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Challenges

o o I

Too late In the seasonimost of
the fast ice around the Peninsula
had disappeared

High air temperatures
Very thick snow layer / humidity
Competing schedules




Our first ramming operation irLallemandrFjord




Reasons for undertaking ice trials

A To formulate operational guidance
and to understand the capabilities
and limitations of the ship

A éExtended operationalenvelope
compareawith PolarCodelimitations

A Tunedoperationallimitations specific
for the shipandthe ship@
environment

A Tuning of warnings from the ice load
monitoring system

A To find technical problems/issues for
resolution

Speed

— 1) Attainable speed by power

—— 2) Safe speed by strength

——3) Admissible speed
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Ice thickness




Date Test # Test type Ice thickness Direction Notes

o Bransfield strait
15.1.2022 11-138 Open water : Ahead _
testing ~80% pitch, RPM Mode
17.1.2022 ‘ 21-23 ‘ Bollard “pull” ‘ - Ahead ‘ RPM, Power and Ice Modes
| Perf in | |
21.1.2022 3033 AL ~77 cm Ahead | Landfast ice at Blind Bay
level ice
Load vs. speed in | Landfast ice at Blind Bay
21.1.2022 - ; ~77cm Ahead )
level ice Reported in phase Il
o Bellingshausen Sea
23.1.2022 41-4.8 Cosine e . Ahead G
testing Power Mode
5 Bellingshausen Sea
23.1.2022 5 —58 & e ’ Ahead "
testing RPM Mode
Bellingshausen sea
25.1.2022 - Glancing tests - Ahead ;
Reported in phase IlI
e | Bellingshausen sea
27.1.2022 i Load vs. speed in i Ahead g .
closed pack Reported in phase IlI
27.1.2022 61-6.3 Performa'nce in ~i0er Shead an'.cmg ice floe at
level ice ‘ ‘ Bellingshausen Sea
i Bellingshausen sea
27.1.2022 . kol ¥speed in - Ahead B
closed pack Reported in phase Il
Case corner
~155 ice, Perf ted i
1.2.2022 7.1 Ramming tests Khead [0 s teRetes
~145 cm snow this report
Loads reported in phase lll
L |
Case corner
8.2.2022 8.1 Bollard “pull” - Ahead
L Ilce Mode
‘ Case corner
8.2.2022 9.1 Bollard “pull” - Astern

lce Mode




Target ice conditions

lce Performance tests

o To Do Io Po I»

Fast ice

100cm thick

20cm snow layer

Level ice / minimal ridging
No inclusions of ice of land
origin

ldeally5 x 2km minimum
extent

Operational tests in Pack Ice

Alce floe
AMin. 1km diameter
AStrong ice, not rotten



Alce Property Measurements
AShip Related Measurements



Tounderstandthe mechanicghen we need

to know.

A Shapeof ship

A ShipMass

A ShipSpeed

A ShipThrust

A ContactGeometry

A Thicknes®f ice

A Massof ice

A Strengthof ice pending
A Strengthof ice crushing

A Temperature Salinity Densityof
ice

A Snowthicknessdensity

Thesewe know already

These were measured during the
test

These were measured on the ice

By knowing the ice properties of the test conditions we can
make reasonable corrections / adjustments / projections
about how the ship will perform in other conditions and
what ice conditions become the limiting ones from a safety
and operational perspective



Continouslyrecordingshipparameters
throughoutthe trip

28 General / SDA Ilce Trial & =8

PS
Total power [kW]
Shaft speed [RPM]
Rudder [deg]
Pitch [%]

Pitch order

ROT [*/min] True Heading

75.1"

COG from GNSS
2701
Geolocation
-73.058972 -
-77.617441 -

Wind Direction

Wind Speed

6.5m/s

Air Pressure
Pressure 1 974.93 hra
Pressure 2 974.91 hPa

Air Humidity

Total power [kW]
Shaft speed [RPM]
Rudder [deg]
Pitch [%]

PPitch order

SOG from GNSS

3.50 kn

Elapsed Time Covered Distance
N/A N/A

Clock
2022-02-05

17:09:42

+00:00 UTC

Temperatures
Air 1
Air 2
Sea Surface PS
Sea Surface SB
Ship Motion

Roll angle (+ port up)
Roll rate (/sec)

Pitch angle (+ bow down)

]

]

14:05:00

14:05.00

14:05:00

14:05:00

14:05:30

14:05:30

140530

140530

1406:00

14:06:00

14:06:30

14:06:30

14:06:30

14:06:30

1407:00 14:07:30

Total Shaft Power

14:07-00 140730

Propeller Pitch

14:07-00 14:07-30

Torque

14:07-00 14:07-30

14:09:30

14:09:00 14:00:30

14:09:00 14:09:30

14:09:00 14:09:30




On-ice work

AUndertaken by
the Aker Arctic
team

AThickness
measurements
snow & Ice

Ace core
extraction
temperature,
salinity &
compressive
strength




Aker ArctidVleasurementn Ice- Thickness

AMeasurements undertaken in many
locations to understand variation in thickness

A_Relativel¥ consistent thickness is especially
Important for performance tests

AThe thickness of the snow layer is also
important

Alce that is too thick means the ship will not
move continuously (we need continuous
motion to get an understanding of the power
!eV3eI required to move the ship through the
Ice

Alce that is too thin means we are too far away

from the target thickness to accurately
extrapolate to the target thickness




Aker Measurements on lceCoring

A Coring the ice gives the ice
profile:
A Temperature
A Salinity
A Density

A This gives a way of
determining the flexural
strength of the ice (through
an empirical relationship)




