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Introduction and motivation

Today’s capability standards and DynCap concept
Case study: single stern thruster diving vessel
Conclusion
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DP OPERATION RISK MANAGEMENT N MARINE
CYBERNETICS

a DNV GL campany

Steady growth of DP vessels

Increasingly complex designs

Increasingly complex operations

Decreasing number of experienced DP Operators
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Operational risk management tools are key to safety
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WHY DP CAPABILITY PLOTS ARE IMPORTANT FOR N MARINE
CYBERNETICS

OPERATIONS 2 DNV L compery

Many DP operations rely on accurate station-keeping
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WHY DP CAPABILITY PLOTS ARE IMPORTANT FOR N MARINE
CYBERNETICS

OPERATIONS 2 DNV L compery

Planning - Weather operational window

Can we safely operate?
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WHY DP CAPABILITY PLOTS ARE IMPORTANT FOR N MARINE

CYBERNETICS

OPERATIONS 2 DNV L compery

Performance with equipment out for maintenance and Worst
Case Single Failure

DP Capability with Generator 1 offline?

Can we do maintenance of the stern thruster next week?

How is the station-keeping after the WCSF?

How large is the temporary excursion just after the WCSF?
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WHY DP CAPABILITY PLOTS ARE IMPORTANT FOR N MARINE
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How large is the temporary excursion just after the WCSF?
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For operations with absolute position
and heading limits, the transient is
often the critical period
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TODAY’S STANDARD FOR CAPABILITY PLOTS N MARINE
CYBERNETICS

o IMCA M140
o DNV GL ERN

« Station keeping capability in a common and understandable format
« Direct comparison of individual vessel’'s performance

Weaknesses

« Simple analysis requirements — many assumptions needed
« Static balance of forces — vessel dynamics not included

* Not possible to analyze transient conditions

 May lead to non-conservative results

Difficult to compare DP Capability plots from different suppliers
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DYNCAP CONCEPT: DYNAMICS ARE CRUCIAL N MARINE
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DYNCAP CONCEPT
/ Dynamic
force

k. / .
/ Specific . ' / Dynamic

environ-

acgﬁﬁ’éﬁgce / S _— mental
\  forces

Free-
floating
vessel

Transient
effectS

Any 1 J Thrusters
dynamic fully
loads / utilized

4 Thruster/
loop with rudder
DP system - dynamics

2014 © Marine Cybernetics | www.marinecyb.com

sl‘
)

|

¥

N MARINE
CYBERNETICS

a DNV GL campany



CASE STUDY — SINGLE STERN THRUSTER DIVING VESSEL
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WIND ENVELOPES — ANALYSIS SETUP N MARINE
CYBERNETICS

a DNV GL campany

Traditional Capability study DPCAP

e All static thrust losses
e 15% dynamic allowance

DynCap analysis:

e The acceptance criteria for position and heading were
set to 5 meters and 5 degrees

e High DP control gains
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WIND ENVELOPES - LOSS OF SWITCHBOARD A N MARINE
CYBERNETICS

Wind speed in m/s
Current speed: 0.77 (m/s) 0 Wind direction in degrees

270

==== DPCap, Thrl and Thr4 disabled, 15% dynamic allowance, thrust loss
=== = DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain
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TIME SERIES FROM LOSS OF SWITCHBOARD A CASE N MARINE
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a DNV GL campany
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WIND ENVELOPES - LOSS OF SWITCHBOARD A N MARINE
CYBERNETICS

Wind speed in m/s

Current speed: 0.77 (m/s) 0 Wind direction in degrees

. Wind;-Wawes,
1
" \ Current /
1

30

==== DPCap, Thrl and Thr4 disabled, 15% dynamic allowance, thrust loss Quarterl ng SeaS

=== = DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain
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WIND ENVELOPES — RESULTS WITH ADDITIONAL THRY N Q{éﬁéﬂg
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Wind speed in m/s
0 Wind direction in degrees

Current speed: 0.77 (m/s)

270 90

Rud1 Rud2

===== DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain
= === DynCap, Thrl and Thr4 disabled, Thr7 ON, acceptance criteria: 5m/5deg, HighGain
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WIND ENVELOPES - LOSS OF SWITCHBOARD B N MARINE

CYBERNETICS

Sw}choard A lost Switchboard B lost

Wind speed in m/s
Current speed: 0.77 (m/s)

Wind speed in m/s
0 Wind direction in degrees Current speed: 0.77 (m/s)

0 Wind direction in degrees
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= === DPCap, Thrl and Thr4 disabled, 15% dynamic allowance, thrust loss
= === DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain

= === DPCap, Thr2 and Thr3 disabled, 15% dynamic allowance, thrust loss
= === DynCap, Thr2 and Thr3 disabled, acceptance criteria: 5m/5deg, HighGain
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WIND ENVELOPES — DP GAINS SENSITIVITY N MARINE

CYBERNETICS
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Wind speed in m/s
Current speed: 0.77 (m/s) 0 Wind direction in degrees

Gains:
* High
 Medium
e Low

90

180

=== = DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain
DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, MediumGain
==== DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, LowGain
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TRANSIENT ANALYSIS N MARINE
CYBERNETICS

a DNV GL campany

Investigate if the vessel may go temporary out of position during the

transient after the loss of switchboard A
e Statistics derived from multiple simulations (32) where the failure is

triggered at different time instances
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TRANSIENT ANALYSIS N MARINE
CYBERNETICS
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Wind speed in m/s
Current speed: 0.77 (m/s) Wind direction in degrees

==== DPCap, Thrl and Thr4 disabled, 15% dynamic allowance, thrust loss
= === DynCap, Thrl and Thr4 disabled, acceptance criteria: 5m/5deg, HighGain
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TRANSIENT ANALYSIS — CASE A N MARINE
CYBERNETICS
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Angle of attack wind, current and

waves

Case A
Wind speed [m/s] 23.7
Wind speed [knots] 46
DP control Gains High

Position/heading outside the limits

0
during transient 4%
Max distance deviation from setpoint 70
[m] '
Max heading deviation from setpoint 3.9

[deg]
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TRANSIENT ANALYSIS — CASE B

Angle of attack wind, current and

waves

Case B
Wind speed [m/s] 13.6
Wind speed [knots] 26.5
DP control Gains High
Pos_ﬂmn/hegdmg outside the limits 38 %%
during transient

Max distance deviation from setpoint 5 7
[m] '
Max heading deviation from setpoint 34

[deg]
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TRANSIENT ANALYSIS — DP GAIN SENSITIVITY FOR CASES A N Q{éﬁitﬂg

Angle of attack wind, current

and waves

Case A

Wind speed [m/s] 23.7

Wind speed [knots] 46

DP control Gains High Med Low

Position/heading outside the limits

: ) 44% 78% 100%
during transient

Max distance deviation from

setpoint [m] 7.0 9.2 123

Max heading deviation from

setpoint [deg] 32 44 64
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TRANSIENT ANALYSIS — CASE B

Angle of attack wind, current

and waves

Case C
Wind speed [m/s] 13.6
Wind speed [knots] 26.5

DP control Gains

High Med Low

Position/heading outside the
limits during transient

38 % 100 % 100 %

Max distance deviation from
setpoint [m]

5.7 6.5 10.9

Max heading deviation from
setpoint [deq]

34 3.7 55
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TRANSIENT ANALYSIS — ADDITIONAL THRUSTER 7 N MARINE
CYBERNETICS

a DNV GL campany

Angle of attack

wind, current

and waves

Case A C

Wind speed [m/s] 23.7 13.6

Wind speed

[knots] 46 26.5

Thruster 7 Disabled Enabled Disabled Enabled

DP control Gains | High Med Low |High Med Low |High Med Low |High Med Low

Position/heading
outside the limits 44% 78% 100%| 39% 72% 100%|38 % 100 %100%| 0% 0% O%
during transient
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CONCLUSION N MARINE
CYBERNETICS

a DNV GL campany

DynCap can reveal critical limitation of vessel configuration

both in intact, after the WCSF and during transient conditions

1,3deg

DynCap — Towards Improved Designs and Safer Operations
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