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Measurement experiment of low-frequency signal

characteristic using parametric array in acoustic tank

Song Ji Young

Department of Ocean Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Since the theory of Parametric Array(PA) was proposed by Westervelt
in 1963, researches using PA have been implemented in various underwater
acoustic areas such as underwater communication, sea-bottom profiling
and so forth. This i1s because the signal characteristics of PA, which is
a narrow beam at low frequency propagating in the distance with a shorter
array than wavelength, are proper for such research topics. Therefore,
the objective of this experiment is to propose the suitability of using
PA as a transmitter for measuring acoustic properties of materials in a
small acoustic tank, considering such acoustic characteristics of PA. In
the experiments, a BII-7544(Benthowave) transmitter was used to generate
signals with difference frequencies of 10 and 5kHz respectively, with a
primary frequencies in the range of 190 to 207 kHz. And various acoustic
characteristics of the PA such as beam patterns and frequency
characteristics were measured. As the result of the experiments, signals

with a power of about 50 dB smaller than the primary frequency signals

_Xi_
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were generated at difference frequencies. Their beam widths(-3 dB)
ranged from 2 to 5 ° and similar beam patterns to those of the primary
frequencies were measured. The high directivity <characteristics
confirmed through the experiments have strengths 1in blocking the
generation of reflection and diffraction signals in advance, which are
the main problems in water tank experiments. So it 1s concluded that the
PA 1s suitable for using as a transmitter for low-frequency acoustical
property measurement of materials. In a future research, in order to
analyze the effect of pseudo sound, which interferes accurate
measurement of difference frequency signal, the changes in the intensity
of difference frequency signals with the installation of acoustic filter
at various distances in a large acoustic tank, where long distance

measurements are feasible, will be measured respectively.

KEY WORDS: Parametric array, Acoustic characteristics, Non-linearity, Acoustic tank
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Table. 3.1 AA} A= AH] ALk

| Al¥
Hlof s)w AHEE S/W ZHE(NI LabView 2018)
Clo[EXE =& PXle-5172(NI), HEZ2: 25 MHz
M oE PXle-5433(NI), FI==H2?L 0 Hz ~ 80 MHz

Bll-7544(Benthowave), H=: 8 °©
LIFIb Hel 180 ~ 210 kHz

S47|
K= A Hel 2 ~ 20 kHz

A7|: 14 mm(D)x50 mm(H), Z|CHE=: 1kw
W= 1000S04(E&), OI5: 60 dB
47| TC4034(Reson), FLf=HL|: 1 Hz ~ 470 kHz
TAEE KH-3944(Krohn-Hite), CHEE1K1~300 kHz)
SLEF RTE-1054(Rohde), ME&: 5 GS/s, CHEZ: 500 MHz
Y HIZKOIZXY, 27 2.5 m(L) x 1.2 m(W) x 1.2 m(D)
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Fig. 4.8 Wol®d =4 A3}, (2)200kHz, (b)195kHz, (c)5kHz

1] T T 0 T ﬁ
= ﬂ 1 2 43
p
10 L -10 T
- ®
o b 15
3
Stk 20
-25
-25
30,
30
50 -35
.35
55 : : . & .8 i i & . )
-20 0 20 =20 0 20 =20 o 20
Ang(°)
(@ (b) (c)

Fig. 4.9 WZ(-3dB) 44, (@200kHz, (b)195kHz, (c)5kHz

_27_

Collection @ kmou



T
N

ol

it

o

1)
—

_Z__l

200

-
T

Ask= W2joltt. Fig. 4.10(a),(b)

A

B

A3 We" Axbolal Fig.

kHz, 195 kHz
4.10(0),(d)+=

=<1 Fig. 4.10@)¢} (o), Fig. 4.10(b)2} (d)<]

195 kHz AglolA 5 7FA w

(d)

(a),()

_28_

Collection @ kmou



443 TFFE Fo5 B9 AFH5 Az WY 33

oA BT 434 AYPolN AFwE Ao AIE AFHE A5 A7)
7 AEEE B AR FASAT. T AWlAE AR AEE HU)

A7 =2 $287] &) YFa4 2159 Transmitting Voltage Response(TVR) &
dol w2 Fu B oA Y WS S5t A 3th PAE sty AAE

52040358 AARAT YPE Fig 337 ol F FFo| Ass Wy
]

rlo

LA
A
2

TVR =3 Fig. B153% o] F+ FH{7F SATT o] A& 1t w2 dF
v Alge] TVR EAo] &2 ¥9(200~207 kHz)3 w2 dFas 459
TVR S5A4°] &2 99(190~202 kHoA RS AR Fig. 411 =
2 A A5 WY A A3REH =2 A5 A5 Hide F
Fol S olF= SAS 7He v B9 FagdA &A=+ Aok
Fig. 412, Fig. 413+ @& d59 A9 A Adx=H Fdo] A9 fl=
A4S 7RI E ASs ¢ 7 do =3 Figd.ll(@9} Figd.13(0F vlu e

_29_

Collection @ kmou



=t

A3}, (a)200kHz, (b)203kHz, (0)205kHz, (d)207kHz

Fig. 411 Th}3t %& AFus Aso] woy =3

\“\ \ I'|| {
270 90—

Fig. 4.12 3 @e dFu 250 Wy =4

hud

A3}, (a)190kHz, (0)193kHz, (c)195kHz

_30_

Collection @ kmou



197kHz

an _— ~.330 aQ
AN\ ™ 20
Py e

60,/ i '\“_ 300 60 300 -20
/ x/ -30
90 o 270 @0 =4 o Lo

(a) (b)

200kHz 202kHz

0 d8
M 30— I\ 3% T°
-10
80, 300 -20
| -30
/L a0 | brg  L%0

(c) (d)

Fig. 413 43 w2 A5 Az Qe 54 23,
(@)197kHz, (0)198kHz, ()200kHz, (d)202kHz

144 TFF FA5 FANAY AF%E PAE 23
$e YW AFIS AT DT BAAAE AF5e xFo] Do
Qo wet Aol oA 1 AsheA LA AFEAEE DB AT
S Azel WIIE 190207 kHz W2 ThFsA st SR APAT oI,
Fig. 413 10 kHz 473+ 4@Azol1 Fig. 4.14% 5 kHz 7544 Hspol

o
Fig. 414, Figd15 581 & 4 9150l 27359 =79 4
o WEE AT, ol PAS /MY EHU SFEHES FANAFE Az
24 el 23 2e) AFo ABYelE BT RAFYS Hol: F

o

MEe A @ 4 Ak £, AFae s WAy 3

5o F34 7)nnk YolE Yol ulet JFS o wol Wi JoE wud
o the AFESE AEe] WAESe] T WANNE Gl Hxd Az
[e]

_3‘]_

Collection @ kmou



4
o
S
+
§94
ftlo

o2 R®el

\ 10kHz(200k-190k) \ 10kHz(203k-193k)

b .“.

% —r—«—l—lz?o

| SkHz (200k-195K) | | Skhz (203k-198K) |
] 1] d8

Fig. 4.15 5kHz v Joliel =4 23

Collection @ kmou



45 % - 47 2 A= 4947

e AYe FE U FgelAe] Sre WEE A% 4Tl
A7) Fa171e) ARE 60 cmiE Fze] ¥ ZHQ 190 A 5 om A
o2 WA 2ok WMHE ZAHWUT Fig 416= A weh AFus
Azeh AFoe A5l A7) WHE Uehd TAZRH 9% yEo] A%
& 4R 2T UEhL, 98F yHol AFnS R EAF ek
T AFwy AsE A get AFAs AEEchs vaE A4 gas)
e A AsE 9

o AAstel] o3k FakEd 2 -6(= 20log -, L) aB= A 5 flon, o&

F a B3k o 089 dB Aol7k Wrk BT eAE FE
AAY R 2AYFel WAl AT T ANE AHY 5
=

T =23 dFag A5t

FAZ] WE I 2oA 2Fars) ZE FHasE AYX
tH1I5]. &A% pseudo soundE w2 S AnsteE T XA AR xpFa4
AR FAA A AFue ANTE ZAE7] ol@A wE By opUg 7+
s}

B>

= 3
CA17] Apelel AT FAANEA DEHE A LA e

ol-)t

Collection @ kmou



lebal= Ao) b A WHow ddAd glom8] B ATME
1E A3t pseudo soundd] fFF-& Flstal FAS FAaA =

g 2000, 1165

5 ~—

£ 195 s, i
190 \.&h“ A . 155
185 | T e 150
180 : : ' ' ' 145

60 80 100 120 140 160 180
Range(cm)

Fig. 4.16 417] Agjistel mE dFvgol ATy A7) Mt 24 42

Table. 4.1 A=l(cm)7} Full =old wje] A7)(dB) W3}t

el fn f W ,
60cm—120cm 3.54 5.23 4,52 9.80
65cm—130cm 3.90 541 476 9.84
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- 34 -

Collection @ kmou

Mag(dB)



B =BoME PAE I} AFE FxoH AFI oz AL 9
3 A Fdstes APe s 4719 TVRe agste] dFv
= g

719l 285 HA=E 7] f& dF9HYS 350 mVE ZA F 5 kHzé
10 kHz®| A3t AS5E TAAA QS SAHAY. S8 2345 T3
Sl WFHs ABs AFo5 A5 3 dB WIS 24210 L5 ° olsh

nprEt o 2 FA7]1E 5 cm A OR o|FAAVIN YFus AF9l A5y
T Az Ay EAEAY. dFgas
Aol wat dABHA AZI7E ZFaRoen Ayt F oAl Hold wf ¢ 511
dB #Z&stanh ol dAHAH ZA %
w 7E Mol o7k o] &7 ek ]l

i
AN
oxl
ol
ol
£
Y
=2
k=)
i
X
N
E
Lot
i
“

Collection @ kmou



=
e e
2
X
1
o=
ol
[
N
)
_>‘l_',
N
=)
4>
2
fol
2
2
rlu
=z

52 &% A¥

7] Abolef| Adx|5te] pseudo sound Y
F5 st ot HEE ol&ste A7) W =gt ATy
FAaA 719 pseudo sound Aol AAHOZ FojE
of & AFur 45 AVE B

1
CF AARE Y FRAMY HEns

A =i, FE
sound YA AFE AT o Ao
ANz A7l HEE 54

oo m ys dAFug AEvh
pseudo sound A AFEE ST o Holt}. o] 4

5]
=
54T T fle dAYY HHE SAHse Aoy, A5 A5 Y
) <

=
=}
@D
@}
o
(@)
O
[%%)
o
e
=3
o
i
2
1
it
Lot
r o
o
-

Collection @ kmou



Azel gRSHL BT H, AFTHOZ PAR AT SUow Agalol

Age 42 EAsE A9e FAT Aol

2020

.
AT I El SR

SYF=0M STEEH X oF0 IE
AFI M7 Bz 5738

fEszAEe S A7 2F0Ae)
AEDS H7| B3t 53

te+=0fAM SYEHE 2% oR0 e
AFo M7 He 53

L

PASHE 0|83 S2NE 54 =3

_37_

Collection @ kmou



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

245, 012, “sAEY wde] $F 24 A% 1L FFLSVES
3] S4TSR 4, pp202-203.

A, ASFE FE, AAY, 2000, “AAHEY Fak P s o] &7 7]
J

s AFY = ML FeSFSY Sl =3, 190).

olFH, oA, MXE, 2014. “IHHEY wjdE o] &3 AHAAS FHA
3l %883 =], 28(1), pp.55-63.

A, oA, olFd, T, 2009. “HAHAWEY o olE o] &F V] F
gAd §4 A7 d=FeE] A, 28(8), pp.768-773.

F32], kg, 2005 “IAHHEY AyFAe THSH HTFH EAAT
FmagE3es] st =4, pp.545-550.

&2 Adg, &4, 2015, <A

® 42 FAL 9% SHEY ofdol
EdTAL AA 9 A AF7 =23

s3] =], 34(2), pp.117-129.
Haksue Lee, Daesil Kang, and Wonkyu Moon. 2009. “A micro-machined

source transducer for a parametric array in air.” J. Acoust. Soc. Am. 125
(4)

Humphrey, V. F., Robinson, S. P., Smith, J. D., Martin, M. J., Beamiss, G.
A., Hayman, G. and Carrol, N. L., 2008. “Acoustic characterization of
panel materials under simulated ocean conditions using a parametric array
source.” J. Acoust. Soc. Am. 124, 803

_38_

Collection @ kmou



[9] Laurent Kopp, Daniel Cano, Evelyne Dubois, Liansheng Wang, Brian Smith,
and Rodney F. W. Coates, 2000. “Potential performance of parametric

communications.” [EEE journal of oceanic engineering, Vol. 24, No.3.

[10] Mark F. Hamilton, David T Blackstock, 1998. “Nolinear Acoustics.”

Academic Press.

[11] Michael A. Ainsile, and James G. McColm, 1998. “A simplified formula
for viscous and chemical absorption in sea water.” J. Acoust. Soc. Am.
103, 1671.

[12] Nonlinear Acoustics Lecture (2014, February 12). Retrieved from

erso.univ-lemans.fr/~vtournat/wa_files/NLALectureVT.pdf

[13] P. J. Westervelt, 1963. “Parametric acoustic array.” J. Acoust. Soc. Am.
39, 535-537.

_39_

Collection @ kmou



Appendix

A 4% 2¥E% B

Al ARFug A3 53 4327

_40_

Collection @ kmou



A.1.1 5kHz A3t Al

o 1 2 3 4
Tima{ms}
(a)
155
150 |
145+
140
135 . | " L ’
o 5 10 15 20 25
Freg{kHz)
(d)

Fig. A1 1.5m Ao 49| 5kHz x}F344
Mg A" A%, OFId 2 EH(0~450kHz), (D)t 2pF314=
(e gt

Table. A.1 1.5mA g oA b5kHz 53 A&

A%

% F4(A9 1.5m)

Mag{d8)

185

180

4L,

Time{ms}

(b)

185 200
Freqikkiz)

(e)

205

290

o 180+ 4
g

gm0

0 100 200 ilm
FraqikHz)

(c)

i 170

=

= 1656
160
155
150 -

o 380 320 400
Freq(kHz)

(f)

AE =4 23 @AAL F4

OFNF 223, FFIF AR

Ry

AN

"'1Tl‘.|, vﬂm

410

Az,

=]
R

9

Ol &2t 5™ EFoe/ o)
=2 AFase 200kHz 200.4kHz / 205.9dB
S22 Fnls 195kHz 194.7kHz / 206.1dB

Al 5kHz 5.86kHz / 152.7dB
ke 395kHz 395.3kHz / 179.3dB
£2 nxn} 400kHz 400.7kHz / 172.6dB
L2 390kHz 389.6kHz / 178.3dB

Collection @ kmou

_41_

420



A.1.2 5kHz AF34+ 25

AmpiV)
& =1
e @

'“_

0 1 2 &
Time{ms]
(a)
150
145
o
=
=
2
140}
135 .
o 5 10 15 20 25
Fraq(kHz)
{d}

Fig. A.2 1.9m A=zglol| A& bkHz =53}~

Mag(dB)

180

185

R AT A5, OF T

egus

Table. A.2 1.9m7 2]olA 5kHz 2594

UFse

180

49 1.9m)

185 200
FrogikHz)

{e)

N5 =4 A% @AAD F
29 E (0-450kHz), @SN3 4555 4
AR, OFUF D2, FFEAE YR

200 i
i i
190 I&t
| & 180 ,;ﬂ ‘
T Y
B “’i‘f |‘:r
1607 ;& i
r
fis0! 1]
X I’ b
a8
hes! . il
1.7 0 100 200 300
Freg{kHz}
()
180
175
170
&
=
g'e
=
160
55
205 210 370 380 390 400
Froa{kHz)

i

N ZHAz

!

Al

a10

Nz,

Ol &2t 5™ EFo/ o)
=2 AFne 200kHz 200.3kHz / 203.9dB
&2 YFnle 195kHz 194.7kHz / 204.0dB

P S o 5kHz 5.54kHz / 148.1dB
gl 395kHz 395.2kHz / 178.1dB
£2 nxn} 400kHz 400.7kHz / 171.2dB
L2 390kHz 389.6kHz / 176.9dB

Collection @ kmou

_42_

420



A13 10kHz AFv A% FH(AEY 1m)

05
=
E 0
<
05 | !
il | |
| i il |II
1
15  JO 1 <15
[#] 1 2 3 4 ar 08 08 1 1.1
Time{ms) Time(ms)
(a) (b)
165 - T 185
40 180
160
200 175
~ 155 - P
155 -
2 B 190 g
&= =3 & 165
g 0 g g
150 180 160
1554
49 170
150
40 " P . 160 ,45......‘!..:. .
a 5 10 15 b 25 30 180 185 190 195 200 205 210 ara 380 390 400 410
FragikHz) Freq{kHz) FreqgikHz}

(d) (e) {f)

Fig. A3 Im AelelAe] 10kHz 755 A% 54 A3k @AAD $A4%,
OFNF A A5, ©F 5 2 ED0-450kH), @) 4535 42,
@IS AFI5 AR, OFNE xS, G 48

Table. A.3 ImA g4 10kHz 2594 25 =447
Ol &2t S™UEF o/ o)

=2 Fue 200kHz 200.2kHz / 207.8dB
S22 JFnle 190kHz 189.kHz / 208.5dB
paEST 10kHz 10.32kHz / 160.8dB
gl 390kHz 390.1kHz / 180.1dB
=2 IX0 400kHz 400.7kHz / 171.7dB
&2 nxu) 380kHz 379.7kHz / 178.2dB

_43_

Collection @ kmou



A2 4235 do] W3 43283(A2 1.5m)

& = e =

Amp(V)
303
&

o2 oz 0.5
o o
02 & 02 == 4
o 1
02 o2
1] o
a2 4.2 5
ol L5

Time(ms)
(a)

Fig. A4 15m Aglol 4]

o})«

/\/\
L_L_

o 1 2 3 4 5

0.5
= s
05

(1] 1 2

3 4 & 0 1 2 3 4 5

z
1331 05
m " ——{ 0 H— - —eee
45
o 1 2 3 4 b o 1 2 3 4 5

mm

1 2 a '1 -3

oo

05
0
SR — LA 5

] 1 2 a 4 3

1535

153 =

1525

Mag(dB)

1515

151
1505
150 i /| 1 1 1 i
01 0.2 0.3 04 0.5 0.é 0.7 08 0.8 1
length(ms)

Fig. A5 1.5m Aol o] %2l
b3

Collection @ kmou

Az o] A7) W3t

- 44 -

3 Ao W3t g

W e



160
0.1ms
0.2ms
155+ 0.3ms|
5150
of
)
©
= 14571
140t
135 : ; :
0 5 15 20 25
Freq(kHz)
Fig. A.6 1.5m Aglol A F4A S do] g s ~HEY
23}
A3 A4 AL WS AAEHAY 15m)

EEI__ :ihf i S L S
:El 2 ﬁ o a2 03 o4 o a1 02 23 na "\'; 1 2 3 3 5 I‘D 1 2 3 4 5
T ) ISR I "R

- ke -

. Tlme(ms} 0 1 2 3 4 5
(a) (b)
Fig. A7 1.5m AgoAe $44E A8 A Hel 48, @544
b)FA2 =
- 45 -

Collection @ kmou




160 : : , : :

1557

50 100 150 200 250 300 350
Applied Voltage(mV)

Fig. A8 15m AZolxe] 445 A4 Wsle] e
Az Azl Al7) W)

160 - : : v

50mV

1551

Fig. A9 15m Aol A¢] $44%5 &t vsle] we
~¥EY A%

_46_

Collection @ kmou



A4 gad 24 4943

ALl 9FTE AEel A4S Axe] WA FHA 15m)

Fig. A10 1.5m AzlelA <] jive 54 A,
(2)200kHz, (0)195kHz, (c)5kHz

Fig. A.11 1.5m oAl W#H(-3dB) SH 27,
(2)200kHz, (b)195kHz, (c)5kHz

_47_

Collection @ kmou



Ad2 AFds Az AFaa A5 Yad A9 1.9m)

Fig. A12 1.9m AzlelA <] ®ive 54 A,
(2)200kHz, (0)195kHz, (c)5kHz

Fig. A.13 1.9m ol Ao ®Z(-3dB) =42},
(2)200kHz, (b)195kHz, (c)5kHz

_48_

Collection @ kmou



A43 FAEA zolo mE dFv Az Yujd 54(205kHz, 195kHz)

Fig. Al4 S22 m& Wl 574 23, (a)205kHz,
(b)195kHz, ()205kHz, (d)195kHz

_49_

Collection @ kmou



B. 23N 29 75

B A7oAE PASl EHE 2437 A £z AT, AAAZ FHEL
A 9 pejstel A 2HS FEEUT AL A2He] Aol Agw
__1(‘_);

WSO A, §E

9] HHAE AHHESA Aosta FIHEe] AEBELE FRstux FEH olmd=E
FigB.13} ol A%sA. /= & 23 7) )

m(aol) o7 &FL 36 tonolth B ANL A Fzuol
WAsk7] sl 40 mme] ofmd=E AFF o, s JhedH HA ZHde Al

22 A8t HAFsH

B2 91X Ao § AT

A Aol AP FigB2sh e Mde wgoz HA 3 AL 55
o B =Y WAAL £ RV AT QoE APT & YA, AT
o HFWANAE $A7), FA), SHBH, SFARE FAo] BAse] 4

dsloF at7] wj&ol A& ] dH o= AAe 3.

of

_50_

Collection @ kmou



(e¥EH) (2224) (2471 ) (380z ) (240712 )

Fig. B2 % U 24 2 725 A=

_5‘]_

Collection @ kmou



‘my —an

_52_

Collection @ kmou



_53_

Collection @ kmou



_54_

Collection @ kmou



B3 % - #3171 1A & A+

Figs 27k 42uF3d FAFAZ AZE $A7] 47 X Foltt. F4l7]
AT TitE X%MQ F AR AAGon dAAe AT Atole] 2HAE 7]¢
A7E A% JEo] AEA S AASAT. FA7] AFE F4A719 6
ol 9= %‘% AHEEte FEo A AAA DA AT £, FAL Al HEAL
AE7F A7IA GRS FA7S AFHE FHE HAUD g AFskoh

_

(b)

Fig. B9 (@%417] 14 A7, (A7l 4 A+

_55_

Collection @ kmou



B4 A= A= AnH|9 MR ALY

Fig. B102 A9l A& SEA =R dA AS An] F4d=oH. & 4
Folldes vl FAe A 27HA ez ARgsletl ENIEZ s
. Az ZAA2ElL Benthoiz W2o=g, F414135 9]

=
ANE Al & gl Bt Aol GRS ol WA HF A
= A .

| Aoz exe) |

sswdes | [ | W
L L | Hoisw || soe |,

k= 6 B=h = (E-ME E7\= &'
CH2
8
) =
pe SHF
2 AlOHIE Y= I =M
Ly YDy QT iy ¥ YT EA 0yE1
& U= 247
| EH4UI; e QmE~ oy Ll ST T~ 82

Fig. B10 2 A5 &4l 74 =ENIE=Z 2]

_56_

Collection @ kmou



(a) (b)

Fig. B.12 (a)$417](BlI-7544), (&2 wf % 7] (BII-6000)
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Table. B.1 %A1 7|(BI-7544) A}

AL
Signal Type : Ricker, Pulsed SINE, Chirp/FM, PSK, FSK, etc, Pulsed Square
Waveform, CW.

Primary Frequency : 180 to 210 kHz

Secondary Frequency : 2 to 20 kHz

Source Level (10kHz) : >199 dB pyPa@1m

Free-field Voltage Sensitivity : -185 dB V/uPa

-3dB Beam Width : 8°

Beam Pattern : Conical

Side Lobe Level : <-17.7 (dB)

Admittance or Impedance : Refer to admittance graph.

Maximum Input Pulse Power (MIPP) : 850 Watts @ +17°C water

Maximum Pulse Width MPW @ MIPP : 35 Seconds @ +17°C water

Maximum Continuous Input Power (MCIP) : 23 Watts @ +17°C water

Cable Length : 2 x 10m.

Maximum Operating Depth : 10m

Mounting Options : Free Hanging

Connector : BNC Male

Size : ®DxH=®89x50mm

Operation Temperature : -10 to +60°C, Refer to Warning.

How to determine pulse width, duty cycle and off-time with input pulse
power (peak power) :

1. Determine the input pulse power (IPP, peak power) with sound intensity
required by the project. IPP MUST be less than MIPP;

2. Pulse Width < (MIPP * MPW)/IPP;

3. Duty Cycle D < MCIP/IPP;

4. Off-time > PW*(1-D)/D.
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Table. B.4 54154 3Z(ENI100S04) A}%F

At

ZFutg HQ| : 20kHz~400kHz

gl
I
2
An

HEIT : 1dB into 50Q

YYD EA : 500

EHAWEA : 500

37| : 88.9x482.6x571.5mm

A : 14Kg
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At
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B.4.4 $A17]

Fig. B.18 <=417](TC4034)

Table. B.6 5417]1(TC4034) A<F

At

Usable Frequency range:1Hz to 470kHz (+3, -10dB)

Linear Frequency range:1Hz to 250kHz (+2, -4dB)

Receiving Sensitivity: (re 1V/pPa)-218dB +3dB (at 250Hz)

Horizontal directivity:Omnidirectional +2dB (at 100 kHz )

Transmitting sensitivity:122dB +3dB (typical) re 1uPa/V at Tm at 100kHz

Vertical directivity:>270° +3dB (at 300kHz)

Nominal Capacitance:3nF

Operating Depth:900m, Survival Depth:1000m

Operating Temperature range:-2°C to +80°C

Storage Temperature range:-40°C to +80°C

Weight incl. cable,(in air):1.6 kg

Cable (length and type):Standard 10m shielded pair DSS-2MIL-C915.

Encapsulating Material:Special formulated NBR

Metal body:Alu-bronze - AlCu10Ni5Fe4

Connector type:BNC
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B.4.5 414 H

Fig. B.21 4212 E|(KH-3944)

Table. B.7 =21 2 E(KH-3944) A+

AT

o2 M : 4 (S

ZEHZ & : Butterworth or Bessel

U2 B E : 24dB/Octave/Channel

Fot #Hel : 3Hz ~ 2MHz

XNA| CHSY Z2| : >95dB

/=3 4 E : BNC cable
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