DOPPLER LOG

CHAPTER VI

DOPPLER LOG

GENERAL DIESCRIPTIDN e Qs S Llay sty i
Doppler log is based on the principle of Doppler shift in frequency
measurement i.e. apparent change in frequency received when the distance
between source and observer is changing due to the motion of either source
or observer or both. I\f‘ Doppler log an observer is moving with a source of
sound towards a re ﬂ}?c’ﬁnﬁ ane, then the received frequency

fr=f (c+v)/ (c-v)

where fr= received frequency
ft = transmutted frequency
¢ = velocity of sound in seawater and

v = velocity of the vessel

the received frequency (fr) & knowing the value of

By measuring
locity of sound in seawater (c), the speed of

iransmitted frequency (ft) and ve
the vessel v can be determined. se s ie sovan s b o S i i (0 51 3 il
PRINCIPLE Saily 3 a4 3 s oS diad

. : O . Aedlbsin  oiea
A transducer is fitted on the ship's keel which transmiis a beam of acoustic
wave al an angle o« us

ally 60° 1o the kee! in the forward direction, this
gives the cgﬁ“ﬁﬁﬁé"m v Cos « of the ship's velocity lowards the sea bed thus
causing the Doppler shi ft el
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Figure |
Acoustic beam wansminied ot an angle a towards seabed
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If the waves are transmitted directly towards the seabed perpendicular oy,
keel, there will be no Doppler shift and the transmitted and_ Feceiveq
frequency will be the same. This is because the component of ship's Speed
towards the seabed is zero (i.c. v Cos 90).
According to the Binomial expansion, we have
(L -xy=1+x+ %7+ x4 —oeee (i)
Dividing numerator and denominator of equation (i) by ¢, we get
fr=ft(l+vCosec/c) x l :
(I -vCosa/c)

s ) e 53 Loy

. -‘)Lm DJL.A-
By using the formula (i1) in this equation and on ﬂnlpTlﬁl:ﬂtmn we get,
fr=Q(1+2vCosa/c +2v’ Cos® c/c*+ )
Ci Sl

since v Cos o« << ¢, neglecting higher powers of v Cos ac /¢ we get,
F=N+2vNCosx/c
fr-M=2vARCosec/c . (iii)
v=c(fr-)/2fACosa. ... (iv)

With the help of this formula we can calculate the speed of the ship,
cnnsigiring that there is no vertical motion.

In practice the ship has some vertical mation and the Doppler shifl
measurement will have a component of (his vertical motion. In this case
Doppler shift measurement will be

ﬁ--ﬂ=2vﬂCusaﬂc+2"f¥ﬂSinﬂ /e
fr- it = {ZvﬂC&qu+2V\fﬂSinu)fc crenl(V)

here Vv represer *
a2 WOETE Y Vi FEpresents the vertical motion of the ship.
This problem is overcome hy nstalling two traps

is o ‘ ducers, one transmitting in
the forward direction and another in the g1y direct
1 he all

'on at the same angle. This

us ¢ ration as shown in figure 2. In this
casc the forward transducer wil| give Doppler shin

ie. fre-ft= 2vACosa/e T2 Vv i Sna /e

frr-ft= (2vRCosa+2 vy NSina)/¢ ceevnn(Vi)

where fry is the frequency received by (he lorwar lransducer

while the all transducer will have the con . . IS
since the transducer is Moving away from the
the seabed and hence the Dappler shin m
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DOPPLER LOG

fra - fi=(-2
vhere fr, repr 2VvRSi
presents frequency received h::l ] III’["II:'. ................ o
e aft transducer.

Figure 2
Janus configuration
 formula (vi) and (vii) Vv will have the same sign since both the forward
nd aft transducers will move ppwards of downwards together.
}y measuring the difference petween the tWo Doppler shift frequencies, the
ertical component will cance! out while the horizontal will add L.e
(fre- 1) S(fr,-) 7 (2vit Cos ﬂ+1‘~f‘ffl5inu.]!c
-(—EvﬂCuﬁud*Z\fvﬁSinu}.n‘:
fre- fE- fr,+ It = 2V ﬂl.’_lns-::r.a"c+1‘-.fv pSinafc
+2V [l[.‘.ﬂsufl;-i‘hfv fSina/c
fro- e ™ vﬁCnsuf
e v=¢€ fr;—fr.] {4 fiCos G - viiy |
Thus v i.e. speed of the shiP can be calculated. The spgad nfftt;fczh;p :t
determined by the above frmuld is th peed ver groun , une 1 '['EE:n
and drifl since the echOEBS are coniing from the snabﬁd. This i5 8159
round track.

\a 8s bottom track oF B
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The transmitted pulse has certain power and can go up to a limited depth
usually 200 meters. Beyond this depth, the echoes from the seabed bl.?cumg
very weak and the strength is not sufficient to calculate the Doppler shifi.
o+

In such a case echoes are also available from water layers between 10 and 30
melers below the keel and hefice’ Doppler shift is possible, enabling
measurement of speed. But this will give us speed over water. This is
referred to as water track and does not allow for set and drift. The

equipment automatically changes over to water track when the echoes from
the seabed are not strong, enough

When the ship moves at high seas at the usual sea speed it carries some mass
of surrounding water with il and thereby providing a distinct layer of water
between 10 and 30 meters below the keel and this depth depends on the drafi
and speed of vessel. Below this depth the water is still' ahd’hence there is a
distinct separation between the two layers of water which provides the
echoing surface of the acoustic waves. These echoes are of course weak
since the echoing surface is actually liquid, but stronger than the echoes
coming from the depths of over 200 meters. The speed worked out does not
depend on the depth from which the echoes are received. The strength of the
echoes indicates whether the ship is on bottom track or on water track.

ATHWARTSHIP'S SPEED

Doppler log on ground track mode can provide athwartship’s speed as well
and for this purpose a similar Janus configuration is used on the port and
starboard sides. The athwartship speed is calculated in the similar manner as
mentioned above.

EFFECT OF VARIOUS SHIP CONDITION AND SHIP MOTION

> Heaving

Any vertical movement Vv will have component Vv sin a in the direction of
the acoustic wave, resulting in an error in Doppler shift

= 2VvfiSina/c.
Hence the Doppler shift measurement at forward transducer will be given by
frr-fi= 2vRCosa/c+2VvaSinale
and that at the aft transducer will be given by
fr.-fi=-2vfiCosa/e+2VvASinalc

By measuring the difference between the two Doppler shift frequencies, the
vertical component will cancel out while the horizontal will add i.e.
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(fre- ft) -(fr, - 1) = (2vfiiCosa+2VvfiSina)/c
- (-2vftCosx +2VvftSine)/c
fr;-fl-fr,+ft = 2vftCosa/c+2Vy ft Sina/c
+2vACosalc-2VvftSinalc
ftr-fr, = 4vfiCosal/c
Therefore, v = (fr;- [r,)c/ 4t Cos

A

Vv

_/

1

(90 -a0Ny y Cosa + Vv Sina

.vCosa+Vv Sin

¥ Seabed

P

Figure 3
EMect ol heaving €L

Thus any vertical movement has gol no effect on the speed indicated.

» Trim
** The trim el th
on athwartship speed.

¢ When down by stern - |
When trimmed by an angle 3, the forward transducer will transmit at an

angle (@ - B) while the aft transducer will transmit at an angle (a + p) as
shown in figure 4 and the Doppler shifl frequency measurcment by the

forward transducer will be
fri- t =2 viCos(a-f)/e

while the Doppler shilt frequency measurement by the aft transducer will
be

& vessel has very less affect on fore and afl speed and no affect

89


yadman2
Typewriter
نشانگر

yadman2
Typewriter
**


/

_v Cos o + Vv Sina.

o

(90 - )

¥ Seabed

vCosa+ Vv Sina

Vv



e s c
— 7 = _‘-_*:I,___.__.-
_— —-—
- o~
- . = o5 -
=4|:C::="""" -
Ces§
- - =
f . iz SOl =T
w =1l =y -

Note .-
Cos(a~8) = Cosalosc

¢ When dowp by
When mimmed -
nﬁmmng;:,‘.; (@2 B the forward

TR wh Tamsdacer =

4,

ngie (a- B : ) winile = |
e _I::;Sz’tn‘zn- ﬁeﬂt% o




-vCos(ax + 3) W ~

: Sea-bed
,,--—-..t\_'_; TN~ ‘*-\H:*.;,.f—ahr__.f *u"“u"‘ \“_’/‘N
Figure 4
Ship trimuned- down by stern at angle p

=35
The above formula gives the actual speed in trimmed condition while the
speed indicated is calculated by given formula

v= (frr-fr,)c/ 4 ft Cos o
Hence Actual speed = Indicated speed / Cos B.

*kk

¢ When down by head

When trimmed by head at angle B, the forward transducer is now

transmitting at angle (a + B) while the aft transducer is transmitting at an
angle (a- () as shown in figure S,
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hence
fre- R = 2vitCos(a+p)/c and
fry-f = -2vfiCos(a-P)ic
Thus fl"f.fl'.=

2vil | Cos{a+p) tCos(u-P)] /¢
=2vft[CosuCosfP-SinaSinp+Cosa
Cos 3

+SinaSinf]/c
=2vft(2Cosa CosP)/c
=4vfiCosaCosfi/c

v = (frp-Iry)ce/ 4 il Cos a Cos P

Once again indicated speed is less than actual speed by factor of | / Cos [}
i.e. whether down by head or down by stern,

Actual speed = Indicated speed / Cos 3 o
Maximum trim permitted under Marpol Annex | Reg 13 is 1.5% of ship's *kk
length. Hence [ = Tan ! 1.5/100,

B =0.86°
and Cos 8 = Cos 0.86 ° = 0.9998874.

Now if the indicated speed is 16 knols, the aclual speed = 16 /0. 998874

= 16.001689 kis.

Figure 5
Ship rimmed-down by hend at angle
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We notice that the difference is only in the third anf:l fr::_urlh decimal places.
In other words il is negligible difference. In fact this difference may not be
indicated on the display, since the display shows only up 10 two decimal
places. Note that change of trim does not effect the athwartships speed.

» Pitching ) . : ;
The effect of pitching is similar to a vessel with trim changlglig,ﬁt!;&t.'nuw'il}’-

When the vessel is pitching, the indicated speed will ﬂl-!ﬂll-l i€ between
actual speed and a value lower then the actual speed dﬂpf_:ndlﬂg on the angle
at which it is pitching. Pitching does not effect athwartships speed. **

» List and rolling )
Effect of list on athwartships speed will be the same as the effect of trim on

the forward and aft specd 1e.

G Actual speed (ath) = Indicated Speed (ath) / Cos lisl
This is irrespective of the side to which the ship is listed. When the vessel 15
rolling, the indicated athwartship speed will fluctuate between the actual
speed and the indicated lower speed worked oul by the above formula
depending on the angle of roll. List and rolling does not effect the fore and
aft speed.

ERRORS b G K
% FError in transducer orientation Sl Ciga
The wansducers should make a perfect angle of 60° with respect to the keel
or else the speed indicated will be inaccurate.
s oy s G Al

% Error in ascillator frequency BLIDPRTRRENT
The frequency generated by the oscillater must be accurate and constant,
any deviation in the frequency will result in the speed indicated being in
error. |

. Lyl - i
% Error in propagation velocity of acoustic wave ot
The velocity of the acoustic wave at the temp of 16°C and salinity of3.4% 15
1505 musec, but generally it is taken as 1500 m/sec for calculation. This
velocity changes with temperature, saﬂﬂi,lj,r ar pressure. To cnrﬁﬁéﬁéﬁﬁ: the
error due to temperature variatiunsg (hermistor (i.e. a resistance whose value
changes with temperalure) 1s niounted near the transducer and change in
velocily of the acoustic wave through water from the standard value due to
the change in seawater temperature is accounted for. In modern Lransducers
the angle at which the bean is transmitted is controlled with the help of
phase difference and the factor ¢ / Cos o is not used in calculating V.
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. : i fourth decimal places.
We notice that the difference is only In the third ad':ls difference may not be
In other words it is negligible difference. In fact

: ' to two decimal
indicated on the display, since the display shot;:fs aﬂ:ﬁa:lt[sjhips : j
places. Note that change of trim does not effect the peed

> Pitchin : .
The effect Ef pitching is similar to a vessel with trim ctfangm% C’onm;euoﬁs.ly_
When the vessel is pitching, the indicated speed will fluctuate between
actual speed and a value lower then the actual speed depf:ndmg on the angle
at which it is pitching. Pitching does not effect athwartships speed.

> List and rolling » ..
Effect of list on athwartships speed will be the same as the effect of trim on

the forward and aft speed i.c.

Actual speed (ath) = Indicated Speed (ath) / Cos list
This is irrespective of the side to which the ship is listed. When the vessel is
rolling, the indicated athwartship speed will fluctuate between the actual
speed and the indicated lower speed worked out by the above formula
depending on the angle of roll. List and rolling does not effect the fore and
aft speed. '
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¥ Errors due Lo ship’s motion

During the mll:ﬂfu'l belween transmission and reception, the ship may
marginally roll or pitch and thereby the angle of transmission and receplion
can clj.un.gt: and for a two degree dilferonce between the ngle of
transmission and receplion, the net effeet will be an error of 0.10% of the
indicated speed which is marginal and can be neglected.

» Errors due to the elfect of rolling and pitching

Tj.‘.u effect of pitching will cause an error in the forward speed but it hos no
affect on the athwarship speed. Similarly rolling will cause sn error in
athwartship, but not in forward speed.

Actunl Speed = Indicated speed / Con [}

Where [ s the angle ol pitching for forward speed and ungle of roll in case
of athwartship speed, c.p. i the ship is pitchiog ot an angle of 10" and the
indicated spued in 15 knoty, then (e
Actual speed 15/ Cas 107

e, Actual npeed - 15273 ki,
This error will increase with angle of piich e, in rough sean. The digital
readoul will Nuetuate between the actunl speed O.e. at the instant when the
pitch angle is zera) and o value lower than the aclual apeed (e, when the
angle of pitch is maximum),
The athwartship speed assumes importance anly at the time of berthing
where the rolling is negligible and hence the above formula is generally uned
in case of forvard apeed anly.

v Frror due to insecuracy in measurement of comparison frequency

The differcnue  in the  lregquencies received by the forward and afi
tranisducers st be measnred auourately as any error in this will be directly
rellected in the speed of the veniel.

» Luror due o ade Tobe |

When the side lube reception dominates over the main heam reception, there
will be an ercar i the speed indicated. Ty ereor in more pronounced on
where the side lobe will be reflected ot n more favourable

slappy bottam, ‘
ength less than the main beam,

angle and will have path

73









: S0 : f Janus configuration and tgo
This error cannot be eliminated with the help o ; .
o el itted acoustic wave is reduced.

reduce this error the beam of the transmi ‘
However a minimum beam width of 4 to 67 1s required

CALIBRATION | |
It is very important for any instrument to be calibrated correctly before being

used and in a Doppler log the calibration has to be done in two steps

> Firstly the zero on scale should be set correctly and this can be done and
checked whenever the ship is berthed at a jetty or at anchor when the

speed over ground 1s zero and s
» The second is the scale calibration and should be done during sea trial
when time taken to cover a measured mile is noted and the speed is

calculated This calculated speed must match with the displayed reading

s PNy kY
“m case of any discrepancy between the two, the equipment ean be
adjusica E‘ nese two calibrations are done the Dobpler ‘be
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