Frequency Array (HF-i through HF-13)
Fr. 22-1/2: Station 2 - Sea Chest 1 (D1H through D1OH)

Fr. 48-1/2: Station 3 - Low Frequency Array (LF-l through LF-13)

and Hull Element H-i

Fr. 56-1/2: Station 4 - Sea Chest 2 (C-i through C-b ) and Hull

Elements H-2 through H-4

Fr. 80-1/2: Station 5 - Hull Elements H-S through H-b

The tape recording combinations were arranged so that

only 2 of the 4 high speed 30 ips recorders wer e in use when the
projector was at Stations 1, 2, 3, and 4, and only 1 was required
for Station 5 calibrations , thus permitting an efficient utiliza-

tion of the magnetic tapes for this operation .

The gain and frequency controls on each of the Signal

Conditioning Amplifiers (SCAs) were set prior to the start of each

of the three frequency sweeps. This was done by driving the trans-
mitter at a constant pre-determined frequency within each band

which yielded the maximum output from the transmitter . Hence ,

during Part 1(50 Hz to 3 KHz) the SCA gain controls were set with

the transmi tter input at 2.5 KHz , during Part 2 (2 KHz to 6 KEz)
the se tting frequency was 6 KHz, and during Part 3 (5KHz to 20 KHZ)

the setting frequency was 12.5 KHz. The SCA pre-emphasis (pre-

whitening) controls were generally set in the “Fla t” position for
Parts 1 and 2 , and in the 1 KHz position for Part 3. -‘
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FIGURE 5-2 RECORD COMBINATIONS USED AT EA CH CALIBRATION STATION

STATION I: Combination 1-1: Recorders 1,2,4*

Hydrophones HF1 -* HF13 (plus
A1,4 ,5 ,7 ,9; LF1,9 ,13; G8; H5)

STATION II: Combination 1-1: Recorders 3,4

Hydrophones D1H -
~~ D1OH , D1A -~ D1OA

(plus Hi, HlO; LF8)

STATION III: Combination 2-1: Recorders 1,2,4*

Hy drophones LF1 -* LF13 (plus
Hi; HF2,3,9,iO ,13; A5 ,7; D5H, D6H)

STATION IV: Combina tion 2-1: Recorders 3,4

Hydrophones Gl -
~~ d O , H2 H3 ,H4

@lus Al,2,3,4,9,il; D1H,D~H,D4H,
H5)

STATION V: Combination 3-1: Recorders 2,4*
HydrophoneS H5 through RiO (plus
A8,9; G5,8)

* SERVO ONLY (used no tape)

5-4 .
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POSITIOP STAT ION ~ f TO PIVOT TO RUN ~~ DATE TAPE NO

I 3 39 1/2 18 1/2 971 7/6 170 270 372 476

2 3 52 18 1/2 973 7/6 171 271 373 477

3 5 51 15 1/2 974 7/7 172 272 374 478

4 5 37 151/2 975 173 273 375 479

I 40 1/2 22 976 174 274 376 480

6 I 29 22 977 
— 

174 ,S 274, 5 376,? 480,1

7 I 53 22 978 
— 

I’T5,~ 275,6 X X

8 I 65 22 979 176 276 X X

9 2 65 21 1/2 980 7/8 X X 377, 8 481,2

10 2 53 21 1/2 981 7/tO X X 381, 2 485 ,6

II 2 40 21 1/2 982 X X 382 486

12 2 28 21 1/2 983 X X 383 487

13 3 26 18 1/2 984 7/l I 180, 2 280,2 X X

P4 3 65 18 1/2 985 82 282 X X

IS 4 65 986 X X 383,5 487, 9

16 4 52 987 
— 

X X 385,6 489,90

17 4 38 988 X X 386 490

8 4 25 989 X X 387 491

19 5 23 15 1/2 990 7/12 X 283 X X

20 5 65 15 1/2 991 7/12 X 283, 4 X X

SEE FIG. 5-I

FiGU RE 5-3. OVERSIDE CALIBRATION RUN SUMMI\R1

5-5
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Part 1

a) Frequency: 50 hz to 30 khz sweep

J9 current: 0.7 amperes (0.8 amperes initially)

Sweep rate: (1.5 x 1 ipm) = 750 hz/mm
2 in/KH z

b) Constant frequency: 3 khz , 30 second s
c) Ambient Levels: 30 second s

Par t 2

a) Frequ~ncy: 2 khz to 6 KHz sweep
J9 Current : 0.5 amperes

Sweep rate : (1.5 x 1 ipm) 750 hz/mm
2 in/KHz

b) Constant frequency : 6 khz , 30 second s
c) Ambient levels: 30 seconds

Part 3

a) Frequency: 5 khz to 20 khz sweep
J9 current: 0.2 amperes (0.3 amperes initially)
Sweep rate:  (0 .5  x 10 1pm) = 2.5 khz/min

2 in/KH z

b) Constant frequency:  5 khz , 30 seconds
c) Ambient levels: 30 seconds

FIGURE 5 .9 OVERSIDE CALIBRATION RANGES
5-11
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SECTION VI

ACOUSTIC DATA

A. DISCUSSION OF NOISE MEASUREMENTS

We discuss salient features of the available results ,
make comparisons with previous results , and provide some theoreti-
cal orientation . The present discussion is based only on the

following data from PURVIS II: noise measurements from 0.5 to

5 kc for flush elements Gl , G8 , and recessed elements G3 , G5 ,

all in Sea Che st 2 , and flush element Gb in the hull nearby ,
and from U to 10 kc for all D elements in Sea Chest 1; overside

(in-situ) calibrations for all D and C elements and a frequency-

independen t intrinsic (free-field) sensitivity for the D elements.

No f r e e -f i e l d  calibrations were available for the C elements .
The D elements are covered by layers of thicknesses

given below. The layers covering elements Dl , D5 , D6 , and D10

are p lanar , and those covering the others are of limited lateral
exten t  corresponding to a 600 conical divergence from the elemen t
periphery to the outer surface , merg ing , however , into a planar

layer of thickness 1/2”.

Element Dl D2 D3 D4 D5 D6

Thickness (in). 1-5/32 1-47/64 2-51/64 4-59/64 5/8 13/16

Element D7 D8 D9 DlO 
J

Thickness (in.) 1-23/32 2—25/32~ 5-1/32 59/64

1. Results for G elements (Figures 6-1 to 6-8)

Because of a decided change in character of these

noise spectra above 3 kc , we discuss first the interva l 0.5 10

3 kc. For flush window-mounted elements Gi and G8 the dependence

6-I
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on ship speed (U) is relatively weak up to 3 kc , specifically

K 10 db/ s peed octave for U,~ -10 to 20 kt, corresponding to power
dependence roughly as U3. For the flush, hull-mounted element

GlO this behavior continues on to 5 kc. In the case of the re-

cessed elements, up to 3 kc the speed dependence is still weaker,
except that there is a hump for G3 at 20 kt near 1.8 kc.

The levels for the recessed elements in this frequency

interval at the higher speeds are for the most part lower than

for the flush elements by —10 db , and their lack of speed dei-

pendence may correspond to the presence of a speed-independent

no ise componen t tha t is exceeded by the speed-dependent contribu-
tion for the flush elements but not for the recessed elements.

Levels for the recessed elements are comparable with one another ,
excep t tha t the level for 5 kt is very low for Cl. These compari-
sons of levels for diff erent elements are significant only on
assumption that free-field calibrations will indicate that the

elements have similar sensitivities.

The fr equency dependence of the noise for the flush
elements from O~~ to 2 kc at 20 kt is roughly -8db/octave , or
as w 2 7 . This dependence refers to the raw noise measurements

and will apply to the true noise spectra only if the free-field
calibrations show that the element responses are nearly frequency-

independent in the frequency range in question .

A disturbing feature of the overside calibrations of

recessed and f lush elements mounted in this sea ches t is tha t
repetition of a cal ibra tion run in some overla pp ing frequency
range resulted in many cases in quite a different level both in

ma gnitude and ~requency dependence. No reliable conjecture as

to the cause c~~ yet be offered. No such discrepanc ies are

observed in overside calibrations of hull-mounted elements.

Also , in a given calibration run the spread among the levels for
different recessed elements for the most part is greater than

for flush elements in the sea chest.

The observed speed and frequency dependence may be
6-2
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compared with those for the 3”-diameter 5E elements of PURVIS 1 ,
and the joint dependence compared with the theoretically conjec-
tured scal ing laws . The frequency dependence for 0.5 to 2 kc is
generally similar to that for the 5E’s, except somewhat weaker
for 0.5 to 1 kc. (Results for the 5E’s were somewha t erra tic,
however) . The speed dependence for the flush elements (and
still n~re for the recessed elements) is weaker for 0.5 to 3 kc
than was observed for the 5E’s, Likewise, the joint speed-
frequency dependence disagrees with the conventional “outer”
law for the spectrum Q (w) of turbulent boundary-layer (TBL)
pressure f luctuations on a large element , namely

(1) Q(w) = (wR0/çy
2p2o~u

3N(5~ /R0,wo~ / U ) ,

where R deno tes element ra dius and N is a function of the
0 

*ind ica ted dimens ionless arguments • Spec if ical ly  from form
-27 .

(1), for Q(w) ~w , as observed we would infer

Q (ui) ~~~~~~

An assessment of the effec t of area dependence based
on comparison with the 5E elements must await availability of
free f ield calibra tions.

We turn now to the frequency range 3 to 5 kc. The

spectra for the flush elements tend to level off from 2 to 3 kc.

Though levels for the lower speeds for the most par t decline
between 3 and 5 kc , those for the higher speeds remain roughly
level or even rise somewhat. For the window-mounted flush Cl
and G8 , levels increase greatly from 5 to 15 or 20 kt in this

*See Reference 4

**The observed dependence disagrees still n~ re with the “inner”
law for a large element, namely

(wR0/v*Y
3p2vv*

2L~ (wv /v*
2) .

The corresponding inner law for the TBL point pressure spectrum
may be more nearly correct at high frequency than the conventional
one.
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frequency interval , but the increase is erratic with the levels
for different speeds even crossing at some frequencies. For
the hull-mounted flush GlO , on the other hand , the levels for
5 to 15 kt in this frequency interval are roughly independent
of speed but higher than for the window elements at 5 kt.

It is recessed elements , however , that disp lay the
most consp icuous anomaly in the higher freq uency interval. For

speeds 10 kt and grea ter the levels broadly increase between 3
and 5 kc in a pronounced though erratic way. The overside cali-
bra tion curves for the recessed elements on the other hand ,
though for the most par t tending to rise somewha t between 3 and
4 kc , do not increase to such a degree as the noise levels
between 3 and 5 kc. Likewise , so far as the gross behavior of
the calibra tion curves in this range is concerned , the recessed
elements are fairly similar to the flush ones. Pending further

cons idera tion , we a dvance no explana tion for this anoma lous
apparent increase of noise with frequency.

2. Results for D elements (Figures 6-9 to 6-14)

The most striking feature of the results for the D

elements is this : in no extensive frequency range do the noise
levels for the elements beneath various thicknesses of layers
have the inverse order of the thicknesses , even though in some
ranges the differences in levels are substantial. Furthermore ,
the in-situ (overside) calibrations are very different for the

various elements and likewise do not , in any appreciable fre-
quency range, have the inverse (or direct) order of the corres-

ponding thicknesses.

Since the measured noise spec tra , even a t the h igher
speeds , do not have the inverse order of the layer thicknesses,
as would be expected if the elements have equal intrinsic sens i-
tivities , we might conjecture that the in-situ calibrations
differ  not because of different total pressures on the elemen ts
in the calibration configuration , but because of some unintended

alteration in the intrinsic sensitivity of some elements due to

6-4
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peculiarities of their installation . A similar supposition is

that trapped air was present under the layer over some elements ,
which would effect the response of the element to either a

signal or noise applied on the outer face of the layer. Under

such condi tions , the desired absolute noise levels for properly

mounted elements beneath the various layer thicknesses would be
g iven more nearly by reduc ing observed noise levels by use of
the in-situ sensitivities than by use of the intrinsic (or free-

field) sensitivities of the unmounted elements. Unfortunately,

however , application of this procedure yields reduced noise
spectra that still do not have the inverse (or direct) order of

thickness in any substantial frequency range.

Considerable doubt is cast on the validity of the in-

situ calibration s, in any case , apar t from their wide and erratic
varia t ions among elements , by the observation that the noise
spectra at 5 kt, where the noise may be expected to be pr imarily
acous tic in character , are much closer to one ano ther , in general , 44

than are the calibration curves. This fact suggests regarding 44

the 5-kt spectra as ef fect ive  relative calibration curve s to use
for the spectra at higher speeds. This procedure , however , also
fai ls  to y ield a plaus ibly ordered set of spectra.

At very low frequencies , i.e. , up to nearly 0.25 kc ,
however , for the higher speeds (20 and 25 kt) the order of the
noise levels for the various elements (with the excep t ion of D
and Dl0 at 25 kt) is the expected inverse order of thicknesses.

In this range , beginn ing from zero frequency the spectra are
most ly ra ther fla t for a short interval and then decline precipi-
tately up to about 0.4 kc , by which po int the level or der is
m ixed; the rate of decline with frequency then becomes smaller

on the order of that observed at such frequencies with flush

el ements. We are unable to propose a positive reason why the

r~~~~iar  order of levels observed at very low frequenc ies should

~~~ persist to much higher frequet 1~ies .

A theoretical account of the possible acoustic noise

- ~~~~~ by a covering layer is given in summery in Appendix C.
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We a lso supp ly here a brief theoretical orientation. The noise

spectrum is regarded as the sum of three parts: (a) high-wave

number (eddy-convection) noise due to the TBL: (b) low-wave

number noise due to the TBL (c) noise due to a radiated sound

field (including any associated with the TBL) . Component (b)

(with suitable adjustments in (a) and (c)) may be roughly assumed
to be wave-number white.

In the present tests , even the thinnest layer (5/8”) is
expected to be sufficient to eliminate the high-wave number compo-

‘ nent (a). All of the layers , on the other hand , are expected to

leave the radiative component (c) nearly unaffected. Finally,

the layers will reduce wave number-white noise as a function of

thickness L and frequency according to a formula given in Appendix
A , Thus only component (b) of the noise is expected to depend

on L over the range of L embrace d by the tests. Hence, if the
L-dependence is substantia l at very low frequency, as observed ,
it will remain substantial up to frequencies where either (1)
the wave length (7\ = 2-irc/w) of sound in the water or layer is

only < 3/2 t imes the element diameter or < 9 times the layer
thickness , so that component (b) becomes L independent , or (2)
the entire component (b) has become rather smaller than component

(c) on account of a more rap id decrease with frequency. If the

L-dependence observed at low frequency in the tests is real ,
its obliteration above “0.25 kc would not be due to the former

condition and could be attributed only to the latter. The pro -

nounced but e r ra t ica l ly  variable dependence on thickness at
hi gher frequencies , however , rema ins to ta l ly  unaccounted for .

We are thus unable to make much sense of the results.

If some cred ible cr iterion could be dis cerned for accept irg the
da ta for some el ements as meaning ful and those for others as
not , then some apparen tly sens ible accoun t migh t be given . Since

there is no c lear cr iterion to use , however , the likelihood of
selecting data to suit one’s prejudice is obv ious.

We shall now discuss further the observations for

elemen ts D4 , D5 , and D9, for which the noise levels at multiple

6-6
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speeds are shown in Figures 6-9 through 6-Il. That part of the

discussion which concerns the reduction of noise relative to a
flush element or the reduction by the thicker layer relative to

the thinner is given by way of example, but the conclusions are
not to be credited , since , in accord with the remarks above. the
selection of other elements would lead to conclusions different
from and inconsistent with these, Similarly, the discussion
based on in-situ calibration curves is not to be accepted.

‘ 
The noise spectra for D5 and D4 clearly ind ica te some

speed-independent component in fairly narrow bands centered at

about 1.3 and 3.7 kc. Assuming , as we shall , an intrinsic element
sensitivity of -108 db re 1 v/~bar , the maximum levels of these
components appear to be about -19 db and -32 db re 1 (~,ibar)

2/cps.
respectively. In the case of element D9 the component at 1.3 kc
appears to be absent, and that at 3.7 kc also does not appear ,
though it could be masked by the higher noise level seemingly
prevailing there for this element.

We discuss results for the element D5 with the thinner
boot. The speed dependence weakens as the frequency decreases
toward 0.5 kc; in fact, there is a suggestion of another speed-
independent component with peak near 0.5 kc. Concerning speed
dependence in the ranges apparently least affected by speed-
independent components, at~-.’0.8 kc for 10 to 20 kt the speed
dependence is roughly as (6 dt/speed octave) and for 10 to
20 kt as U~~

2 516
; at ~~ kc for 10 to 20 kt the dependence is as

44 ~~~
3 6  and for 10 to 25 kt as U 4. As for the frequency dependence ,

at 25 kt we have the result:

Frequency interval (kc) 0.5 to 1 1 to 2 2 to 4

Db decrease 9 7 9

The average dependence over 0.5 to 4 kc is thus as
just as found (at 20 kt) for the flush C elements. Hence,

again the speed dependence is too weak to correspond to scaling
form (1) (which , in the regime in question, remains roughly
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correc t for a shielded element if correct for a flush element ,
so far as the speed and frequency dependence are concerned).

Regarding absolute noise levels , using the assumed
sensitivity ,  we obtain the levels recorded for 20 kt in the 44

following table along with comparative levels at 20 kt obtained

for typical elements in the PURVIS I tests and for an element

at similar distance aft in G.Franz’s measurements on the sub-
mar ine Albac ore.

TABLE 6-1. Noise levels in db re 1 (~bar)
2/cps for various

elements at 20 kt.

Element Frequency (kc)
Test , element diam. (in,) 0.5 1 2 4

Albacore , 0.11 36 33 18
46 ft aft

PURVIS 1., 1638 0.125 29 22 7 -13

PURVIS I , 5E61 3 -14 -25 -30 -37

PURVIS I , 5Elll 3 0 -12 -18 -27

PURVIS II , D5 1.5 -7 —15 -21 -32

PURVIS II , D4 1.5 -12 -20 -31 -39

PURV IS II , D9 1.5 -14 -22 (-25) (-25)

It is unfortunate that there is no flush element of the

same size and type as the D elemen ts wi th which compar isons of
noise levels on the layer-covered elements can be made. As it is,

comparison can best be made with the 5E’s of PURVIS I. The 5E

which was at the source station aft was 5E61. That element ,

however , measured noise levels 12 db or more below those measured
by the other 5E’s, all of which were stationed further aft in or

near Sea Chest 2 (for example , see noise for element 5E111 in

Table 6-1). This difference obta ined despite the fact that element

5Elll was situa ted abou t 9 fee t below the lower edge of Sea Ches t
2 and hence far removed from the water surface. If, never theless ,

6-8
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we credit the measurement of 5E61, we note that the noise level

for D5 with the 5/8” covering layer was 5 to 10 db higher; this
difference might be atributed to the greater area of the 5E

element , but in any case suggests no substantial noise reduction

by the layer on D5. If,on the other hand , we discredit 5E6l and
suppose that such an element at that location should measure

noise no lower than tha t measured by 5Elll fur ther af t, we note
that the noise level f r  D5 was 3 to 7 db lower than that for

SEll i, despite the larger area of the la tter , thus suggesting
substantial noise reduction by the layer.

We recall the contingent theoretical expectation with

regard to the effect of the 5/8” layer on the noise relative to

a flush element of the same (1.5”) diameter : (a) high-wave number

(eddy-convention) TBL noise should be virtually eliminated; (b)
wavenuniber-white TBL noise should be reduced by 7.4 db; (c) noise

due to a ra diated sound f iel d should be lef t nearly unaffected.

We proceed to consider the results for elements D4 and

D9 with the thicker layers (actually conically expanded boots).
Though the layer thicknesses for D4 and D9 are nearly equa l , and
the noise levels are likewise nearly the same up to “-2 kc , the

levels for D9 become much higher than for D4 at higher frequency.
Comparing in-situ (overside) calibrations , we see that the cali-
brations for D4 and D9 are similar in form and rough magnitude

up to 1.7 kc, but tha t the indica ted sensitivity of D9 then rises ,
while that of D4 falls, so that whereas the average sensitivity

for D9 from 2 to 4 kc is “‘-46 db , that for D4 is “-58 db. The

calibra tion curve for D5 , on the other hand , is similar to that

for D4 on up to “4 kc. We are led to think that the in-situ

sensitivities for D4 and D9 differ in the higher frequency range

not because the effective pressures in calibration in-situ differ ,
but because some differences in installation have caused the
effective intrinsic sensitivities of the two elements in this

frequency range to differ , thus affec ting also the sensitivity
to noise pressure. On this assumption as stated earlier , even
though it is a comparison of absolu te noise levels tha t is
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desired , the respective noise levels measured by the elements in

this range should be altered to reflect the in-situ calibration

difference. The levels so corrected no longer display the

anomalous difference no ted.

Comparing results for D4 and D5 at 20 kt, we see that
the thicker layer has apparently reduced the noise level relative

to the thinner by v5 to 10 db. Correspondingly, the levels for
D4 are lower than those for 5Elll of PURVIS I by 8 to 13 db;
they are roughly the same as those for 5E6l of PURVIS I.

Returning to theoretical expectations , the effect of
the thicker boot on the high-wavenumber noise is irrelevant

(since this is negligible even with the thinner boot) arid on

the radiation noise is still minor. On the other hand , up to

about 1 kc the wavenumber-white noise should be reduced by 18
db rela tive to the thinner boot, and by a decreasing amount at
higher frequency.* This estimate applies to a laterally large
planar layer , however , and the reduction would be expected to
be somewhat smaller for a conical boot of the type employed.

No trend toward convergence of the spectra with increasing fre- 44

quency is discernible from the measurements.

B. TRANSMISSION TESTS (Figure s 6-15 to 6-18)

Analysis of data from transmission tests to date have
been limited to analog records of the envelope of received signals
after narrow band filtering. Two different techniques were

employed for this purpose. 
-

Figure 6-15 is an oscillographic record of the fil tered
signals from several hydrophones. during a transmission test.
This particular record was selected from a longer record made

during real time on board the PURVIS, at a point when the received

signal at one of the flush-mounted hydrophones was significantly
affec ted by bubble clouds passing between the transmi tter and the
receiver. Ship’s speed was 20 knots.

~The results quoted here for wavenumber-white noise are based onthe formula given in Appendix G.
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The traces at the extreme left  side of the record repre-
sents the ambient noise levels prior to transmission appearing

at each hydrophone in a 80 Hz band centered at one of the three

transmission frequencies subsequently used. The balance of the

record was made during the transmission period . The amplitude
variations observed at receiver H-7 were quite discernible. In

this short time history record (i.e., approximately 5 seconds)

some of the amplitude depressions are between 15 and 20 db down

from the nominal amplitude . The same transmitted signal received
at H-b , however , shows practically no ampli tude variations
dur ing the same time interval . This condition is , as expec ted ,
since receiver H-7 is located approximately 2 feet above the

keel and 10 fee t off the ship ’s center line , wherea s receiver
H- 1O is located a few inches above the keel and 1 foot off the

ship ’s center line. (Note : the “db” values for eacti at the

six traces refer to amplification added aft -r the narrow band
pass filters of the Combiner-Separator panel.)

A second method of obtaining analog records of the

transmiss ion tests utiliz ed the General Radio wave analyser and
level recorder. For this application the GR center frequency

was se t to one of the transmission frequencies with a bandwidth
of 50 Hz , and a time history a t a rece iver signal was recorded
as a logarithmic amplitude record. Figures 6-16, 6-17 and 6-18

are composite records of the received signal at one hydrophone
from one transmitter , at various ships speed and transmitting

frequencies. The passive noise levels at 2465 Hz for each speed

are also illustrated. The passive noise levels indicate that

at receiver LF-8 the amplitude at 2465 Hz was essentially constant

until the ship ’s speed was 15 knots or greater. At 15 knots large

amplitude modulations were exhibited in the received signal level

at LF-3 for all four frequencies , from both transmitters T2 and

T4 , due to bubble clouds , ship ’s motion , etc . The sea state

during these run s was “2’ . 44
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C. ACTIVE TRANSMISSION

For active transmission runs we are interested in the

normalized mean and variance of the envelope or average power of
the received signal for finite time intervals. The normalization

is with respect to zero speed or flow to indicate absolute levels
of attenuation . We are also concerned with the mean and the
variance of the phase difference between the transmitted and
received signals normalized with respect to phase difference
at zerc speed.

The finite time intervals of interest correspond to
the inverse bandwidths of anticipated active sonar input fi l ters
(long or short CW pulses) , and the mean and variance as a function
of consecutive t ime intervals are of inte~ est to correspond to
the mot ions or flow of bubble clouds .

Although special programs could be prepared to analyse
these items, the timing and funding may preclude any such e f for t
at this time. As an alternative, we are preparing oscillograph
runs of received signals to show instantaneous output signals
and variations in the envelope when pa -~ ’ed through appropriate
band pass f i l ters .  The cross-correlation between the transmitted
and received signals will yield a function which is dependent on
both amplitude and phase variations. Band limiting (clipp ing)
of the s ignals prior to cross-correlation will give only phase
dependent results.

6-12 44
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SECTION VII

PLANS FOR FINAL DATA REDUCTION

A. GENERAL

A joint TRG-DTMB meeting was held at the Model Basin

‘ 
on September 7, 1966 for the purpose of reviewing the status of
acous tic data processing and ana lysis for both PURVIS I and II.
Dur ing the meet ing , TRG presented an analysis p lan for the
PU RVIS II data (see end of section) which would satis fy the
prime test objectives of the PURVIS II Sea Trials. This plan

was bas ically accepted , supplemented by some additiona l require-

ments put forth by DTMB for both PURVIS I and II.

Subsequent to the meeting , funding for data processing
and analysis was significantly reduced for the balance of Fiscal
1967. In view of this, the comprehens ive processing and analysis
p lanned for both PIJRVIS I and II acoustic data had to be judic-
iously “pruned” . In addition , the implementation of new ‘omputer

programs for new applications (i.e., transmission attenuation)
or more efficient computer usage (i.e., Cooley-Tukey high speed
spectrum analysis) , was essentially terminated .

B. PROGRAI~1MING EFFORTS

One general agreement between TRG-DTMB was that all

noise spectra data bein~ p lotted in the  dimensional form of
power (db re 1 microbar -sec) vs. frequency in Hz should be

p lotted on one cont inuous plot rather than in 3 linear frequency
bands , as is presently being performed for PURVIS I data .
Note: the 3 frequency bands used were 100 Hz to 1000 Hz, 1000
Hz to 3000 Hz and 3000 Hz to 10000 Hz. Formatting and digital

computations were performed 3 times for the same analog data
by using analog filters prior to formatting) . Programming

efforts have been initiated to modify the present output plotting
44 tape to inc lude this capability as well as a “non-dimensional”

form with a log frequency abscissa . Additional programming

i-i

L- 
-

44 - - -‘-- -—~~~~~~— - —— - —  4 4 - -  --— — - — 44 -—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~ _u_~~



r’— —44—— 44 - — - ——44 - _____ ‘__44___~~~_ - - w___.__ 
~~~~~~~~~~~~~~~~~ ~

B026-470l 1/470l3

efforts may be required for processing transmission attenuation
data , af ter an analysis of the results from the data reduction
order described below has been completed.

C. ACOUSTIC CALiBRATIONS

Another general agreement at the joint meeting was that
free-field calibrations should be used for the presentation of
all noise spectra (PURVIS I and PIJRVIS II). The processing
operation at NEL Data Conversion Center (See Appendix E) presently
provides for the inclusion of correc tion data , such as tape
skew correction , hydrophone acoustic sensitivity, etc ., on the
header record preceding the digitized and formatted analog data
on the formatted digital  tape . The analysis program , which
performs the computations for auto-and cross-correlation ,
and cross and noise spectra , utilizes both the header record
and the formatted data.

The TRG 3-inch elements had not been calibrated prior
to installation in the ship and ac oustic calibrations are

44 presently being performed at the U.S. Navy Underwater Sound

Reference Laboratory (USNUSRL) , Orlando, Fla., under the cog-
nizance of DTMB.

However , these tests for frequency response are just

s ta r t ing , and TRG has not been furnished with any test results
to date . Hence , TRG p lans to defer format t ing and analysis of
acoustic data requiring frequency response corrections unt i l  the

44 latter information has been received .

D. PURVIS II DATA REDUCTION ORDER

An initial data reduction order has been submitted

to the Data Conversion Center at NEL (see end of section), and
to DTNB . The acoustic data processing requirements within

this order include auto and cross correlations , power and cross

7 — 2
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spectrums, amplitude distributions and some analog recording of
received signals during transmission runs . Accelerometer data

associated with both the TRG 5” receivers and the DThB FS-13

receivers will be processed using the General Radio Wave Analyzer.

As a result of recent processing tests the specifi-

cations for formatting have been modified for improved efficiency

above the PURVIS I procedures . Instead of using three frequency

bands between 100 Hz and 10 KHz , two processing bands (200 Hz
to 2 KHz , 1 KHz to 8 KHz) will be used , with a “switchover” at
1.4 KHz during plotting operations. The reduced bandwidth will

also permit sampling data at a slower rate (i.e., 50 KHz vs.
100 KHz) as well as reduce the number of operations, digital
files , analysis program , output plotting tapes , etc., by 1/3.

The select ion of run numbers for processing and analysis
was made fr om runs which were performed af ter the fixed trans-
mitting strut at frame 58 was removed from the ship .

7-3
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_ 3 . .

4. element location

5. type of element shielding (if any)

6. impedance of surrounding flow boundary

7. ship maneuver, sea state

Likewise, the cross-spectra of noise between elements , both in

magni tude and phase , will differ distinctly for the acoustic and

boundary-layer contributions . The same is true of the magnitude of

the cross-spectra between noise on an element at~d acceleration at a

nearby point of the flow bourldary.*

Calibrations

The use of free-field calibrations should be emphasized

if and when these are available, especially with reference to the

sea-chest mounted elements , since the acoustic configuration for these

is rather special and not characteristic of a prob able final system

design, Until free-field calibrations are available, the over-side

in-situ ones will be used wherever credible. If they are not credible

in the instance of the sheathed elements in Sea Chest 1, e.g. if they

differ greatly from one element to another , but noise measurements

* Acceleration sensitivity of the element must also be considered in
conjunction with readings of the accelerometers mounted on the rear
masses of several elements.

7-6
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for nhe~e elements at low speed coincide , the relative calibrations

will tentatively be assumed equivalent among elements.

In evaluation of calibration results , those for neighboring

identical elements will be com?ered. The appropriate extent and

mode of frequency-averaging of the calibration curves must be established

for noise data reduction.

We discuss briefly various sets of elements and data to be

stud~ec with regard to the noise sources and var~aoles enumaratec

earlier.

Sea Chest I (sheathed elements: 
~~~~~~~

We compare reduced noise spectra among eman:s beneath

layers of differing thicknesses ; we compar e these aso .o: ~e~rs of

elements or same r.omina nh~ckness no a ..amtnano :n;_uence or zone-art

posi t ion.  Acoustic eon:n~bu::on no no:ne ~s expec:ac to cc

independent or cepzn. ~ouncary-_ayer ccntr~out:on nas a~sz~ngu~snable

components which wi~~ be recucea Z0 va:y:ng degrees depencent on

di4.ferer~t parameters. £f wave nur:~e:s ~ >> ~r co no: con:rt~u:e

substantially, where is element radius , and if wave nun~bar spectrum

or pr ensur e depends only weakly on :< in tne pertinent range , the noise

spectrum is expected to oe reducec relative to t~usn moun:~ng ~fl a

rigid baffle by a factor 
~ 
(R0/~~

)2 if > R0, where

-2 (1/4) (We)2 + l/2L2 

~~~~~~~~~~~~~~~~~~ • . ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ____
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a t s toe o:c~: on toe ::eo~ve:sc ( or poss~b_ y 4.oog::uc~.nal) sound

ve aoi:y in the m tenia of the ayer , and L is the layer thickness;

the noise is e:-~pac:cd no: to be reduced if R < ~~ , i.e. ifa ‘.~~

> - :12:
2
.

Cross-spectra between various pairs of a .emenrs wi .l be

e~ amioad to heLp determine the ?:aec=inan: wave nu~cens in the pressure

~1a d  a: the depth L in question.

~~C e::~ -.:~ a: ~~~~as c~ ii~:nce.~ (..a:gc, f ush elements : E~ , 2,h)

Crcsn-spec::a between neighboring e~~~~o:n a: various distances

aft be c;- ami~ ed to try to see in •.-:ho; frequency range the noise

— —  — • _ . .•.  • -~~~~~ 
- _ , - _~~~~~- . ;  :. ‘._ :  ~~~~~~~~~~~~

~~ ~~ ? — Sd..... ~~~~~~~~ — y ... — — — — .~ s. s. .. .J ~~ C s.~~~ ~. .. _ .~ . ~~
.... j  _ _

~~~~~~

_ .
~~~ — W.. —. ~.. ~~~. • — ,

n o an a c o u n t . c :~.alc. ~n coca range , :a~ ca~ eneenca on cns:ance

a:: ~.: n:xee ~n:p Sp C C C  W1~~~~ .. O~~~ stuc~.aa. ~~~
-
. :oe :ang~ ~.oe:e ocuocary-

layer no:sc :hougn: to p:ecom::.a:e, :: w:_ - .  cc de:e:a.mm~a w:.ez:.e:

toe no:se cecreasas w~ :n c:s:ancc a:: :.~ rougn accora (g~v~o zo o oceervea

;:eçu~ ney cepenconce) w ano two suggas:ea a_ :erna::vs a~:o ., norms no:

this y?e or noise. The vania:ic:. ~i:h ciatanac wi~~ be otud ied aLso

where acoustic noise is though: to predominate.  Crcss-spec::n. of noise

with  aca_ leration measured at neighboring painz~ wiLl aLso be

in c n~ ngu:sn:ng toe acoustre contr:cu::on.

Lu 
7—8
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_ 

- _ - - - —•- -— —-—•----



~

• ,-
---. ---

~ B026-47011/47013

— 0 -

Nois e spect ra  for e~~ mencs a: d i f f e r e o n  vertical  he ight s

will be oom~~ r~ d. :n this conn~ction , and also as a CompLicating

f a c t o r  in connection w it h  de~~~nd:nce on dis tance a ft , th e  i n t ens i t y

on :urou~ enc e , :z :s no:eo , may Sc gn::~ cen:: y :n:ueocac cy p:ox :m:n y

~o toe nottons generated a: roe so:p-we:e:-a:r :nter:ace. ~~cng w::o

~o increasac rms :~ uc zua::ng vCsoCi:y,  an :nc:eascc :urcu:oot energy

C I SS : p C : I O O  woula a~ so occur coo ?e::.e?s cc on greeter amport enco on

account  o: ::s ne lan t on  to ::.e aecay on occ:cn one toe assoc:a:ec non-

coovac::ve e::ec :; too ~ot:or may cc s:gn::~can: nor couneary-layer

on ~a:ge elements a: nm~,o n:c~ u aocy .

Sea Che st  2 (f .ush wiodo.:-a.c .n:ee a:.a cn.~m-housedo .e:en:s: 3)

here the com~arason benwean nc~ aa n rc  for the fLush and

toe so:e~ cec c~~ m~:.nn :s to cc cn.;:.a~ ia0e. .. ~~nm_a: ccm~e::son conween

c:oss-s~ ec :ra on no~ ne on pa::s on as an~po:;a:.: n o :ncaoa:a

no woe: ex:~ n: toe u_va oumoc: s~~ecn:um on -;:essu:c a:n;n:es w a n o a n

:o~ ao:..e. Cross-spectra ce:weon noise ana acce e: ::oo are

useru . .  to :nc:ca:e zoo :eaa::va eannr :ou:acn on acous ac sources to

toe ne se on ;..uso anc L O i C a C O C  e omen;s. Co:..mn:asoo on noise spectra

• wit.; ~~aa;ra from ?urvis I wil . b. os. d in consideration of the area-

• avera ging e f f ec t .  Noise spectra for f ush win~ c-.- ;-mounted eLements  and .

those for neighb oring, similar , f uch hull-mounted e .Cm5O:5 will cc

compared to assess the probable effect of vibration of the

window. -

7-9
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Comparisons of noise spec tra on various elements will be

made with those on comparable elements in the U.S.S. Albacore measure-

ments .

~‘or all elemen ts consider ed , cross-spectra between noise and

ship motion wiLl be examined with a view to evaluating toe contribution

of acoustic sources ic - le in the earlier enumeration .

7-10

• i~~n



-__--~~~~~~~~~~~~~~~ •-~~~-•-~~~~~~~~~~~~~~~~~~~

13B026/7000 - 195

September 27 , 1966

~r . S. Luistro
~~~~~~~~ of the NavyDavid Tay lo r  Mode l Basin

Washington , D . C .  20007
Re: Contract N0bsr 93023 PURVIS 11

Dear Mr. Luistro : Date Reduction

Enclosed is a copy of a draft of the PURV S II Data  Reduc-
tion or~er memo which I sa. heving typed for transmission to ourf a ci lity  at

Prc ;rammirLg has been s ta r red  to ?errnit conversion of the
out m t 

~~-?~~ to a single plot , including non-dimensional scalesand wino a log frequency absc issa.

It ~houid be noted th~z the active transmission run data
reducticns ar~ no~ fu’ly specified . Complete active transmission
date reduction requirements will be forwarded no you shortly.

D.~:a completion time estimates for PURVIS II will beforwarded to you as soon as they are completed.

Very tui ly yours,

N. Nesenoff
cc: N. ~a1dwin, NELH. Seberg , TRG

W . Landauer. TRG
W . Graham, ThO
R. Newman, TRG~---
J. Franz, DTNB
I. Cook , DTM)

• ~~~~~~~~
- -

~~~ ~~~ -
-

~~~~x~nc..esure 
- ~ - : 

~~~~~~~~~~~ ~~~N~?1 P~N :, ~~~~~‘:‘ ~~
. ~

U - .- rY-~
~~~~~~~~~~ ~~~~~ ~
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1H I NTER - OFF ICE MEMORANDUM

September 27, 1966

TO: H . Seberg

FROM : N. Nesenoff

SUBJECT : PURV iS TI DATA REDUCTION

Enclosed are the order runs for PURVIS II Data Reduction .

Tha first 25 items are for Sea States 0(and 1) Headings with respect
to sea of 000°, and speeds of 0 , 10, 20 , and 30 knots . Four pairs
of hvdrophones are used for the high frequency array, four pairs
for the low frequency array, four pairs for the DTMB (D) Sea Chest 1
hydr o?hones, and two pairs for the GD (

~) Sea Chest 2 hydrophone .
(Table I)

Selected probability distribution curves are also specified for band
limited signals in two bands ; 2Kc -

~~ 3Kc and 7Kc -
~~ hKc.

Acce lerome ter spec tra are also specified, but they can be performed
on the CR wave analyzer s ince no “cross-correlations/or spectra are
•,•, _ -~~ — •

-
~ 

~~ g. ~ ~_ ~~

In accordance with your recommendations for improved efficiency,
we are specifying two processing bands.

200 cps -
~ 2Kc

lKc -> 8Kc
with switch over of curves at l.4Kc.

The hydrophone pairs and accelerometers are specified for the HF
(high frequency array), LF (low frequency array), D (Sea Chest 1),
and G (Sea Chest 2) and are given in Table II.

The statis tical data reduction program results in a total of 8
curves for a pair of hydrophones. These curves are summarized in
Table III.

An add itional set of curves is specified for headings with respect
to se~ “around-the-clock” . These are taken at Sea State I, and at
a speed of 20 knots . The runs are specified in Table I , items 2ó
through 31.

For the active transmission runs, a preliminary set of cross-correla-
tions are specified for 16 speeds, 0, 5, 10, 15, 20, 22 knots ; a
heading with respect to sea of 0000, and sea state 2 and frequency
combination Fl. These are given in Table I items 32 through 37.
The active combinations are also given in Table II. 7-12 
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The presentl y available plots  are to be made with priority given to:

1. Power Spectrum
2.  Cross Power Spectrum
3. Correlations

Ad ditiona~ plotting programs are to be prepared to y ield “dimension-
less ” plots in accordance with memo fro:~ Dave Chose of 9-13-66 .Pc’~.’cr Spect ru m is to be plotted on a single curve (not 2.or 3 curves)
with ordinate and abscissa in dimensionless form and plots to be
made as 1o~ arithm of power (decibels) and logarithm of frequency.The cross- cw~ r will also have a dimens ionless form and will be
the subject of another meme by Dave Chose. It will4. essentially
be a linear plot pf phase and frequency (same as now), and a
1i:~•ar p lot of frequency verses normalized cross-spectrum, where
fre quency is in normalized form .

N NJ Mc
cc: R. Ncwn~an3. Chase

W . Landauer
W . Graham
M. Zullo

7-13

_ _ _ _  ~~~~~~~~~~~~~~



TABLE I

PURVIS II Passive Data Processing

Run Sea No. of
Item No. Date Pairs Speed State Description Curves

.~~ 1 336 7/ 14 HF 0 0 Statistical Set 68
2 338 7/14 HF 10 0 “ 68
3 340A 7/14 HF 20 0 “ 68

~~ 4 340 7/9 HF 20 1+ U 68
~ 5 342 7/15 HF 30 1+ “ 68
~~ 6 343 7/ 14 LF 0 0 “ 68
.~~ 7 345 7/ 14 LF 10 0 “ 68
ci~ 8 347A 7/14 LF 20 0 “ 68

9 347 7/9 LF 20 1+ U 68
10 349 7/ 15 LF 30 1 “ 68

11 343 7/ 14 HF5 , LF3 ,H5 0 0 Amp1~ t dist .  ÷ cum 12
(2 Bands 2Kc-~3Kc7Kc-~8Kc)12 345 7/14 10 0 “ 12

13 3’7A 7/14 20 0 “ 12
7/9 U 20 1+ “ 12

< 15 349 7/15 “ 30 1 “ 12
16 336 7/14 3 0 0 St~cistical Set 76
17 338 7/14 D 10 0 “ 76
18 3~+0A 7/14 D 20 0 “ 76
19 340 7/ 9 D 20 1÷ “ 76
20 342 7/ 15 D 30 1+ “ 76

21 343 7/ 14 G 0 0 “ 36
22 345 7/14 G 10 0 “ 36
23 347A 7/14 G 20 0 H 36
24 347 7/9 G 20 l-~- 

“ 36
25 349 7/ 15 C 30 1 l t  36

HW Sea
26 436 7/ 9 • HF 20 1+ “ 68 090°
27 536 7/ 9  HF 20 1+ “ 68 1800
28 637 7/9 - HF 20 1+ “ 68 2 7 00

29 443 7/9 LF 20 1+ “ 68 090°
30 543 7/9 LF 20 1+ “ 68 180°
31 644 7/9 LF 20 1+ “ 68 2 7 00

32 860 7/20 A 0 2 Active Curves A 000°
33 859 7/20 A 5 2 “(T441e71) 0000

34 858 7/20 A 10 2 “ 0000
35 857 7/20 A 15 2 “ 0000
36 856 7/20 A 20 2 “ OCO°
37 862 7/20 A 22 2 “ 0000

7-14
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TABLE II
Pairs

HF Pair Curves

1. HF5 - HF4 16
2. HF5 - HF3 16
3 . HF5 - HFI2
4 . HF2 - H5 16
5. AS 2 (Power Spectrum only*)
6. A9 2 (Power Spectrum only*)

LF 1. LF3-LF 2 16
2.  LF3 - LF1 16
3. LFI2-LF11 16
4.HF2 - H5 16
5. A5 2 (Power Spectrum*)
6. A9 2 (Power Spectrum*)

D l . DIH - D2H 16
2 .  D3H - D8H 16
3. D4H - D9H l6
4. DIOH - HF1O 16
5. D1A 2 (Power Spectrum*)
6. D2A 2 (Power Spectrum*)
7.  D3A 2 (Power Spectrum*)

2 (Powc~ Zp cctruir ~’()
9. D9A 2 (Power Spectrum*)

- 10. D 1OA 2 (Power Spectrum*)

G 1. G5 - G6 16
2. G7 - G8 16
3. G9 - GlO 16
4. Al 

- 
2 (Power Spectrum*)

5. A4 2 (Power Spectru m*)

* Power Spectrum can be analog CR plot
A l. T 2 - L F 1

2. T4 - H5
3. Ti - HF5 T = Transmitting strut; use frequency corn-

, ~s . bination Fl.
A’-4’~ - C~4. 1~-c A
Processing Consists of:

1. Received Signal O’graph plot (include scaling)

7-15
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TABLE ii (con tinued)

— 2. CR wave analyzer, 50 c.p.s. bandwidth 
at center frequency

of transmitter.

~~~~L~~~~~~~~~~fI1I1
.

3. Cross-correlation of transmitted signal 
and hydrophofle

fi l ter at center frequency, 200 c.p.s. bandwidth.

4. Cross-correlatiOn - Sample at 5OKc N = 2

Record length at 1/5 sec . Run for 15 tim
e intervals for

all three pairs at 20 knot speed only
. Time intervals

to be separated by 1 second .

7-16
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TABLE III

Pair XY Statistical ~~~~
Au to Corr. X
Auto Corr . Y
X . Corr . XY
X . Corr. YX 8 CurvesSpect X
Spect Y I
X.Spc2c Mag XY
X.Spec PhaseXYJ

2 Bands (switch at l.4Kc)
200 c.p.a. -~~ 2Kc
lKc 8Kc

7 — 1 7
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TA BLE IV

Summary , “Around-the-compass-runs”

Various heading with respect to Sea at 20
knots, Sea State 1 -

I Record 1Run 4 Date Combination HW Sea Sea State

436 7/ 9  1-1 090 1+
• 536 7/9 1-1 180 1+

637 7/9 1—1 270 1÷

443 7/ 9  2-1 090 1+
543 7/9 2-1 180 1+

[~
644 7/9 2-1 270 1+

7-18
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TA BLE V
Summary, Preliminary Active Runs

HWS 00 Sea State 2, Freq. Combo. Fl, Rec . Combo 3-1

Run Date Speed I Rec . Combo. HWS SS Freq. Combo

860 7/20 0 3-1 000 2 3-1
859 7/20 5 3-1 000 2 ~3-1

858 7/20 10 3-1 000 2 3-1

857 7/20 15 3-1 000 2 3-1
856 7/20 20 3-1 000 2 3-1
862 7/20 22 3-1 000 2 3-1

7-19
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TABLE VI

Summary , Passive Runs
(I tem s I through 25 , Table I)
Heading ;:a.s 00 excep t a t 0 knots

HWS ° -
~ 90°

Knots I Rec 1-1 I Data Sea State Rec 2-1 Date Sea State

336 7/ 14 0 343 7/14 0
• 10 338 7/14 0 345 7/14 0

20 340A 7/14 0 347A 7/14 0

20 1 340 7/ 9  1+ 347 7/9 1+

30 342 7/15 1÷ 349 7/15 1
I 

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _

ii

I
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APPENDIX B-I

PURVIS II ACOUSTIC RUNS BY DATE

Date Run No. Type Speed Heading Record Comb .

28 June 163 Overside Cal . 0 --- 1-1
28 June 964 Sondome Damage 5 180 4-0

Noise Effect
28 June 965 “ 10 180 4-0
28 June 966 “ 15 180 4-0
28 June 967 “ 20 180 4-0
28 June 968 “ 27 180 4-0
29 June 969 Elec. Calibration 0 0 Recorder No.

4 only
29 June 738 Transmission 0 000 3-1
30 June 739 Transmission Ship 5 0 3-1

Motion Cal.
30 June 766 Transmission 5 0 3-1
30 June 746 “ 5 90 3-1
30 June 755 “ 15 180 3-1
30 June 756 “ 20 180° 3-1
30 June 740 “ 10 0 3-1
30 June 747 “ 10 90 3-1
30 June 754 “ 10 180 3-1
30 June 761 “ 10 270 3-1
30 June 767 10 0 3-1
30 June 768 “ 15 0 3-1
30 June 741 “ 15 0 3-1
30 June 769 “ 20 0 3-1
30 June 763 “ 20 270 3-1
30 June 762 “ 15 270 3-1

1 July 742 “ 20 000 3-1
1 July 743 “ 25 000 3-1
1 July 744 “ 30 000 3-1
1 July 749 “ 20 090 3-1
1 July 750 “ 25 090 3-1
1 July 765 “ 30 270 3-i
1 July 757 ‘I 25 180 3-1
1 July 751 “ 30 90 3-1
1 July 758 “ 30 180 3-1
1 July 762 - 15 270 3-1
1 July 764 “ 25 27 0 3-1
1 July 770 “ 25 000 3-1
1 July 771 “ 30 000 3-1
1 July 772 “ 25 000 3-1
1 July 773 “ 25 000 3-1
1 July 774 “ 25 000 3-1
1 July 820 “ 20 360 turn 3-1

• 1/2 right
1 July 821 “ 20 360 turn 3-1

1/2 left
1 July 822 20 360° turn F. 3-i

right
1 July 823 U 20 3600 turn F. 3-1

left

—-- -‘—---- •‘- -- ----- - ------ --—--- ~~~~~~~~~~~~~~~ — 
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PURVIS II ACOUSTIC RUNS BY DATE
(Continued)

Date Run No. Type Speed Heading Record Comb .

1 July 820 Transmission 20 000 3-1
1 July 831 20 000 3-1
1 July 832 20 000 3 l
1 July 833 20 000 3-1
1 July 834 20 000 3-1
1 July 835 20 000 3-1
1 July 838 20 000 3-1
1 July 842 “ Picture 25 360 turn F. 3-1

right
1 July 843 Transmission 25 360 turn F. 3-1

lef t
2 Jul y 775 20 000 3-1
2 July 776 20 000 3-1
2 July 777 20 000 3-1
2 July 970 Passive 17 000 4-1
2 July 971 19 000 4-1
2 Jul y 972 21 000 4-1
2 Jul y 973 23 000 4-1
2 July 974 “ 25 000 4-1
2 Jul y 975 20 000 4-1
5 Jul y 350 Passive Cal. for 5 000 5-0

Transmission
5 July 351 10 000 5-0
5 July 352 55 15 000 5-0
5 July 353 55 17 000 5-0
5 July 354 20 000 5-0
5 July 782 Transmission 20 000 5-0
5 July ?81 17 000 5-0
5 Jul y 780 15 000 5-0
5 July 778-741 5 000 5-0
5 July 779-742 “ 10 000 5-0
5 July 780-743 15 000 5-0
5 July 781-748 17 000 5-0
5 July 782-749 20 000 5-0
6 July 358 Passive 5 000 5-0
6 July 355 21 000 5-0
6 July 356 23 000 5-0
6 July 357 25 000 5-0
6 July 783/750 Transmission 21 000 5-0
6 July 784/763 23 000 5-0
6 July 785/764 25 000 5-0
6 July 971-1-3 Overside Cal. 0 --- 2-1
6 July 972 0 --- 2-0
6 July 973-1-5 0 --- 2-i
7 July 974-1-3 0 --- 3-1
7 July 975-1-3 0 --- 3-1
7 July 976-1-3 0 --- I-I
7 July 9 7-1-3 0 --- 1-1

B- lb
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PURVIS II ACOUSTIC RUNS BY DATE
(Continued)

Date Run No. Type Speed He ading Record Comb .

7 July 978-1-3 Overs ide Cal.  0 --- 1-1
7 July 979-1-3 0 --- 1-1
7 July 980-1-3 0 --- 1-1
9 July 340 Passive 20 000 1-1 H
9 July 341 25 000 1-1
9 July 346 15 000 1-1
9 July 347 20 000 2-1
9 July 348 25 000 2-1
9 July 436 20 090 1-1
9 July 443 20 090 2-1
9 July 535 “ 15 180 1-1
9 July 536 20 180 1-1
9 July 543 20 180 2-1
9 July 637 20 270 1-1
9 July 644 20 270 2-1
9 July 787-756 Transmission 20 180 3-1
9 July 995 Ship Motion 0 000 3-1
9 July 784A Transmission 20 270 3-1
9 July 779A 20 000 3-1
9 July 782A 20 090 3-1
9 July 778A 15 000 3-1
9 July 780A U 25 000 3-1
9 July 339 Passiv~ 15 000 1-1
14 July 336 0 000 1-1
14 July 337 5 000 1-1
10 July 996-1-3 Electrical Cal . 0 --- 1-1
10 July 981-1-3 Overside Cal. 0 000 1-1
10 July 982-1-3 Overside Cal . 0 --- i-I
10 July 983-1-3 ‘~ 0 --- 1-1
10 July 997 Transmission/Cal . 0 --- 3- 1 5-0
10 July 997 0 --- 5-0 3-1
ii July 999 Electrical Cal. 0 --- 2-1
Il July 984-1-3 Overside Cal. 0 --- 2-1
11 July 985- 1-3 0 --- 2-1
11 July 986-1-3 0 --- 2-1
11 July 987-1-3 0 --- 2-1
11 July 988-1-3 0 --- 2-1
11 July 989-1-3 0 --- 2-1
ii July 950 Transmission/Cal. 0 --- 3-1
12 Jul y 990-1-3 Overside Cal. 0 --- 3-1
12 July 991-1-3 0 --- 3-1
14 July 338 Passive 10 000 1-1
14 July 339 15 000 1-1
14 July 339-A 15 000 1-1
14 July 340-A 20 000 2-1
14 Jul y 343 0 000 2-1
14 July 344 5 000 2-1

B-ic 
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PURVIS II ACOUSTIC RUNS BY DATE
(Continued)

Date Run No. Type Speed Heading Record Comb .

14 July 345 Passive 10 000 2-1
14 Jul y 346-A 15 000 2-1
14 July 347-A 20 000 2-1
14 July 793-738 Transmission 0 000 3-1
14 July 992 Electrical Cal. 0 000 2-1 & 1-I
15 July 993 0 --- 2-1 & 1 1
15 July 341-A Passive 25 000 1-i
15 July 3’r2 30 000 P4
15 July 348-A 25 000 2-1
15 July 349 30 000 2- 1
15 July 437 25 090 1-1
15 Jul y 438 30 090 1-1
15 Jul y 444 25 090 2-1
15 Jul y 445 30 090 2-1
15 Jul y 449/44 H 20 090 2-1
15 Jul y 537 30 180 1-1
15 July 544 25 180 2-1
15 Jul y 551 ‘S 25 180 1-1
15 July 545 30 180 2-i
15 Jul y 549/536 15 180 1-1
15 July 638 Passive 25 270 1-i
15 Jul y 639 “ 30 270 1-1
15 Jul y 645 25 270 2-1
15 Jul y 646 ~‘ 30 270 2 - i
15 July 649-639 20 270 1-i
15 July 650-644 20 270 2-1
15 July 794 Passive 20 000 3-1
15 July 796/794 Transmission 20 000 3-1
15 July 797 Transmission 10 000 3-i
17 July 435 Passive 15 090 i—i
17 July 441 “ 10 090 2-i
17 July 442 “ 15 090 2-1
17 July 448/436 20 090
17 July 531 “ 10 180 1-1
17 July 541 “ 10 180 2-1
17 July 542 U 15 180 2—i
17 July 550/535 H 15 180 1 1
17 July 552/543 H 20 180 2-1
17 Jul y 634 H 5 270 1-1
17 July 635 10 270 1-1
17 July 636 “ 15 270 1-1
17 Jul y 641 “ 5 270 2-1
17 July 642 10 270 2-1
i7 July 643 “ 15 270 2-1
17 July 753 Transmission 5 180 3- 1
17 July 760 “ 5 270 3- 1
17 Jul y 795 “ 15 000 3-1

B - ~. d
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PURVIS II ACOUSTIC RUNS BY DATE
(Continued)

Date Run No. Type Speed Heading Record Comb .

17 July 839 Transmission 20 000 3-i
17 July 994-1-3 Electrical Cal . 4 000 5-0 Ca l .

Ship Motion
17 July 762-A Transmission 15 270 3-i
20 July 851 Electrical (4 part) -- ---  1 & 4 1-1

2 & 3  2 - i
20 July 852 Passive Ship Motion -- --- 1-1
20 July 855 Transmission 25 000 3-1
20 July 858 - 10 000 3-1
20 July 859 U 5 000 3-1
20 July 860 “ 0 000 3-1
20 July 861 22 000 3-1
20 July 862 ~ ‘ 22 000 3-1
20 July 863 20 000 3-i
20 July 864 ‘~ 15 000 3-1

— 20 July 865 10 000 3-1
20 July 866 5 000 3-1
20 July 867 0 000 3-1
20 July 868 “ 22 000 3-1
20 July 869 “ 20 000 3-1
20 July 870 “ 15 000 3-1
20 July 871 10 000 3-1
20 July 872 “ 5 000 3- 1
20 July 873 “ 0 000 3-1
20 July 874 “ 22 000 3 1
20 July 875 20 000 3-1
20 July 876 15 000 3-1
20 July 877 10 000 3-1
20 July 878 5 000 3-1
20 July 879 “ 0 000 3-1
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APPEND IX D

SHIPBOARD DATA FORMS
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CP SONAR PROGRAM—RUN DESCRIPTION SHEET

DATE___________________ 
FORM NO. CP1 SERIAL NO. _______________ RUN NO.__________________

o POW WAVE HOSE 0 TRANSMISSION RUN

o EXTERNAL CAMERA 0 PASSIVE RUN
o FISH LY E CAMERA 0 OVERSIDE CAL IBRATION

o FULL TURN 0 ELECTRICAL CALIBRATION

0 OTHER

START TIME ____________________
INDEX TIME STOP TIME ___________________

SH I PS SPEED KNOTS MASKER COMBINATION ______________________

RECORD COMB __________________ REV.________ AIR FLOW RATE _______________________ SCFM

HEADING WRT SEA __________________________ RUDDER ANGLE ____________________________

PORT ENGINE RPM __________________________ RECORDING FLOW FLAGS A B C 0

STBD ENGINE RPM ________________________ TRANSMIT 1 FREQU ENCY_______________ kHz

WIND VELOCITY REL. __________________ KNOTS TRANSMIT 2 FREQUENCY ________________ ICHz

WIND DIRECTION REL. _______________________ TRANSMIT 3 FREQUENCY ________________ kHz

WATER TEMPERATURE ______________________ TRANS MIT 4 FREQUENCY________________ k Hz

SEA STATE ______________________________ PROBE EXTENSION FEET

SHIPS COURSE ___________________________ PROBE VELOCITY ___________________ KNOTS

COMMENTS

RECORDER NO 2 3 4 5

TAPE REEL NO~

COUNTER START

COIMTER STOP

D-2
CONSOLE OPERATOR_____________________

- --— ~~-~~- ~~~~- -~~~- -~~ -~~——-~~~~~~~ - — -~~~ —~~ --~~~~ -- - -~~~~~~~~~~~ - - 
~~~~~~~~ -
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C/P SONAR PROGRAM FORM NO. CP-4

MAGNET IC TAPE DESCRIPTION SHEET

TAPE REEL NO. ________________________________________________

DATE AT START OF RECORDING ___________________________________

DATE AT END OF RECORDING __________________________________

TIME COUNTER

RUN tC OGUSM. DATE START STOP START STOP

coMMENTs:

_ _ _  ____ 

D-4

-
_ _~ —~~~- _ _ _ _ _ _ _ _ _ _ _ _ _
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C/P SONAR PROGRAM—GAIN SETTING SHEET

DATE
__________________ 

FORM NO. CP2 SERIAL NO. RUN NO.
_________________

080W WAVE HOSE D TRANSMISS ION RUN

o EXTERNAL CAMERA 0 PASSIVE RUN
o FISHEYE CAMERA 0 OVERSIDE CALIBRATION

0 FULL TURN 0 ELECTRICAL CALIBRATION

0 OTHER

RECORD COMBO I
FREQ. FREO. FREQ. — 

SHIP MOTION

SCA NO. SETTING SCA NO. SETTING SCA NO. SETTING ~ GNAL 
SETTING flLTER

I 29 57 I SWAY

2 30 58 2 SURGE

3 3 1 59 3 IfAVE

4 32 60 4 F F  A

5 
— 

33 6 1 5 BOW P

6 34 62 6 SEA S

7 35 63 9 PITCH

8 36 64 IO ROLL

9 37 65 II YAW

0 38 66 ~~~~F F B

I I  39 67 I3 FF C

12 
- 

40 68 I4 FF D
.

13 41 69

14 42 70
IS TI

16 44 72

I T  45 73 RECORDED BY

18 46 74

19 - 41 75

20 48 76

2 1  49 77

22 50 78 CHECKED BY

23  51  79 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

24 52 80
C ______________ _____________ _____________ ______________ ______________

25 53 8 1

26 54 82

27 55 83

28 56 84
L)- 5

____________________________________ - ~~~~~ ~~~~~~~ -——-— ~~~~~~~~~~~ —-- I — -
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C/P SONAR PROGRAM—GAIN SETTING SHEET

DATE
__________________ 

FORM NO. CP2 SERIAL NO. RUN NO.
__________________

o BOW WAVE HOSE 0 TRANSMISSION RUN

DEXTERNAL CAMERA O PAss Iv E RUN

DFIs HEYE CAMERA DOVERSIDE CALIBRATION
o FULL TURN 0 ELECTRICAL CALI BRATION

0 OTHER

_ _ _ _  _ _ _  _ _ _  

RECORDING COMBO 2
FREQ. FREQ . FRLQ. — 

SHIP MOTION

SCA NO. SETTING ~~~
T
T~~G SCA NO. SETTING SCA NO. SETTING fl LTER S~~NAL GA~~ F~~TER

I 29 57 I SWAY

30 58 2 SURGE
I —

I-i 3 3 I G I  59 3 PEAVE

4 32 60 4 F F  A

5 33 61 6 BOW P

6 34 62 6 SEA S

7 
- 

35 63 9 PITCH

8 36 64

9 
______ ______- 

37 65 II YAW

10 38 66 S2 TF B

I I  39 67 I3 FF C

12 40 GIl 68 14 FT D
U

13 4 1 A  69

4 4 2 A  70

IS 4 3 A  T I

16 4 4 A  72

IT 4 5 A  73 RECORDED BY

lB 4 6 K  74

19 4 7 K  75

20 
- 

4 8 K  76

2 1  49 H 7?
—— CHECKED BY

W~ 22 BO H 78
- _

— 23 SI  79 
_ _ _ _ _ _ _ _ _ _ _

24 52 80

25 53 81

26 54 82 - 
- -

27 55 8 3

28 56 84
- _____ _____ _____ _____ ______ ______ _____ _____

- - -—-- -— ——-~—-— - - - -~~--- --~~~~~~~~~~ -
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C/P SONAR PROGRAM—GAI N SETTING SHEET

DATE
__________________ 

FORM PlO. CP2 SERIAL NO. RUN NO.
__________________

o BOW WAVE HOSE 0 TRANSMISSION RUN
DEXTERNAL CAMERA O PASSIVE RUN

o FISH EYE CAM ERA 0 OVERSIDE CALIBRATION

o FULL TURN 0 ELECTRICAL CALIBRATION

0 OTHER

RECORDING COMBO 3
FREQ. FREO. FREQ. — 

SHIP MOTION

SCA NO. SETTING 
~~TTING SCA NO. SETTING SETTING SCA NO. SETTING SETTING ~ SETTING

I 29 57 WAY

2 30 58 2 URGE

3 3 1 59 3 1€AV E

4 32 60 4 F F  A

5 33 61 5 BOW P

6 34 62 
— —  

6 SEA S 
—

~~~~~~~~~

7 35 63 9 PITCH

8 36 64 10 ROLL

9 37 65 II  YAW 
_____ ——

10 38 66 I2 FF 8

I I  39 67 I3 FF C

2 40 68 I4 FF D
.

13 4 1 69

14 42 70

IS ~~ 43 TI

16 44 72

I T  45 73 RECORDED BY

18 46 
—— 

74

19 47 75

20 
- 

48 76

2 1  
— 

49 
— 

77
-— CHECKED BY

22 50 78 
______ ______

23 5 1 79 
_____  _____

24 52 80

25 53 8 1

26 54 82 
_ _ _ _ _  _ _ _ _ _

27 55 83

28 56 84
D - 7
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APPENDIX E
DATA PROCESSIN G

The digital data processing for the PURVIS test

consists of both auto and cross correlations of the output

from sonar hydrophones, spectral density and cross spec-

tral density, including both the magnitude and phase, and

both the amplitude probability distribution, and the cum-

ulative probability distribution . The spectral density

is obtained by solving for the Fourier transform of the

correlation function . A general block diagram of the data

processing is shown in Figure E-la and E-lb. The digital

magnetic tapes (two used for the cross correlation or

cross power spectrum ) are applied to the input of the

digital computer . The first operation is a cross or auto

correlation. In the case where one tape contains ship ’s

motion data , the average power from the sonar hydrophone

is cross correlated with the ship ’s motion to determine

if there is any effec t of ship ’s motion on average signal

power .

The auto correlation is a symmetrical function

and thus the auto correlation is presented for only pos-

itive displacements. Cross correlation is non-symmetrical

and there are both the positive and negative displacements

for cross correlation. In the system presented, fil tering

is performed during the analog formatting process. There

is no digital filtering performed in this system . The spec-

tral density as indicated before is obtained by taking the

Fourier transform of the correlation function . Frequency

E-l

~FIrIIIh~. --- ——-- -- -- - - -- . -- -- - .- -- - --- - . - - - -. — .- - - - - 
-- -- - --‘~- -- --,- - - --- -- -- -~

.- -.- . - --‘. -~~ --- - -----
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DE-WHITENER
AMPLITUDE 6d b OCTAV E

fc FR EQUENCY

POWER
fe :Scps ,1KC ,1OKC 

~LOW ~HIeH 
DETECTOR

~~~~~!~

I) j
~~~~~~~~.SIZER}

-0
~ 

~A~~~-~PAs S i I 

~~~~~~~

FIGU RE E-la.  BLOC K DIAGRAM: ANALOG DATA FORMATTING
AND PROCESSING

E-- la
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~~~~~~~~
_

~~~~~~~~UTo/cROS 

_ _

CROSS-CORR

____1_.
~~~ERAGE POWER 
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~

] 

I ~ ~~~
___________ ___________ I CROSS
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fM AG NITUDE}
0
~
5M00T

~~
t4G
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TABLE S 9j0
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~~~~~~~

DIGITAL
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correction for “preemphasis” or “whitening” of the signal

is also performed in the formatting operation and corrections

for hy drophone sensitivity are performed in the digital

computer . The outputs are presented both in a tabular

fashion and by special plotting routines. Curves are

available via an automatic plotter . The probability den—

sity and the cumulative probability distribution are also

calculated by the program .

The equations that are used for the processing

have been separated into three categories: (1) correlation,

(2) spectral density , and (3) probability density. The

computer equations are indicated in the following pages .

The processing of acoustic data is done in five

stages as illustrated in Figure E-2.

(1) PREPARE CORRECTION DATA

Hy drophon e sensitivity data , skew correction da ta,

and information which cross-references hy drophone vs. tape

recorder track is encoded on cards and tables are genera-

ted on the program tape by the u t i l i ty  program .

(2) FORMAT

The analog data is digi t ized and stored on mag-
ne tic tape by the TRG formatting equipment operating on-

l ine with the Univac 1230 Computer.

The pertinent data generated in steo 1 and iden-

t i f ication data entered by card are assembled into a header

record which precedes the data on the formatted data tape .

E-2

_ . :_. _ -. ~~~~~~~~~~~ .-.--—-.-.- - — _________ -- - - _... ... .~~ - .~~~-
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I

PREPtRE C0~~IECTION DATA

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F RMAT

ANALOG 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ANALYSIS

I ON-LINE
_____________ PRINTER

DIGITAL ‘ A A Y  
_ _ _ _ _ _ _ _DATA 

~~ 
P O ~ R~~~ /

__ _

~

••
\

‘OUTPUT ~
FILE ~~~~~ ‘1SELECTION ] ]

1 PREPARE PLOTTING TAPE
CALPLOT

/ PROGRAM ]

FILE 

UTILITY

j
~~~ ~~~~~~~TING

SELECTION

GENERATE PLOT

ETTIN~~~~.LC 1L7N
FiGURE E-2 . PROC ESSING OF ACOUSTI C DATA

E-2a
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A portion of the header record is outputted on the on-line

prin ter and serves as a log for the formatting operation.

(3) ANALYSIS

The formatted data is used as input to the analysis

program . Data selection is accomplished by card input.

Resul ts of the ana lysis are outputted on magnetic tape

and on the on-line printer.

(4) PREPARE PLOTT ING TAPE

The output tape ger~~rated by the analysis program

is used as input to a program which generates a tape con-

taining data for p1otting~. The data to be p lotted is

selected by card input.

The utility program contains the routine used for

preparing the p lotting tape; and, in turn, uses the CALPLOT

routine which is in the Mongoose monitor system .

(5) GENERAT E P LOT

The output of step 4 is used as input to the CDC

160-A computer , which generates a 1 inch resolution p lot
T~U

of the analysis output.

CORRELAT ION

The cross-covariance of two stationary processes

x(t) and y (t) may be defined as

C,~,LT) E [ x t  
- 

)~~~~~~ 

(y *( t+~~) -

E- 3
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where E denoted expected value and * denotes conjugate 
~~

and are the expected values of x and y respectively .

This is equivalent to

C,~ ( ~ ) = lim 
~~~ 

5

T 

E x (t) - ~~JE ~~ (t+ ~ ) - dt.

We will approximate the above integral by a

finite sum and restrict x and y to real func tions for our

application.

Then

— ic~~ (‘fl = c~~,(p ô.t) = (n...p) At ~~~~~ 
- 

~~~~~~ ~‘k+p -If ) ~~

where V = pA t -

~ind

(2) 1
~‘p 

= n—p .� ~‘k+p respectively, (Eq. 2)
k=l

and hence,

C~~ (T )  
~~

B
~~

(P
~~

t) 
(n-p) ~~~~~ (x

k
-

~~~~
x

p
) ~~~~~~~~~~~~~~

(2)
~~~~~~

) (Eq . 3)
k=l

E-4

- - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~-
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Figure E-3 i l lustrates  the technique used. The x and

y records are sampled at n points providing sample sets

(x 1, x2, x , and Xn) and (Y] ~2’ ~~~ and Y~) respectively

and the above calculation is performed. Note that total

time interval effectively used decreases as p increases;

therefore, it is necessary that n be much greater than p

in order to maintain accuracy . A ratio of 10 or 20 to

one is adequate.

We now wish to approximate the normalized cross-

covariance defined by

R - = 

CXY
(_ç )

The varianc e of a stationary process X(t) is given

by 

E C(x t) - ~~~
)

2~~~ = c~~
(o) .

Ra ther than estima ting and 02
y by using the total x

or y record, we use only the por tion of the record which

is used in the covariance calculation . Hence, the esti-

mate for and 02y will be a function of r .  The es-

timates are made by means of the expressions,

‘~~ ((1) 
~~~ 

2 = .J_. 
~~~~~~ 

(xk 
- x )  

2 
and

E-5

~~~~~~~~~~ ~~~~~~~~~-
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xA X R E CORD

~~~~~ 2 3 n-p n~~~~~~~~~~~~~~~~

1 2 3  p p+l p+2 n p

FIGURE E-3

- .  

The mean values 1in~1 J x(t)dt and
~ T— Oo2T

(T 
-T

= 1irr~ 
~~ J y (t)dt are replaced by

~ T~~~~2T
-T

= 
j  

(Eq. 1) 

- - - - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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r~~P 2
~~~2~~’ ( (2)~~~~~ 2 .~L. ~~ -

p k=l

Now the estimate for R (T) becomes

R~~ (.r) = R~~ (~4t)
- xpi

1 Yp

For any two processes x(t) and y(t), Rxy ( t )  = 
~~~~~~ 

(-t);

hence , we way find Rxy (-r ) for -r < 0 by calculating ~~~ ( 1-ri )

R~~ (~~) = R ~~
(
~~~~

) for ~~~~~~

Similarly, the autocovariance and hormalized autocovariance

of a process x(t) may be calculated using the same formula,

where (2)~~ is rep laced by ~~~~~~~~~~~~~ Since 
~~~ 

(t) = C
~~
(--r)

for a real process , we need only calcula te 
~~~ 

(pL~t) for p>O ..

_________________________ - 
— --~---—-—~~~—— --- — -

-—---- ---- -- --~ ~~~~~ _.&.__ :.~~ s —
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SPECTRAL DENSITY H

The cross-spectral density may be defined as the

fourier transform of the cross-covariance function

~xy 
c~~~ = (T )  e_JW&~~.

By simple substitution, this expression becomes

= JC(c~~
(
~ ) ) REALcos 

~~~ 
+ (C~~~( ~

) )
~~~~G

sin w~~~ d~

-j 
~~~~~~~~~~~ 

wr - (c~~( 
~~

) )
~~~~~G

c0s

For our applica tion, C
~~
(T) is real, therefore,

~~~ (w) = J c ~~~(~~ ) cos ~~~~~~ -j~~~~C~~~(~~ ) sin ~ r d~~ . (Eq. 4)

= a,~~(~a) —j
We now define = + c

~~~
(
~~

) )

and ~3~~
( -r )  = ~ (c~ ,(i’) - c~~

V r)) .

Then C,~,, (r) = axy (T) + B
,~~, 

(-r) and , therefore, + 
~~~~~~

may be substituted for ~~~ 
in equation 4. Since ~~~ ( --r )  =

Cyx (T)~ 1)(y ( t )  is even and B~~(.r) is odd; therefore, equation

E-8

_ _ _ _ _ _  
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reduces to

~xy~~ 
= ~~~~~~~~~~~ cos ~~~ d~ - i2J~~

(
~

) sin w~~ dy.

Again, we approximate the integrals by finite sums

as illustrated in Figure E-4, and hence ,

H!_ _ _

~ 
~~~~ 

P~~~ At

FIGURE E-4.

~~~~~~
a~~~(w) = a~~,(q~~w) = 2 [-

~ ~~~~~ 
+ ..�III~ 

c< 
~~

(P
~~

t) COS(L.I A.1’~~~

+ ~~~ ‘~~x~~t) cos (wP~~~~at~~where ~e = qA~~. (;q.5~

The frequency resolution in herta denoted by 1~f is
1

given by~~ f =  -
~~

-

MAX

E-9 

- --~~~~~ -—~~~~~ --- - -  -. - - —~~ - ~~~~~~~~~ 
I :
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1~/ —

Hence, %i~~~~t ~ ~~A W  At = q(2 
~ 2 ~ =

A

Thus , equation 5 reduces to

~xnax 1

a~~~~(qA ~~) = ~ t [~c~~~ (o) +2~~~~~ ~~~~ (p~~ t) cos (~~~~~)

p = l

+ pJ1%~~
A t)

Similarly, for bxy
(”>)

- . ~mAx
1

= b~~~~(qow)  = A
~~r2� ~~~~(pAt) sin 

(
~~)J

~
- p = l

The estimates 
~~~ 

(q A ‘.&~~ and 
~~~ 

(q A”)) are

smoothed using hanning weights.

~~~~(0) = ~~~a~~~(0) + a~~, ( A W ) ~~

(q A~~) = ~~~
. 

~~~~ ( (q-l) A~~) + .
~~
. a~~, (q A ~) + a~~, ( (q+1) A ~ )

‘
~~~~ 

(q~~~~A b~) - ~~[axy ( (q~~~-l) s’~ w) + a~~, (q~~~~ ‘~)

The b~~,(qA ~~) are f ound similarly.

Z-lO
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The spec tral densi ty is a special case of the above.

To find 0xx (w), Cxy (t) is replaced by C~~ (-r). Thus,

~~~ 
(-r) = 0, and, hence Ø~~4~i) ~~ 

a,~ (~~~
) .  The a~~(qA .~~)

values are determined as in the cross-spectrum case.

The cross-spectral estimates are normalized with

respect to the spectral densities of the individual signals

— 

~~~~~(w) -

G,~, (w) =

The real and imaginary parts of the normalized cross-spectral

estimates .are denoted by Axy ( q )  and B~~, (qA~~) respec-

tively, and are given by

a (q aw)
A~ ,(qA4m~ = 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  called “Cospectrum” , and
(q A iai) (q A w)

A
b (q4L)

B ( q.A k~) = — called “Quadrature spectrum.”
(q a ~ i) (q 

~

Thus, Gxy( qA ) m’ A(q A~~) - J B ( q  A~~ )  and G~~~(~ A .*) =

A
2(qA~~ ) ÷B2(qA t~)

~~ G~ ,(qA ~~) 

~
ean 1E (c4.~d)J 

.

E- 11
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APPE~1DIX F

SHIPBOA RD INSPE~~ION REPORTS
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~~ ROUT E 110 • MELVILLE, NEW YORK 11746 • 516/531-0600

- I

June 21, 1966

Mr . J. Luistro , Code 589
Department of the Navy
David Tay lor Model Basin
Washington, D. C. 20007

Subject: Measurements of Clearancus Between TRC Sea Chests
and Transducers Installed for PURVIS II Tests

Reference: Contract N0bsr 93023

Dear Mr. Luistro:

Enclosed are the measurenents taken with a .~ee1er gage
of the clearances between the rubb&~r fac e of the transducer
element and the sea chests.

V ry t ru ly  yours

~~

- - . . 

~~~~~~~ Koestner

cc: M. B~ 1c~win
I. Cook
R. Duerr

- 
C . Franz
.1. Gilbreath

bce: W. Graham
W. Landauer
N. Nesenoff
R. Newman
I. Me lnj ck
A. Raff

O N T R O I .  D A T A  C O R P O R A T I O N

-- —-~~~- - 
-

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~--



---- — ----~~ ~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~- -~~~~ - - -~~~~- - - - -~~~~~~~~- ~~~~~~~~~~~~~~~~ —--- ~~~~ 
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LOW FREOUENCY ARF~AY

ELEMENT 
-

NO. A B C D

LF1 .022” .032” .037 .027
LF2 .027 .025 .039 .039
LF3 .027 .025 .037 .037
LF4 .010 .010 .027 .026

LF5 .030 .029 .038 .027

LF6 .037 .018 .037 .027

LF7 .037 .037 .035 .037
LF8 .037 .025 .037 .039
LF9 .002 .037 .015 .018

LF1O .025 .027 .036 .018
LF11 .026 .027 .036 .018
LF12 .027 .025 .039 .037
LF13 .022 .032 .036 .026

HIGH FREOUENCY ARRA Y 
F W D  -~~~~ C~~~~~~~~~~~~~~~ D 

L O O K I N G  I N B D

HF1 .032” .032” .028” .034”

HF2 .032 .035 .035 .040
I-1F3 .035 .032 .032 .037
HF4 .031 .035 .035 .034
HF5 .038 .031 .029 .027
HF6 .034 .027 .027 .025

HF7 .027 .030 .023 .021

HF8 .035 .017 .021 .019
HF9 .025 .026 .026 .023

HF1O .025 .027 .025 .027

HF 11 . 0 2 5  . 0 2 7  .015 . 0 1 2

HF12 .035 .038 .035 .025
RF13 .034 .022 .027 .029

- --- - ~~-~~~~~ - - -~~~~- ~~~~~~~~~ ---~~~~~ -- --—-- --~ - ~~~~~~~~~ --~~~~~~- - - -



SEA CHEST NO. 2 (GENERAL DYNAMICS)

G1 .006” .006” .006” .006”
G2 .006 .004 .005 .005
G7 .005 .004 .005 .004 1

G8 .005 .003 .010 .005 -

G9 .006 .007 .008 .005
GlO .006 .008 .008 .006

- -

~ 

-~~--~~~~~~~~~~~~-- -~~~---- -~~~~~~~~~-- ~~- -“-~~~~ ~~~~~~~-— - -- ---~~~~~~~~~~~~ _
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T R I P  R E P O R T

To: Distribution Below

From : Joseph Koestner
Date of Trip: August 1 through August 6, 1966 .
Place: Boston Naval Shipyard
Subject: The inspection and removal of all hardware installed

aboard the U . S . S .  Hugh Purvis (DD 709) for the
Purvis II Tests.

Attendees:  J . Luistro , DTMB ; R . Duerr , DTMB ; J. Koestner , TRG ;
E. Doerrlamm , TRG ; M. Casiolo , TRG ; H.  Katz , TRG ;
R. Stc~ckman , TRG ; A. Stora TRG-Boston ; R. Ciordano ,
TRC-Boston .

A) The hardware removed is as follows :
1. All TRG transducers (46) were removed and disassembled

for shipping . They were packed two assemblies in a box . Each
assembly contained a TRG element with its extension , retainer
and preamplifier. This also included the accelerometer and its

preamplifier if any . The connector between the element and
preamplifier was taken off to remove element and put on again

to facilitate the calibration of transducer . The following

cond itions were f ound upon removal .
a) There was water up to the first 0’ ring past the

rubber face on all transducers except those in number “2” (CD)

Seachest. This was due to weld distortion of those seachests

installed by BNS .
b) Due to the water there were considerable salt

deposits on the brass of the transducer up to :he first O’ring .

The rubber ..ippeared unaffected and in good condition .

c) All transducers were washed with fresh water and

their rubber faces coated wi th silicone grease then covered with
a protective cap for handling .

d) A listing of actual locations of each element , its

preamplifier and accelerometer preamplifier is attached to this

report.

Contd. .

L 
- ~~~~~~~~~~~ ~~~~~~~~~~



2.

2. The TRG Seachests (8) in Number 2 (GD)Seachest were

removed and are being shipped with the TRG transducers . Extra

covers , bolts , barrel nuts and gaskets have been included . All

the remaining TRG Seachests will be scrapped.

3. All DTMB FS-13 Hydrophones (10) in the No. 1 (GD)Seachest

were removed , tagged and shipped to DTMB as per R. Duerr’s

instructions . Attached to this report is a listing of the rubber

thickness at each Hydrophone .

L 4. The McIntosh amplifier was removed and will be shipped back

to TRG. The remaining amplifiers are DTMB’s proper ty and are bein g

shipped as per R. Duerr ’s instructions .

5. The retractable and fixed struts are being removed by

BNS and put into DTNE ’ s Store at BNS to wait later disposit ion .

6. All Flow Flags with the exception of one were to be
scrapped . The remaining one is being shipped to DTMB for analysis.

7. The fisheye cameras and dead light windows are to be

shipped to DTMB .

8. The recording center air-conditioner was removed and

packed . It will be put in DTMB ’ s store at BNS.

9. The hydrophones (LC-57) in the sonar dome (T-l) and in
No. 2 TRG Strut (T-4) were removed. They will be shipped with
TRG transducers . Included with them will be the mount used on T-4.

B. An inspection of the hull surfaces disclosed the following

conditions :
1. Devcon filler around the TRG Seachests had lifted up

forming a scoop that was 1/2 inch wide by 1/4 inch high and
3/8 inches deep. This was next to the element face. In some

places it had broken away leaving a 1/16 inch deep hole . Th is
cond ition was predominan t at H8 , H9 , HlO and LF4.

2. About 807,, of the elements had an 18 inch circular pat tern
of rust that had a rough raised surface similar to weld splatter

1/8 inch high.

3. The TRC strut had a flap of pliobond cemen t protruding

from the joint where the strut and its end-cap meet. This flap 

- -- ~~~~~~~~~~~~~~~~~~~ - - _ - ~~~~~~~~~  - AS_~~



N 3.

extend 3/4 of an inch out. The paint on the bottom

section of the strut was gone .
4. There was a full cover of grass on No. 1 and No. 2

(GD)Seaches ts. The hull had a l07~ grass coverage. White lines

and numbers varied in coverage from zero to 100%.

5. A light barnacle coverage existed on the af t end of
TRG strut and the ships sonar dome.

6. The Sonar Dome was badly damaged on its bottom . This
was previous ly reported.

C. All the following measurements taken are based on the ship

being reasonably level in drydock . This was checked by clinometer
readings on the bridge that indicated a list to port of 1/20 and

the forward engine room clinometer read 1/4° (to port). A further

check by sighting a plumb line down the bow indicated that the
ship was sitting level. Complete measurements were not obtained

due to shipyard conditions.

1. Dimension “Z” is the height above keel bottom to the

lower edge of the element and dimension “Y” is the dis tance off
the center-line to some point as dimension “Z”. Angle “A” is

the true angle of the transducer face off the vertical.

L  
-



--r - -  - - .  -

4.

Signal Accel .
Element Hydrophone Pre-Amp Pre-Ainp . DIM DIM Angle
Number Serial No. Serial No. Serial No. Z Y A

- 

HF 1 P1007 110 - -  - - - - -  580

2 P1011 117 256 -- - - 57°
3 P1076 253 160 -- -- 57°
4 P1036 121 ---  -- -- 56°
5 P1027 146 -- -  2’-O” 2’-l-~

’ 55°
6 P1019 125 ---  -- --
7 P1030 136 --- -- -- 54°
8 P1002 112 -- - -- -- 53°
9 P1014 130 --- -- --

10 P1060 137 -- - - - - - 7O.~
11 P1031 149 - - -  -- -- 65°
12 P1004 103 - - -  -- -- 62°

— 
13 P1008 122 - - - -- - - 50°

C 1 P1095 144 --- -- -- 6l-~
2 P1073 135 153 -- -- 6l-~
3 P1021 131 132 -- - - - -

4 P1098 152 - - - - - - - - -
5 P1020 141 151 -- -- --
6 P1042 145 - -- - - - - - -
7 *p1045 [56 --- -- -- 51-i
8 P1071 143 164 -- -- - 15 0

9 P1079 155 140 -- -- 660

10 *p1052 133 - - - -- - - - b-~

-—  ——~~~-~~~ =—- -
~~~~~~~~~
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5.

Signal Accel .
• Element Hydrophone Pre-Amp Pre-Amp . DIM DIM Angle

Number Serial No. Serial No. Serial No. Z Y A

L F-l  P1015 111 116 0’ -lO” 2 ’ -9-~ 24.~
2 P1034 259 258 --- --- 24~
3 P1010 120 ---  --- - --  22°
4 P1001 127 - --  ---  -- -  2O~
5 P1043 113 --- 0’ -1O-~ 2 ’ -i1-~ 19~
6 P1063 106 --- - - - - --

7 P1029 150 --- ---  --- 17~

8 P1059 118 --- O ’ -2” 1’ -2” l7-~
9 P1068 142 ---  4’ -11-b 8’

10 P1012 123 --- 3’ -8-~ 7’ -6”

11 P1062 107 --- 2 ’ -6-~ 6’ -l” 35°

12 P1050 102 - - -  1’ -6” 4’ -6.~ 27-~

13 P1065 134 --- 0’-2-~ l’ -1-~ 18°

11-1 P1075 105 - --  1’ -1” 3’ -0” 2f4

2 P1051 148 --- ---  --- 26°
3 P1078 126 --- - - -  --- 21°
4 P1057 159 --- --- --- 12°

5 P1046 158 - - -  0’ -ll” 5’ -5” 134

6 P1061 255 168 1’ -8” 8’-8” 21°

7 P1056 251 --- l’ -10~ 9’ -8.~ 19°

8 P1016 139 --- 1’-9” 10’-O” 17°

9 P1009 114 147 o ’ -6# 5’ -O” 114
‘$1~~10 P1049 129 --- 0’ -l” 1’-3” 100 ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2. Measurements of the rubber thickness at each element in

the No. “1” (GD)Seachest obtained from R. Duerr (DTMB) .

Element No. Nominal Thickness Actual Thickness

Dl 9/16” 1 5/32”

D2 1 1/8” 1 47/64”
D3 2 1/4” 2 51/64”

D4 4 1/2” 4 59/64”

D5 1/4” 5/8”

D6 9/16” 13/16”

D7 1 1/8” 1 23/32”
D8 2 1/4” 2 25/32”

D9 4 1/2” 5 1/3 2”

D10 1/4” 59/64”

3. The Hydrophone (LC-57) in the sonar dome (T-l) was located
39 inches aft of leading edge of dome , 23 inches to port of
center-line and 43 1/2 inches below keel bottom. The dome

interface was 1 1/2 degrees off transversely.

4. The overside calibration stations measured as follows:

a) Dim Z is the height above keel to the base

plate that the lower sleeve sits on.

b) Dim. Y is the distance off center-line of ship

to the center-line of the sleeve.

Calibration DIM DIM Distance from
Station No. Z Y Frame (Approx.)

1 26’-7~ 1l”-6” 6” Fwd . of Fr. 18

2 26’-3” 12’-10~ 6” Fwd . of Fr. 23

3 23’-7” l7’-6” 10” Fwd . of Fr. 49
4 22’-7-~ 18’-2~

5 20’ -1O~ 19’ -ll” 10” Fwd . of Fr.  81

—~ — ---- - 

- - 
- -
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5. Stuffing tube locations in No. II window
, - ----~~~

-
~~~---

SPARES
S

)
,.— SEACHEST• AG ’ ,‘ LONGITUD LNALS

•G9

I G8 
~~~— SEACHEST

S AG3 0 FRAMES
5G3

•G8 •G2 •G6 IACCES~• AG8 IGl •G5 ~0VER
•G7 IAQ2 SAG5 L J

_____________ ______________  _____________  
DECK

BD

INBOARD VIEW LOOKING OUT

Distances of element from reference line, measured along hull
surface :

-.“-+--

ç~~~~~~~~~~~~~~~D1M

Ø
DIM 

_ _  _ _

Li

________ -~—~~~ _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - j
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High Frequency Array

ELEMENT DIM A DIN B
HF 1 0 (REF DIM)

2 0’-11-~ 2 ’ -1l.~
3 l’-9~ “ “
4 2 ’ —8~ 

‘p 
~

p

5 3’ -6.~ 2’-11--~
6 

~~

‘ -

~~~ :: 
“ “

7 51 -4g I (  U

:: ::
10 3’-6.~4 0 (REF DIM)

11 pp 
1’ ~0,,

:: :: ~::
1~”
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9.

LOW FREQUENCY ARRAY

Horizontal Row Only .

Element DIM A

LF - 1 0 (REF DIM)
2 2’-6”
3 5’ 3”

STRUT 7’ -9”  C . I  . C .  RETRACTABLE STRUT

4 lO’ -5~ 3’ - -
~~ OFF C of SHIP

5 13’ -0” STRAIGHT LINE MEASUREMENT

6 15’ -9-~
7 l8’ -2-~ -

8 20’ -1l-~

The following is a measurement of transmission path giving the

distance from the element to transmitter.
From (T-4) to 1-15 = 15’-9”

p p  
“ H6 =

“ 1-17 = ~~~1 _ 7 t~

“ H8 = [3~~_ 7 t t

I, P~ “ H9 = 
1”

“ HlO =

A check of the painted grid lines showed that their W.L. locations

are not to print. A more extensive check could be accomplished by

a three man team with aid of shipyard staging or ladders and per
proper measuring tools .

JHK :aek Joseph H. Koestner
Distribution: W . Graham , W. Landa*er , J. Kotik , A. Raff , G. Sammis ,

R. N ewman , N.  Nesenoff , S. Gardner , I .  Melnick ,
C. Hackeling , H. Jennings , J. Koelbel. 

- ~~~~~~~~~~~~~~~~ - _ - _
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A PPENDIX C

REDUCTION OF FLOW NOISE BY A COVERIN G LAYER

We review briefly the basic points relevant to the
ques tion of noise reduc tion by a layer.* At a given frequency,
three contributions to the noise on a large flush element
(radius R0, wR0/U >> -r -) are distinguished. The f i r s t  two are
due directly to pressure fluctua t ions associated with the turbu-
lent boundary layer (TBL). Of these, the first is a high-wave
number part (K > w/U ) which is the only kind that would be present

if the pressure were genera ted by “frozen” eddies convected down-
stream at velocities not exceeding the ship speed (U). This part
varies wi th ra dius as R~

3. Any additional pressure fluctuations
due to surface roughnesses are expected also to be of this high-

wavenumber character. The second is a low-wavenumber component

(K ~ 2irR~~); the amplitude of this component is no doubt much
smaller than tha t of the former , but it is more heavily weighted
in the average pressure on the element , since its contribution
is much less reduced by area averaging. The third contribution

to noise is understood to include all other sources; it is pre-

sumed to have the character of a radiated sound field (modified

by interaction with the flow-bounding hull and including any

soun d due to compressibil i ty of the f luid of the TBL) .

Shielding the given element by a layer of depth L is
expected to have the following effects on the three contributions.
The first (high wavenumber) part will be reduced to negl igibility

provided roughly L >> Ujw and the lateral dimensions of the layer

are large compared to the element diameter (and perhaps larger

than the wave length ? ( =  2--c/w) of sound in the layer material.

In some parameter regime , more speci f i ca l ly ,  this part is reduced

*The explicit mathema tical analysis that has been done pertains
to a f luid , no t a solid , layer . We expect , subject to experi-
mental test , that  an elastic solid behaves similarly provided
the transverse sound velocity is of the order of the so~indvelocity for the fluid analog and large compared to the ship
speed .

C-i 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ---- ~~~~-
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ra ther as though averaged , not over the element area, but over
the lateral area of the layer. The second (low-wavenurnber TBL)

part will be reduced to an extent depending ma inly on the ratios
R A and R /L. For example , if the wavenumber spectrum of the0 0 

. * _TBL pressure at frequency w is constant in the range in question

(whence this part of the average-pressure spectrum for the flush
element would vary as R 2), this part for the shielded element is
reduced as if averaged , not over the element area , but over an
area 7rR~ , if Re ~, R0, where :

R;
2 

= (/\)
2 

+ l/8L2

i.e., roughl y over an area of radius equal to the smaller of
three times the layer thickness or one third the sound wave

length in the material ; if Re < R0 , however , (as become s true at
suff ic ient ly high frequency) this part is not apprec iably reduced .
The third (radiative) part  will not be substant ia l ly  reduced for
any L , except tha t if the material is such as to introduce an
acoustic impedance mismatch with  respect to the water  outside ,
both a signal and this part of the noise wil l  be reduced s imila r l y
(such mismatch is thus not desired).

The reductions of these contributions to the effective

noise on an array (as opposed to a single element) depend also
on their correlation properties and have been similarly analyzed.

Some further discussion and numerical estimates for the type of

array in question are conta ined in an appended section of a docu-
ment generated at TRG in the ONR-supported flow-noise work .

For practical reasons it would be desirable tha t the
covering layer not have to be integral across the periphery of

the element face. If it is instead cut along th is  l ine , i .e .  ,
if the element has a boot (in addition to any it has for flush
installation) and the adjacent  hull has a separate contiguous boot

when averagedover wave-vector direction in the boundary,
constant per unit area in two-dimensiona l wave-vector space.

____________- ~~~~ - - - 
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of the same thickness , the no ise reduction may well be much the
same as for an integral layer , provided norma l stresses are freely
transmitted across the cut between boot edges. Possibly, adequa te
transmission of norma l stress would occur even if the adjoining
boots are not in contact , by virtue of the thin layer of wa ter
between them.

C-3
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