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Improvement of the Directivity of a Doppler Log
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Abstract

A doppler log is the typical device which can measure the ship’s speed over the ground di-
rectly, by means of doppler effect of the underwater ultrasonic wave, which involves the error
due to the seav bottom inclination, the trim and the incorrect transducer installation etc.

The present doppler log adopts a single transducer, faced in the direction of the main beam,
and therefore it is unable to correct the beam direction to eliminate the above mentioned error.
Moreover, the frequency is also limitted in a comparatively high range for getting a sharp beam
with single transducer, and the speed over the ground can not be detectable at the deep sea,
for an instance, over 200 meters.

This paper describes a theoretical consideration for the doppler log error and an analysis by a
computer on the observed speed data by a full size model ship. The result is verified that the
most of doppler log error is caused by the ultrasonic beam angle of transducer.

To eliminate the doppler log error due to the incorrect transducer installation and also to
sharpen the beam for lower frequency range to expand measurable sea depth, this paper proposes
a method of controlling the directivity adopting a linear transducer array and of controlling the
directivity by the control of exciting current, and investigates by the computer simulation and
make experiment with magnetostrictive ferrite transducer of 28, 50 and 75KHz.

The experimental results are shown well coincide with the measured ones, and they are revealed
that in case where the transducer interval is greater than 1 wavelength, the effective control
of the beam direction is hardly performed with keeping adequate beam width and side lobe level.

It is concluded that 6-elements array with inter element space of a half wavelength can
make comparatively sharp beam and low side lobe level.

The results obtained here will contribute very much to the improvement of the performance

of doppler log.
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Table 4.1 Dimension of the vibrox transducer
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(3.18)Kel A @3t @5 &) J2A 2 2R FEeld TSR NS R

(3.19)

B 7 (x type Vibrox, Tokin)¢] #1i5-& Table 4.13 7+o ],

| Freq Dimension{mm) " Coil

Type rri | — n @ — e - —

] (KHz) ‘ b c d e f g | turn/leg i ¢{mm)

o X28 28 41.0 20.0 83.0 67.0 14.0 11.0 9.2 12 2.0
X50 50 41.0 20.0 48.0 33.0 10.0 11.0 9.2 13 1.8
X75 75 27.0 13.0 32.0 22.0 6.5 7.5 6.5 13 1.0
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Fig.4.1 Construction of a vibrox transducer,

(c)



18 BREEAE KB RXRE B8

4.1.2 BXEEE

BRRES BEs] A% BREEEREY RHMEE Fig.4.29 2o, plemsne &5 2 #ek
2 Table 4. 24 FR3sH o}

Measuri
Phase Shifter ifier Tronsducer ".rm =
Oscilator @ H
= = e
. . .
. . R BECEIVING SYSTEM
— . . .

Fig.4.2 Block diagram of the transmitting and receiving system.

EBIRA S BRERGAA ‘i LEI} FAREKY EFEE BRA7 L, olA& H—E®HT =&
EEHIRR T2 44 AT 4 JIES 6oz Sy oS FRdAE BRTH L#Es
#EAR + AEF 7] S8 BiHEEE ES, £ BERY HHE BHEERE EEAA £
BETO HEEE fRagor, o REHE ARBESED o = HERS EBT Al
REWF HE WESY 3 2422323 KENgH.

RERY ZES A%t BB Yo FERTHS ERdA R—REd Az A ZEHEE
s, TR MIBRE EENd 1 TEEKE HaEY YE BT Anes sgdh

Table 4.2 Classification and specifications of the instrumens used to measure

Instrument [ Classification l Specification

Oscillator Sine random generator Frequency range 2Hz~200KHz
(Bruel & Kjeer 1027) Out put wave form Sinusoidal
Ph: hifter *Phase generator Variable phase range 0°~360°

ase s Phase shifter circuit(JFET)
Power amplifier *IC(AN 214) Amplifier Frequency rangé€ 20Hz~100KHz
gain 60dB
Oscilloscope(Transmitting side) Oscilloscope (TRIO CS-1562) Frequency response DC 10MHz
Two channel AC 2Hz~10MHz
Hydrophone Hydrophone(Bruel & Kjaer 8100)  Voltage sensitivity 564V /Pa

(with integral cable)
Frequency range 0. 1Hz~125KHz

Amplifier (Receiving side) Measuring amplifier Frequency range 2Hz~200KHz

(Bruel & Kjzer 2607) Measuring range 10V~300 V RMS
Recorder X-Y Recorder(TOA XYR-2A) Recording range 0. 25mV/cm~5V/cm
Oscilloscope(Receiving side) Oscilloscope(TRIO CS-1559A) Frequency response DC 10MBz

One channel AC 2Hz~10MHz

* Circuit of one’s own making(vid. Appendix Fig.1,2)
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Fig.4.4 Measured sound field level as a function of the
distance between transmitter and receiver in the
anechoic water tank.
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R= ZOlog[P d2+4hz ( d’4-:lz4h’ )] 4.4)
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Fig.4.6 Plots of the ratio of the reflected wave intensity to the direct wave
intensity in dB plotted as a function of distance for the frequency.
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Fig.5.1 Directivity patterns of a single vibrox transducer.
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Fig.5.3 Directivity patterns of two 28KHz-transducer array spaced at one wave length
interval having the difference in 30° phase intervals.
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Fig.5.4 Directivity patterns of two 28KHz-transducer array spaced at two wave length
intervals having the difference in 45° phase intervals,
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HORIZONTAL PLANE VERTICAL _PLANE

CALCWATED  VALJE
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Fig.5.5 Directivity patterns of two 28KHz-transducer array spaced at three wave length
intervals having the difference in 45° phase intervals.
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50, 75KHz iRE) ol $5t a5t Fig.5.8, Fig. 5.9 BERste o, Fig.5.8, Fig.5.9414 A
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Table 5.2 Beam width and shift angle of beam axis from the acoustic axis of horizontal (H)
and vertical(V) planes for two vibrox transducers

Frequency ‘ 28K Hz 50KHz 75KHz
Item .
Phase | H | V H |V H | v
Beam width 0° 36.1° 43.5° 29.0° 37.0° 26.0° 31.0°
90° 38.0 45.5 29.5 39.0 26.5 32.5
180° 40.2 48.0 302 40.0 27.5 34.5
Shift angle of beam 0° 0° ° 0° ° ° °
axis 90° 9.1 - 12,9 6.8 9.0 6.2 7.9
180° 19.7 23.4 15.2 17.7 13.5 15.8
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Aelh 47Aser, B, Se] HAMSl AR BAR (HEA BB WHes MEERE BEE
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1= Fig.5.108 3},
Fig.5.1000 4 Togiisk Mgz A8 —%ets @i Jebwglom, Fig 510044
(PhsRIEsr d/ael HE Az, ARIFY Y e i #5e Table 5.3¢ finskdh

Table 5.3 The measured and the calculated beam width and shift angle of beam axis for
linear 3 tranducers array

Wk

Horizontal plane Vertical plane

|
| [
Fr(e}‘g;l{er;cy P&asc) Cacualted | Measured | Shift | Caculated | Measured ° Shift
(nHz eg ‘ beam beam d/2 | angle of | beam beam = d/A | angle of
) ‘ width width | '‘beam axis  width width | I heam axis
28 0 23.6° 22.4° 1 0° 32.2° 24.0° 0.73 0
180 20.2 23.7 1 27 35.0 23.2 0.73 27
50 0 14.0 14.0 1.65 0 21.6 20.2 1.1 0
180 14.3 9.0 1.65 15 21.5 21.0 1.1 22
75 0 13.0 12.0 1.65 0 19.0 14.0 1.3 0
180 11.0 11.0 1.65 14.5 18.0 16.1 1.3 19
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wrh abE AR £E [sfhfge] Abobx =2 fEINEEIEES d/2F 1T R S Aol ERlE o T
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Fig.5.10 Directivity patterns of linear 3 transducers array uniformly spaced by intervals of
length d for the difference of phase, and for horizontal and vertical planes,
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Table 5.4 SPL, beam width and shift angle of beam of linear 3,4,5,6 transducers array

Quantity of Transducer 3 ' 4 6
Phase c T -
at((:gl)ated an east)lred c | M c M C I M C ' M )
0° Beam width of horizontal 23.6° 22.4° 17.0° 14.0° 14.0° 12.0°  12.0° 13.0°
plane (deg)
SPL(dB) of horizontal plane 99.3 101.7 104.1 106.6
Beam width of vertical 32.2 24.0 24,0 22.0 21.0 19.0 16.0 18.0
plane(deg) 1
SPL of vertical plane(dB) 99.1 100.4 102. 8 106.
180° Beam width of horizontal 20.2 23.7 15.5 17.0 13.3 13.5 10.0 11.3
plane (deg) 04.3
SPL of horizontal plane(dB) 97.0 98. 4 103.3 104.
Béam width of vertical 35.0 23.2 25.4 22.8 19.5 15.2 16.0 11.7
plane(deg)
SPL of vertical plane(dB) 96.8 98.1 102.7 104.1
Shift angle of beam axis(deg) 27.0 27.0 22.8 25.0 21.6 21.0 23.7 21.5
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Tig.2 Phase shifting circuit,
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