Monitoring turns when large drift angles are present.

Captain Paul Chapman FNI

Planning and monitoring turns generaltyolves determining thesompaingi KS @Saa St Qa KS1|
at positions along the turrConcentric Indexing is a radar technigbat achieves this in a reverse

manner, determining where fixedobject should be relative2 (1 KS @Saa St Qa KSIR® 2 )
indexing, theturn is continuouslymonitored using the path of a reference point along an offset

range ring. Detailed informationnothis technique can be found at
http://www.nigld.net/ni_presentations_planned_turns.html

The presence of external forceausingswayconfoundsmonitoringmethodsthatusel KS @Saa St Qa
heading The resulting drift angleshang the @ S & &hé&dlir@far herrespectiveposition in the
turn.

Starting the turn.
With Concentric Indexing, the turn is started when the Reference Point nears the cdf$abe
Range Marker (WM (figure 1) As the offset is abeam of the pivot point, the turn is started in the
same position regardless of vessel size or scanner loc&immg the turn, there is no drift angle at
the pivot point (definition ofdynamicpivot point)figure 2)
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If the vessehasa drift anglethe heading will not be cincident with the coursenade goodandthe
offset VRMwill be displacedby anangleequal to the drift angle. Asr@sult, the turn will be started
earlier (figure 3)or later (figure 4)than planned
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For good passage track keeping, turns should be started at the planned position. Prudence
commends using more than one method to identify the wheel over position.

Following the turn

Any component of swathat is concentric to the referenceomt will not be picked up by the offset
VRMas the offset remains at the same distance from the reference pohis is an important

limitation of concentric indexing/iewing the preceding figures, the offset VRM can be considered to
be rolling aroundtie reference pointSuch departures from the planned turn can be picked up with
a secondary reference poirthe northern headlandQuarantine Heagdn this case) or if using a

ranged stabilised Electronic Bearing Line (EBL), the side ways movementaféthace point from

the ranged EBL

Correcting for Set
Set,the direction ofthe external influencewind or current,determinesthe required water track
neededto closely follow the planned track (over groundhere are two perpendicular components
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clarity,these componentsvill be discussed indidually.

Thefollowingdiagrams show the water track (in blue) to achieve the ground track (in brown) that
will closely follow the planned turrin all examples he drift (the velocityimparted on the vessel

from the external influence} & o m> 2F (G KS @Saas tTaeset s indficStdd byiak N2 dz3 K

wind man and light blue arrowror scalability, alheasurements other than anglesein
percentages.



Set along the bisector of the turn
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Set along the bisector of a turn causes a drift anigé ts on the same side throughtt the turn
(figures 5 & 6) The maximum drift angle is experienced neddway throughthe turn and the
average drift anglés very close to when the set is on tieS & H&n.Dke drift angle at the start
and end of the turn are very similt4v2°)

With set along the bisector, concentric indexing can be used with the &t at the planned turn
radiusat an angle from the beam equal to the average drift arfy@2°) (figures 7 & 8)
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Figure 7
Turn Centre abaft the beam
by average drift angle

Figure 8
Turn Centre forward of the
beam by average drift angle




Set Perpendicular to turn bisector.

Set perpendicular to the turn bisector causes drift angles that reverse during the turmatimum

drift angle is at the start and finish of the tu¢h0°) There is no drift angle in the middle of the turn.

The change in heading during the turn is equal to the change in course plus or minus double the
maximum drift angle(Figures 9 & 10for K A & NB I 42 y I thididghthe@@erar®it Qa ( dzNy/
apparent turn on the radar arquite different from thecharted turnandrequires adifferent radius.

Figure 9
Closely following planned turn
Set in direction of turn

Figure 10
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The planned turn into the harbour has a change in coursé8ff. With the set in the direction tfie
turn, the change in heading i88°. With the set in the opposite direction of the turn, the change in
heading is48°.

Figure 11
Turn radius smaller
by AC2/AHdg

Figure 12
Turn radius larger
by AC2/AHdg

Conveniently, the change in the turn radius is equal to the change in course divided by change in
heading. With the set in thdirection of the turn, the new turn radius is 68°/88°, equalling 78% of
the planned radiugfigure 11) With the set in the opposite direction of the turn, the new turn radius
is 68°/48°, equalling 140% of the planned t{figure 12)



Rate of Turn

With set perpendicular to the turn bisector, the relationship of required rate of turn to sysedi

radiusis substantially modified~irstly, the rate of turn is adjusted by tisbange in heading Hdg)

divided by thechange in course C9. If the change in heading is greater than the change in course,

a greater rate of turn is required. Secondly, the rate of turn is adjusted by the change in speed made
good.The greater the speed made good, the greater the turn rate requifédre is a v close
relationship betweerthe speed made goodndspeed through the water p(l RI gk n/ 6
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The water track radius igery close tahe planned radius k C° Hdg¥.

Set from any direction
Whenmonitoring turns using concentric indexing, it has been shown;that
1 set along the turn bisector is accommodated by adjustirgoffset VRMby the angle of the
average drift angle
1 setperpendicular to the turn bisector is accommodated by adjusting the distance of the
offset VRM

Set from any other direction is accommodated with a combination of these two adjustmigres.
two determinants of thesadjustments have semicircular valuesatéve to the set.

Average Drift Angle Adjustme(Graph 1)

1 The average drift angle is proportional to the eiof direction of seiminushalf the course
change
1 The average drift angle eefficient is equal taraangentof drift divided by vessel speed.
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Turn Radius AdjustmeliGraph 2)

1 The difference in change in heading from change in course is proportional to ihe o0bs
direction of set minus half the course change

1 The ceefficient of change in heading from change in coursedasiie (sire half the course
change multiplied by drift divided by vesspleed

150% I I I I I I I I I
140% Sy Turn Radius |
/ S
130% 7 \ Turning 68to Port
120% llaT TSN
ViR« N \1;
0, p N\
110% 7 =%
100% S L VI
s ?' “\ o~ -

9 P g > | cn— | =
90@ "" \~:~ - | -t -
80% Driftas %of Vessel's/Speed SeS =
70% hrough!the Water
60% <110% 4= = | 200 b= o= = 30%

50%
000° 030° 060° 090° 120° 150° 180° 210° 240° 270° 300° 330° 360°

Graph 2 X axig; Set relative to initial course Y agiSurn Radius Adjustment

SN,
* N
I‘ "-~\ \ -—]0%
I’ ! / N Vo
(] (B - - 0%
]
'\ ' \_/) 1}
N \\ /’ - 30%
.94 ~—’/

-~
Q.----‘f

Loci of turn centre adjustments for different values of set




By exampleif G KS NBfFGAGS aSi ¢6-a nnnc G +F RNATFO 27F
from the Graph 1the Average Drift Angle Adjustment would &eforward of the beanandfrom
Graph 2the Turn Radius Adjustmemtould be81%.
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Practical Application of Adjustments
It has been shown that the effects of drift angle can be accommodated with concentric indexing if
the set and drift is known. However the values of set and drift typically will not be known.

Fortunately for the mariner, the adjustments cha established from the drift angle on the initial
course and thanticipateddrift angle on thenext course.

The average drift angle adjustment will thee sum of the two drift angles divideyldwo multiplied
by a Turns Multiplier The Turn Multiplie{Graph3)is to determine the average drift anglerough
the turn from the initial and final drift angles.
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Graph 3
In the turn just considered thAverage Drift Angladjustment would be 1.14 x (0°+16°)/2 = 9°

The Trn Radius adjustment will be as previsly discussed (figures 11 & 1R)the turn just
considered, the initial drift angle is 0° and the final drift anghl®&’. The turn radius adjustment
would be-68°/(-68° + 0% 16°) = 81%

In pilotageapplicatiors, a table can be made upr specificturns with rows for initial drift angle and
columns for the expected drift angén the next course



Reference Point Distance

The final radar adjustment is the reference point distaritéhere is no adjustment to the radius, no
adjustment to the referace point distance is required. If the turn radius has been adjusted, the
reference point distance mustisobe adjusted.

In practice, a simple method is &aljust the VRM to the reference point when the vessel is at the
start of the turn. (refer to compadte method at
http://www.nigld.net/ni_presentations_planned_turns.html

The new charted turn centre can be marked on the chart using the intersection of the turn bisector
and arc othe new turn radius from the start of the turn. From the new turn centre, the new
reference point distance can be measure.

An excel spreadsheet is availablehetp://nigld.net/resources/turn_adjustments.xlswhich will
calculate the required settings for specific initial course drift angle and anticipated next course drift
angle as well as generate tables for the combinations of drift angles.

Conclusion
Navigating with large drift anglesqaires close attentionConducting turnsvith large drift angles
requires very close attention

If the drift angle on the next course is knowar well estimated, concentric indexing can be used to
monitor the turn.The monitoringnaynot have the still vater accuracy but will give a good
indicationfor track keeping anghould be combinedith a parallel index linéor the next track. The
combination of these radar techniques shohielp achieve the goal af steady rate of turn to bring
the vessel ontotie next track.

If using a rate of turn indicatothe requiredturn rate needs to be adjusted if the change in heading
will be different from the change in course.

These adjustments to monitorirtge turn are based on thex@ecteddrift angle on the nextourse.
The drift angleexperiencedn the next course may not be as expected.

With set in the direction of the turn, it is very important to establish the greater than expected turn
rate at the startIf the required turn rate is not established at the beginning of the turn, a much
higher turn rate will be needed at the end.
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