Chapter 5- Situational Awareness for Chief Officer
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5-16 Increase speed need more time to avoid collision than alter course
5-17 Lost mental vigilance on surveillance of collision risk due to jump out decision.
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Figure 5-01: Situational Awareness 6 minutes before collision in multiple targets
Figure 5-02: Situational Awareness 3 minutes before collision in multiple targets
Figure 5-03: Situational Awareness of angle of blow
Figure 5-04: collision position at Singapore Strait
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Figure 5-07: A turn in time to avoid collision, 3 minutes before collision
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A turn to mitigate collision, 2 minutes before collision

collision position of VLCS and VLCC 14:59:37 / 14:59:47
collision position of VLCS at 15:00:47

collision position of VLCS and VLCC 15:00:17 30 seconds before
collision position of VLCS and VLCC 15:00:47

Red whole track of outbound container ownship

Vessel Track of container ship in red at scene

small ship’s echo mixed with sea clutter after pilot disembarked at 1505 hours
ALL ship with ARPA speed vector at 1510 hours

No.10 target echo swapped at 1508 and 1509 hours

First coursed change for target 10 at 1512 hours

Graphical solution to solve collision mystery at 1510 hours
maintain coursed for target no.12 at 1514 hours

Rocking ship in the pocket at 1515 hours, Rudder Cycling

First stage of full rudder turn at 1517 hours

Second stage of full rudder turn at 1518 hours

collision happened at third stage of full rudder turn 1519 hours
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5 —01 Dover Strait: Container ship collided with cruiser 1999

5-01 CPA accuracy of 0.7 nm and Drift Angle from DGPS
The cruiser is on 213° True (T), speed over ground is 14.5 knots. The Dover Coastguard recording of
VHF Channel 16 timed an unidentified call: ‘Starboard, starboard, starboard’ at 00 hours 54 minutes
37 seconds. It is likely that this was made by one of the two vessels immediately before the collision.
The collision happened in Dover Strait at 0055 on 24 August, 1999. 20 years ago, a time when new DGPS
positioning 18 not universal yet and Voyage Data Recorder VDR are not available. ARPA just merged around
the corner at 1997. It 1s the darkest time in the industrial when old generation visual lookout transit to new era
ARPA lookout. However, the ARPA performance standard are more or less follow same logic of visual
lookout. For example, IMO Resolution A.823(19) adopted on 23 November 1995 PERFORMANCE
STANDARDS FOR ARPA.

3.8.3 An ARPA should present within three minutes of steady state tracking the motion of a target with the
following accuracy values (95% probability values).

Data Relative Relative CPA TCPA |[True course |True speed
Scenario course speed (nautical (min) |(degrees) (knots)
(degrees) (knots) miles)
1 3.0 0.8 0.5 1.0 7.4 1.2
2 2.3 0.3 - - 2.8 0.8
3 4.4 0.9 0.7 1.0 3.3 1.0
4 4.6 0.8 0.7 1.0 2.6 1.2

The acceptable CPA accuracy values (95% probability values) are 0.7 NM. This accuracy is plotted with 3 minutes of
steady state target. In another words, if a target’s tracking is less than 3 minutes, its ARPA data is quite
questionable and should be used at OOW’s own risk by this standard. In real sea scenarios OOW just ignore
the ARPA performance. They don’t complaint why ARPA data have so much error as they don’t complain
why radar echo are often missing in close range.

The collision investigation report made 20 years ago 18 outdated. The conclusions it recommended also need
to be reviewed again. The lookout instrument had progressed from ARPA lookout to AIS lookout already.
The parameters input to ARPA and AIS are more accurate than 20 years before (more stable gyro heading
mput and precise DGPS speed mput, manual input in course and speed 1s not acceptable any more). The most
significant one 1s the usage of speed over ground SOG which 1s easily subjected to current and wind force
influences were been correct account for. SOG 1s not recommended to be input into ARPA 20 years ago as
they are part of estimation for the future speed over ground SOG by past ship’s position measurement. The
major problem 1s ship’s fix is not reliable. Now SOG can be obtained from DGPS with very high accuracy of
5 or10 meters position error which are good enough even this precision can be used in berthing operation.
Nobody talks about when we use Personal Piloting Unit PPU to docking we should use speed over water

SOW today. Using DGPS Speed mput into ARPA 1s normal practice. Current and wind force influences on
ownship’s movement is reflected on SOG speed over ground and COG course over ground difference which we call it Drift
or setting.
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5-02 To All Shipowners recommendations revised
We will take a quick review of the recommendations made in this report: To All Shipowners
1. When using more than one radar/ARPA, an anti-collision plot should be kept on only one.
= Our recommendation 1s to use two radars: 10 cm radar for small target in relative motion trail and 3
cm radar only for large vessel in true motion speed vector and set APRA auto requisition mode for
quick reference. Only one mean of lookout is not healthy OOW should use visual lookout for small
target and third radar for big vessel if available.



2. To determine risk of collision using ARPA vectors, only the relative vectors should be used, True vectors
should be used to determine aspect. Our recommendation 1s
= to use relative motion trail in 10 cm radar and set speed vector in relative motion mode to estimate
TTC for small target. Also, relative motion radar is easier to identify small target with her SRB and
relative bearing change and CPA estimation visually.

= And to use true vector true motion for 3 cm radar’s big target with our skill in judging collision
position, distance and time. Further to predict collision point movement along both vessels’ speed
vector when both vessels take actions.
3. All bridge watchkeepers should be reminded that the speed input for an anti- collision plot on
radar/ARPA should always be speed through the water not speed over the ground.
= Our recommendation 1s to use DGPS auto speed input for ARPA.
= The point 1s not Speed through water STW or Speed over ground SOG. The point 1s Drifting Angle
between ownship’s heading and Course over ground COG which 1s neglectable 1n navigation but 1s
crucial when ownship is altering course to avoid collision.

= The heading of both vessels may still confuse each other. However, with plotting in speed vector of
true motion, Collision risk 18 more easy to judge.

To Cruise Lines

4. The OOW of the Cruiser at the time of the collision should undertake further training in radar usage.
Cruise Lines should ensure that this is carried out as soon as possible, they should also ensure that other
bridee watchkeepers within their fleet are fully familiar with the bridee equipment with which they will
have to deal.
= Our recommendation 1s to read and train as this book with visual and Radar skills in collision

position, distance time, SRB, relative bearing change and CPA estimation. Current training in ARPA
usage 1s overloaded with digital and audible alarm which means nothing in multiple vessel’s situation
1f OOW cannot handle with their short term memory.

5. The Master of the Cruiser should draw up more explicit Standing Orders in accordance with the Company
Procedure Manual to clarify when the OOW should call for assistance on the bridee. Cruise Lines should
ensure that satistactory masters orders are drawn up for all of their ships.
= Our recommendation is explicit Standing Orders to verify their competent through proper skills level as this

book to complete visual, Radar, ARPA and AIS lookout step by step and mastet’s orders in bridge watch
composition to handle different risky area like open sea, coastal, harbour as required by different lookout
skill level OOW to help.

6. Cruise Lines should take steps to enforce and monitor the guidelines contained in their Procedures Manual
about when watches should be doubled.
= Our recommendation is to double OOW lookout skills with visual and radar rather than double

manpower doing radar lookout only,
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5-03 Situational awareness lost when training is not enough?
In figure 5-01, Target No.7 is about course 145° (T) speed 20 knots, Target No.5 course 213° (T) speed 14.5
knots
= We saw a collision point on these two vessel’s speed vectors in radar screen. Time to collision TTC for
No.7 target is about 6 minutes and for No.5 target (red speed vector) is about 5 minutes.
= NO. 5 target pass collision position one minutes earlier.
At this moment 0049 hours, a message was heard on VHF, Channel 16, saying ““ Passenger ship approaching
Foxtrot Freeboy [1.e. F3 Buoy] course 215, please”. This was about 4 - 5 minutes before the collision. The
ships identitied themselves and, while replying, the OOW looked to starboard and saw No.7 ship flashing a
light forward of his starboard beam.
= This is positive identification of target in VHF communication which is a must-be and most difficult part in VHF
communication in multi target situation.
= Inside the screen by Radar lookout, OOW can identify the target No.7 distance is 1.7 nm and TTC 1s
S minutes to get an awareness of collision risk now.
= In visual lookout, Does OOW can see ship flashing a light forward of his starboard beam has some
accommodations lights around her bridge to verify her distance to ownship now?
® )ut, had the OOW not been distracted by the call, he may have been able to detect this alteration
earlier.
= This 15 not true. OOW was not distracted by VHF call but other people on bridge.
= Distraction 1s not the reason of overlook the collision risk. OOW does not have necessary skill and
knowledge to know 1immediate collision risk.
= If no VHF calling by No.7 target, cruiser vessel may be collided in midship part as OOW have no
1dea of crossing vessel will arrive collision position later than ownship.
The No.7 ship asked the cruiser to come to starboard to pass around her stern. The OOW seems at this point
to have become confused with the ARPA plot. He stated that he thought the No.7 ship would pass about 0.6
miles ahead of him.
= OOW is not familiar with True vectors collision point concept in radar.
= If OOW mistook these speed vectors as relative motion, crossing vessel should pass at 1.2 nm ahead,
not 0.6 nm at 0049 hours.
= OOW did not check target’s relative bearing 18 decreased or not with visual lookout skalls.
= Distance to collision point DTC is 1.2 hm as figure 5-01 one range ring on radar is 0.5 nm.
® e thought the No.7 ship would pass about 0.6 miles ahead of him.
= One thought by one look at radar. This 1s lack of proper training in visual and Radar lookout.
= OOW has two years sea experience already but necessary radar lookout skills had not got yet. He
duplicates only one thing he knows but not throughout enough to form a correct situation awareness
around her vessel.
= If OOW had used 10 cm radar for large vessel auto acquisition, ARPA data may help to clarify the
CPA Or BCR Bow Crossing Range value without guessing

= Today, O0W can look at the radar screen and know DTC and TTC immediately by speed vector without ARPA data by
our study.
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5-04 Situational feeling lost when preoccupied by own mistake

He therefore agreed to No.7 ship’ s request. Accordingly, at about 0051 he altered course about 7 degrees to
starboard to 220 (T) and (G) to increase the apparent passing distance. Please refer to figure 5-02. No.7 target
18 1 nm distance away and Distance to Collision DTC 1s 0.7 nm at 0051 hours.

=

Uy

Uy

OOW has no 1dea of how many degrees course change 1s needed for a 300 meters long target at “one
nautical mile distance”? But we have the idea. It’s about 10 degrees horizontal angle for a target
length 300 meters in one nm distance away. 1852 m x 1 nm x Sin ( 8”) = 300 meters (chapter 2-08).
0=9.32 degrees.

And, this 9.32 degrees 1s 300 meters vessel’s blossom effect (horizontal angle augmentation).

But how many distance had moved away by 7 degrees course changed by OOW in this case? 1852 m
x 1 nm x Sin ( 7°) = 225.7 meters,

To take another 300 meters distance for own ship’s length into consideration (total 600 meter
displacement of collision point) will need another 10 degrees course change to starboard side which
will make 10+10 = 20 degrees course change to starboard side. (this conclusion is coincided with our
discussion in Chapter 2).

OOW can take this as a general rule, For one NM target collision avoidance at least 20 degrees course
alternation is minimum requirement.

This course change has the effect to move original collision point to starboard side only.

This course change had not considered of target vessel’s relative bearing is about 70 degrees to
ownship’s starboard side.

For target no.7 true bearing is about 285° (T) Cruiser have to alter course from 213" (T) to 285°= 72
degrees to starboard side 1f by junior OOW standard operation in collision avoidance.

Which have to add 10° degrees more for blossom effect 213° (T) to 295° (T) = 85 degrees more to
starboard side. It is almost impossible for a Cruiser to finish the turn in 3 minutes.

Have you any idea? At least 20 degrees course should change for blossom effect of a 300 meters vessel in one
hautical mile.




= altered course about 7 degrees to starboard. 1s for head-on situation or small fishing boat, not for a
crossing big vessel and it is not enough to go around No.7 vessel’s stern in last 3 minutes before
collsion.

= No.7 vessel s stern. located 90 degrees starboard side abeam as by radar screen. It 1s almost

impossible to alter 90 degrees without hard over rudder to accomplish within 3 minutes.

90 degrees turn 1s a dangerous move to passengers on board.

Stop engine cannot help 1n this situation. In this situation, C-3 almost impossible to avoid collision in

last three minutes.

= If we want to try to mitigate the collision, we will need rudder cycling skills in Master level to help
the situation.
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5-02 Last mile before collision in Cruiser radar lookout
5-05 Situational instinct needed in last three minutes: DTC, course, collision position changed
At this moment 0051 hours, 3 1/2 minutes before collision The OOW realised that the two ships were very
close and that rapid action was needed. The OOW put the engine combinators (1.e. bridge controls of main
propellers) to full astern and the helm hard to starboard,
= No matter how emergency, DTC distance to collision is first priority to identify because DTC defined
effectiveness of our avoidance action (sea room to alter course or stop engine 18 enough or not?)
= TTC Time to collision can be verified at RADAR screen also. TTC for No.7 target is about 3 and half
minutes and for No.5 target (red speed vector) is about 3 minutes.
= The OOW put the helm hard to starboard: 3 minutes before collision.
= |n this case, rudder effect is reduced by put the engine combinators (1.e. bridee controls of main
propellers) to full astern due to no propeller expel current on rudder plate.
= This i1s what they called Titanic Effect when OOW on Titanic saw iceberg ahead he pulled full
astern engine.
» In 1" stage of turn the rudder plate need propeller expel current to push sideward to increase ship’s
body’s resistance to assist the turning in later stages.
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» This turning angle cause by rudder plate in 1" stage is also very helpful in reducing the speed
ahead.
= Please refer to chapter 4 — 02 Four stages of vessel turning.
= Every ship has different characteristics in his turning and stopping curve.
= Actual reaction of ship’s movement while turning only knew by on board OOW and Master.
At this moment 0052-0053 hours, 2 minutes before collision The cruiser was swinging to starboard, but the
engine movement was inetfective in reducing the vessel s speed.
® The cruiser was swinging to starboard: course changed from 213°(T) to 235%(T), this course changed is
measured from figure 5-01 right side’s vessel track picture.
= Collision position on board had changed from ownship starboard side to ownship’s bow on Cruiser which
save lots of passengers’ life by this course change.
= Imaging original collision position on board 1s 20 degrees to her starboard side (relative bearing
changed by 20 degrees course change).
= After OOW put the helm hard to starboard and cruiser alter course 20 degrees, the collision position
on board shifted from starboard 20 degrees to ship’s bow because cruiser vessel has their bridge at
their bow position. (Chapter 3-05 Collision position changed by ownship’s action)
® )ut the engine movement was inetiective in reducing the vessel s speed: Engine 1s cutting fuel oil
supply 1n this stage. Engine revolution per minute RPM may still very high now. (Chapter 3-06
Situational awareness of Crash Astern)
At this moment 0054 hours, one minute before collision The cruiser hit the port side of the No.7 target
approximately at right angles.
= After cruiser alter course 20 degrees to 235 (T) the collision position ahead of No.7 target shifted to
No.7 target’s bow. (No.7 target arrive collision point half minute later than cruiser vessel in original
situation)
= No.7 target course is 145’ (T) which plus + 90" (T) approximately at right angles collision = 235° (T)
(course of cruiser vessel in collision).
= Let’s make a rough estimation of the collision position displacement after A/C 20 degrees:
0 20 degrees course change in our study of turning we know: ship 1s at second stage of turning.
0 Ship 1s at second stage of turning: her advance distance 1s 2 times of ship’s length = 229.84 x
2 = 459.68 meters (Cruiser bow advanced original course line after alter course)
0 Displacement of collision position 459.68 x sin (20) = 157.2 meters
= The collision position at sea originally is 157 meters ahead of No.7 target’s bow. Collision point
shifted about 294.13 meter backward after Cruiser course changed course, this bring No.7 target in
bad luck who had burned for 10 days in English Channel and had a dangerous list 40 degrees.
= This means cruiser arrived collision point later than No.7 target and shifted the collision from cruiser
vessel starboard side to her bow.
This 1s a good luck for thousands lives on board for passenger’s cabins are all over ship side.
Originally, Cruiser will pass collision point earlier as we see on figure 5-01 and 5-02.
No.7 target had not checked Cruiser’s avoidance action by Cruiser’s aspect or relative bearing change
1n visual. (who had a North Sea pilot on board)
= Also No.7 target had no Radar and visual lookout skills to identify approximate collision position,
distance and time by both vessel’s true motion speed vectors.
® The OOW very rapidly realised that his alteration was inetfective and before the ship settled on her
new course he put the helm hard to starboard and the combinators (i.e. bridee controls of main
propellers) to tull astern.
= Cruiser course in second stage need two minutes to finish her turning. 0051 hours + 2 minutes = 0053
hours. He put the helm hard to starboard and the combinators (i.e. bridge controls of main propellers)
to full astern.
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= This 1s too later.
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5-03 Collision awareness from visual and Radar lookout
5-06 Clues of who hit by who, which part of ownship will be collided
In figure 5-03 ownship colored orange is north bound, the relative bearing of target vessel’s stern are those
blue lines. In the upper part there are three situations with
1. visual clues of who hit by who: Check target vessel’s stern relative bearing line (blue line)
1. relative bearing unchanged means target is about to collision with ownship at the same time.
2. relative bearing moving astern means target arrive collision point later and 1s about to hit
ownship.
3. relative bearing moving ahead means target arrive collision point earlier and 1s about to be hit
by ownship.
However, these usual rules of who hit by who are for Junior OOW level. As a Senior OOW, we should care
about ownship’s safety first from these visual clues: which part of ownship will be collided.
1. target’s stern relative bearing unchanged means ownship will collide side to side with target.
2. target’s stern relative bearing moving Astern means ownship will be collided at shipside or
stern. (by target’s bow)
3. Target’s stern relative bearing moving Ahead means ownship will collide at Bow.
It is obvious that Hit by target at our ship side is most unfavorable. The consequence is to sink ownship or disable
ownship’s maneuvering. Thus, 1t 1s worth to remember:
Target’s stern relative bearing moving Astern slowly is a dangerous sign always.
In the Lower part there are three situations with Radar speed vectors crossed. Join two vessels speed vectors’
ends (represent both vessels” bow) from ownship to target to see what direction this relative bearing line (blue line)
point to.:
1. Speed vectors crossed end to end: two vessels arrive collision point at same time, side to side
scratch maybe or collision.
2. Ownship’s Speed vectors pass cross point first: relative bearing line (blue line) point astern of ownship,
ownghip’s side or astern will be collided.
3. Target’s Speed vectors end pass cross point first: relative bearing line (blue line) joined two vessels
speed vectors’ ends point ahead of ownship, ownship’s bow will be collided.
Angle of blow may be estimated from our experience. Author had not summarized yet.
The difference of visual and radar lookout in this regard is
® Visual lookout needs some time to evaluate the situation or use our instinct of relative bearing change.
® Radar lookout can read the situation immediately from true motion speed vector.
@® Visual lookout 1s usually used by Master or Pilot with extraordinary experiences.
@® Radar lookout 1s for junior OOW had proper radar lookout skill.
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5-07 Who will be the victim?
Another consideration in lookout in this close range 18 vessel’s actual size. When relative bearing line
pointing or moving ahead/ astern which vessel will be the victim 1s clear. When relative bearing is
unchanged like No.1 situation in figure 5-03, small vessel will be the victim. Actual victim may be the
VLCC or LNG vessel who has explosive and flammable cargo on board like Sanchi engulfed by their cargo
fire three minutes after collision. I am encouraging OOW to study the massage from the figure above which
might save your own life sometimes. Look at it and figure 1t out and make wordings to explain by yourself,
you will get the correct sense when you need 1t in an emergency.
= No. 1 situation is two vessels arrive collision point almost at same time. Collision is port side to starboard side
or starboard side to port side.
0 Visual clue 1s Target vessel’s stern relative bearing line almost unchanged.
0 Radar clue 1s Relative bearing by joining their speed vectors ends is pointing to target.
0 I have marked of same time interval in figure 5-03, reader can join same time interval position
of these two vessels to feel their relative bearing change.
=> No. 2 is ownship arrive earlier, collision point on board is at ownship’s port side which can be verified by
reader in No.7 target at 24 00 54 hours in last example and for MV Sanchi who been collided at
starboard side.
0 Visual clues is target vessel’s stern relative bearing line 1s increasing (in figure 5-03 1s from
42.5 degrees to 156 degrees port side). For a clear pass, target vessel’s relative bearing have to
increase to 180 degrees as quickly as possible. However, target did not have enough distance
to clear the collision.
0 Relative bearing of Speed vectors’ end 1s pointing astern means ownship will be collided at
shipside or stern.
=> No. 3 is target arrive earlier: collision position 1s at ownship’s bow.
0 Visual clues is Target vessel’s stern relative bearing line 18 decreasing (in figure 5-03 1s from
42.5 degrees to 5 degrees port side). However, it’s stern had not passed ownship’s bow yet.
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0 Relative bearing of Speed vectors’ end is pointing ahead. Target vessel 1S moving ahead of
ownship bow. We will hit it.
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5-08 Best aid to avoid collision in advance: use relative bearing to judge
How serious these collision spot will be? “ To be or Not to be?” which is equivalent to “ To collide or to Be collided?”. To be
1s “CF CRYSTAL” who survived. Not to be is “SANCHI* who sacrificed.
We have some questions so far.
= First question 1s why bearing change 1s obvious collision still happen? The reason 1s blossom effect as
figure 2-09 Horizontal angle augment and RB change of approaching vessel.
If we have collision awareness from true motion speed vector in radar lookout we will know how to react to
best aid to avoid collision in advance: use relative bearing to judge
= In situation one: Relative bearing almost unchanged or point to target, two vessels arrive in
same time, A/C to starboard side to parallel oncoming vessel’s course to increase her relative
bearing or stop engine to decrease her relative bearing.
= In situation two: Relative bearing moving or pointing astern, ownship arrive earlier, A/C to
starboard side to parallel oncoming vessel’s course to increase relative bearing. Don’t stop
engine for ownship will stay on collision point longer than original situation.
= In situation three Relative bearing moving or point ahead, target vessel arrive earlier, stop
engine to decrease relative bearing more quickly.
In summary, judging from relative bearing change to decide what to do is best aid to collision.
@® If target relative bearing decreased, stop engine to reduce relative bearing quickly.
® If target relative bearing increased, alter course to other side of the target to increase relative bearing
quickly.
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5-09 After myth of VLCC collided with VLCS 2016
A 14000 TEU Very Large Container Ship (VLCS), was in collision with a Very Larce Crude Carrier (VLCC)
at approximately 23.55 LT (local time) on 3rd Aug 2016 1n the Singapore Strait, about 3 km South-East of
Sebarok I[sland. Both are Panama-tlagged vessels. VLCC westbound sustained damage to her bow whilst VLCS
sustained damages on her port quarter hull. By this statement, we know VLCC arrived collision position later.
The container ship VLCS just sailed from the Port of Singapore to cross westbound lane and join the
eastbound lane of the 1TSS which has overall length of 365.50 m, molded beam of 52.00 m and maximum
draft of 12.00 m. The vessel has capacity to carry 14,000 TEU. VLCS have to conduct a 90 degrees turn
inside the TSS.
The VLCC westbound sailed along SW trattic lane had deadweight of 319,999 DWT and gross tonnage of
164,241 GRT. The ship was en route from China to Iran under ballast. Length Overall x Breadth
Extreme: 333 m x 55 m. Deep Draught 17.8 m/21.IM. VLCC is shorter and wider than VLCS, a round
ship for more cargo loading. VLCS is a sharper ship for speeding
Prior to the incident, VTIS provided traffic information to these two vessels and alerted VLCC one VLCS
was crossing the tratfic lane. VLCC sustained damage to her bow whilst VL.CS sustained damages on her port
quarter hull and 6 empty containers fell overboard. By the collision consequence, if VLCC can slow down the
collision might be avoided. But the truth 1s:
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At this Time 14:56:47 UT1:

5-10 VLCS will hit VLCC starboard quarter judging by speed vectors crossed point
Speed vector are three minutes. This 3-minutes speed vector 1s our space ship: possible collision area.
= For VLCS speed 9.5 kts / course 129° in red color, her red speed vector in three minutes is 4.8 cables
in length. This 18 her collision risk stick ahead.
For VLCC speed 15.0 kts / 248’ in green color, her green speed vector in three minutes is 7.5 cables
1n length.
Collision point 1s 1n the yellow circle according to their speed vectors direction.
"VLCS" 1s Stand-on vessel 1n crossing situation who shall keep her course and speed.
Transit vessel VLCC is 1n deep water route course 249 degrees speed 15.0 Kits.
If Both vessels maintained her course and speed,
0 Transit Vessel VLCC will pass collision point earlier (after 4 minutes 14:56:47 + 4:00 =
15:00:47) and
0 Stand-on vessel "VLCS" will pass collision point one minute later (after 5 minutes 14:56:47 +
5:00 = 15:01:47).
0 One minute distance run in 9.5 knots is 293 meters in VLCS which might be enough for
VLCC to pass.
O One-minute distance by VLCC speed now 1s 15 Kts x 1 Minute = 463 Meters.
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0 VLCC has 333 meters length over all which 1s lesser than 463 meters. VLCC may have the
chance to clear of VLCS’s bow by these 463 meters. It depends on what time both vessel’s
bow arrived original collision point.

Actual case 1s VLCC westbound collided VLCS with her bow and VLCS sustained damages on her port quarter. This
18 not what we had seen in 14:56:47 drawing, why?
= SE bound VLCS increased her speed from 9.5 kts to 12.1 kts in 4 minutes time.
= SE bound VLCC did not alter course because the consideration of her max. draft 17.8 meter 1s too
deep for her to sail outside TSS SW lane.
= SE bound VLCC reduced speed at 1456 hours from 15.0 kts to 11.7 kts 1s not enough but this reduce
may have more time to access the situation with VLCS.
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5-11 Alter course to target’s stern is an invariant best option to avoid collision
If VLCC want to alter course to starboard side she has to keep out 659 meters abeam distance for VLCS to
clear. (one-minute distance run of VLCS 7.4 knots speed plus VLCS length over all = 293 meter + 366 meter
= 659 meters).
= One minute distance run for VLCC 15 knots = 463 meters.
= By Distance to Collision DTC 1s 463 minutes (read from collision point) x 4 = 1852 meters, 1852
sin(@) = 659, @ = 21 degrees.
= VLCC have to alter course 21 degrees to 269° (T) to pass VLCS stern in current situation. (calculated
from speed vectors observation)
= Compared with VLCS true bearing now 1s 280 degrees(T). If VLCC try to go around VLCS she will
have to alter course to 280" (T) which is more than necessary in our calculation 269 degrees(T).
= Alter course by visual to 280" (T) have more safety allowance than our calculation 269’ (T).
For slower vessel VLCS, want to alter course to give way to VLCC 333 meter long.
= By Distance to Collision DTC is 7.4 Kts x 5 minutes = 1142 meters, 1142 sin(@) = 333, @ =13
degrees. (calculated from speed vectors observation)
= VLCS has to alter course 13 degrees to port side from 129 degrees to 116 degrees (T) to let VLCC
pass first.




= Visual bearing of VLCC in traffic lane is 100 degrees(T), by using visual skill we don’t need to know
relative bearing 1s how many degrees.
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5-12 Considerations of VLCC to give way, stop engine or alter course?
In summary, alter course to target’s stern is an invariant best option to avoid collision if TTC more
than 3 minutes (make A turn complete needs 3 minutes).
= Use “collision position” rules to judge the collision situations in 14:56:47. The crossed point of speed
vectors 18 4 minutes ahead VLCC and 5 minutes ahead VLCS current position. VLCC will pass
collision position earlier who should not reduce speed if possible.
= The correct way for VLCS is to reduce engine and let VLCC pass first who is in SE traffic lane and
may not have enough water depth to give way or go around ownship outside TSS.
= There are 4 minutes TTC time to collision, for a big vessel VLCC with 15 knots (almost her full
speed) unless it alters course to starboard side to give-way, VLCC reduce speed is not an effective
way to give way. Originally VLCS is to arrive collision position one minute later.
= For VLCC A/C to starboard side needs 659 meters abeam distance which 1s about 3.6 Cables distance.
= VLCC’s position will be at edge of traffic lane by altering course to give way .
If VLCC master cannot control the turn very well the possibility to go aground is

increased, For VLCC this kind deep loaded vessel (round ship) the rate of turn in turning is very hard to



stop. The DTC (distance to collision) of VLCC at 14:56:47 hours 1s 4 minutes run x 15 Kts = 1 nm (1852
Meters) which are 5.6 Ship’s Length. VLCC still has the option to alter course to starboard side to clear
VLCS.

But, VLCC choose to reduce speed and VLCS choose to increase speed.

Both vessels had done the wrong thing. They have no radar lookout knowledge and skill. So, there is no

radar lookout instinct for them to use,

Time 14:57:47 (one minute passed) vessels collide side to side scenario
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5-13 An advantage of AIS lookout
In Figure 5-05 right picture, we see Stand on vessel "VLCS" course 132 degrees (changed from Port side
129" / speed 10.3 Kts (increased very fast from 9.5 kts within one minutes). collision position almost
unchanged (because no vessel had altered course, both changed speed) shows as a big yellow circle.
Crossing vessel VLCC course 247 degrees (from 249) / speed 14.3 Kts.( decreased slowly from 15.0)

= If Both vessels maintained current course and speed, collision will happen about 3.5 minutes later.
= Compass bearing of both vessels had not changed 280/100 degrees(T), Sure sigh of

collision. But collision situation changed.



= This 1s an advantage of radar lookout by using speed vector. But these speed input in speed vectors
are from AIS data. So, this is also an advantage of AlS lookout.

= Possible collision scenario 1s side to side, or VLCS Bow hit VLCC Midship section as VLCC arrives
a little bit earlier. Actual collision scenario is hard to define as the coordinated setting of two vessel’s
center in AIS system may not be the same.

= Collision position onboard VLCC had shifted from her stern to midship section, moving ahead
because VLCS increased her speed. We knew reduce ownship speed can move collision point ahead
(see 3-30 Safety Awareness of collision position change) and target vessel increase speed will move
collision point ahead too.

= VLCC should alter course to starboard side to prepare for bow to bow collision with “Hard Starboard
Rudder” and “Crash stern on Main Engine” to reduce a side-to-side collision momentum, also reduce
possible side area damage.

= Fast speed vessel VLCS increase speed 2.9 knots in one minute very quickly and she will reduce it
slowly as she 18 a sharp vessel.

= Once she VLCS relative bearing is decreased (as a sign of passing ahead), ownship VLCC should

seek the opportunity to pass her stern, Our collision avoidance instinct come from seeing target
vessel relative bearing reduced.

= VLCS had increased speed very quickly without alter course. This 1s an obvious mis-judgment. Or she
18 preoccupied by other things.

= NO knowledge of what we can judge on collision position changed in Radar Lookout will bring No
radar lookout skill to us.

Increase speed in crossing situation always means passing collision point earlier than before which will get
more chance to open ownship’s side to be hit by target vessel.
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Time 14:58:17 (1.5 minutes passed) VLCC hit VLCS port quarter scenario
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5-14 If ownship cannot finish the turn within 3 minutes time
In figure 5-06, we see stand on vessel "VLCS" course 134 degrees (changed 5 degrees from Port side 129) /
speed 11.0 Kts (increased slowly from 10.3 knots, 30 seconds ago)
Transit vessel VLCC course 248 degrees (from 249) / speed 13.8 Kts.( decreased slowly from 14.3 kts) ).
POC (Possible area of collision with two ship lengths in diameters) shows as a big yellow circle
= Both vessels course and speed change slowly during this 30 second, collision will happen about three
minutes later as predicted in this figure 5-06.
= Possible collision scenario 18 Bow to shipside, or VLCC Bow hit VLCS Midship section as their
speed vectors end suggested. This 1S a correct observation from the collision scene.
= VLCS had got herself a nightmare to overcome in next three minutes because ownship increased speed try to
get away or hoping VLCC can go around ownship are both very difficult to achieve in this close range. When
VLCS saw VLCC’s relative bearing had not changed (or increased) a lot, everybody know this 1s a
sure sign of collision even he had not read this book before. This 1s the nightmare which may have the
threat of our own life and whole ship’s loss.
= VLCC should alter course to starboard side to give way or prepare for collision on bow with “Hard
Starboard Rudder” and “Crash Astern” telegraph on Main Engine.
= If VLCC has not alter course, VLCS should alter course to starboard side to give way to crossing
vessel 1f Master has the confidence to finish a 90 degrees turn in next three minutes.
= As figure 5-07 below shown, If Very Large container ship (purple one) did not use the “Hard
starboard” rudder to finish the turn in three stages or applied “Hard Starboard” rudder with
one minute delay, it will be very dangerous to ownship which will cause collision on ownship
stern or engine room.
— Ownship’s stern or engine room are most vulnerable parts once breached and flooded If ownship

cannot finish the turn within 3 minutes time,



A/C in second stage A/C in third stage
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5-15 Vessel arrive collision point earlier will be more vulnerable
In figure 5-06 right picture, Both vessels course had not changed, speed change slowly during this 30 seconds,
collision will happen about 2.5 minutes later as 30 seconds had passed. POC (Possible area of collision with
two ship lengths in diameters) shows as a red circle.

= Stand on vessel "VLCS" course 134 degrees (No change) / speed 11.4 Kts (increased slowly from

11.0/10.3 1n one minute).
= Westbound vessel VLCC course 249 degrees (No Change) / speed 13.3 Kts.( decreased slowly

from 13.8). Why give way vessel VLCC did not change course is not reasonable? To create 2

cables abeam distance should be enough for collision avoidance unless captain is not good at
shiphandling.
= Possible collision location on board: VLCC Bow hit VLCS Midship section because VLCS arrives
collision location 30 seconds earlier (situation had not changed from last 30 seconds).
VLCS had got herself midship section open up to collision.
Master of VLCC should use visual lookout to ascertain VLCS stern relative bearing has decreased
or not?
= Master of VLCC should alter course to starboard side with “Hard Starboard Rudder “ to try to pass
VLCS stern 1if VLCS stern relative bearing has decreased.
= Master of VLCS should go to port side of her bridge to have a better view or judgement of port
side VLCC's bow relative bearing is increasing or not?
= Master of VLCS should alter course with “Hard port Rudder “ to port side if VLCC bow relative
bearing 1s increased to our stern (as we discussed before in 5-03) and passed ownship’s pivot point as
figure 5-08 left drawing.
= Even VLCC had altered course in this distance, Master of VLCS should alter course with “Hard port
Rudder “ to port side to parallel with VLCC as figure 5-08 right drawing.
= As figure 5-08 shown, If Very Large container ship (purple one) cannot make sure ownship has
the time to finish the “Hard starboard” turn in three stages (need 3 minutes), it will be better to
change course to port side with “Hard Port” rudder to avoid total loss of ownship.
In any close quarter situation, vessel arrive collision point earlier will be more vulnerable whether it is regarding of
crews’ life or ownship’s survival. Slow speed 1s always the safest speed in any case. But
= Slow down or stop a VLCC/VLCS 1s a slow process and never an easy process at sea.
= We need a lot of compressed air working on Main Engine to stop the RPM and in the first stage
vessel will carry away by her original speed and momentum.

U



= Ownship have the option to alter course each side depends on Captain’s judgement.

—> If ownship arrived collision point earlier we have to alters course to parallel with target to mitigate the
impact force.

= In this way (figure5-08 right picture A/C to target side), Master had accepted his fate of collision and
try to preserve ship’s lives including himself.

~7

A/C in second stage A/Cin third stage
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Time 14:58:47 (2 minutes before collision) Most critical moment = Last chance to avoid

5-16 Increase speed need more time to avoid collision than alter course

=

=

VLCC and VLCS are two typical ship type. VLCC is round ship which 1s aimed to carry more tons of
weight. VLCS is sharp vessel which is designed to carry more boxes and quick turnaround for more
money.

VLCC 1s easier to start, harder to stop her turn (round ship turning quickly stop slowly) because fuller
underwater hull.

VLCS is harder to turn, easier to stop turn (sharp ship turning slowly stop quickly) because his slim
streamline body underwater. This is next chapter story.

VLCC vessel’s track 1s twisting from the beginning which shows this VLCC 1s hard to maintain her
course. VLCS vessel’s track 1s quite smoothie but hard to initial the turn.

VLCC lack of situational awareness cannot read the collision point on speed vector to judge VLCS
will pass earlier or visualize VLCS relative bearing decreased.

VLCS increase ship’s speed from 14:56:47 Hours (4 minutes before collision) from 9.5 kts to 11.9
kts.

This 4-minutes speed run is 1.2 knots (average speed increased) x 4 min = 136 meter which is less
than her VLCS 365.8 meters ship’s length to clear collision point.

Collision spot on board is stern of VLCS. If VLCS did not increase speed the collision spot on board
will 136 meters ahead. The collision spot without increase speed may be at VLCS’s bow.

We have calculated the beam distance VLCC have to avoid 1s 659 meters (clearing distance: one-
minute distance run of VLCS 9.5 knots speed plus VLCS length over all = 293 meter + 366 meter =
659 meters).

659 — 136 = 523 meters short. So, VLCS increase average speed 1.2 kts is not enough to clear 659
meters.

@® [f VLCS want to increase speed to avoid collision, the speed increased should cover this distance
659 meters.

® 659 meters = 1852 x @ knots x 4 /60 minutes.

® Average speed increase over 4 minutes @ = 5.34 kts 1s needed to cover 659 meters run.

@® The final speed should reach to 9.5 + 10.68 kts = 20.18 kts to have @5.34 knots speed increased.

@ V/LCS need to increase from 9.5 to 20.18 kts within 4 minutes to clear 659 meters ahead. (9.5
+20.18) /2 kts @ speed 1s 14.84 kts ; 14.84 Kts — 9.5 Kts = 5.34 Kts

@ \/LCS need to increase from 9.5 to 20.18 kts in 4 minutes is impossible.
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5-17 Lost mental vigilance on surveillance of collision risk due to jump out decision.

Captain of VLCS can ask yourself “Is your good vessel can increase speed 1n this manner?”. 10.68 knots in 4
minutes. I think most VLCS 1s not able to increase speed in this way. Captain may not aware that increase
speed 1s not useful in this short time interval if he had not study before. This 1s a jump out decision in collision
avoidance, Also, while ownship increase speed to “navigation full/sea speed” Captain will give up his Radar /
Visual Lookout skill and his willingness to judge collision risk. Because Captain knows when ownship
increasing speed, collision risk assessment 1s not reliable. Increase speed may not have much effect on
collision avoidance. The consequence of Lost mental vigilance in surveilling of collision risk is most dangerous
for further avoidance.

= VLCS increase from 7.5 to 11.9 kts within 3 minutes in this case 1s not enough to avoid the collision.

—>At sea, increase speed from 7.5 kts to 17 kts is very hard or impossible to achieve within 4 minutes
due to massive momentum of vessel have to overcome.



—>Increase speed need more time to avoid collision than alter course,

= Collision could be mitigated 1f VLCC applied “Hard Starboard” rudder at 14:58:37 Hours (two
minutes before collision) when VLCC understand VLCS will pass collision point one minute earlier
than her.

= Once again, 1n this close rang it 1s hard to say speed vectors (radar Lookout skill) 1s available or not.

(Iike Sanchi’s case)

It 1s better for VLCC to have visual skill to verify VLCS relative bearing change.

VLCS’s horizontal angle increased rapidly which may cause visual lookout more confused.

VLCC turning to port side 1s chasing VLCS (see figure 5-09). Once the chasing begins VLCC have

the trouble to stop turning as her round ship property.

= VLCC starboard side Turning is a better choice to avoiding VLCS two minutes before collision if
VLCC Captain can utilize ownship turning characteristics is capable of 36 degrees turn within 2
ship’s length advance distance.

= Does Two minutes enough for a 90 degrees turning to starboard side? The answer is “depend”. May
be enough for round ship? May be not enough for sharp ship? Check your own ship maneuvering
curves on bridge.

= Rudder Cycling may be recommended to use at 14:58:47 (C-2) for VLCC to reduce speed.

udu

Time 14:59:47 (one minute before collision)

03-08-2016 14:59:47

03-08-2016 14:59:37 247
12.7 Kts
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5-18 Alter course to target vessel when ownship arrive earlier in last minute

In figure 5-09 Stand on vessel "VLCS" alter course to starboard side 142 degrees (from Port side 134) / speed
11.9 Kts (may be this 1s a "Half Ahead” increased slowly from 11.4).

Crossing vessel VLCC alter course to port side 247 degrees (from 249) / Speed 12.7 Kts.( may be he had stop
the engine but decreased slowly from 13.3)

= Both vessels course and speed change slowly during this 50 seconds (58m47s to 59m37s), VLCS 1s
already 1nside the PCP (Possible Collision Position) or space ship status collision 1s inevitable.

= VLCS alter course to starboard side is in first stage of turn where ship’s stern push sideway to target
to her portside.

= VLCC alter course to port side 18 also in first stage of turn only.

= One minute after wheel over VLCS 1s helpless in turning and VLCC make the wrong direction turn.
(or VLCC had not make any turn at all, her original course is 247" (T))?

= Collision spot of VLCS 1s at her port quarter. If VLCC had alter course to starboard side to avoid the

collision area, VLCC may have the chance to pass VLCS’s stern.

Relative Bearing of VLCS stern decreasing slowly VLCS have the chance to clear VLCC’s bow.

VLCC should verify VLCS BOW has passed ownship (she will not hit ownship) and ownship have

no risk to alter course to starboard side with “Hard Starboard Rudder .

VLCS should verify the Relative Bearing change of VLCC at Port bow had decreased.

Go “Full Ahead in M/E” to clear collision position 1s 1n imagination but hard to effective in time.

Prepare to use “Hard Port Rudder “ to kick ownship stern off if VLCC’s bow fall behind own ship

Pivot Point. (as figure 5-08)

Uy

RV



= Alter course to target vessel when ownship arrive collision position earlier in last minute 1s best
aid to avoid collision in third stage of COLREG as figure 5-08 purple ship .
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Time 15:00:17 (30 seconds before collision)
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5-19 Use Hard Over rudder to push ownship’s stern away

In figure 5-11, Stand on vessel "VLCS" course 151 degrees (changed from 134 degrees ) is turning 17
degrees to Starboard Side / speed 11.7 Kts ( increased slowly from 11.4).

Crossing vessel VLCC course 242 degrees had changed 7 degrees to Port side (from 249) / only Speed 12.0
Kts.( decreased slowly from 13.3). Both vessels course and speed had changed slowly carried from their last
rudder order and speed reduction.

= VLCS’s Bow already pass collision point and stern hull still in VLCC’s course line.

= What VLCS needs now is to decide “How to get her stern clear of VLCC’s bow?”.

= VLCC should know the bow of VLCS passed already.

= Relative Bearing of VLCS stern (purple line from VLCC) had not so much change due to blossom
effect (reduced from 37 degrees to 31 degrees now).

= 31 degrees 1s VLCS’s horizontal angle now if VLCC want to go around VLCS’s stern.

= The chance is rare because VLCC is actually steady on her course 247" degrees (T) from the
beginning. Her small courses change are used to reduce her speed over ground from 15 knots to 12
knots as part of her rudder cycling skill (in next chapter).

= This mindset is same as VLCS. ” Once speed 1s increased or decreased, others let God to decide”, in
VLCC 1s “Once speed is reduced others let God to decide”.

= VLCC should use Crash stern engine order on Main Engine as not sure the collision will happen or
not?



= In figure 5-11, VLCS can see the Relative Bearing of VLCC bow had increased from ownship Port
bow to Port Beam which is a sign of danger?

= VLCS have the chance to clear VLCC’s bow and prepare to alter course to port with “Hard Port
Rudder “ to push away ownship’s stern by the knowledge of 1¥' stage of turning.

= Use same concept of man overboard: Use Hard Over rudder to target vessel’s side to push

ownship’s stern away.”

Time 15:01:17 (30 seconds after collision)
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Time 15:01:17 (30 seconds after collision)

5 —04 BHRM: Bridge Human Resource Management

5-20 Bridge Resource Management according to human elements theory

In figure 5-12 Stand on vessel "VLCS" course 149 degrees (after port quarter been collided slightly, 2 degrees
to port side) / speed 11.3 Kts about the same



Crossing vessel VLCC course 225 degrees had changed 24 degrees to Port side (collided target vessel’s
starboard quarter or by ownship’s rudder order) / only Speed 11.4 Kts.( lost 1.9 knots from 13.3 knots)

=

=
=

=

=

=
=

=

=

Red circle 1s Original Collision Point and should be the point VLCS’s bow will hit VLCC stern at
collision time by our estimation. (15:00:47 UT1).

Yellow circle 1s possible collision point which had shifted ahead by VLCS increase speed and turn to
starboard side by VLCS deviated from her original course line.

Collision point moving ahead of VLCC’s speed vector due to VLCS alter course to starboard.

VLCC alter course to port side 1s chasing the stern of VLCS due to not aware of VLCS relative
bearing decreased.

If no collision happened, no one will blame VLCS for increased speed from 7.4 Kts to 11.9 Kts into a
Traffic Separation Scheme. Captain almost did it if VLCC had not alter course to port side or reduce
speed more effectively.

Most mariner did not realize that longer speed vector (fast speed) means more collision risk. Increase
speed means increase collision risk.

&l 5-12 > LLRELEFAGHVRIHERS 15:00:47

No situational awareness in collision situation should not be used to blame both Captains for no one
had trained them with close quarter situation like this.

Close quarter collision avoidance for Master level in knowledge base is next chapter.

Only in knowledge base 1s too tedious to an experienced Master and too complicated to a student or
Junior Officer.

It 1s obvious collision avoidance knowledge/skill/instinct are never in same level for different Officer
on board. These collision avoidance knowledge/skill/instinct are valuable human resource if they had
proper trained.

I summarized it all and name it “21 century Bridge Human Resource Management” BHRM for
different competent levels according to human elements theory I knew.



5-21 A fEHY 3A RIS © SRR AR TEIE S =FEEL

R HER B A 7 2 AR (e —FeseE(@Es - B ReaMs > HEAR
SR T -

= 1E 56 57 47 FoRVREE > MEEAHE KA SIS RTTT - M B R T RE R E = - £
WREE - KADHERC - FRESE KR SR 2 R > A 32 -

= RHEGH AT | 8% > 57 7 41 L& - 4 GHE8E B KA SIS 103 67> K
RUHERD A E RS ERNL - EZRFURUERAIA » REVERER R IENE 9.5 §FinE]
10.3 & -

= TE58 57 17 %) > WiHEEHE - KIRETE] - ——IR - C&HAET > BRHECARESRE
TG S AE W 7 P % 85 4 -

A R AL % PRESURERE A HE AR ReE ARy AR an i A 20 2 - Y 2R = FEE: - 3A FI52 > Best
aware aid to avoid Az FERFBIERHITTE) - MERZ EAHIELEAHEERY ? BUS Ry - AR —
TEEEHY -

® HPFERGATSHECEN R AVHE T2 (E - B INECRR ) ? EFE HEAVRTT - A5
RENLE -

o JRHFMREAEE A% R - WELESA > MREZZ R R HIEEE - DIOREAA
HRLAT - BCRMTREAVENL > PRI HAAG IEAE R P MIHIAGEE S [FE A -

o EHGUBARNIELE - FEEANAEATEE - ASmA B L ?

® R EIRAVRLEHAEE I ARHIME - fnRIEZER AL EHE G0 - BatE
[FEBREVAERCD - 152 R R HATAG AT RE IRAEPRERAVAERIUE - BEANEE#E 7 > 4R
FHREEAVHSETALAE > AFONEHER AR S Bl e fREamir &= E
B BEABE R —E R MR o (HRAEARE L o AR S uhHI LR -

® IR EATAVRLER RS AN AVRGEEE - i H HARAAVAG AR S T A R AR D - FEZ S
(7] EERAGHING FE R > DUDIER A AR At T R AV AR AL -

® ERMARAIRICEIRGIERS - AR EE > FREARED > e Bl —
B AR A o DUIZRRR BERl R -

® NS EIEAGAIATEE - WA AATHIATEE - (B2 B IEAGRIR A ST L B0 > BER A
2 [ RIEE - (EFHERREHY R AR AN (= SRR RCR: » Rl CaE s m]
% AR B IEE AR AYREEE - FEFA 2 JHIBETERE - RERIEZISITEST - FHRGE
&S > DUBKIAREE GG ERVRTA AR - BEIES > ERiE RSl Adaa
=& -

o FEEHELAVHREREL BT ERIVTER - A5 EE Y 2 F) B AR U L
g (2 AN RS (R B AR A8 - e H AR R S mRL) > J5RZA
Al E(ETHE TSR TR AT - FRAIAIALEE - A RIEZESEIEH - F5H - 158
FERCER - [N RylEwtie H PR S STl B Rl A, -

® UNSREEEEAVERNE [ B ARImRHVELR - FERAEE - ARAVRTREDTE > MiRES R A H
ALl > REARRAIRAER AL R S0 A FERHRE RS - DU g ELRE i EE > 298 -

® InEERIRALERE R B AR SCHR - MR IERZ RE S E RE RN 2 A %/ VR 7 R S

HAHREZEZ A ?
® IR ANGHVEIERIEAE - BIRGAYRTAEREAE - FRAERTTR EAVRAE > A RESERCR ALY
L

5-21 Best 3A Awareness: Best Awareness to Aid Avoidance Action in third stage,

Why VLCC don’t want to alter course to Starboard from the beginning when



It seems no collision risk at 14:56:47 while VLCS proceed slowly or might stop engine afterward.
VLCC seems can pass before VLCS and No need to change course by that time.

Collision risk 18 obvious at 14:57:47 after one minute when VLCS increase speed to 10.3 knots.
VLCC did not notice stand one vessel VLCS increase speed from 9.4 kts to 10.3 Kts.

At 14:58:17, collision risk 1s rigid, collision will happen after 2.5 minute.

Both vessels should find best heading to steer to protect ownship’s life and property.

Best 3A Awareness: Best Awareness to Aid Avoidance Action in last minute, Captain should

® observe the Relative Bearing change of target vessel’s BOW and STERN is increasing or
decreasing by visual.

® If target’s bow had fall behind ownship, Captain should consider to alter course to parallel
Target vessel to clear ownship’s midship or stern area.

® If target’s bow had passed ownship’s bow, Captain should wait and see target vessel’s stern
relative bearing is decreasing or not?

® If target’s bow had passed ownship’s heading and target vessel’s stern relative bearing is
decreasing, Captain should consider to alter course to Target vessel’s stern to clear her
midship or stern area.

® If target’s bow had passed ownship’s heading and target vessel’s stern relative bearing is
increasing or unchanged, Captain should consider to stop engine with rudder cycling to
target's bow. Collision is inevitable. Sound general alarm and whistle on board.

® Get the feeling on radar speed vectors’ end. if its relative bearing line pointing ahead (target
vessel pass collision point first), Captain should consider to stop the engine.

® Orifradar speed vectors’ end relative bearing line pointing astern Captain should consider to
alter course to parallel target vessel to clear our midship or stern area.

® Check cross point on two vessel’s speed vectors Captain should be able to decide the
distance to collision DTC and time to collision TTC.

® Consider ownship’s turning time and distance needed for complete large degrees turn.
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5 —05 Chang Jiang Mouth new merging maritime conflict zone
Aftermyth of Container ship collided with fishing boat 2014
A UK Flag container ship with Gross Tonnage 99,946 Deadweight 104,300 t Length Overall x Breadth
Extreme 334.8m * 45m at her maiden voyage departure Shanghai port had a collision with a fishing boat.
There’s no VHF communication, no Target identification, all situation are in captain’s mind. Captain age is
under 50, new STCW generation, 24 years sea time with excellent 7 years Master records. The red track in
figure 5-13 is her maiden voyage outbound Shanghai. No engine breaks down. What’s wrong in this track?
Figure 5-13: whole red track of outbound container ship
5-22 Departure Phase 1: How to disembark pilot in strong current?
At 1450 hours UTC in figure 5-14
Pilot vessel No.1 1s waiting in starboard side of channel now. Expected strong current coming from north
which could reach to 3 or 4 knots by experience. Ownship 1s about to make a lee for pilot disembarkation.
Own Ship OS alter course to port side 074° (T) from 090° (T) and sail across the channel. OS speed is 7.2
knots at this time. Chang Jiang mouth light vessel is 4.5 nm to the east.

Figure 5-14: Vessel Track of container ship in red at scene 1450 hours

Other outbound vessels in our portside (OOCL Shanghai & HYUNDAI Highway) are not inside buoyed
channel, why?

= Their pilots may had left already.

= They had chosen south route outside of channel to avoid their vessel disembark pilot while crossing

the channel.

= In the figure 5-14 radar picture we saw four vessels eastbound sailed in line. Their course lines are in
line with eastbound traffic lane before Chang Jiang mouth light vessel. See figure 5-13.
Their out bound routes are all well outside the channel to the south about 8 cables abeam distance.

The reason to keep sailing along south of channel 1S to avoid ownship cross the traffic while some inbound
vessels may need to pass.

Or allow for more time to check portside southbound vessel coming from North.

Keep ownship 1n correct position can avoid the collision with west inbound vessels (avoid head-on
situation).

= Observed COLREG rule 9: Narrow Channels (a) A vessel proceeding along the course of a

narrow channel or fairway shall keep as near to the outer limit of the channel or fairway which
lies on her starboard side as is safe and practicable.

= Ownship make lee inside the channel at 1450 hours UTC figure 5-14, sailed out the channel in strong
tide, disembark after passing pilot boat, leave a dangerous situation for Master on board, maybe this 13
a pilot with less experience, who knows?

b
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= Collision points moves with ownship's heading as we learnt in 3-05 Collision position changed by
ownship’s action.

= Now Ownship’s heading pointed to port side 074° (T) we will have collision risk with port side
vessels.

= Port side may have head-on inbound vessel’s course line. OS ownship alter course to port side create
collision point with head-on vessels.

= When ownship has to go back to east outbound traffic lane we will cross the West inbound vessel’s
course line two times or even worse cross the Eastbound overtaken vessel’s track.

= Ownship shall keep as near to the outer limit of the channel or fairway. Follow the route of other
outbound vessel: about 8 cables abeam distance south of outbound channel. Ownship can have more
room 1n port side for pilot disembark.

At 1505 hours UTC, 15 minutes later
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5-23 Departure Phase 2: Pilot disembarked, how can ownship re-enter general traffic flow?
Pilot disembarked. Ownship OS stayed outside the channel already 15 minutes’ long. OS alter course from
090° (T) to 103" (T) and across westbound channel now. OS speed is increased from 7.2 knots to 13.7 Knots
at this time. Chang Jiang mouth light vessel is 1.8 nm to the east. In figure 5-15

Figure 5-15: small ship’s echo mixed with sea clutter after pilot disembarked at 1505 hours

= OS Master 1s very confident of his skill. He had increased speed to 13.7 knots which 1s fast than all
outbound vessels. This 1s the trouble begins: Longer speed vector create more collision risk.

= How can we Knows he 1s fastest? Compare his 13.7 knots speed vector length (in 6 minutes setting)
with other outbound vessels’ speed vector.

= We said before in multi ship situation the best solution to avoid collision is to keep same speed

with another vessel, Ownship 1s overtaking all vessels ahead by fastest speed.

= All eastbound vessels have about 1.0 nm beam distance to Chang Jiang Mouth L/V (the center of

cross fairway) and speed 10.0 knots. OS is -0.1 nm beam distance to (is in north of) Chang Jiang

Mouth L/V.

OS has 1.1 nm beam distance to sail between outbound vessels and Chang Jiang Mouth L/V.

OS crossed westbound (inbound) vessel’s traffic lane once again (may create new collision risk), see

figure 5-15.

= A pack of small vessels unknown north bound at OS starboard side. The sea clutter set in this sea area
18 more than 15 minutes before when seas are calmer inside the harbor and obscured small target now
from time to time. The radar Gain, Sea Clutter have to adjust periodically when vessel 1s outbound to
distinguish small targets and sea clutter. This called Radar observation skill to find small target from
poor radar echoes. Or two radar set should prepare to distinguish targets as recommended by “10 cm
radar for small vessel” and “3 cm radar for big vessel)
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= OS speed vector 13 6 minutes now. No ARPA data acquired for small target at this moment. Ownship
don’t know our collision risk with these crossing vessels as no speed vectors for our reference.

= We know ownship has no collision risk with outbound big vessels in 6 minutes because no cross
points on their speed vectors. What about 9 minutes later ownship’s collision risk with outbound
vessels?

= Target size difference is not obvious on radar.



= Ownship overtake two outbound vessels beam distance seems safe. But things change very quickly
when ownship alter course to give way to crossing vessels.

= Collision risk in high speed become higher with outbound and small crossing vessels around.
At 1510 hours UTC, 5 minutes later, Figure 5-16, 5-17
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At 1510 hours UTC, 5 minutes later, Figure 5-16, 5-17

5-24 Departure Phase 3: What make Master panic now?

OS maintained course 103° (T) for 5 minutes, speed still increase slowly from 13.7 to 14.6 knots. Chang Jiang
mouth light vessel 1s 0.8 nm to our due east. Ownship 1s the smartest ship at sea with comfortable 14.6 knot.

Figure 5-16: ALL ship with ARPA speed vector at 1510 hours
In AIS lookout (left screen) all vessels are clear within 6 minutes speed vector (no cross point).
However, some confused situation happened in radar lookout (right screen). One small target No.10 1s
dead ahead with impossible speed vector length. This false speed vector 1s tug boat’s radar echo
which 1s carried away by sea clutter (echo swapped).
= No. 10 target acquired at 1508 hours 1s a tug boat with a tow which is clearly indicated in AIS data
display (left screen OpenCPN chart (Open Chart Plotter Navigator): this screen may not available on
board).
= The tug boat and his tow had acquired in ARPA separately or tugboat’s echo 1s carried away by sea
clutter.
Tug boat and his tow radar echo had swap each other and further swap with sea clutter.
Once again, this radar setting has not adjusted (decreased the GAIN setting) to cope with increased
sea clutter in past 5 minutes (1505 hours) when ownship approached to open sea from Chang Jiang
mouth light vessel.
= This is the failure of radar lookout. 5 minutes before Captain don’t know this tug and tow movement.
After 5 minutes Captain still cannot know this tug and tow’s movement due to radar echoed failure.
= [ have to say if Captain can distinguish these two north bound crossing vessels’ collision risk by
relative bearing change, he will not panic with radar’s failure.
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If Master had evaluated relative bearing change of this tug boat he will notice it is increasing,

If Master had known tugboat speed 1s about 3.75 knots, he will be able to use SRB skill to know
collision risk immediately. This tug boat speed 1s ¥4 of ownship. By SRB rule, we know 15 degrees
(1/4 of 60 degrees) relative bearing is her SRB safe relative bearing. Her relative bearing is 28 degrees

Uy



from ownship starboard side now. This tug and tow are safe to pass ahead. Please refer to 4-43 More
awareness from visual: Safe Relative Bearing SRB in crossing vessels.
= To clear the smoke, No. 10 target’s radar echo (false echo) 1s one nm ahead of OS bow (In figure 5-
16). Captain should be able to identify its existence by eye.
= If No.10 target 1s not there as radar screen shown Ownship should stay on this course to pass Tug boat
and 1ts tow.
No. 10 target’s trail display is more stable than her speed vector in heavy sea in figure 5-16. [f target
trail setting time 1S same as speed vectors (all set to 6 minutes long) Master can use same time interval trail
length to estimate target’s speed vector when target’s echoes lost in the seas.
= Ownship should observe relative bearing of this tug and tow when we acquire it from 1508
hours, 2 minutes before for better understand the collision situation if any.
= The compass bearing of No.10 1s 128 degrees(T) at 1508 hours, and compass bearing increase to 130
degrees(T) after 2 minutes.
2 degrees in 2 minutes at distance 1.75 nm away at 1510 hours. 1.75 x 1852 x sin (2°) = 113 meter.
This small bearing change 2 degrees 1n this close range 1.75 nm has created 113 meters distance
which are 2.5 times of ownship’s width (45 meters width) if OS want to pass ahead of tug and tow.
= This tug boat 1s crossing vessel. So ownship need some sea room in ownship’s width to clear target.
Yes, these calculations mean nothing in real visual lookout. We don’t need to know exactly how many
degrees relative bearing had changed or distance to targets...etc., when you keep visual lookout practice long
enough you will have the correct sense of collision risk with these small targets. Remember SRB which 1s
derived from actual lookout practice.
= If OS miss the bearing observation at 1508 hours (2 minutes before) OS can still spare one or two
minutes to observe relative bearing change of this tug and tow.
= To finish a course change (alter course) needs three minutes.
= At this moment OS speed vector is still in 6 minutes setting. It should set to 3 minutes setting to clear
the smoke of “Does our maneuvering requirement (limitations) can be met (overcome) with these
close range targets?”.
in figure 5-17 left is 1508 hours where No.10 target had change color to red means Target Lost.
1n figure 5-17 right 1s 1509 hours where No.10 target had moved fast ahead to chase big sea clutter.
The speed vector shows 30 knots more 18 nonsense and useless for t tug boat. But it had caught
Captain’s attention and confused him from there.
= The estimated speed can be read by comparing ownship’s speed vector length to no. 10
target’s speed vector by your finger span or divider if you had one divider stand by ARPA panel
(recommend practice).
This 1s one way to 1dentify target (decide impossible speed by ownship’s speed vector).
Once again, if OOW had reduce the Gain of ARPA sea clutter may not confuse Master in No. 10
target’s identification.
= A good OOW save the trouble of nervous Master. This is BHRM if Junior OOW 1s capable to adjust
radar’s gain and sea clutter to clearly distinguish Radar’s echoes from sea clutters.

=
=
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Figure 5-17: No.10 target echo swapped at 1508 and 1509 hours
Phase 4: At 1512 hours UTC, 3 minutes later figure 5-18
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5-25 Departure Phase 4: Into the chaos, don’t make a fool to yourself? In Figure 5-18,
OS altered course from 103 degrees(T) to 133 degrees(T) in 2 minutes. Chang Jiang mouth light vessel 1s in
NE direction. Radar speed vector setting in 6 minutes is too complicate to handle in close range.

il

Figure 5-18: First coursed change for target 10 at 1512 hours
Altered course 30 degrees from 103 degrees(T) to 133 degrees(T) 1s Junior OOW skill 1n restricted
visibility area. Go around stern of tug boat 1s the skill necessary in Junior OOW. Captain’s skill level

1s Always identify collision position first,



U

RV

=

In OOW times, always make sure target’s movement first is the motto. Now, the motto had changed
for Master. Find out where is collision position and give wide berth to it.

We see in double grounding case; the collision position is at shallow water.
If Master cannot identify collision position in Radar he will be in trouble: jump out decision.

The decision is wrong at 1510 hours, 2 minutes before while course is 103° (T).
If original collision position is positive identified “no collision risk at course 103° (T)” from figure
5-16 left picture. Or as we had discussed

1. “Evaluated relative bearing change of this tug boat Captain will notice it is increasing”
OS no need to take any action to avoid collision position.

2. By SRB rule, we know 15 degrees (1/4 of 60 degrees) relative bearing is her SRB safe
relative bearing. Her relative bearing is 28 degrees.

3. Infigure 5-19, we see all speed vectors have vessel’s mark on her end. These vessel
marks are where these vessels will be after 6 minutes. It will be safe after 6 minutes
because 6 minutes speed vectors have no cross point with any vessel. Ownship will pass
tug boat bow at safe 0.5 nm abeam distance.

4. Ownship will sail between two northbound coastal vessels with 1.5 nm distance apart.

5. These graphical observations are Master’s basic training in radar lookout.

How about Alter course 10 degrees to starboard side or to port side? 1.48 x 1852 x sin (10°) = 476
meter = 2.57 cable. Imaging the tug and tow 1s 300 meters long. A/C 10 degrees 1s 1.58 times of 300
meters. The answer is OK if master can use EBL to simulate new course needed is 093° (T) or 113°
(T) with his radar lookout knowledge and skill to verify.

By SRB safe relative bearing rules, this tug boats 1s about 1/3 speed of ownship her SRB is 20
degrees. Now their relative bearing 1s 30 degrees to Starboard side which should be OK to pass ahead
of this tug.

Now your estimation is different from mine. We can check the relative bearing change in next 2
minutes (1510 to 1512 hours) to verify the avoidance effect or collision risk with this tug.

Have properly set speed vector to detect collision position 1S very important. However, it 1s too late
now to make tug boat speed vector to re-appear.

But tug boats speed 1s readily available in AIS data or ARPA Master can use it to verify RSB 1s
enough or not? This collision awareness 1s readily available by SRB skill if you have.

Figure 5-19: Graphical solution to solve collision mystery at 1510 hours
Take a close look of the screen 1n figure 5-18, if ownship alter course 30 degrees to starboard side
(from 103 to 133 degrees), we will be deep 1nto the pocket of ships where collision risk 1s all around
ownship.
In multi- target situation, OS alter course to give way to a slow vessel have to wait a very long time to
g0 around.

Even Target speed 1s unknow we can estimate by ownship speed vector. Ownship speed 1s 13.6 kts. In her
AIS speed vector 1s one third 1/3 length of ownship 1s about 4.5 knots. In radar speed vector 1s one half of
ownship 18 about 6.8 kts.

=
=
=

=
=

Tug boat actual speed 1s 4.8 knots by AIS data.

Remember SRB relative safety bearing: one third OS speed is one third of 60 degrees = 20 degrees.
This tug boat 1s at 30 degrees to ownship’s starboard bow. OS can safely pass target’s bow without
problem.

This 1s the clue at 1510 when we have doubt about this target’s collision risk.

Right now, ownship have alter course 30 degrees to starboard side. We are facing another difficulty.

At 1514 hours UTC, Figure 5-20
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5-26 Departure Phase 5: Find the way out and cross fingers?
Ownship maintained course 133 degrees(T) for 2 minutes/speed 14.0 knots. Chang Jiang mouth light vessel 13
in due North direction. Radar range setting had changed from 3 nm to 1.5 nm which 18 more suitable for now.

Figure 5-20: maintain coursed for target no.12 at 1514 hours

= Ownship position 1s 0.7 nm due south of Chang Jiang mouth light vessel. This 0.7 nm 1s the cross
track distance or parallel index distance to light vessel. Eastbound channel 1s 1 nm 1n width.
= Ownship heading 133’ (T) had crossed Eastbound traffic lane 0.7 nm south and is about to go out of
traffic lane within next 3 minutes.
= Still ownship take positive move to give way to Target No. 12 without notice ownship’s position 18
very dangerous into the pocket trap or have no way to go out.
In this position now, we should predict vessels’ position after 6 minutes. refer to figure 5-20
= Overtaken vessel Hyundai Highway on our port beam course 090° (T) will behind OS astern about 1
nm distance.
= Two north bound Crossing vessels course 000’ (T) ahead will be passed by OS current course 133" (T)
without problem.
= Overtaken vessel OOCL Shanghai on our port bow course 115° (T) will have collision with OS about
6 minutes time.
Ownship’s option now:
= ownship cannot alter course to port side: tug boat is at port bow.



= ownship can reduce speed or stop engine with very little risk to overtaking vessel HYUNDAI
highway. For a vessel 0.5 nm distance behind OS, reduce speed or stop engine need some courage if
Captain did not know her vessel’s stopping characteristics very well.
= ownship cannot go around OOCL Shanghai: only have 0.5 nm distance away at starboard bow. This
distance 1s not enough to complete the course change unless Captain 1s to use hard over rudder which
need more courage than stop engine.
Well, you are right because you are an OOW. You can wait and see Master to maneuver. He can always do
the magic trick. For Master, ownship 1s steaming at 14 knots full ahead with 334.8m * 45m x 50m
dimensions, I cannot just watch her to collide.
= Ownship have collision risk with OOCL Shanghai when both vessels choose to go around same
Target No. 12.
Go around to target’s stern is always safe for one Target situation but not in multiple vessels situation.
In multi target situation, we need to go around the last ship’s stern. In current situation, the last vessel
18 OOCL Shanghai. That saying 1s for open sea OOW level when ownship has lots of sea room to
maneuver.
OK. Let’s crack down the myth of OOW: the time to collision TTC is 6 minutes. Ownship is over-speed at
scene.
@® First thing is OS cannot reduce speed as fast as possible. In figure 5-20, imagine half-length on OS
speed vector what collision risk will be? NO collision risk at all.
® Ownship cannot alter course to port side once for all: alter course to port side to parallel with 115° (T)
course of OOCL Shanghai. OS can alter course to 123” (T) in the beginning then alter course to 115°
(T) after tug boat s clear.
® (Ownship cannot reduce speed: we are overtaking HYUNDAI highway now even ownship will not
stop immediately. Ownship still have higher residue speed to pass her bow. HYUNDAI highway will
arrive current collision point after 6 minutes. Ownship can pass collision point with her by 1/5 of
original speed about 2.8 kts.
® Ownship cannot go around OOCL Shanghai: she only have 0.5 nm distance away at starboard bow.
0.5 nm 1s 926 meters 1s about 2.5 times of ownship length which 18 at most “in second stage of turn”.
It may have trouble to finish the turn in time if OOCL Shanghai have no speed over ground. She 1s
sailed in 10 knots speed. By 4 knots speed difference, 0.5 nm need 7.5 minute to reach her. OS could
have 7.5 minutes to finish our course change to go around OOCL Shanghai if ownship determined to
do so.
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5-27 Two golden rules to avoid the collision in dense traffic

Even in this mess we should remember two golden rules to avoid the collision:
1. Keep same speed as other vessels in this area.
2. Keep same course as other vessels in same lane.

OS 1s over speed now. Try to reduce speed as soon as possible as good seamanship.

Keep same speed to which vessel? The one in closest ahead.

Keep same course to which vessel? The one with closest collision risk: OOCL Shanghai 1s the top
priority now.

What is the course of OOCL Shanghai? How could we know?

Use centered EBL to parallel her speed vector and read it from compass bearing. Because in this way,
we don’t need to identify which target no. of OOCL vessel in ARPA and find the correct data window
of it. The TTC 1s precious in a critical situation. OOCL Shanghai heading is 115 degrees(T).
= Actually, what heading she has now 1s not important. We need to resolve the collision point by
paralleling ownship’s course line to her speed vector by our visual estimation on ARPA screen.

RV

Y




The goal to parallel with target’s heading can be achieved step by step.
One course change to solve all problems 1s not feasible for all situation.
First course change may be 126" (T) which is compass bearing of the stern of tug boats and his tow.
At the same time sound ownship’s whistle 5 short blasts or calling at our VHF channel 16 to give OOCL

e %o

shanghai collision warning_ if you can find someone to help in bridge,

Once helmsman steady on 126° (T) captain should check the bearing of Tug boat and his tow. Alter

course to port side once again to 115" (T) if tug and tow had passed and relative bearing increased.

@® The ship’s name OOCL Shanghai should be known ever since ownship begin the overtaking or
increase ownship speed over other vessels around.

® TTC is 6 minutes, captain still have time to stop the engine to avoid going inside the trap. Ownship
can mauver same as: 3-06 Situational awareness of Crash Astern.

@® Prolong rudder usage time in turning has a little effect on speed reduction. But, best speed reduction is
“rudder cycling” skill if we know how to use it.

® Well. You know it is dangerous.

You should learn how to reduce ownship’s speed more quickly than “Crash Astern”.
= Ownship Heading will decide where the collision will happen. Every degree difference in heading

here and now 1s very important.
@® Keep good maneuvering habit:

= Give the “rudder order” to helmsman first (turning rate should be decided by master)
and

= monitor rate of turn Captain need in turning. (turning rate may not enough or cannot
create by rudder angle been used by bad weather condition)

=  Give the course degrees to steer or to steady as needed to helmsman (inform the
helmsman what is the course required now) and

= evaluate new situation after heading change by Captain. (to monitor the relative
bearing change of target vessel)
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5-28 Departure Phase 6: Rocking ship in the pocket? But how?
At 1515 hours UTC, in Figure 5-21
Ownship steady course on 135 degrees(T). Chang Jiang mouth light vessel is in NW direction. Radar range

setting had changed from 3 nm to 1.5 nm which 1S more suitable for now.
The speed vector is in 6 minutes length. This is important tool to decide Time To Collision TTC.

Once we make sure of speed vector time setting, we know immediately TTC is 5 minutes.

If you don’t know why think about it?

Ownship should open the safety cover on Main Engine telegraph panel and push down “Crash

Astern” button immediately.

In this moment (after crash astern pushed) ownship should change the speed vector length to 3

minutes to make the situation clearer to us (to make the maneuvering space estimation). Well, we did

not see the space ship here please refer to figure 2-14.

= OS portside 1s blocked by tug boat and tow. OS starboardside 1s the collision risk (TTC 5 minutes.)
with target at 0.45 nm distance away, also blocked by small rudder angle turning which need at six
times of ownship’s length (333 x 6 = 1998 meters = 1.08 nm). OS ahead 1s third worse with 1.2 nm
distance slow targets crossing now,

= OS can avoid Target No. 12 by using three minutes speed vector if we wait 1 or 2 or 3 minutes in
135° (T) then alter course to 119° (T) (the EBL light blue line on compass bearing 119”(T) is
recommended course to Captain).

= 119 degrees(T) has 4 degrees difference with OOCL Shanghai course 115 degrees (T). Why not using
115° (T)? Because this course 119° (T) is already on middle position of No.12 target vessel speed
vector which means its 3 minutes run (we want to keep 3 minutes distance run as our safety margin
because of blossom effect this 3 minutes run may be not enough to clear No.12 vessel).

= Alter course too quickly to 119° (T) we may see target No. 12 may still locate on ownship’s bow.

= After give the “hard port” and “119 degrees” to helmsman, we should continue sound the whistle and
VHF and hope “Crash Astern” will work. The most unfavorable situation now 1s OOCL Shanghai
alter course to go back 090° (T).

= It 1s the time we should know somethings about “Rudder Cycling” skill as last option to reduce speed.

gy

U

Figure 5-21: Rocking ship in the pocket at 1515 hours, Rudder Cycling
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5-29 Rudder Cycling: emergency maneuvering in all emergency: collision, grounding or speeding
Rudder Cycling is to use 3 or 4 times hard over rudder to each side in turn to reduce ship’s speed and retain
control of ownship’s heading.
/. Put rudder order “Hard Starboard” or “Hard Port™ first to initial the turn to helmsman. Refer to inside
white drawing of figure 5-21,
I.  ownship heading north use Hard Port rudder first in 1" minute or 1* stage (beginning of
Rudder Cycling).
II. When ownship had finished 1st stage of turn:
1. ownship’s stern had push to starboard side already,
2. heading changed about 10 degrees to port,
3. OS about to feel the resistance of water ahead of our pivot point, the rate of turning
will increase after this point because water resistance increased due to heading change.



4. OS 1s using water resistance to reduce speed. If situation 1s OK use more heading
deviation to create more water resistance.

2. Change the rudder order to counter side fully. That is “Hard Starboard” after “Hard Port™ or “Hard
port” after first rudder order “Hard Starboard”. Refer to figure 5-21, ownship use Hard starboard
rudder after ownship’s bow about to leave our original heading. (this stage is about two ship’s length
advance distance)

I.  Ownship will need some time to stop the original turn to port side and going back to our
original heading.

3. Cycling ownship rudder to “Hard Port” again when OS 1s about to back to original heading (this stage
18 about 3-4 ship’s length advance distance). One of rudder cycling purpose 1S maintaining original
heading.

4. Steady ownship at original heading or Heading required by Master according to new situation or his
judgement of the situation. Refer to figure 5-21, ownship use rudder order necessary to steady on
heading required. (this stage 1s about 5-6 ship’s length advance distance)

The most effective speed reduction stage 1s at second stage of rudder cycling which is the water resistance
stopped ownship’s ahead speed. This happened in 2 to 4 ship length advance distance about the same as one
“hard over rudder” turning we discussed before. So. It is worth to wait a little longer while ownship start to
turn our heading in the first hard over rudder. However, when to apply counter rudder to stop the original turn
1n second stage depends on ownship’s turning property. For a sharp vessel not easy to turn the counter rudder
may wait longer or shorter. It is prudent to decide the best practice for ownship in this rudder cycling
process by captain experience to get a balance between reduce speed more effective and avoid losing
control of ownship’s heading.

In this case, ownship is 335 m in length. 335 x 4 = 1340 m. The most effective speed reduction stage is at 3.6
cable to 7.2 cable advance distance (1.5 to 3.0 minutes in her original 15 kts speed).

= No. 12 Target is at 1.2 nm distance away which is 6.6 times of ownship’s length 335 meters away.

= It seems helpful in this situation but which side Hard Over rudder angle should we use first? Started
to starboard side and counter starboard turn with “Hard Port” rudder.

= Although ownship stop engine due to starboard side overtaken vessel most danger target is still at port
side for his distance is closest.

= If ownship use “Hard Port” first then “Hard Starboard” rudder cannot stop the turn very well due to
other influences like current or sea state...et. No matter what is the reason, OS will be in big trouble.

Rudder cycling will need one ship’s length abeam distance to original track,

This needs to take into consideration when we choose first Hard Over Rudder to use.
Please refer to figure 5-21 ownship’s track shifted to port side (red ship length on horizontal axis
below) due to first “Hard Port” rudder.
First hard-over rudder will decide which side ownship’s track will deviate to.
We don’t want to chase the trouble in port side as collision risk shift to port side with ownship’s
heading changed to port side.
We still have some space in starboard side as OOCL Shanghai 1s 4 cables abeam distance to ownship.
First give “hard starboard” rudder order to helmsman when port vessels need to avoid first.
0 Vessel stern will move slowly to port side at first stage of turn.
o If first stage 1s about two ship’s length 670 meter by current speed 14.3 knots the time to
travel 1s 1.5 minutes.
0 We see in the drawing the time 1s given as one minute (that 1s for smaller or faster ship).
= When vessel bow begins to break from original course line at heading about 145° (T), (10 degrees
more to starboard side)
0 Apply “Hard Port” rudder order to helmsman to stop the turn and brake ship’s speed by water
resistance ahead.
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0 By 10 degrees Z1g Zag maneuvering characteristics,
= vessel heading may overshoot to 155 or 160 degrees(T). (this is the stage Master need
strong heart to remain calm, instead of that Captain should check on rudder indicator
“Does correct rudder angle been applied by helmsman?”)
= Tt is fine as long as we had applied “Hard Port” rudder 30 seconds ago (when heading
is 145° (T)) and
= The turning rate 1s slow down by “hard port rudder”. (read from rate of turn indicator
or feel 1t in ownship’s list angle)
Once again, all our fear 1s coming from uncertainties of our life. If Master had not practice “Rudder Cycling”
before he will not have any idea of “how much overshooting she will be now?”. Now, Master feel the
uncertainty (fear) 1s normal unless he had been taught before.
Anyway, we have other job to do. Let’s take a look of force majeure “where the current is setting now?”
Setting to south if you still remember what Master had done 1n phase 1 to disembark the pilot (he going to
North of traffic lane). So, we are lucky to stop starboard side turn more quickly when current coming from
port side.
= The turning 1s quickly checked by upstream current.

0 The beam distance gained by hard starboard turning may need one ship’s length about 335
meter (1.8 cable) which 1s safe compared with 4 cables beam distance with OOCL Shanghai
although it 1s very close and dangerous but OS has no choice to go port side first in this
situation.

= In third stage of rudder cycling (4-6 times ship’s length advance), the rudder applied depends on
situation at scene whether OS need to avoid starboard side big vessel or to avoid port side small
vessels.

= Turn to Port side will be very quickly as upstream turn 1s more effective.

= We should apply “hard starboard” rudder earlier to stop the turn to port side.

= If master do not know how many degrees per minute’s turning rate OS will lose control, we should be
careful in using rudder cycling in this emergency.

= The reason to choose starboard side for first hard over rudder 1s too many targets at port side.

Rudder cycling use “hard over” rudders in turn to reduce speed but may lost control of turning at the same time.

® Rudder cycling 1s one of three major emergency maneuvering beside crash astern engine and hard
over rudder turn.

® We may use it even inside very restrict area like harbor area, pilot station, break water entrance,
etc...... or in open sea with shallow water or collision avoidance, etc.....
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5-30 Phase 7: One last chance to avoid collision by steady ownship’s course at 117° (T)
At 1517 hours UTC in figure 5-22, 2 minutes after Hard Port rudder
Ownship use “Hard Port” rudder for 2 minutes already, course over ground 123 degrees(T), heading 1s 10
degrees less 113 degrees(T). Radar range setting 18 1.5 nm and Master had change OS position to center of the
screen which 1s easy to read bearing and course to steer. ARPA display went crazy again when Master needs
them critically. Target No. 12 did not have AIS signal operated and her Radar echo and speed vector are lost,
too. OOCL Shanghai also lost speed vector in Radar (no way to know his heading changed or not by one
look). Once again, Visual Lookout are only reliable means in emergency?
In this mess there is one last chance to avoid collision by steady ownship’s course at 117° (T).

=
=

Figure 5-22: First stage of full rudder turn at 1517 hours



= Two minutes had passed from 1515 hours why OOCL had not aware ownship had developed an close
quarter situation with her?

= Ownship’s speed had not reduced by any means and OOCL Shanghai had not been informed or

alarmed of ownship’s movement. Ask somebody on bridge to inform OOCL Shanghai by VHF is too

late.

Just sound the whistle now is more effective to alert the vessel close by.

Ownship used rudder “Hard Port” for 2 minutes time. Heading change 22 degrees in 2 minutes from

135" to 113° (T) degrees.

= Ownship had passed first stage of turn (within 12 degrees turn). Now OS is in process of second stage
of turn (heading changed 22 degrees from two minutes ago).

= Rate of turn 1s still controllable (rate of turn 1s slow, 11 degrees per minute) by “Hard Starboard”
rudder to steady the course at 119° (T). (as we discussed before, this is the heading shown on radar
picture 1n figure -22)

= Master has to control rate of turn in first stage otherwise turning rate will increase very quickly while

upstream turn is in port side and all current pressure working on ship’s hull in second stage of turn

will increase the momentum of turning.

117 degrees (T) 1s the course of OOCL Shanghai (overtaken vessel).

CPA of OOCL Shanghai 0.33 nm = 620 meter is 15 times of ownship’s width which are more than 8

times of ownship’s width to have interaction effect with OOCL vessel.
= If Master worried about interaction effect, reduce the engine immediately and steady on 117 degrees

(T) will be good.
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5-31 Phase 8: Conducting Hard over rudder turn inside dense traffic
At 1518 hours UTC, 3 minutes after Hard Port figure 5-23
Ownship use “Hard Port” rudder for 3 minutes. Turning is in third stage course over ground COG 1s 113
degrees(T), heading 096 degrees(T). Drifting angle 1s 113-096= 17 degrees. Radar range setting 1s 1.5 nm.
Rate of turn 1s about 17 degrees per minute in this stage. Rudder angle had not changed to “Hard Starboard”.
Vessel altered heading from 135° (T) to 096° (T), 39 degree to port side with Hard Port rudder.
Ownship 1s conducting a “Hard Port” turning with current coming from port side. OS heading 18 096 (T) now
when we need most 18 112 degrees (T) (parallel with OOCL Shanghai course now).
= Rate of turn had increased to 17 degrees per minutes.
= Port side overtaking vessel OOCL Shanghai 1s 0.25 nm abeam, 463 meters, close but have chance to
parallel her course 117 degrees (T).
= No. 12 target is on OS starboard bow distance is 0.4 nm= 740 meters ahead (2.2 ship’s length ahead).

= 2.2 ship’s length is what we call death zone of shiphandling,



= Ownship has no way to clear No.12 target vessel by turning to starboard side especially for container
vessel.

= OS alter course from 135° (T) at 1515 hours 3 minutes before. 135° (T) is a clear course with No.12
target 1f OS steady on it from 3 minutes ago. But this course 1s 1n collision with OOCL Shanghai after
S minutes at 1520 hours.

= We have to give way to OOCL Shanghai. If we can steady on this course 117 (T) now OS have the
chance to get away.

= Even Master order “Hard Starboard” to helmsman now 1t will need 20 seconds to rotate rudder plate

to “Hard Starboard” position.

And another two minutes to push her body back to 117° (T) heading from 096’ (T) now.

Speed vector 1s still in 6 minutes time. We know TTC 1s about 1.5 minutes from now for target No.

12.

Ownship’s heading already less than No. 12 ‘s compass bearing 112 degrees (T). Collision point shift

from No.12 target’s astern to her bow. Please refer to 3-05 Collision position changed by ownship’s

action.

If Master knows second golden rule in dense traffic area is Keep same course as other vessels at scene,

What he has to do 1s to steady on OOCL Shanghai course 112 degrees (T) now.

CPA of OOCL Shanghai is 0.25 nm = 463 meter is 10 times of ownship’s width as figure 5-23.

OOCL Shanghai had course again slowly who has no idea of ownship 1s overtaking dangerously and

have collision risk with her. Ownship Master did not have time to warn her by whistle or VHE.

112 (T) 1s the course OOCL Shanghai steer now.

From figure 5-23 we can see No. 12 target’s 3 minutes trail sailed 350 (T) (from OOCL Shanghai

speed vector center to ownship’s 1.5 minutes speed vector length).

= If we maintain course 115 (T) No.12 target can be passed with 1.5 minutes different passing time and
Bow crossing distance 0.4 NM.
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Figure 5-23: Second stage of full rudder turn at 15 18 hours
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5-32 Phase 9: Unstoppable rate of turn in third stage of “Hard Over” turning
At 1519 hours UTC, in figure 5-24



Ownship use “Hard Port” rudder (-34) for 4 minutes. Turning 18 in third stage. Rate of turn 1s 40 degrees per
minutes. Course over ground 075 degrees from 113 degrees (T) one minute before, heading 055 degrees from
096 degrees(T) one minute before. Drifting angle 1s 20 degrees (75-55=20). Radar range setting is 1.5 nm.
Rate of turn 1s about 40 degrees per minute in third stage. Rudder angle is “Hard Port”. Vessel is turning
crazily. Everybody on board would wake up now by this swing.

Figure 5-24: collision happened at third stage of full rudder turn 1519 hours
= Collision happened during hard port turn to avoid starboard side vessel OOCL Shanghai.
This 1s not direct collision with OOCL Shanghai but indirect collision with unexpected target NO.12
at scene.
= The collision target Priority is wrong. No. 12 port side target is No.1 dangerous because her distance 1s
closest to ownship.
= There only one-minute time Master can decide what is right (hard starboard at 1517 hours to steady on
115 (T)) or wrong (hard port at 1517 hours to start the turn).
= If Captain don’t know second golden rule he will not prepare ownship to parallel and steady on
OOCL Shanghai’s course.
= “Hard Starboard” rudder in 1518 hours in figure 5-23 (hard port rudder over three minutes) 1s too late
as ownship heading already crossed target no.12’s bow.
= The twist point of this incident is in 1517 hours in figure 5-22. Two minutes before collision while
rudder cycling 1s still available then.
For big vessel, 3 minutes before collision is last twist point of fate.
This 1s human element in shipping industrial.
Master has only one-minute time to decide his fate (right or wrong?).
Finally, let’s use figure 5-24 to review Safe relative bearing SRB theory once again. No. 12 target’s speed is
revealed as 7.1 knots inside ARPA data area. SRB by our estimation of half speed vessel 1s 30 degrees. If
ownship can keep No.12 target outside OS’s heading 30 degrees range we can pass ahead of No.12 target’s
bow. In figure 5-21, No. 12 target’s bearing is 135 (T). If ownship can keep heading less than 105 (T) (135-
30=105) we may pass ahead of Target No.12. Unfortunately, there is another vessel ahead No.12 target.
Ownship cannot alter course earlier. Pass ahead of No.12 target is not available to ownship.
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5 — 06 Master has only one-minute time to decide his fate
Situational Awareness or complacency at fairway junction.
® Speeding 1s first mistake.
e When ownship has fastest speed at sea we have to give way to all vessel ahead.
e The study shows within a folk of thousand birds or in highway traffic, the secret of no collision 1s
because all individual’s speed difference is within 7 %.
e In most heavy traffic Tokyo Bay Uraga Suido the speed limit is strictly obeyed. (No vessel shall
navigate at a speed exceeding 12 knots in all areas of Uraga Suido Traffic Route).
e The safest way 1s to keep same speed with other vessels in same direction.
® No paralleling with traffic direction 1s second mistake.
e [ eaves necessary sea room to make lee for pilot boat disembark.



e Ownship shall keep as near to the outer limit of the channel or fairway which lies on her
starboard side as is safe and practicable.

e (Crossed west bound vessels lane once 1s foolish. Sailed in wrong side of traffic lane is another
mistake. Crossed west bound vessels lane twice when ownship have to follow Chang Jiang mouth
TSS order to go back to eastbound lane.

e Entry course choose is randomly (course chose in 1510 hours, 105 degrees is OK) without correct
knowledge and skill in radar speed vector usage.

® Did not reduce speed before pocket of vessels 1s third mistake.

e Reducing speed 1s reducing collision risk.

e A stationary vessel almost has no collision risk unless somebody hit her.

e Reducing speed always give ownship more time to evaluate the situation.

e Reduce speed 1s especially useful for a speedy vessel to avoid collision in crossing and
overtaking.

e  When ownship stop engine collision position will moving from ownship position to forward of
ownship bow

® Daid not check for target critical data 1s fourth mistake.

e No. 10 target echo lost into sea clutter cause the panic.

e No. 10 target is a tug with tow which 1s in 6.8 knots speed. RSB 1s 20 degrees. Her Relative
Bearing is 30 degrees which means no need to avoid it.

e Course chose 1n 1510 hours; 105 degrees 18 OK. This 1s most critical time in decision to give way.

e Master knew No. 10 target 18 only the first one of many other targets. He have to take chance in
this situation but he has strong confidence of his experience.

e NO. 10 target’s relative bearing change with visual or Radar had not checked. this should be

done before avoidance action been taken. Lacking these skills is the reason of mistake,

e How to use relative bearing shall be the course for Master’s proficiency.
e [f master knows how to evaluate No. 10 target collision position or collision risk ownship won’t
get 1nto the pocket of vessels unknown/un-acquired by ARPA.

e Ownship did not know the course of OOCL Shanghai to parallel in emergency.

® [t 1s over confidence or complacency in many ways. It 1s a human element’s case regarding our
knowledge, skills and instinct. Many things can change the outcome. However, all together it 1S an
unforgettable experience.

® Not enough training in close quarter situation, lack of situational awareness or BHRM,.... These are
normal labels we used to cover up our true deficiencies in these knowledge, skill and instinct.

When radar come to navigation bridge no one critics its deficiency in target identification and lost target from
time to time. We have no choice in fog. The echo quality 1s poor and equipment is easily damaged by severe
weather (g1ving that weather forecast 1s no good then). Instead, our industrial initiated an one-month training
program to our OOW to cultivate the instinct in radar application. Nevertheless, the radar data 1s not reliable
from time to time when we need it most especially in close range. We had become the first generation who’s
good at radar observation and 1dentification but lost our visual ability to decide what i1s OK or not? Luckily,
some visual lookout skills had passed on through rating but not licensed OOW who 1s new to the sea. No
mentorship had passed from last visual lookout generation because no theory of visual lookout been
established.

In here we had many discussions of what skill 1s wanted and needed to avoid collision. Today AIS is a stand-
alone equipment on the bridge. It is superior in data providing through modern GPS than ARPA can detect.



We hope the concept of SRB 1n visual lookout and Collison point in Radar lookout can be teached to new
generations of AIS OOW to use without hesitation to save the trouble and lives and environment.



