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SUMMARY

As offshore petroleum exploration in Canadian waters grows continuously,
the need for improved offshore safety rises also. The unique weather conditions
(wind and waves, cold temperatures and ice) off the Canadian coast must be
addressed. As part of the Escape, Evacuation, and Rescue team, | was involved
in experiments at the Institute of Ocean Technology, which established the
operational weather limits of Totally Enclosed Motor Propelled Survival Craft
(TEMPSC). To do this, we used model survival crafts to perform typical tasks in

a controlled environment of wind and waves in the Offshore Engineering Basin.

Although the data and results have not yet been analyzed, several
preliminary conclusions can be drawn. The MadRock model seemed to have
better maneuvering in the weathers then the other two models. Also, it was
found that the greatest setback occurred when the models were launched on
troughs and up slopes. | would recommend that the research team improve the
design of the model launch system be improved to allow the models to
experience their natural motions without influence from the current system. |

would also recommend that the wind machines be upgraded to minimize swirling.
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1.0 INTRODUCTION

During the months of June and July of 2004, the Escape, Evacuation, and
Rescue (EER) team conducted tests on three different types of lifeboat models.

The testing was performed on 1:7 scale models in the Offshore Engineering

Basin (OEB) at the Institute for Ocean Technology. These tests focused on the

occupants, and in particular, the weather limits of the survival craft. The three
lifeboat designs tested were the MadRock design, the Conventional design, and
the Freefall design. All of these lifeboats have their advantages and
disadvantages as we obs&rved during the testing, and will be described in this
report. Each model was tested for a little over a week in the basin, and went
through many different tests. For all the tests, preliminary data was generated.
A total of thirty-one graphs were used to check the data quality for each run. The
data was collected from an assortment of sources. External data, such as the
weather (wind and waves), was collected by the wind and wave probes which
were arranged in the testing field. Internal data, such as X, Y, and Z
accelerations, and respective rates were collected by a Motion Pack, while the

Qualisys Track Manager (2TM) captured the six degree of freedom motion data.

Initially, qualification tésts were performed, which involved performing
heave, pitch, and roll decays and tests. Port and starboard turning circles in a

variety of weathers followed. Next, we moved on to heading, following, and

Institute for Ocean Technology 1 Mc 'cmc
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beam seas setback series tésts, where the models encountered the same
weathers but performed different tasks in them. Finally, we finished up with
Response Amplitude Operator (RAO) tests, which tested the response of the
lifeboat to different wave frequencies. My role over the period was to load the
data in the project directory, print off the graphs, and set the model up in the
launch system at the end of test runs. In the final week of testing, | also got the

opportunity to drive the model.
2.0 OFFSHORE ENGINEERING BASIN

The basin is seventy-five meters in length and thirty-two meters in width,
with an adjustable water depth of 0.1 to 3.0 meters. One hundred and sixty-eight
(168) hydraulically activated wavemaker segments produce waves of variable
wave height and wave period. These segments are banked along the south and
west sides of the tank. The facility also has fixed and moveable passive wave
absorbers on opposing sides of the wavemakers which act as a beach. The
lifeboats were launched uging a moveable launch arm, which was designed to
allow the models experience their natural responses. However, the system did
not quite work as intended and sometimes it restricted and controlled the motion
of the models. Wind in the OEB is created by a bank of twelve fans, which have
a maximum gusting capability of twelve meters per second at a distance of ten
meters. These fans all rotate in the same direction causing the wind to make a
spiraling motion, which caused problems during testing. Despite these minor

deficiencies, this facility, along with its instrumentation and data acquisition, is
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one of the most advanced &ngineering basins in the world. Layout of the OEB

is located in Appendix A.

Figure 2.1 OEB

3.0 LIFEBOAT DESIGNS
3.1 1:7 MADROCK DESIGN

The first model tested was the 1:7 MadRock design, a design of MadRock
Marine Solutions Inc. The company is a part of OTEC (Ocean Technology
Enterprise Center). This madel took the longest to finish the test series, as it was
our first time setting up for all the different tests. The MadRock design seemed
to handle the best in all of the weathers. The model was able to steer and make
it through the different weathers more efficiently then the other designs. This
design also seemed to havé the least motion, which is an asset to reduce

seasickness.
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Figure 3.1 MadRock

3.2 1:7 CONVENTIONAL DESIGN

The next design tested was the Conventional design, which is the most
common lifeboat found on ships and offshore structures. Its round shape caused
it to experience a great deal of roll, so much that the beam setback tests could
not be performed. This lifeboat design handled less efficiently then the MadRock

design.

Figure 3.2 Conventional
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3.3 1:7 FREEFALL DESIGN

Lastly, the Freefall design tests were performed. This design gets its
name from its ability to be dropped into the water as opposed to being lowered
like the other models. In th& event of evacuation, this lifeboat is launched from
launch ramp, similar to a slide, on the deck of a boat or structure, and “dive’s”
into the ocean. lts shape i such that it decelerates at a minimal rate so injuries
are minimized. However, this shape also causes the model to have a large
amount pitch and roll motions, and to have limited handling capabilities in
comparison to the other two designs in the weather conditions tested. In fact, the
turning circles series tests in Beaufort seven conditions had to be stopped so no

damage was caused to the model.

Figure 3.3 FreeFall
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4.0 DATA COLLECTION

41 QUALISYS TRACK MANAGER

Qualisys Track Manager (QTM) is a modern Windows-based motion
capture software that allows the user to perform two-dimensional as well as
three-dimensional motion ¢apture in an easy way. It does this by recording the
positions of Qualisys mark&rs that have known relative positions, in this case, a
lifeboat model (see Appenidix B). Cameras were set up in the OEB that identified
reflected light from the markers. The end results are smooth and accurate two-
dimensional or three-diménsional data. The cameras have the ability to capture
motion in approximately an gight by seven meter square box in the middle of the

basin, and this is referred to as the “Qualisys box”.

42 MOTION PACK

The motion pack is an inertial sensing system, which is used to measure
angular rates and linear accélerations in different types of instrumentation, in our

case, lifeboat models.

Figure 4.1 Motion Pack

Institute for Ocean Technology 6 m 'cmc



Work Term 1 Report

43 IGORPRO 4.0

Igor Pro is an integrated program for analyzing, transforming, and
presenting data. It is an all-purpose program used to acquire and manipulate
experimental data. The fascinating thing about Igor Pro is that it has its own
built-in programming environment, which allows the user to display data in such a
manner that is simple and most convenient for that individual. For example, in
this test series a procedure was developed to display up to thirty-one graphs of
motions and waveforms that were important to the experiments with the simple

click of a mouse button.
5.0 TEST MATRIX
5.1 QUALIFICATION SERIES

The qualification series were preliminary tests that were carried out at the
beginning of each test matrix. Inclining tests were performed by placing known
masses on each side of the model and recording the inclining angle in degrees.
Next, decays of the model Wére performed. The tests were done by placing the
models in the Qualisys box and exciting the motions by hand. Qualisys and the
Motion Pack tracked the rotions, accelerations and rates. The next set of tests
were velocity and acceleration tests. During the velocity tests, the model was
simply driven through the Qualisys box at a constant velocity. The acceleration
tests involved the model starting at rest in the middle of the Qualisys field, and

accelerating out of it.
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5.2 TURNING CIRCLES

The turning circles series consisted of each model driving into the
Qualisys field and into the weather, making two circles (port or starboard) within
the field, and coming straight out. Wind only runs, as well as runs with wind and
waves simultaneously weré performed. As the weather increased, the models
took more time to completé the circles and had trouble staying within the field.
On occasions the models wére pushed out of the Qualisys field. The tests
covered five different conditions: Calm water, and four different Beaufort levels,
from Beaufort four to seven. A description of all of the Beaufort levels can be

found in Appendix C.
5.3 SETBACK SERIES

The setback series tested how much displacement would initially be
caused by the weather after the model was released and before it could
overpower the weather and move away. For this, the launch arm was set up
near the middle of the Qualigys field and the models were released after each of
the weathers was upon them. They were launched at maximum power and on a
specific part of the wave (upslope, crest, down slope, or trough) for comparison.
It was found that the mode&ls experienced the greatest deal of setback in the
trough and upslope segments of the wave. Tests were done for head seas
(model going toward the weather), following seas (model going away from the

weather) and beam (modgl going into the weather from the side). MadRock
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design was the only modeél capable of performing the beam tests, as the others
presented too much of a risk of capsizing. The setback series was the most time
consuming‘ of all the test sé&ries, as there were several releases done for each
weather, and the launch me&chanism needed to be moved as conditions changed

from head seas and following seas.
6.0 MY ROLE

One of my roles during the tests in the OEB was to input and inspect the
test data after each run. Thé& data was collected by the computer system in the
OEB. | would then import the DAC files over to the project directory, and into
Igor Pro 4.0. Using this software, the different data channels were displayed for
inspection. After the different data channels were printed, | looked over them to
insure that the channels were working properly. If a channel was different then
expected | reported it to the technicians, and the deviation was assessed and if
necessary fixed. After each test run, we had to wait at least twelve minutes to let
frame. Another one of my duties was to set up the models in the launch system
after each test run. Wheri the weather (wind and waves) turned off, | would row
to the launch system and wait for the model to be maneuvered to me. The
launch system consisted of two arms with tapered pins that fitted onto special
mounts on the models. The& arms were held in place by electromagnets with a
force of 200 Ibs. When the electrical current was cut, the magnetic force would

disengage and springs moved the arms away from the model. My job was to
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place the model between the launch arms and engage the electromagnets. |
also launched the model by cutting the current in the electromagnets and pulling
the launch arm away from the model. During the last week of testing, | got the
chance to drive the Freefall model. | performed the turning circles and setback
tests for this model, and unfortunately, it was the hardest model to handle in the
weather. This job had a lot of responsibility as the model and all of the data
collecting equipment inside it costs around $50, 000.00, and one mistake could
ruin it, not to mention the expensive equipment that needed to be avoided in the

tank, such as the wave probes.
7.0 CONCLUSIONS

Working with the EER research team under the supervision of Antonio
Simoes Ré and Ed Kennedy for my first work term has increased my knowledge
offshore safety greatly. Although our data from the testing in the OEB has not
been analyzed yet, many cbservations can be drawn regarding the three

TEMPSC models.

1. The turning circles made it obvious that the MadRock design was the best
at maneuverability in all the weathers, especially the higher weathers, and
also had the least pitch and roll. The Conventional design was second in

maneuverability.
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2. The setback series made it evident that the most setback was recorded
when the models were launched on the upslope and trough portions of the
waves. Also, the exira power in the MadRock model made it much easier

to power through theé wind and waves after its setback.
8.0 RECOMMENDATIONS

After observing and participating in the OEB testing, | would recommend
that the launch arm be red&signed, and the wind machines preliminary
modifications revisited and if necessary redesigned. A launch system that allows
the model to move freely and naturally without the inertia of the system affecting
its motions. The wind machines need to be upgraded so that the air travels in

one direction as opposed 1o spiraling toward the south side of the tank.
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APPENDIX B

QUALISYS MARKER LOCATIONS

R

Location of Qualysis Markers

Experiments patfitthed on the 1:7 Madrock TEMPSC Model in Winter 2004

Distance from (0,0,0)
in Millimeters

| 3] 552 8
| 5]945]-60 | 513
| 6[1341] 0 [403]

Location of Qualysis Markers

Experiments performéid &t the 1:7 Conventional TEMPSC Model in Winter 2004

Distance from (0,0,0)
in Millimeters

-80_| 377 |
| 171] 0 | 524
| 4]

| 5|
| 6 [1180] 56 | 382]




Location of Qualysis Markers

Experiments pefftitiried on the 1:7 Free Fall TEMPSC Model in Winter 2004

Distance from (0,0,0)

PROFILE in Millimeters




APPENDIX C

THE BEAUFORT SCALE

Description Beaufort Sea conditions Wind Mean | Average | Significant
Wind Range Wind Wave Wave
Force (knots) | Velocity | Height* | Height* (ft)
(knots) | (ft) from | from mean
mean wind
wind velocity
velocity

<

Calm 0 Seahkea mirror 0 0 0

Light air 1 Ripplés with the 1to3 2 0.05 0.08
appearance of scales are
forméd, but without foam
crests

Light breeze 2 Small wavelets, still short 4106 5 0.18 0.29
but iere pronounced;
crests have a glassy
appearance, but do not
break

Gentle breeze 3 Large wavelets, crests 7 to 10 8.5 0.6 1.0
begiii to break. Foam of
glassy appearance.
Scattéréd white horses.

Moderate breeze 4 Small waves, becoming 11to 16 13.5 1.8 2.9
largér; frequent white
horsg

Fresh breeze 5 Modetate waves, taking a 17 to 21 19 43 6.9
moreg pronounced long
form; many white horses
are fotined. Chance of
somi¢ spray.

Strong breeze 6 Largg waves begin to form; | 22 to 27 24.5 8.2 13
the white foam crests are
more éxtensive everywhere.
Probably some spray.

Moderate breeze 7 Sea heaps up and white 28 to 33 30.5 14 23
foam from breaking waves
begiiis to be blown in
streaks along the direction
of thé& wind. Spindrift
begins to be seen.

Fresh gale 8 Moderately high waves of 34 t0 40 37 23 37
great léngth; edges of crests
break into spindrift. The
foarn i§ blown in well-
marked streaks along the
direction of the wind.




Strong gale 9 High waves. Dense streaks 41 to 47 44 36 58
of foam along the direction
of thé wind. Sea begins to
roll. Visibility affected.

Whole gale** 10 Very high waves with long | 48 to 55 515 52 83
overhariging crests. The
resultifig foam is in great
patchés and is blown in
densgé white streaks along
the diréction of the wind.
On the whole, the surface
of thé sea takes a white
appearance. The rolling of
the s&a becomes heavy and
shocklike. Visibility
affected.

Storm** 11 Excéptionally high waves 56 to 63 59.5 73 116
(small and medium-sized
ships might for a long time
be lost to view behind the
wavés ). The sea is
coniplétely covered with
long white patches of foam
lying along the direction of
the wind. Everywhere the
edgés of the wave crests are
blowt iito froth. Visibility
affected.

Hurricane** 12 Air filled with foam and 64 to 71 >64 >BF** >]28%**
spray. Sea completely white
with d¥iving spray;
visibility very seriously
affected.

* Wave heights given represent a fully arisen sea state.

** For Beaufort 10, 11 and éspeécially Beaufort 12 conditions, required durations are
rarely attained. Therefore, sé¢as are not fully arisen.

*** For such high winds, th¢ séas are confused. The wave crests blow off, and the water
and the air mix.






