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Abstract

A Study of acoustic communication

and remote control system,

(Phase I, Production of the acoustic release and Range/Bearing

measuring equipments)

Significance and objectives of the study is designed and
modified of a acoustic equipments for measuring a distance,
uRange/Bearing and mechanical activites underwater used digital
command word, calculate travel time between transducer and bottom
equipment using the 9 KHz band of Acoustic frequencv.

Scope of the studies and test of electric circuits are

a) Deck command controll unit

b) Range/Bearing measuring unit

cc) Underwater command control unit
Results of the studies and suggestions

Slaﬁt'range can be detected about 750 from the transducer to
sound source 6f the underwater equipments,

Distance can be measured more than 4m,

Still remained difficult problems for the self production of

acoustic transducer,



After complete finished to make a release mechanical parts
and pressure case is going to field test this early vyear. It is

desiered to contimuious studies and development such a ocean rese-

arch instrumentations for the ocean developments, .
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A 144 DECK COMMAND CONTROL UNIT

1.1. 7 2

Deck command control unit 3} Ao} 4 23k Acoustic v 9} H7pz] oF
43 Command word® £AHd A Fu s 2 A} HeE 2 AAA
o] AY ZalAq AEL ¥ § UEE §9E5 o HA Sea water 2 E3dld QA

o] & 4 & Shipboard % 3]o] o},

1.1.1. A spukA]

Asha e desA ot £ el TDM3 FDM#AE T3
At
TDM ( Time Division Multiplex ),FDM ( Frequency Division Multiplex ) ¥4 &
T Azl £ ol F5F MAE Hol ATk
ol shtel AEAel AN ATE FAe Agshs YAz AN AR
Qo] A% Time g FFstd Folzl Azkel AN ATE Ao ¥4 & TDM
o) obo] NS AZAEY Carrier FoHrE YISl AR T WARE
Band width-2 ztx Carrier Fulrol AT & Ao} 4 R w48 FDMe|zt

ghet,

o

Aol TDM w49 A Aute ol 3] 8/ & FoFlA
4N A5 Adstel A7te] Adg 474 A5 Sol Time & Ik olF
Qg
ol Channel time slot o 5118} Word ek Ao A= Zt4el 474 =

o

1 Word (4-digits )& T4 3t Command word &

o] 7}7z+e] Channel code word & Fo}%l A| 7kl s} digit 7F = o oF st
2828, ®E Channel -2 Synchronous s ojo}l 5} o] & 9] High stability



Oscillator & AF&-3le] Timing logic o4 Time slot & &3l =} Ch-
amnel 7k] Time slot & A& 7-2 Phase & ZHA| 5o} 427 74 & Yo7

A e
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Fig. 1-1. The basic principles of time division multiplexing
fig 1-1.-= Time slot < Awshz glon] =3 TDM 7] & Adg o] &3

Command word signal & A3+ 7218 vepl Aol (Frank .F.E 1982 )
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B gFoj 4= 4-Channel 2 1Word & JASRE (4719 A2 & Fak
Z Serial 2 34 ) Time slot& 49]9 772l Chamnel o] Command word
of AFske A& 874 FaegolA 4% Ao} oS0 Time slot & F
o] 1Word & F+43} (EG & G Sea - Link 1981)
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fig.1-3.o 4] Command signal §4] Trigger 4% 234 S/W Slo] ON
5l Inverter & &35lo] LN 555 & Trigger A|7Ic} ojm] LN 555 &= RA-C ¢
o8] 152 -5k Square wave & ZH A7 o] AT ol 4047 8
Hkz] &7} Astable - Multivibrator & LN 555 ¢} 7+2 Time priode & Ztw &%

sl sl Aelet. fig.1-3.(A)E Wl Folx B)E 2 ¥ & vepd Zlolo
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Fig. 1-3 8 Channel osc and output pulse



1.1.3 Selector and Command Word T4
fig. 1-4.0]4 & 7to] Selector & Electronics switch 2 Com-

mand w<'>rd—‘:'_’-°ﬂ A== S/W Control o oJai4 AND Gate o} & Qo]
=3t Command word -2 # 4 AND Gate 9] th& J#o] =o] AND Gate T ON
AAA T35 FH A v

o] A1 OR Gate o] 4] Multiplexing 5]¢] 3}+}¢] Command word & 34 gtet.

Az S/WE CD4016 & A1&3te} Control AlZel o8l A (Time slot) 5%
o ohe AAAQ S/WEt mAUe] 43 24 45% £9471%Ed Signal
9] Delay time = 79 gt}

Fl
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Fig. 1-4 Selector and command word composition circuit



1.1.4 Time Division Multiplex
Command word 2 A5l Fulgol] dg]A £3FH o2 Time slotof

o34 ZHsl9 o] 2 OR Gate & g4 3dtc) (fig.1-5%F2).
A(
T

F2H+H+H+HH-I—|HHH—H+
Ll
F3“”” “I”“”I”““ ““”l Fi IFZ F3|F4 Fl I-
] SUMMING
QUTPUT
L
~if—

A(T)

T

m

J U U

Fig. 1-5. Time division multiplex circuit

1.1.5. Time Slot
fig. 1-6.0] 4 9} 7to] Time slot -2 Command word FX & 93 4
+ Synchronous timing ©2 £3* o2 47019 Time slot & ) 3ic)

High stability 3] 2¢] CD4047 &} u¥}z] F3}4~Z Clock Pulse & 3} o] & 4-
Stage divider counter ¢l 4024 & A}-£-3}ef Shift register 2] Data input o
2 3o

T3} Clock pulse = Shift - Register ] Clock pulse 5t}

4024 ©] 4-Stage divider 82 R-C n|R 3 ZE AL23le] Data 9dH-S 3
Aste}, o]w) Shift register: QA QB QC QD o4 1 Digit ¥ ol Time

slot 457} &8}
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A] 24 Kange Bearing Receiver Unit

2.1 71 &

Range / Bearing receiver unit == Transducer & £3lo %o 4 A3}
Pinger 1} Acoustic release 59| Z v 9} k<5 B E (Interogation com-
mand word) 44151 =% ]2 Transponder & ©] A3 5 7+x] F4 SH A%

Z whaletA =t &, o] Unit & 2349 Turn-around time & A Asle 5
z2
ha

|0

of AXg Fu 9 A= F WF, 7]87]5E Digital 4o 2 Displaystt

gch ol System & A EHYY YPFEPLE FHHAt

o2l

2.1.1. 72 A% ol& 2 3244
skl sAol A B9 A e FAe AAAE DALY

o A el &t Propagation time & A Abslz A7 A1 29 Turn-around time &

e

At o] $4% A%9 A9 Propagation time & FA st Fuj A E

243ty (J.R.Mittlemen et al 1971. EG & G Sea - link 1981 ).

Fig. 2-1 Propagation of Acoustic from under water equipments



Sy

fig. 2-1.0]l 4] Ocean surface (A) o4 Acoustic & 435} o] E v Boj 4

T

= 24 SR TE Hus] o)W Aol oid] 4] Au]e] Turn-around timeol o
&t Aglel A& ofefol 7} ( Milne,P.H 1980).

ol

R=%{ (cAX tA )+ ( cBX tB ) } +=ee (m) seeeeeeres (2-1)

(2-1)AdA RE A4AZ)Z cA=cBE €9 2APExo)s tA=tB &

% Azbolek ol At AL sk BUG ZAAA WA HE AZhelA e Aol

Rz=mh C o T () ceereeervvreerecrssmrniinniiiioiinnnicasenssesonnuessass (2-2)
(2-2) Ao A
T=tA + tB C=cA+ cB

C=4+ (cA+ cB)

2-2) #}¢] Sound speed Coll o3&t 4~4]-2 Hitchock (5) #}of|4] 7 o]} L%

(2-3) Aol FFLEES 1500 m/sec Aok o £x& FUYEAA o
3

%ol e FHlA A3 AYAA Foz dEE 35 13

(2-4) A4 Turn - around time (7)ol W3+ # &9 A A+A-& Sound - speed C

& ZAbgshEel et Tol dal A ZAM YL o] o,



olw} Al4l7] JEFA L £3] Turn- around time & A Aksle} Clock - pulse
£ Al 43kt

50 moj] 412] Turn-around time -& A Aksh,

50=+4 (1500 X )
T =6.7%10°2 (S)

R=7T X CeP  teccerectrettiiruiitunietiitiiiiiiiiiitiietiaioees (2-5)
(2-5) A4 C-P = Al 47]e] 2l7t=l+ Clock - pulse o]t}

C-P= -5 =50.6.7 X 1072

= T46 (Hz)

2.1.2. 32 % 35
MA Acoustic #nu]o] Azl wiA o 3 A1 52 Turn-around ti-
me & ZA43ta] A Aol A Clock ~ pulse &} z3tsle] A A7) oA 7 e & ZHAkgh
o},

Turn - around time (r): Transmission transducerol4] Acoustic signal & =
&5l 758 & High 2 50 4454 Threshold level & dolA& A
% AEE wA sm R-S Latch & Reset A7 Low 2 5=l 245t} fig.
2-2.0] A 9} o] o] & ¢]3F 4 E & Transmitter,Receiver, Counter clock -
pulse ®Fl X Turn -around time detector memory I1C Reset £, Delay ti-

me compensation ¥ A5 AglE ZFA 5= Indicator B2 F A5 o
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. TRANSMITTER CONTROLLER
PINGER I_
{
DELAY TIME
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CLOCK
PULSE COUNTER INDICATOR
TURN
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ARoL AUDIO
DETECTOR

Fig. 2-2 Block diagram of the Range measurement

-
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N
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-3..2& Acoustic transmitter ¢ Block diagram ojc} A <£H
X Acoustic pulse & ¥4A3d} A7} (8ms) =9 Piezo electronics ceramics

transducer & o] £35}¢] wj R o] Seawater & F &3t}

PULSE
PERIOD QUTPUT PULSE
TRIGGER TIME SuMm AMPLIFER
CONTROL

PULSE
GENERATOR

TRANSDUCER
Fig. 2-3 Block diagram of the transmitter



7}) Period Trigger
fig.2-4.= Trigger circuit 24 Period trigger — System &} &4
s}s} Memory 1C 59| Reset 9} A5 $@-¢ g 271485 A% Zel= o
Z 9Js] Auto 9} Manual 2 5 i},
Auto 2 E&% 7S Astable-Multivibrator 2 5335 F7]& RA-RB-Ce]

s A AEHoZ (0-5S) 2 Apolol Al F7]#<Ql Pulse & wajdhel,

T, =0.695-(RA+2RB) -C
T, =0.695 (RB-C)

T =T, + T, =0.695-(RA + 3RB)-C

LN
qQ
éRA
é A i; l Ti |T3
RB

T
Y

-] LN
55 B
TRIGGER
- i Ci c-L OUTPUT H
I :

Fig. 2-4 Period trigger circuit

Period trigger output Al 3= Pinger system 9| 72| F9} A FAHF M-
emory part Q] Counter 2 Turn - around time detector controller &% 57
A o Reset A7l d&to] F EAole} 313 o},

1}) Pulse output time control



Pulse output 2= 8ms 9l Acoustic Signal & H<3}7] $3F Contr-
oller circuit 24 Period trigger output o] ¢l7}==}v}c} Monostable mul -
tivibrator 2 £& 5} Output signal & square wave 2 8 msEol A 5},

(fig.2-5. &%)

R

(D) A
@ LN
PERIOD ©

555 CONTROL T
TRIGGER OUTPUT 1 h

I 9

Fig. 2-5 Pulse output time controller

t}) Pulse Generator and Summing
Pulse generator ©= Acoustic signal & i) X] 7] = Pulse output time
control signal (8ms) 3} summing 5¢] 8ms -Z9} Acoustic signal & &84
Atk
Pulse generator £ QP4 d Fop & WA Aok shul LE9 AYAY WUE
R o8] om g FA dste AAL zf{ ForE DYt oF It fig, 2
-6.0] A 9} zro] o]2jgt 2 & ubEHA 717l Y&l tA Precision astable mult-

ivibrator )1 CD 4047 & A}&-3te] T M3 & Eolua =3 3H o

T, = 1.1 R-C
T, = 1.1R-.C

T = T,+ T, = 2.2R:C



T 2.2R-C

Summing 3| 2= AND Gate & 74 3}% 8ms control signal 2 o=},

Q = FA.TC
Q = FA-TC
cC R R
[ A
o 1000
FA
o o o
4047
@ D— _ FA TC Q OUTPUT
JeleXCle A 3 A
FA Tc H | ‘ l
TC | CONTROL , L
PULSE (8ms) ; :
[ TR —
e !
Q OUTPUT

Fig. 2~6 Pulse generator and summing circuit

g}) Pulse Amplifier
Pulse amplifier & 8ms 59} Acoustic signal (9 KHz) & ZZ3}lq9
(A ¢ZEE) Piezo electronics -ceramics Transducer £ & 43}c},

z
HZZe o] Tr2 23202 Trans T,o)4 1323 2139 3d9 4

Fol2 3 4GS BAA
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Fig. 2-7 Pulse amplifier circuit
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hase differences % Turn - around time & 7 Z&3lo] o] & A Al7]el 47 A

=3 FAEE JHASE F3) A A4S o]22 Logic 3| 2ol A 3 3F

2 ZZg ok 5} E-ajo] square wave £ Pulse

N
do
:Cv'l:
2
y l[‘
of
M
ok
©
>,
foi

3} shofof ek,
4-A1 2= Pre 8 differences anplifier &} Filter, Phase shifter, Turn- aro-
und time detector ¥ FA1X 9 Memory AR5 %7|35H4] 7]+ Reset 9} T-

ransmitter & Syncronous & ¢ 3} Controller 12 A =},

O PRE DIFF FILTER PHASE
AMPLIFER AMPLIFER SHIFTER

TIME J TRANSMTE

“— DELAY
TURNAROUND | pETECTOR TRIGGER

TIME OUTPUT

Fig. 2-8 Block diagram of the receiver and turn — around time detector



7}) Pre and Differential Amplifier
Pre & differential Amplifier = &=+ A3t ASE Logic 3|20

A Helshr] ¢t 29 A5 2 ZZof sl o] & 934 Pre Amplifier of A
Band -width ( 2KHz )2 73 ok 20dB ZZ3in} o] A3 Diff amplifier o
A oF 80dB ZE3ju}. |

olw} Diff amplifier &} %22 Limiting o] = ojof gt} o] 28t of2] 7= o]
+ filter 3129 & UAT Level 2 FAAAA Filter & 542 A5
e AE A= o,

B oA Diff amplifier & 44 CA3086 Tr array & A&35te] 2% 9
LA wsle] s AASE HstH ok ( fig.2-9,2-10 ).

SNy

INPUT
%
&

Fig. 2-9 Pre — Amplifier

OUT PUT




LWI—M» —Qour
I phbialy !

U ca 3086 7

CA 3086
4 )

N 'iél_ S

Fig. 2-10 Differential Amplifier

-
2
VAN

D

1}) Phase Shifter

Phase shifter= 0°9} 90°% signal o] shift v} o] AeE Zero
crossing & ZA g A-LA Fol g error WA|ojH o] 5 A% Threshold I-
~ evel detector o) 4] A 2= o] Turn-around time detector ] Reset pulse 7} =
t}, o] Reset pulsex Transmitter trigger 47} set ¥|o] High7} == Phase

shifter o 2)8]4 &4 = Threshold level detector AZAN5 9 8l4 Reset

sle] Turn-around time o] Z &%} (fig.2-1D).

—— +
FILTER } > 0° QUT PUT
OUTPUT
F “I IRD
’iac RB b» —» 90°QUTPUT
— A —e
RD

c

il
, UL

Fig. 2-11 Phase shifter circuit



t}) Turn- around - time Detector
Turn - around time (r) detector + A &3&l Timing ©% set 9 Re-

set Al Zofl o84 FH =}

Detector B+ X t}% Signal delay 9} ¢34l 22 Pulse 3}o] w2 Ris-

ing ? Noise signal o stA & oF 9 A4A T JHWRAE YshA 5|29 =

= Zao] Sequencial timming o2 F4 5 oo} ghr},

T

Phase Shifter ] Reset Signal & fig.2-12 o] 4] Q!A,Q,B 9] Threshold 1-
evel aetector oA &A4 5o} Q,A oA &ASte] Turn - around time detector

ol R-S Latch 2] Reset pulse & wHA3gic}

Lo

gt

5l7 o]+ LNb5559 &3 Pulse & YA A 7F (8ms) =9 Q;A 2] NOR Gateo

=]

5} Command word &} Pinger signal o &4 o] AT E9 ¢HL wxz|3 o}

YHATE o] AEATY e WA AA 29 error & A A

Q3 A

[ — 7 >—Tx
L

it
QO

— H—’_q_’.__ LN555

90° %
SYSTEM TRANSMI
RESET " —TTER
TRIGGER

Fig. 2-12 Turn-around time detector circuit



2}) System error Analysis
System error + % % A3 £2] R-C Time constance £ C-MOS IC
9] Delay time 2} Phase shifter o4 Shifting A o4 WA &}
o] F BAAANAF s 5|24 LA & Delay time & A Aste] A
528 ol H st Folof gt
System delay time -& 52 Phase shifter o] 4] 25 fig 2-13.04] &} 7+

< 33L& AXA ==,

=T INPUT SIGNAL

| ]

0° PHASE OUTPUT

90° PHASE OUTPUT

T 00 0, e

SIGNAL

dt

Fig.. 2-13 Relation of trigger pulse at 0° phase shift and 90° phase shift



Fig 2-13.0)4] Shifting ol g} Delay time 2,

ot =T/4

Yoo 1
T = § = g0 @y - e

ot = 111 ps/4 = 21.75 ps

R = ¢ XC-P

i

27.75 X 107% X 746

JAF

0.021 (m

Phase shiftero] 23l System error & ¢f 0.021 m) °]ch
w3 Pinger system o] 3% 4 9l 4 Az AFAEY Y LA Al

7o) 8ms o] B2,

Rmin = 8 X 1073 X 746

= 5.968 m

2.1.5 #o]X (Controller )
Pinger %9 R.E A A5 2] £2g Aol Signalel 934 Sequen-
cial 2 E&3}n] o] & ¢jaA]& System trigger & Cycle trigger & T A5

o] & Trigger 3] 2% Sequential & Timming Aol 2 Phase & zts girh

SYSTEM CYCLE TRANSMITTER &

L - TURN AROUND TIME
TRIGGER TRIGGER TRIGGER

COUNTER RESET
- TURN AROUND TIME RESET

Fig. 2-14 Block diagram of the controller



7}) System Delay time Compensation
Pinger system ©] Total delay time & %A] 4159 Pulse 3o 2=
Delay ¢} Pinger ¥-2] (Phase Shifter )olj4] 2 al=l:= Delay time & 3go]r}

Total delay time 2],

0T =(Turn-around time detector delay time + Rising pulse of si-

gnal ) X 2
_ . T N(t)
=( 4 + A/tr ) X2
~ 55.56 us
A
TRUE
TURN AROUND TIME
" —
'
i MEASUREMENT
' TURN AROUND TIME
]
1 i H
I
X SYSTEM
; DELAY TIME
! 1 ; T
[ T 4
: T de
i TM 1I

Fig. 2-15 Sysfem delay time
fig 2-15 oA A A9 Turn- around time £,
TT - TM . 5t

A%l Turn-around time & dt ©HZ9 System delay time & %3 35lw ¢ ow

e



ofel a4l 3ol 4] MANA Fofok ghr}
fig.2-16.2 o]o} 72 HAe Ygor

T™ A
™
: |;
T™-~ )
M-st L gt
l*’
Jt
TM-dt
T

Fig. 2-16 Principle of the delay time cempensation

1}) Counter
Counter = clock - pulse &} A =13 24 ¥.A=E Turn - around time
detector (r) A& 9} 48t (r) AZFEQ C-PE o} 3| 204 A As}e] A)
Ak A= Memory 5]o] Digital 2 %) 4} ghe},

Memory 1 A2 £A 3= o2 System trigger of 9s}4] Reset = o},

Twm -

] SUM | —u| COUNTER | INDICATOR

CP

Fig. 2-17 Block diagram of the range counter circuit
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Fig. 2-18 Summing output 'Concerning clock pulse turn-around time (7)

fig.2-17,2-18. & | A7} o]l Q17}5]%= C+P 9} Turn-around time 9] A1 59 =%

& vehz Qe

2.2.1 4% 3449 2 3244
AAZ A Ao HAZ FulE x.y.z o g Z7 FE | A oA
S B2 o] & 543}7] 9ste] Range/Bearing receiver unito] &% Transpon-
der o] ¥z & fig.z-lg.s} 7ol 37)¢ Hydrophone Element (1) 3} (2) &
Dipole 2 soJ9lz (1) 7 (2) o 27 w02 Element (3) o] gt}
Y-8 habE $HA S E 7+ Sensor 7+ Receiving SHA| 5w o|w) 41 7] =

e 4

\

0!

Phase difference = 245tz Turn-around time 2 &4 3} a9} v

o

e
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Fig. 2-19 Structure of transponder

Fig.2-20. Principle of the Bearing measurement

D
e
REF - Y
(2) p” Inzi
N -/' \
T2 .~ e, B (y \
e W - \
- N “
<\)'\(\ \
7 N \
./ > ‘
e N !
S \ M
7 \ \
\\ Y
A \RI \R 1R2




Fig. 2-20. ¢4 At & Reference sensor?l Z %3} Y3 Sensor 9}9] Phase
difference o] 2] & Delay time o]t} -+ Az}3 A9l B4 Sensor A}ojo} Ph-

ase difference =

2
¢——£ (R,-R,) radian
360
= (R;y=Ry) creeerrermminiiiniiiicecsnneeneee (1)
o714,
R; = Ry = (R+¥D sin fy) -~ (R-%4D sin fy)
D SIN Gy  ceeecrrrvresirnituiiiiiiiriiiiicniicistessiisasanens (2)
0y=% D-sin 8y radian
. } ............................... (3)
6x =—TD-sin fx radian

A (3) ol 2% FHFolz DE ZZ Sensor &} X, YE wik7e] Azl
AR ASH Foed Bge Foe ma,
Cc
A =T o] 4 1500 /9000 = 16,66 cm  +eecorremcennunnne (4)
C=1500m / sec, f =9 KHz
A48 Y23 A% 2579 A4AE 439 dsteids D=1iols Do 2
2, z8]l3 Hydrophone element $7 2S4E AZHE A4 o
= AA =Y e}l e Sensor elements o] array 2ol opd 3 Sensor & T

AstAz sl ARG 279 TAS A2 sheshd AAse $gez
E dFolA Uzt D= 15emz 3} c}.



= 15emoff A8 &4 90°o] g Phase difference & 3},

¢ = 2{ D-sin fy radian
¢ =360 1 = 13°  ceverrererreenennnes
0166><0 5% 1=324.13 (5)

0° ol 90° 7kx] 5° AR AA HYAHNE T3 Ha AAd=z T A4
2 FE ota 71E5E Sensor(Z) 9 X&F, mE YZo) m2E 41359 Delay ti-
me & T3tefof gt

A s A ARE ARG e AXe e T FACER ol F oA AT
& vl AR o)A Phase difference o] it Delay time & 3|

4 Counting 35 oo} g},

2
5, ¢ = 7” ‘Desin fy radian
360
=._2_ DeSin Y secrcerenrisiiretiiniiiiciiiiineinienta (6)
Sin Gy = Ce AT /D soecerecermrinicccrcuseracssnsiesisraenns (7)

2 ved s ged o 4 (8)-(a), (8)-(B) & A4H % A= 0o A
At 2 72 ou: 2 A oF Delay time & FaRZA A4S AZslw

sZ2A 78 9 7187 W9l (Slant range) & G

oo
J

A "ok, A7l A (5) & A (8)-(B) & 5°e]4 90° AR 5° pAoB AR



A4} 9 Delay time At (zS)-& TF3H7lo] Table. 13 2}

(Table.1) Relation with between of the Phase djfference and delay time

from two formmla (5), (8)-(B)

6(°) g (°) | AT(eS) 6 (°) ¢ (°) At(uS)
5 28.249 8.72 50 248.30 76.76
10 56,285 17.36 55 265.511 81.92
15 83.890 25.88 60 280.70 86.60
20 110.86 34.20 65 293.76 90.63
25 136.98 42,26 70 304.58 93.97
30 162.06 50.00 75 313.08 96.59
35 185.91 57.36 80 319.21 98.48
40 208.35 ' 64.28 85 322.90 99.62
45 229.19 70.71 90 324.13 100.00

*

2
(5) =2—n :D- sin fy

(8) AT=—2 sin fy

AA =z 3 2E AA o) doiA 5°ex 90° AR 9 A sin § 2HZE

2.2 A

5 zgshedo} @k,

sin 84 ZelZoj4 2P o] T ohAlE Urgoh(fig. 2-21 F= ).
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Fig. 2-21 Graphic of sine function

(1) 0" o4 45° ol o] H4A =}

(2) 45° 015 90° AA 9] wlDAe] ¥ AR FEAF F PR BAY A1)
o4 @& Clock pulse & 71Eo2 w4 (2) 9 AAAe] FAAINEL 7H5
§ 25 9T Folk FAol AANZ 4AE met pAFAA A2
A AEHEE she] mgkeh

33 1

4% 30 3% 60 6% T0 73 80 8% 90 9

Fig.2-22 . Graphic of sine function from the table 3.



o2 F Ao Aa A Aol
A) AAREQ ()R A A7 A THT 40° 9 g HIFo R Hsto
Clock pulse & 3} H=
CoP =0 //\T  seereereesenrtormuctuineetnncnseninnsnssassonssns (9)
C:P=40° / 64.28 X 107% = 622277.5Hz 7} =] o] uhy
o2 1°6]4 44° 7129 Clock pulse & F¥F vk, 714 HE g 44° 9
Clock pulse & o] 3] AA 2 o] 249 zAxst 44 49 #EE 42ET71
9lE AHolth (Table.2 #2).
Z, 0 (AR ) =AT CP ettt eain (g)_(l)
C-P = 44° @] ¢] Clock pulse ( = 622277.5Hz)

(Talbe 2)

6 (°) 6c(°) l6-6¢l1(°) | 6 (°) 6c(°) lg-6¢i(°)
5 5.43 0.43 50 47.76 2.24
10 10.80 0.8 55 50. 97 4.03
15 16.10 1.1 60 53.89 6.11
20 21,28 1.28 65 56.4 8.6
25 26.30 1.3 70 58.36 11.64
30 31.11 1.11 75 60.11 14.89
35 35.69 0.69 80 61.28 18.72
40 40.00 0.00 85 61.99 23.01
45 44,00 1.0 90 62.23 27.77

S-CP = 622277.5Hz
A=6 (5° - 45°) =S-CP X A~
B) w13 A% (2) el 45° 0% 90°7kx]9) sin 6 5 graphol A= olvl &
A Taurel ol zAZ Ao THY & AT Stz 2 AT



F (AT ref)olffo] WA= E A At x4 Ar ref 9] Aol o) & Delay
time & F3}0] o] Zlo] A4-&3E Clock pulse & F3te] A& 2§ A 4kate},
5, AA3Z el Counter &£ 1ghA] vpxuql 44° A& A4sts F4
of ohF FHAl 45° F P EsHA HEAISE Controller 3|22 Hujo]»] o]
0° - 44° 74X A4 4 g £HHoE 45° FHE A 204 22 ¥ HAA
45° o] 3ol Al A F-3el Al 2 A8 2e F&4E AJA e Aol
ol Z& Al s,

0a=(A7rb-A7ref) XCPb+8 ref -ccoccrenn (10
37 A, ref = 45° 2 &9

0a=CATb-A745) « CPb+44° -evvvenrrocnns (11)

2 45° o] 39 Al A4 o] H4 gl
o714,

o} 4] (8)-(B) & o] &3} Table.30]4 45°0] %o] w]R HBEEe A7 S Ar 45
EAFoR st 90°7x AR Aol At HADIA AMel ZHI F
Aol gke] BFFE F3txz thAl Clock pulse S A|A3F A AHQ 45°] 39 3
£ dAlEE oz AAs

Z O0=(C(Atb-A7 45) XC-P+44 = ccorercormcnmmnonccscnscsonmeecnsnne (12)

oA 27 Aol C-PE 2474 Fohx FFE gl Ak,

OA=(ATDb=AT 45) XCP A+ 44  cooccerercmemnnnnniiiioniii. 13)
6 A=%T 03

CPA = 3 ¢ Clock pulse
— 49 —
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Fig.2-23. Block diagram of Range” Bearing receiver unmit



( Tablc 3 ) Delay time of compare 45° to 90° with reference 45°

6 (°) Arb(ps) At b=-A 45 (us)
45 70,71 0
50 76.60 5.89
55 81.92 11.21
60 86. 60 15.89
65 90. 63 19.93
70 93.97 23.26
75 96.59 25.88
80 98.48 27.77
8 99,62 28.91
Q0 100.00 29.29

D
=— X sin#f
AN 4 C sin gy

2.2.2 32 2 FE(RE figA-1 2=z)
Range ./ Bearing receiver unit &= x.y.z Zo]] set3dl Hydrophone ele-

ment & B FAH XS5 727 Pre AmpE E-35le] Ambient noise & E 33}
Ak W& S9E& % 20 dB FFg &)

o] ZXx A3 = t}A] Differential amplifier & £3}lo] tj= 80dB & Vo-
Itage gain & YA = n }2clel Post band passfilter o4 Noise level o} 4}F
o2 AFst FEEo t}2elel Digital 415 QH oz 2E3EE Level de-
tector 3|25 AXA =

thA] Level detector & 7% A5 fig.2 - 22004 R-S Latch & set
AFA H3 o] 47+ Ae 24 LatchE Reseto] slo] ofm %8 4159 Tu
rn-around time©] Countingo] A] x| Zlojt} Phase difference 7} 71 4]
37 A9 time delayulE x.y sensoro] L= @3& 435 x.y 43k Latch 7}
Reset o] =]o] Phase differenceo] w3l time delay & Counting 3}4 =HE
Ao,



2.2.3 Ao] 3

RE AAHZ el A delstA A%l A7) DA AEHgn gov
G0z mE d%Ael A% 45 AR 3
2 glos Timing® A FAuTH FFshelof Gk,

7}) Counter % Sine function 3| & (&5 fig. A-1)

o
=2

>,
2
fru
e
o,
.
O
A
olr

H¥

de SAZ AH & A% g5 AL 5 - stage divider 32 3
Counter 3] 2o 4] o] Fo]Az glow o]¢} &7l Sine function 3|29 B AR o]
o] Qo4 w3lule} 7ol Controller ol 4] FHAEE (C-P 2)o #H g Counter
ot JAEE @Al vFAREE (CP 3D HAZ HIHE £ ASE
A Zsle] Aol Aol 3t Sum Belx FHFo] =Ho] CountingH =
ol e},

1}) System Controller ( #5& fig. A-1)

P

System controller = Range/Bearing 3| & o] Memory IC =& 60
sec E9F F71H 0.2 Reset AA Ed&Ho]lz FAAgl FA T wfsfe] 3]
29 A5e AAARA ot AAF d&Holn olu] &R Aol e
o 450l AFHESF = Holoh,

ol 23l oi&AQl 44 AF7F 40 m secolo] 25642 AZTIF dFe] = of
R-S LatchZ setA7]m 60 sec F7] 2 system & Reset A/AFH Ao F
= 147 E9F Reset & AR A7A ==t

R-S Latche set Al3% Tr1< ON Al Relaydls RA%E OFF AA
Astable multivibrator ] §7] 5 34Hz o4 0.57HzZ ¥ 3A]#A Counter of 4
0.57THz &) A5E& 2,0487} 2 Counting 5] Reset A5 WA A A system 9

&E A AL



A 34 UNDER WATER UNIT

3.1.74 &

TEol A 2E ARY TR AF BF AT H4E AT F
ulo] e,
© AA3 B2 Yo] A7 Pressure housing Lol YoiA glon wx| 74
A AERE S FolA o] FY ek o] FuE AF FAE HF Tension s ¢
oA A2+ 9= AA Housing o ZAmAo] wtel Hs| Z8E sl o] 277 4
4ol 7hs3het,
o] unit & Transponder9} ¥4 2. =]o]¢lz Shipboard control unito] Command
A2l st Aojet, o]2}d AE ( Interrogate ) 7} &5 ( Reply ) Fobs
9 KHz 9} 11KHz 2 Ab-8o] 7b5sh} 2 Ful: 9KHz 2 R E35E2 519 oo

rlr

(eF

BE AR, 1AM e WY ARAZA AFANH e e A5g

!

ZFXz ok, ( Fig. 3-1 =)

3.1.1. Enable / Disable 3 &)
Shipboard control unit ] Command signal o] &} 3} A=A 37
8 2] 7HestES 3|2F Openshs A ( Enable ) o} AAbAql 329 2%
= £&2 FA ke (Disable ) 4] 2 FHYS glev] ubeF Dissble o 33 < ut
A % FulE Shipboard o] 3 SHL HAYA Fz RE A2
% o 7152 Standoy 492 Seiztel olmli o] She A5 WHSHA BA
EE £F X5 7t dAelsts Ao

3.1.2. Timed Pinger ( &3 =47])
Timed pinger 3 Under water unit 5 3o A F3E T 34540

U
oo 925 AYASAY Faol G2 Ful A ) SuHS Balslr] 9o



ACOUSTIC COMMAND SIGNA

L

FROM SHIP

=,

TRANSPOND

REFLY SIGNAL CH:’:,

ER

RECEIVE ALL UNDER WATER|

SIGNAL DETECT AND
DECODER

DETERMINE NO :
LEGITIMATE COMMAND DO NOT ANY
YES
DECODER
PROVIDE NEXT STEP
BY COMMAND ASSIGNED
I\F
RELEASE TIMED PINGER DISABLE
COMMAND COMMAND COMMAND
CARRY OUT AFTER CARRY OUT AFTER CARRY OUT
MICHANICAL TIMMED PINGER DISABLE COMMAND
FUNCTION SEND TO REPLY 818~ SEND TO REPLY Si6-
NAL GNAL
DEPEND ON INTRRO~ | PULS / SEC.

GATE SIGNAL INTER~
VAL

S

AFTER CARRY OUT

END TO REPLY

SIGNAL

TWICE PULS / SEC.

Fig.3-1. Flow chart of acoustic release system function



Shipboard command of w2} Z2g&3t B9 Fo|up F715 2A bz A

Hol 4 5 4UE FHLE Q' A% sl

3.1.3 Release (o] &#3] )
Shipboard unit & X-E] Release o] W& -8 Wrow] Under water unit

£ 2 A% el AR ATE A AEoR ulFe] A E FelHel

A € et

ol

olge] 45L&

3.1.4 Power (AY)
olo] Azdk vioh o]l EE AH7H, 71HAA FF5 HAH AR 9

el o] 2Rz Qom AAY THL NE AFL AL £AL0R T

Fado| 7] Lithium-

=N
feu

O}L
N
Y
o

X,
S
é
r\r
r_x_,
.\_
#a

EY
L
:N_‘
N,
i
2
}m

Battery 2 A3tz ¢l o 77k Al Foll A &= Mercury == Alkaline H=x]E A}
L3715 st
44 A Yol 3t Load test 3 7+ the] Voltage check & A &4A] AAITE AL

g3jel of e},

3.1.5 Transducer ( H3l7])
Qdulbx o2 Acoustic Navigation systemo]] ARS8 583 .44 Al
T W aslolE e} o] £5¥4 2leh (P.H.Milne 1980 )
a) Transducer : ©h] Fst4E 2 F ( Intrrogate )9 ASE HA £Alstn

L
% (Reply )41 58 85 Ak 7502 FARY =27

b) Transponder: 2| £ Fu42 A it A5S A4 A5z 2 F4



o]

g A

E
= ‘o

€ HA=

Transducer Y} Transponder = &4 A2 74

k.

Zg&e stx

Transponder = F & 3] A ( Under water ) of A X% o},

c ) Beacon / Pinger

diagram9] &
d) Hydrophone
A5 (

AFY =

He EE 4

712

4

nlo

3.2 3|2 g AF

Z7vle]

Deck command control unit Alo] o] FA]
Multiplex ) w4l o2 o] Y3 7| &
4719 AT EZ( 4 digital ) AH3td s }e] Word ( 4bi

B

"“.E.

o $AHoR o HIEF AE
o] g% 4719 Digital ¥
FAu 2] Algxol

rlr

]

AE oz APHE Zo .

u}z} Decoder ofl A} <=7}
o] &t

mmand assign o] 23] ojm Y7} dojut o] Fofl & HEEA

H A o2 £Alsle] Shipboard Aol 4 =z A&

3.2.1

Transponder of|4] 7+=| %]

o] Detector 3|28 oA =},

Pre Amp 9] &% & =&

ol ¢
=2

R -

TE

=

o]

P 2§ FoheY SobEAE

: Beacono| Y} Transponder o4 X uj:=

Acoustic release unit & 4 Aol 4| Command signal &

T3 E
o7 gggAE

olu] Detector Amp

%x o7 BE A2 Pola
g FAFA oAU T Yeol ot
A Sy FYd EASE
Aluk ¥
9 ok,

o}

L
M T

U A WS A T

$A 449 542 A 9

‘l_
o B Ty _J_

Bl

BL/L]

[+]

L2 F.D.M( Frequency Divisian

L.

PN
W Forg

of T3 2FlA

2%t g8t

HE

t)

h

Aol e},

Command word 2}3. 3} (35 : fig.A-2 %)
o] Command word & st 2 W Sof
AR AAAA Agolt
o] %9} Co-

35

)\

-

71 Al A Q)

2E QU9 33

p-a}

BalshA =)

IN/OUT Amplifire Cicuit

o] eF3l A $2 pre Ampol4 ¢ 20dBZZ3
Z} ( Postfilter )Ql&o] &
o] of 3hr},



Q2 L
T
IN »
ouT
2& LI R2
3 3 3
RI D2
Cl T D3

at

Fig. 3-2 Pre Amplifier

o] &= Detector postfilter 2e}o] Class C 2 &2 =7 wjFo]ch XS o Pre Amp

“ fig.3-20] A2} 7o] L.R.Col 93l 9.6 KHz |4 2KHzo &g 7

rf

= Bandpass filter 24 7] 5% Z A"l =3 R2 D2 D3 o} &3t Fotal o
E9 t}2tlq] Detector Q& Zxtho] Atz £ Level limitting & 3ks D12 Pre

Amp 9]¥ HITfo|rh

3.2.2 Detector Circuit
fig.3-3% Command Al3.9 7 %35 2|t} o] 329 PCBE 3%4°
2 Wi e 2 WEe Agvig BF 5

Ag Fsheat 234 oHEoln,

o) 3} =b=] Chl ol 4| Ch8 7} 2] z}7]



Li Q2 ouT
_Kos >
c2 c3 T DI-D4
__i
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s l
- Vas @W\N l

i il

P g

Fig. 3-3 Detector circuit

IN/OUT 3| 2& Az A3+ Level limitting o] =o] Ql- Q&o] <lrpxlc)
ISt A AG ool A el A

o4

Z%} Ql o4 R19 Bais g2 &
5]+ Command 4132 Levelo] oksinets 4 4 9JEE Class B &o g
10MQ A =2 7438 9ch

* Postfilterel Cl L1oj4 Zx3ld Cl L1-2 9 KHz o] 23

1 3|25 AR AZE C2 5 F3lod AA LA 453 Q2¢] FET Gate of
Q7bgh Rz B3: FETY 92 Isjdzsh o] glom QI-Q4E Post —
filter 5|22l L1 C1 & 2x ZA32Q Tl 1x= A}o|o] Buffer 2hg-< 3 Fc},
Tl 1 %Zo A FA & 223 Command A5 Tl 2 %326 §7]5 o] Bridge
rectifiercl] 2|3to] AC 4 5-2] Envelope & A A4 "k Rx9+ C5= Low
pass filter & 2+83lH Q5-Q7 & Level sensor & =&3}c)

7] A AFAelA A F3t Postfilter o] S4-g 4w B},

Table 3-1-2 7] Maker ¢ Postfilter 543 i FA o4 A &3 Filter &4

ojt}, 7 Channel 7+9} Center frequency & 738 A4 200 Hz Axolx



Postfilter 8 £ o 3dB Point o|4] ¢k 70-75 Hz A5 2 7|& AE ¥ o]

b dgloew ©r] A FAoA 93 Dust core o] TUAA o Bl oste] QL)

oA Wb o ¥ FA7b 5z gk}, Table 3-2 & A4 Postfilter
A A5 2A gt o,

Table 3-1. Comparision of Characteristics of Postfilter

Band Width ( +3 Hz )
Ch -|Center Frequency Remark
Products by Maker |Product by KORDI

1 9.291 Hz 72Hz 70 Hz

2 9.494 Hz 72 Hz 75 Hz

3 9.705 Hz T2Hz 72 Hz

4 9.894 Hz 72Hz 70 Hz

5 10.091 Hz T2Hz 72 Hz

6 10.296 Hz 72 Hz 70Hz

7 10.509 Hz 72Hz 45 Hz

8 10.693 Hz T2Hz 74 Hz

Table 3-2 Specification of Postfilter on the Lab Experiement

ch Coil OD (mm) | Inductance (mH) Q Turn Remark
1 0.3 58 333 260T

2 0.3 56 333 ”

3 0.3 52 333 ”

4 0.3 50 333 ”

5 0.3 48.5 333 ”

6 0.3 45.5 333 ”

7 0.3 43.5 333 ”

8 0.3 41 333 ”




3.2.3 Memory Circuit
7} Channel &] Detector 232 Memory {J3 o & 9o]7tg} o] uj
Memory 3| Zo] &EA S} QrtslE EAlo] 2%k Schmitt trigger 3| 271 25
S AFee] 0.72 S0k L o] ohd el 4043 Latch § &A1 o,

At Set Al 5 40439 3. fig.3-4 o9 Zo| Summing network g

Esle] oh2tiAe]l Command circuit & Eo]7bo)

Rl R2 vCcC Resﬁt

c! L_WV—
”_Cll)
INPUT 2.2K
© 4047
:::%——— 404 D—r—~ W0
_ @ 3 OUTPUT

[ONONONC)
‘?%‘T

Fig. 3-4 Memory circuit
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Fig.3-5. Medified Lab schmitt trigger circuit.

fig.3-5. AP A A 7] &4 %9 Schmitt trigger 91 MM T74C14D tjAlof AZF
ol €44 FUE e LN 555 % Ajgelol AGshel wgkeh

AdAS B 4714 29 54 FHou A Ao 457 8Stageol A
F30mA oho Arker £UL 77 o Pl Tostm A4 AEZAEY ICY us
g C-MOS<l CD4584 2 Apgste] HF £Zwx|e] )23 Hakoh

3.2.4 Power /Release Firing Circuit
of AulY b £ o &EAHS shbe A4 olF9h ofv] F&Hl Ao
oste] A7) AxAel E¥E AAE &5l JA Aol EH A o ubeE

otk 297 S Slskel of HE: AL YE FAs wRHoE B UL W

et
ol

StE % 8= Aol & 22 DC AYe » AYeq wiE whdor i

i

[¢]

ted Relayo| v} Solenoid & %4 # A2 Release mechanism & - & oA

ct.

i,



7|2 Maker 4| Zo] A= Release & DC A ( 48V DC)HE Wz TFAAd

7} Release command signal -2 Dectect 3}% ofu] 285 5,000uF/100V e} 4

M
_L

J1Z 12V A Y-S DC-DC Convert 3jed mAgos wEo F g
Timer 32 Sl %77 (CT)E 187 $4A7E Magnetic SWE o] &

3le] Release mechanism-g Trigger A|7| 5% 3|25 FA3c}

TIMER DELAY TIMER RELAY
(1 MIN) (3 SeC) (2 SEC) DRIVE
POWER
DC—I2 RELAY [ *
o ( Release)
0scC DC-DC | o §||§ 4D
(20 KHZ) CONV N/
o
CcT
0SC
CONTROL
Fig. 3-6 Release firing blockdiagram
7}) Timer Circuit
(A) 12 Timer
‘o] 32X Command 3| 204 ulet Release command signal o] <¢l7}5 &

<=7} Trigger output-& Highel4 Low®@ v fig.3-7. o)Ak o] Ul &
Monostable multivibrator 2 Z&-3lc}t olwj Ul & 32 Cl 3 R19 A A
2sle] AA= C2 R3-& 27] Reset o|3 R2+& Trigger k25 High A2

FA A7 7] g Aol e,



RELEASE

ofo] M&3t ulel o] 1% Timero] 9 sl DC-DC Converter & ukz]

7 FEAI BEA CT z Age] FH=HE Aol

IMIN TIMER 3 SEC DELEY 2 SEC TIMER

. % (::I R ICZ

> S e ] |
p—r o Ui @ LY J_/@
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5 ee@
w
5
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OSCILLAT
LATOR DC -~ DC CONVERTER

Fig.3-7. Timer and DC-DC Converter.

(B) 3% Delay ¥ 2% Timer Circuit

RELEASE OQJTPUT
HIGH VOLTAGE

fig.3-8.2 Delay @ 2% Timer 2] 24| 3 Zo|t}, Rl 7} Cl1E&o|§U2Z

INPUT (IMIN TIMEROUTPUT) RELAY " 2 STimer Rest
° ul @® +- U9
1) ! H
(404 7) TRI E‘L_________i_\
'," ' 'I\‘
Yo R €} CTRT ® :1: :'j . Xo Charge
2 SEC TIMER L L
; 3SEC DELAY ' '
@ ' '
Tl ‘D‘ — Ul 8
y DC—DC CONVERTER 3 S Delay

Fig. 3-8 Relation of between 3S delay and 2S timer



¢} %% R1 C19 AAHFutE Delay AZlth, ol& 5 ©2% Timer 7} 3
HA Tr1 & F% Tr1.9] Collect HFEF ol &3te] Relay & £7HH o2 A5
A71B24 CTE WAAA F+ Aol

Ut2] (9 o] Reset ( LowAref ) o] 52 (8)¥ o] High Aef =] Astable multivi-
brator 2 535S Shgck

3|20 4 3% Delay U2 £3& (8)del <7tz 14 Timer 23 (9) ol
A7 et

U1(9) H=} (8) M9 1™ o189 EAstel 2ed Delay 3| 2] f3to] (8) ¥l ¥
o] F3x29 xolZ Yo LowZE HHrc}, o] 3% T Ul 2x9 Ti-
mer 24 ZFFHol U0 229 3¢ W Trl & 7547 A5 sl=2olch,

(C) Oscillator and DC-DC Converter

4
r_‘\_l‘

ol Bzt A AYE = AR wpFolA CTel FHALF HHAA
Magnetic SWE ON A]# Release mechanism& FEA7]+= FHE 3] Rolo},
fig.3-T.0] 4 Oscillator &] ) ]2 &2 Ua Ub AND Gate o ¥ J&H-& A23}x
et

T A FelA St JHL High 4 & SAstn o2 shte qye 1%
Timer 7} 23 =& +7t AND Gate® %32 Highs} =v o] High %o
Astable multivibrator ¢ U; o} AYAYo 2 <] 7}5 ).

Us & C-MOS o] 22 £Rmddo] Ho] Ahfol A sy,

Uy ol Aol <l7bsls o 20KHz 9 bxlo] A&sz FlipFlopo]  uha
3L 10 - 11o]4 Q; Q, (2SC1061 ) o] Base Ato 2 g, AZ = Tre
Push Pull §4 o 2 Fzaic}

°lA7Ax A= &t Power /Release firing 3| 28 Zgsle] Hwl  A<3hupot
7bo] Relea;e.‘l} Mechanism 7535 2 712 Maker 328 ®y] 234 ol A}

AA ¢t DC-DC Converter 3|29} Timer 3] 25 z=gs}ydc)



ATFAol A AF¢ DC-DC Converter o] EA4S A3a 23 Q8 AL A%
of W& &% A¢e ZAE Table 3-3 9 gt}

Table 3-3 Relation of Input and Qutput Voltage of DC- DC Converter

(Lab Test )
ALY 2 % 4229 ]
(X In) | F83(mA) | ¥ 3 (mA)| (X Out) " -
6V 140 150 ~ 158 85V
TV 110 150 ~ 180 95V
8v 90 190 ~ 220 100V
9V 110 230 ~ 245 100V
10V 190 270 ~ 280 100V
11V 230 300 ~ 320 105V
12V 290 340 ~ 350 108V

* P Foh4 o 20KHz
* Release Trigger A} gl

3.2.5 Command Circuit
Channel 0-7 7} %]2] Memory 3] 8 £& Pulse = 727+ 0.65 Zo] o o]

3= Command board ol A=} o] F 4709 Code 7} fig.3-9.9} o] b2
el U,-U, 9] 4 input NAND Gate & Ship board assigne o] 2]3le] Ao g
Aol HHrk

ol =5+, fig.3-9. ol 9} l7EL0] Enable ] Assinge 1367 o) 2}z 3} 1367 &
4 input NAND Gateo] "7 5o} Command &3 & W2 WA =}

o] %82 t}A 1}y o] Release mechanism #} Transponder detector & <7

Transponder o] 4 Command ol &t Q] B3 & &A= Ao] )
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Command word decorder
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