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1.0 Introduction

Large and small ships travelling across the ope&aomcan sometimes meet with
disastrous results. While many large ships andelesse designed to withstand
extremely hostile weather, they are not invincibl¢he elements. As a result, these ships
and vessels can become compromised and the ordbatmon ship can be given. In
order to enhance the survival of personnel andgnags's in the ocean, vessels are often
outfitted with inflatable life rafts for use in tbe emergencies. When a vessel does
become comprised, these inflatable life rafts araetimes the only life saving appliance
that will keep people from drowning. Even thougfatable life rafts are considered an
extremely important piece of survival equipmentvessels and ships travelling about
the ocean, there are still a lot of unknown envinental conditions that may affect the
operational performance of the life raft.

Current operational standards for most commercalbilable life rafts have only
been done in calm water, under the most ideal tiondi This is a cause for concern as it
is quite possible that an emergency situation tiesuin abandonment of the ship or
vessel could occur in less than ideal conditionis. inknown at this time what are the
range of weather conditions that can limit the apenal performance of life rafts.

The purpose of this report is to examine the opmral performance of 1:7 scale
models of a commercially available 16 and 42-persapacity life rafts under a variety of
controlled weather conditions. The use of modétsas us to test the performance of the
life rafts in weather conditions that would be ®dreme to test in full scale, open water
trials. The goal for this project is that the cotél information can be used to fill in the
current knowledge gap, which would benefit the maoperators, the regulatory bodies,
the search and rescue planners, the training projidnd the manufactures in
developing news designs.



2.0 Project Objectives and Scope

The overall objectives of this experimental stadg to examine the effects of
environmental and raft variables on life raft masand tow force on a 1:7 model scale
of a 16 and 42 person life raft. The environmewdaiables included regular waves with
varying frequencies and slopes, and wind speeBeaifort equivalent levels of 4, 5, 6,
and 7. The raft variables included ballasting cbods (even and uneven), floor inflation,
and sea anchor deployment. Listed below are thafgpebjectives tested for:

1. Examine the effects of sea anchor deploymeate sff floor inflation,
distribution of occupants (simulated by ballastgt), and tow speeds for the
16 and 42 person model rafts on tow force, acasdeis, and raft motion in

calm water conditions.

2. Examine the effects of wave frequency, waveeslopnd speed, and tow
speeds on the life raft Response Amplitude Ope(&A0).

3. Compare the life raft RAO and tow force betwden16 and 42 models.

The present series of tow tests were conducted) usistom fabricated 1:7 scale
models of a typical SOLAS approved 16 (Model Numb@i 721)and 42 (Model
Number: I0T 722) person life rafts. The tests weaeied out in uni-directional waves
and wind with the model rafts being towed by themearriage in the Clear Water Tow
Tank located at the Institute for Ocean Technolddpe towing effects of the main
carriage on the models is similar to their fulllsa@unterparts being towed by a large
vessel (an infinite mass) as opposed to a smdt| stech as a rigid inflatable boat, in
which case the tow load would affect the sourcpropulsion.



3.0 Test Program and Test Setup

3.1 Test Facility

The test program was conducted in the Clear Waier Tank facility located at the
Institute for Ocean Technology. The tank itseB@m long, 12m wide, and 7m deep.
The tank is equipped with two carriages: the maimng carriage, and a smaller service
carriage that can be attached to the main onemEie towing carriage is capable of
travelling down the tank up to a maximum speed®fis. Fans can be installed
underneath the main carriage to simulate the effefctvind on the model rafts as they
are being towed. The main carriage itself is eqegpwith a VMS and Windows based
distributed client/server data acquisition systeatated on the far end of the tow tank is
a dual-flap wave maker that is capable of genagatgular and irregular uni-directional
waves from frequencies ranging from 0.1 Hz to 1z8aith a maximum significant wave
amplitude of 0.5m. Located on the opposite endheftank is a parabolic beach that is
used for wave absorption.
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Wowe Moker Encourtsr Wave Probe \
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\,
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Figure: 3.1 Drawing of Institute for Ocean Techmyls clear water tow tank (all
distances in meters).

3.2 Model Life Rafts

IOT model rafts IOT 721 and IOT 722 were 1:7 scateels of typical SOLAS

approved 16 and 42 person life rafts manufactuyedwfoundland Marine Safety
Systems used for this testing. IOT 721 had tworsépanflation tubes, an upper and
lower, as well as an inflatable floor and a cleamapy. A wire frame was attached to the
raft (see diagram) to allow for placement of théagb tracking system (Qualysis)
markers. The weight of the raft uninflated with thiee frame was 1.1kg. IOT 722 had
two separate inflation tubes, an upper and lonewell as an inflatable floor and a clear
canopy. A wire frame was also attached to allowpfacement of the Qualysis markers.
The weight of IOT 722 was 2.2kg with the wire frarkach model life raft was equipped
with miniature stability pockets; 8 on IOT 721 atgion IOT 722.



Figure 3.2: Model 10T 721 of a 16-person life nafth wire frame and Qualysis optical
tracking markers attached.

Figure 3.3: Model 10T 722 of a 42 person life naith wire frame and Qualysis optical
tracking markers attached.



Figure 3.4: Stability pockets attached to model I2L.

3.3 Drogue

A 1:7 scale model of a conventional drogue was t@sedll testing. The drogue’s
diameter measured 5.5cm across the opening, an@amatong from the opening to the
bottom of the cone. The same drogue was used trntlmodels IOT 721 and 10T 722.
The model drogue is pictured in figure 3.5

Figure 3.5: Photo of sea anchor used on both the/®1 and IOT 722 model life rafts

3.4 Wind

Wind was generated by two banks of six analog odiatt fans mounted side by side
underneath the main tow carriage. Each fan was paaley a DC motor and had a blade
diameter of 530mm. Mounted on the fans were hotadauvers that allowed the wind
flow to be directed upward or downward. The louwgese positioned at an angle of 20°
down from the horizontal plan&he fans were controlled by an operator on the main
carriage and could be set to produce wind speeds apd over 8m/s.



Figure 3.6: Wind fans mounted on the bottom ofrtieen tow carriage.



4.0 Instrumentation
4.1 Data Acquisition

Two data acquisition systems were used in thispiegjram. One system was used to
collect signals from the rafts while the other waed to collect signals on the main tow
carriage. The system in the raft used a PIC (Prograble Integrated Circuigcquisition
system that was connected to a radio transmittez.rédio transmitter allowed the
signals collected from the raft to be sent wirdiegsthe main tow carriage which were
then acquired by GDAC (GEDAP (Generalized Experitae@ontrol and Data
Acquisition Package) Data Acquisition and Contobi@nt-server acquisition system. On
the main carriage, the data acquisition systemtigdglirectly into the GDAC client-
server acquisition system.

The following table shows the signals collectedtunrafts:

Table 4.1: Signal acquisition from model life rafts

Signal Instrumentation Sample Rate

Raft surge, sway Motion Pak Il 6 degrees-of; 260 Hz
accelerations (-10g to +10gfreedom motion sensor
and heave accelerations
(-89 to +89). Yaw, pitch
and roll rates (-300 deg/s t
+300 deg/s)

O

Sea anchor Force Load Cell 260 Hz

The following tables show the signals collectedrfrihe main carriage.

Table 4.2 Signal acquisitions from main tow cariag

Signal Instrumentation Sample Rate
Carriage position Main Carriage Sensors 50 Hz
Carriage speed Main Carriage Sensors 50 Hz
Encounter wave probe Capacitance wave probe 50 Hz
Upstream wave probe Capacitance wave probe 50 Hz
Tow force Load cell 50 Hz
Raft surge, sway and heaveQualysis optical tracking 50 Hz
displacements. Yaw, pitch | system
and roll angles
Wind drive Volt meter 50 Hz
Wind speed Wind anemometers (3) 50 Hz




4.2 Co-ordinate Systems

Two co-ordinate systems were used for this experimiéne first was a right hand global
co-ordinate system relative to the main towingiage used for Qualysis. The positive x-
axis is defined as parallel to the tow directioowd the tank towards the wave makers.
The positive y-axis is defined as directly to pmirthe tow direction by 90° counter-
clockwise. The positive z-axis is defined as poigtup. The second co-ordinate system
was a local right hand co-ordinate system witharthit with its origin located directly in
the geometric centre of the model used to pladeumentation and ballast. The x, y, and
z were defined the same as that used for the gl@balysis system.



5.0 Test Program
The test program was divided into three main corepts

1. Tow tests for both the 16 and 42 person modsl ra calm water with varying
conditions on the raft.

2. Tow tests for both the 16 and 42 person modis maregular waves of varying
frequency and slope, and in varying Beaufort edaivdevels.

3. Un-tethered drift tests for both the 16 and d&pn model rafts in regular waves

of varying frequency and 1:15 slope, and in Bedidgquivalent levels of 4, 5, 6,
and 7.

For the regular wave conditions, the wave frequesigaried from 0.581 Hz to 1.245

Hz, in intervals of 0.083 Hz, at slopes of 1:1A,5]:and 1:20. The wind speed ranged
from Beaufort 4 to 7 equivalent.

The test matrices for this program are shown belbwe to the length of the tow tank
we were able to tow at three separate speeds deaictgtest run in calm and regular

wave conditions. These speeds ranged from 0.19n@s8m/s (1-4 knots full scale) in
intervals of 0.04 m/s

Table 5.1 Test matrix

Weight Floor
Distribution Inflation Sea Anchor Calm Regular Drift Test
Water Waves

Even Inflated Yes Y Y Y
Even Inflated No Y
Even Un-inflated Yes Y
Even Un-inflated No Y

Uneven Inflated Yes Y

Uneven Inflated No Y

Uneven Un-inflated Yes Y

Uneven Un-inflated No Y

Both models IOT 721 and IOT 722 were tested awalle frequencies and slopes
for regular waves. The notable exception to this #at it was not possible to model
IOT 722 in 1:10 slope waves at frequency 0.581Adzhis frequency and slope, the
waves reached a height that caused them to impadttank of fans mounted underneath
the main tow carriage. When model 10T 721 was teate¢hat wave frequency and
slope, the fans had been mounted differently uredgimthe tow carriage. For safety
reasons, the fans were mounted differently whenahi@Il 722 was tested. Small lead
weights (32) weighing about 142g each were usdzhbast. Each weight had a small
portion of Velcro on its underside that allowed éasy and secure attachment to the raft.



The model rafts were ballast to about 75% capaditiie rated total compliment of their
full-scale counterparts. This would equal 12 ocatpaveighing 75kg each in IOT 721
and approximately 31, 75kg occupants in IOT 72Be hallast weights were simply
repositioned in the rafts to switch from “even bstf to “uneven ballast” conditions.
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Figure 5.1: 10T 721 model raft, layout of even asilconditions (squares designate
ballast weight position)
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Figure 5.2: 10T 721 model raft, layout of unevetlds conditions (squares designate
ballast weight positions)
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T Direction of Tow

Figure 5.3: 10T 722 model raft, layout of even asilconditions (squares designate
ballast weight position)
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Figure 5.4: 0T 722l raft, layout of uneven balleshditions (squares designate weight
ballast position)
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5.1 Test Methodology

After the completion of the standard Institute @rean Technology wind and
wave calibration procedures, the investigatiorhefperformance of the model life rafts
began.

Prior to the start of any testing in the mornir@T1722 was inflated to the
following pressure: 1.0 psi for both the upper bowler chambers, and 0.5 psi for the
floor. IOT 721 did not have valves on it that woaltbw us to measure the pressure
accurately. A new battery was placed in the Motaknit each morning as well. The
raft models were then secured to both its tow (@@nected to the main carriage) and its
tag line (connected to the service carriage). Bieline was connected to a 50Ib load
cell that had a 16-bit resolution system. The lag bn the models remained slack during
all tow tests up the tank. Tests were then perfdraszording to the test matrix. Once a
run was completed up the tank, the main carriageldvivavel back down the tank to its
home position. A 10-15 minute wait period was dgthbd in between each test run to
allow the tank to “settle” and have any remainirgyes dissipate.

Two wave probes were utilized during the testingggh One was located at a
fixed position 175m down the tow tank while theatiwvas attached to the service
carriage roughly in the same transverse planea®ftihe centre of the life raft.

Two banks of six wind fans were installed underng¢lae main tow carriage. The
positioning of the fans allowed them to generatedvdirectly onto the rafts. A bank of
wind anemometers were connected to the servicegarand placed in the same
horizontal plane as the model life raft.

During the testing programs, the main tow carriageé the service carriage were
connected to one another with aluminium frames asespacing bars. This allowed the
main tow carriage and the service carriage to nogether up and down the tank. This
also ensured that the wave probe mounted on thieserarriage stayed in the same
transverse plane as the model life raft duringrtgsA 4.29m (30m full scale) tow line
extended from underneath the main carriage anduged to tow the models up the tank
starting from the beach end and moving towardsvine maker. When each
experimental run was concluded, the main carriageldvmove back down (from the
wave maker end) towards the beach to initiate amatin after allowing the water in the
tank to settle for about 10-15 minutes. A video eearwas mounted on the side of the
tank on one of the spacer bars in the horizontalgbf the life raft. Another video
camera was mounted directly in front of the raffrhon the main tow carriage looking
down. Both video cameras were used to capture ti®ns of the raft.

12



Figure 5.5 Test setup.

For drift tests with the model IOT 721, the raftsdaft unattached to both the
service carriage and main carriage, but remaindigeirarea between the two. The start
of the drift test commenced at the end of the togkest to the wave makers. The raft
was not tethered and remained in the spatial seveelen the main tow carriage and the
service carriage. As the raft would drift down thek, the operator of the main tow
carriage used the side video camera to adjusiptbedsof the carriage to match the ratft.
This ensured that the raft remained in the areadsst the two carriages at all times and
stayed in the field of view of the Qualysis optitralcking cameras. When the model raft
drifted over and went out of optical tracking systield of view the test ended.

A different test methodology was used for the defits of IOT 722. In order to
prevent the raft from drifting into the tank walésfishing pole with standard 10Ib fishing
line was tied to the top of the raft. An operat@svwpositioned on the service carriage
with the fishing pole in hand. As the raft wouldrto drift past the maximum boundary
for the field of view of the Qualysis optical tranl system, the operator would apply
just enough force by pulling on the fishing poledtag the raft back roughly into its
original starting position. While this method ofgtt@nal re-adjustment is obviously not
a “true” drift test per se, the method allowedtfue drift test trials to have a longer
duration and be able to see the performance atfhever a greater time period.
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Figure 5.6: Drift test setup

Table 5.2: Full scale Beaufort wind speeds and thedel scale equivalents.

Beaufort Level

Wind Speed m/s (Full

Wind Speed m/s (Model

Scale) Scale)
4 7.14 2.72
5 9.69 3.69
6 12.5 4.76
7 15.3 5.83
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6.0 Results and Discussion
All speed results presented in this section arergia meters per second (m/s).
6.1 Calm Water Tows

The following figures show the effects of droguegsnchor) deployment on I0T 721
and 10T 722.

8.0
704 » —&— Even Ballast, Inflated, Drogue
' /'1 (Baseline)
6.0 4 —i— Even, Uninflated, Drogue
Z 50 Uneven, Uninflated, Drogue
8
S 4.0 1 Uneven, Inflated, Drogue
(TR
2
2 3.0 —¥K— Even, Uninflated, No Drogue
2.0 1 —®&— Even, Inflated, No Drogue
1.0 1 —+— Uneven, Uninflated, No Drogue
0.0 T T ‘ ‘ Uneven, Inflated, No Drogue
0.0 0.2 0.4 0.6 0.8 1.0

Speed (m/s)

Figure 6.1. Effect of varying setup conditions owtforce for model IOT 721. (Ballast
Configuration, Floor Inflating State, Drogue Dealy
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12.0

10.0 A

—&— Even, Inflated, Drogue (Baseline)

—— Even, Uninflated, Drogue
Uneven, Uninflated, Drogue
Uneven, Inflated, Drogue

—¥— Even, Uninflated, No Drogue

—®— Even, Inflated, No Drogue

—+— Uneven, Uninflated, No Drogue

Uneven, Inflated, No Drogue

8.0 1

6.0

Tow Force (N)

4.0 1

2.0

0.0 T \ \ T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Speed (m/s)

Figure 6.2: Effect of varying setup conditions owtorce for IOT 722 (Ballast
Configuration, Floor Inflating State, Drogue Dealy

12.0
10.0 -

. 8.0
£ —e—|OT 721 Drogue
[}
o 6.0 —#— 0T 721 No Drogue
LE ' IOT 722 Drogue
e 10T 722 No Drogue

4.0 -

2.0 1

i J'&"/
0.0 === ‘ ‘ ‘ ‘ ‘ ‘
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

Speed (m/s)

Figure 6.3: Effects of drogue deployment on I0OT @adl 10T 722 (Even ballast, floor
inflated)
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As was to be expected, the deployment of the dregused an increase in tow loads,
which increased as the tow speed reached an eguivall scale speed of 4 knots (actual
speed for the models were 0.78m/s). We see thedadifference between tow loads at
the speed of 0.78 m/s. For IOT 721, there wasfardiice of 1.73N between drogue
deployed compared to not deployed. The deployedition for IOT 722 resulted in a
1.22N larger tow load experienced than when thgukavas not deployed.

12.0

10.0 A

—~ 8.0 1
£ ——|OT 721 Even Ballast
§ 6.0 | ——|OT 721 Uneven Ballast
e IOT 722 Even Ballast
g 10T 722 Uneven Ballast
'_

4.0 1

2.0 1

=7
0.0 === ; ; ; ‘ ‘ ‘
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Speed (m/s)

Figure 6.4: Effects of ballast condition on 10T 7&1d IOT 722 (Floor inflated, drogue
deployed)

The effects seen by changing the ballast conditicer® less than those observed
by changing the drogue condition. For IOT 721,¢kien ballast condition generated
0.27N more tow force at 4 knots compared to thevemdoallast condition. The opposite
is seen for IOT 722. The uneven ballast conditienegated 0.98N more force at max
speed compared to the even ballast condition.
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12.0

10.0 |
801
£ —— |OT 721 Inflated
S 6o | —#— 0T 721 Uninflated
g IOT 722 Inflated
E 10T 722 Uninflated

4.0 1

2.0 |

g
0.0 ’M T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Speed (m/s)

Figure 6.5: Effects of floor inflation on IOT 72h@&IOT 722(Even ballast, drogue
deployed)

The effects of floor inflation do have the sameefffon tow force, as did the
ballast arrangement conditions; there is littldsgié#nce in tow force as the speed
increases. For IOT 721 the greatest difference semmce again, at max speed, with the
floor inflated condition. This generates 0.33N mtwr& force compared to having the
floor un-inflated. The difference in tow force lofmt IOT 722 less than that for IOT 721.
There was only a 0.2N difference in tow loads betwihe un-inflated and inflated
conditions, with the former having the greater toad.

The small differences observed in the tow load$N¥ may be the result of
experimental uncertainty, and may not be accufeta result, the changing of ballast
conditions and floor inflation states had a neglgieffect on the tow loads generated by
the raft. These loads reported were at the lowegedor the load cell, which may not be
able to resolve the actual force for such smallesl The models themselves were also
not completely air tight, and as a result wouldatefduring the testing program, which
may have affected the tow loads.
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12.00

10.00 4

8.00
O Baseline Case

O Uninflated
O Uneven Ballast
B Without Drogue

6.00 -

Tow Force (N)
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OOO a T T T D_I—. T T
I0T 721 - 10T 721- 10T 721- I0T721- IOT722- 10T 722- 10T 722- 10T 722 -

0.19 0.39 0.58 0.78 0.19 0.39 0.58 0.78
Model and Speed (m/s)

Figure 6.6: Summary plot of the effect of differeatt conditions for IOT 721 and IOT
722 on tow force at speeds from 0.19 m/s to 0.743 Bdseline case is even ballast
distribution, floor inflated, and drogue deployed.

6.2 Tow in Regular Waves

IOT 721 and 10T 722 were towed in unidirectiona@ukar waves with
frequencies ranging from 0.581Hz to 1.245Hz, witdpss of 1:10, 1:15, and 1:20. The
one exception to this was IOT 722 at the frequeri€.581Hz with a wave slope of
1:10. For this particular frequency and wave sloys/e heights were so large that they
were impacting the wind machine fans mounted uretgimthe carriage. For safety
reasons, the research team decide to cancel tastinig wave condition.

6.2.1 Heave RAO’s

The heave response amplitude operator (RAO) ismadimoensionalised value obtained
by dividing the amplitude of the model by the aryale of the encounter wave plotted as
a function of encounter frequency. Heave RAO’s wealeulated using the following
formula:

Heave RAO = Heavéd

Where:

Heave= Linear motion amplitude of the raft (m)
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Lo = Wave amplitude (m)

The encounter frequency is defined as the frequahashich the model encounters the
waves. Since the model is travelling in head sesat{ve to the waves), the encounter
frequency will be higher than the wave frequenayagated by the wave makers.
Therefore:

we= o — (©*U)/g)-cosu
fe= 1/(2/we)

Where:we = Encounter Frequency (rad/sec)
® = Wave Frequency (rad/sec)
U = Model speed (m?
u = Heading angle (180° for head seas)
g = Acceleration due to gravity (9.81 fi)s
fe = Encounter Frequency (Hz)

For 10T 721, the results were fairly consistentasrall wave frequencies and
slopes with the values ranging from 0.8 to 1.2. mb&ble exception to this was the 1:15
slope condition with Beaufort 6 equivalent wind$108 the encounter frequency
increased past 1.0, the heave RAO values incredkd for 0.19 m/s and 0.39 m/s
speeds, and then drop back down to 0.8 (Figurg6.10

For 10T 722 in the 1:10 slope conditions, the he¥® values are fairly
consistent around 1.0, for both Beaufort 5 anduvedent conditions. In the 1:15 slope,
Beaufort 6 equivalent condition, we begin to sel®anward trend in the values as the
wave frequencies increase. This trend continuelsddr Beaufort equivalent conditions
in the 1:20 slope waves.
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Figure 6.7: 10T 721 and IOT 722 heave RAO in 1:bps waves in Beaufort 5
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Figure 6.9: 10T 721 and IOT 722 heave RAO in 1:bps waves in Beaufort 5
equivalent winds.
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Figure 6.10: 10T 721 and IOT 722 heave RAO in Isldpe waves in Beaufort 6
equivalent winds.

22



IOT 721 Heave RAO []
) o o P P
N (o)) (o] = N N

o
(N
\

O T

055 065 075 085 095

105 115 125 135 145

Encounter Frequnecy (Hz)

1.55

0.4

IOT 722 Heave RAO [-]

——|0T 721 0.19 m/s
—#—|OT 721 0.39 m/s
10T 721 0.58 m/s
I0T 722 0.19 m/s
—¥— 10T 722 0.39 m/s
—8—|OT 722 0.58 m/s

Figure 6.11: 10T 721 and IOT 722 heave RAO in Iskifpe waves in Beaufort 5

equivalent winds.

1.6 1.9
1.4 117
_ 1.2 115
1) /\
T 1 e 1.3
g 2
T 0.8 L 1.1
T
— p XV
N 06 L 0.9
5
T 04 0.7
0.2 - % 05
0 0.3

055 065 0.75 0.85 0.95

1.05 125 135 145 155

Encounter Frequnecy (Hz)

1.15

IOT 722 Heave RAO [-]

—— 0T 721 0.19 m/s
—#—|OT 721 0.39 m/s
10T 721 0.58 m/s
10T 722 0.19 m/s
—*— 10T 722 0.39 m/s
—— 0T 722 0.58 m/s

Figure 6.12: 10T 721 and IOT 722 heave RAO in Iskipe waves in Beaufort 6

equivalent winds.

23



Table 6.1: 10T 721 heave RAO at 0.19 m/s speed.

Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.606 0.875 | 0.994 | 0946 | 0932 | 0.773 | 0.988
0.664 0.696 0.841 | 0.813 | 0993 | 0945 | 0.880 | 0.923
0.747 0.788 0.930 | 1.093 | 0.841 | 0905 | 0.909 | 0.875
0.830 0.880 1.010 | 1.093 | 0.729 | 0931 | 0.898 | 0.916
0.913 0.974 0.694 | 0.897 | 0779 | 0794 | 0.738 | 0.791
0.996 1.068 0.811 | 1.042 | 1.008 | 1.442 | 0.706 | 0.762
1.079 1.164 0.650 | 0.974 | 0.812 | 0.753 | 0.805 | 0.851
1.162 1.260 1.018 | 1.049 | 0.602 | 0.871 | 1.157 | 0.837
1.245 1.358 0.840 | 0.674 | 0948 | 0667 | 1.075 | 0.902
Table 6.2 IOT 721 heave RAO at 0.39 m/s speed.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.631 0.966 | 0.983 | 0962 | 0941 | 0.932 | 0.946
0.664 0.730 0.978 | 0.925 | 0941 | 0.887 | 0.982 | 0.957
0.747 0.830 0.856 | 0.897 | 0964 | 0938 | 0.944 | 0.910
0.830 0.933 0.893 | 0.897 | 0.898 | 0950 | 1.036 | 0.951
0.913 1.038 0.924 | 1.029 | 0.899 | 0903 | 0.970 | 0.935
0.996 1.144 0946 | 0.798 | 1.157 | 1301 | 1.221 | 1.146
1.079 1.253 0.837 | 0972 | 0.823 | 1279 | 0.843 | 0.790
1.162 1.364 1.043 | 0.873 | 093 | 0818 | 0.713 | 1.058
1.245 1.477 1.034 | 1.032 | 1175 | 1225 | 0.767 | 1.479
Table 6.3: 10T 721 heave RAO at 0.58 m/s speed.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.656 0.974 | 0976 | 0982 | 0966 | 1.005 | 0.974
0.664 0.762 0.986 | 0.989 | 1.018 | 0964 | 1.019 | 1.036
0.747 0.871 0.929 | 0920 | 1.016 | 0989 | 1.061 | 1.034
0.830 0.983 0.963 | 0.920 | 1.000 | 1.001 | 1.049 | 1.032
0.913 1.098 0.919 | 0945 | 0905 | 0982 | 1.073 | 1.025
0.996 1.216 0.987 | 0.874 | 0872 | 0862 | 1.022 | 0.971
1.079 1.338 0738 | 1.207 | 0.879 | 0682 | 0.987 | 0.901
1.162 1.462 1.090 | 0974 | 1125 | 1.033 | 0.975 | 0.891
1.245 1.589 1.096 | 1.368 | 0.766 | 1209 | 0.879 | 1.517
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Table 6.4: 10T 722 heave RAO at 0.19 m/s speed.

Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.606 N/A N/A 0.696 | 0.958 | 0.993 | 1.005
0.664 0.696 0.962 | 0.857 | 1.047 | 1.024 | 0.952 | 0.967
0.747 0.788 0.877 | 0.895 | 0.877 | 0.878 | 0.936 | 0.938
0.830 0.880 0.927 | 0.825 | 0.754 | 0.950 | 0.890 | 0.860
0.913 0.974 0.865 | 1.282 | 0.762 | 0.913 | 0.937 | 0.915
0.996 1.068 0.730 | 0.999 | 1.024 | 0.931 | 0.524 | 1.002
1.079 1.164 1.021 | 0.901 | 0.601 | 0.627 | 0.896 | 0.714
1.162 1.260 0.868 | 1.285 | 0.731 | 0.718 | 0.701 | 0.826
1.245 1.358 0.725 | 0.929 | 0.635 | 0.791 | 0.596 | 0.360
Table 6.5: 10T 722 heave RAO at 0.39 m/s speed.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.631 N/A N/A 0.960 | 0.974 | 0.977 | 0.975
0.664 0.730 1.044 | 1.075 | 0.928 | 0.993 | 0.948 | 0.947
0.747 0.830 0.980 | 0.802 | 0.895 | 0.975 | 0.926 | 0.905
0.830 0.933 0.896 | 0.816 | 0.895 | 0.837 | 0.905 | 0.914
0.913 1.038 0.870 | 0.954 | 0.966 | 0.620 | 0.868 | 0.875
0.996 1.144 0.861 | 0.882 | 1.021 | 0.808 | 0.821 | 1.045
1.079 1.253 0.815 | 0.830 | 1.051 | 0.752 | 0.968 | 1.052
1.162 1.364 1.265 | 0.875 | 0.950 | 0.778 | 0.707 | 0.886
1.245 1.477 0.906 | 0.788 | 1.134 | 0.809 | 0.662 | 0.612
Table 6.6: 10T 722 heave RAO at 0.58 m/s speed.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.656 N/A N/A 0.963 | 0.983 | 1.018 | 1.030
0.664 0.762 0.864 | 0.946 | 0.985 | 1.010 | 0.968 | 0.968
0.747 0.871 0.987 | 1.000 | 1.013 | 0.893 | 0.998 | 0.986
0.830 0.983 1109 | 1.035 | 1.041 | 0.894 | 0.968 | 0.963
0.913 1.098 1.309 | 0.954 | 0.962 | 0.719 | 0.953 | 0.952
0.996 1.216 1.014 | 1.032 | 1.005 | 0.924 | 0.907 | 0.873
1.079 1.338 0.971 | 0.874 | 0.915 | 1.030 | 0.796 | 0.790
1.162 1.462 1.029 | 0.737 | 1.245 | 0.635 | 0.676 | 0.633
1.245 1.589 1.026 | 0.835 | 0.833 | 0.677 | 0.647 | 0531
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6.2.2 Pitch RAO’s

Pitch RAO'’s are defined as the angular amplitudéee@model non-
dimensionalised by the wave slope amplitude. Fdr TQ1, pitch values were obtained
by integrating the pitch acceleration values frowim MotionPak then de-trending the
obtained values. The optical tracking system foF Q1 experiments was setup to only
measure linear motions (X,Y, and Z). For IOT 722 bptical system was setup to
measure pitch, roll and yaw motion. Pitch RAO’s evealculated by dividing pitch by
the wave slope amplitude. They were calculatedgusia following equation:

Pitch RAO = pitch ((2r/))-Co)
Where:

pitch = Pitch angular motion (in radians)
n=Pi

A = Wavelength for given wave frequency (m)
{o = Wave amplitude (m)

For I0OT 721, at the 1:10 slope, the RAO valuegeanfrom about 0.6 to 1; while
at the 1:15 slope the values ranged from 1 toahd;at 1:20, the value ranged from 0.8
to 1.2. Some wave frequencies for IOT 721 were pledgfrom the 0.996 Hz frequency
onward) from the 1:15 slope condition due to timastraints. For IOT 722 raft the pitch
RAO values ranged from 0.6 to 1.2 across all skopptwind conditions. A trend
observed was that the RAO values would decreadeeancounter wave frequency
increased.
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Figure 6.15: 10T 721 and IOT 722 pitch RAO in 1dl6pe waves in Beaufort 5

equivalent winds.
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Figure 6.16: 10T 721 and IOT 722 pitch RAO in 1dl6pe waves in Beaufort 6
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Table 6.7: 10T 721 pitch RAO at 0.19 m/s.

Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.606 0.896 | 0.772 | 1.041 | 1.008 | 0.896 | 0.819
0.664 0.696 0714 | 0.881 | 1.243 | 1.437 | 0.891 | 0.863
0.747 0.788 0.831 | 0.909 | 1.128 | 1217 | 0.924 | 0.832
0.830 0.880 1.040 | 0.870 | 1.316 | 1.136 | 0.873 | 0.856
0.913 0.974 0629 | 0.691 | 1.303 | 1.368 | 0.778 | 0.796
0.996 1.068 0.767 | 0.681 N/A N/A 0.798 | 0.834
1.079 1.164 0.591 | 0.640 N/A N/A 0.922 | 0.948
1.162 1.260 0.695 | 0.700 N/A N/A 0.938 | 0.880
1.245 1.358 0.550 | 0.623 N/A N/A 0.949 | 1.152
Table 6.8: 10T 721 pitch RAO at 0.39 m/s.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.631 0.937 | 0.975 | 0906 | 0956 | 0.842 | 0.829
0.664 0.730 0795 | 0.838 | 1.142 | 0973 | 0.883 | 0.831
0.747 0.830 0.891 | 0.775 | 1.169 | 0975 | 0.810 | 0.785
0.830 0.933 0.868 | 0.990 | 1.204 | 1.119 | 0.950 | 0.827
0.913 1.038 0.934 | 0757 | 1.143 | 1.134 | 0962 | 0.923
0.996 1.144 0.835 | 0.875 N/A N/A 0.966 | 1.247
1.079 1.253 0.666 | 0.693 N/A N/A 0.911 | 0.820
1.162 1.364 0.655 | 0.684 N/A N/A 0.895 | 1.167
1.245 1.477 0.790 | 0.693 N/A N/A 0.901 | 1.467
Table 6.9: 10T 721 pitch RAO at 0.58 m/s.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.656 0.967 | 1.013 | 1.015 | 1.022 | 0.764 | 0.725
0.664 0.762 1.045 | 0.968 | 1.044 | 0995 | 0.897 | 0.898
0.747 0.871 0.927 | 0919 | 1173 | 1376 | 0.889 | 0.884
0.830 0.983 0.958 | 1.020 | 1.338 | 1.386 | 0.976 | 0.975
0.913 1.098 0.956 | 0.842 | 1640 | 1346 | 1.122 | 1.055
0.996 1.216 0.942 | 0.886 N/A N/A 1.118 | 1.073
1.079 1.338 0.660 | 0.887 N/A N/A 1.114 | 0.916
1.162 1.462 0.919 | 0.845 N/A N/A 1.010 | 0.891
1.245 1.589 0.837 | 0.823 N/A N/A 0.878 | 1.338
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Table 6.10: IOT 722 pitch RAO at 0.19 m/s.

Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.606 N/A N/A 0.979 | 0.885 | 1.037 | 1.033
0.664 0.696 0791 | 0.810 | 1.015 | 0983 | 0.973 | 0.999
0.747 0.788 0703 | 0.677 | 1.073 | 1223 | 0.978 | 0.969
0.830 0.880 0.683 | 0.647 | 1.097 | 0937 | 0.993 | 0.970
0.913 0.974 0.663 | 0976 | 0923 | 1.103 | 1.157 | 1.073
0.996 1.068 0.659 | 0.824 | 0.870 | 0.892 | 0.855 | 1.248
1.079 1.164 0.682 | 0.650 | 0.889 | 0.776 | 1.115 | 0.857
1.162 1.260 0.660 | 0.964 | 0.747 | 0725 | 0.853 | 1.010
1.245 1.358 0570 | 0.757 | 0.712 | 1.001 | 0.629 | 0.521
Table 6.11: IOT 722 pitch RAO at 0.39 m/s
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.631 N/A N/A 0.969 | 0.939 | 0.980 | 0.938
0.664 0.730 0.813 | 0.902 | 0965 | 0905 | 0.912 | 0.899
0.747 0.830 0.821 | 0.718 | 1.002 | 0985 | 0961 | 1.052
0.830 0.933 0.800 | 0.733 | 1.093 | 0994 | 1.049 | 1.101
0.913 1.038 0775 | 0.790 | 0.867 | 0925 | 1.059 | 1.111
0.996 1.144 0.604 | 0.726 | 0.857 | 0942 | 1.007 | 1.021
1.079 1.253 0.640 | 0.652 | 1.020 | 0.801 | 1.171 | 0.916
1.162 1.364 0.881 | 0.675 | 0.628 | 0.802 | 0.779 | 0.716
1.245 1.477 0.664 | 0572 | 0688 | 0603 | 0.692 | 0.630
Table 6.12: IOT 722 pitch RAO at 0.58 m/s.
Frequency| Encounter 1:10 Slope 1:15 Slope 1:20 Slope
Frequency
Hz Hz Beaufort Beaufort Beaufort
Equivalent Equivalent Equivalent
5 6 5 6 5 6
0.581 0.656 N/A N/A 0.950 | 0.912 | 0.944 | 0.938
0.664 0.762 0879 | 0.854 | 1.011 | 1.014 | 0.892 | 0.899
0.747 0.871 0.963 | 1.030 | 1.065 | 1.040 | 1.058 | 1.052
0.830 0.983 1.048 | 1133 | 1.232 | 1156 | 1.105 | 1.101
0.913 1.098 1109 | 0.948 | 1.158 | 1.074 | 1.100 | 1.111
0.996 1.216 1.032 | 0.904 | 0.968 | 0904 | 1.021 | 1.021
1.079 1.338 0.869 | 0.799 | 0.753 | 1.095 | 0.938 | 0.916
1.162 1.462 0742 | 0.671 | 0660 | 0.750 | 0.761 | 0.716
1.245 1.589 0744 | 0.661 | 0663 | 0645 | 0.750 | 0.630
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6.2.3 Effects of wave slope, frequency and towingeed on mean tow force

The following graphs depict the effect of varyingwe slope, frequency and tow
speed on the tow force (mean + 2 standard devjdtomoth models IOT 721 and IOT
722.

The mean combined with two times the standard dewiavas used to report the
tow force in order to give an accurate represesriaif the maximum loads experienced
by the load cell. Since the load cell experiencetth Iperiods of loading and unloading as
the rafts traveled up and down the waves, repodirlg the mean would not have been
an accurate representation of the maximum forcpsresnced on the tow point. By
adding two times the standard deviation to the nwadure observed for the tow force, we
are able to report mean maximal tow loads expeeigy the load cell while also
omitting noise from the load cell which may prodweerealistically high tow loads that
could be interpreted by statistical analysis sofénss the actual maximum tow load. See
figure 6.19 for an example.

For IOT 721, larger tow loads were observed atithee slope 1:10 and at lower
encounter frequencies compared to greater waveskapd frequencies. Within wave
frequencies, regardless of wave slope, the towefdecreased as the wave frequency
increased, resulting in an inverse correlation betwthe two. Speed also influenced the
tow loads observed. Irrespective of wave frequencsiope, higher tow speeds would
always generate larger tow loads, with 0.58 m/®g&ing the largest tow forces out of
all the speeds.

Similar results were observed during IOT 722. Lowave slopes and
frequencies would generate larger tow loads whampewed to higher slopes and
frequencies. The same relationship observed betemsed and tow force with the I0OT
721 was also observed with IOT 722. As the towjmeesl increased, the tow loads
increased as well.

When comparing the tow loads observed of IOT 72irey IOT 722, the results
are fairly consistent. It can be observed in ttapbs that as the wave frequency increase;
the tow force decreases for both rafts in both Betiequivalent conditions. In the 1:10
slope waves at 0.58 m/s towing speed, IOT 722 resstgy tow loads at the 0.69 Hz wave
frequency than 10T 721. At the 1:15 wave slope did in Beaufort 6 equivalent
winds towing at 0.19 m/s, IOT 721 has greater wadbk for the wave frequencies of 0.59
Hz, 0.67 Hz, and 0.76 Hz. For the remaining waevpe$ and speeds, the tow forces
observed for both IOT 721 and IOT 722 are fairlpifar. While it would be expected for
the larger, model raft (IOT 722) to generate latger loads compared to the smaller raft
(IOT 721), this is not always the case. I0OT 722 aive a highemean tow load than
the 10T 721, but thenaximal tow loads observed by the two are fairly similar.
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Figure 6.19: Tow force times series for IOT 72D.&64 Hz wave frequency, 1:10 slope,
in Beaufort 6 equivalent winds, being towed at Q1i/8.
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Figure 6.24: Mean tow force plus two standard desmafor IOT 721 across speed at
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Figure 6.25: Mean tow force plus two standard desmafor IOT 721 across speed at
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Figure 6.27: Mean tow force plus two standard desnafor IOT 722 across speed at
varying slopes in Beaufort 6 equivalent winds.

41



40

35

30

25

20

15

10

40

35

30

25

20

15

10

Tow Force Mean + 2STD) (N)

40

35

30

25

20

15

10

0.19 m/s

0.61 0.70 0.79 0.88 0.97 1.07 1.16 1.26 1.36
0.39 m/s

0.63 0.73 0.83 0.93 1.04 1.14 1.25 1.36 1.48
0.58 m/s

0.66 0.76 0.87 0.98 1.10 1.22 1.34 1.46 1.59

Encounter Frequency (Hz)

@OI0OT 721 BF 5 Equiv
mIOT 722 BF 5 Equiv
OloT 721 BF 6 Equiv
Ol0T 722 BF 6 Equiv

@IOT 721 BF 5 Equiv
W IOT 722 BF 5 Equiv
Ol0T 721 BF 6 Equiv
OlI0T 722 BF 6 Equiv

@IOT 721 BF 5 Equiv
W IOT 722 BF 5 Equiv
Ol0T 721 BF 6 Equiv
Ol0T 722 BF 6 Equiv
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Figure 6.29: Tow force (mean + 2 standard deviationlOT 721 vs IOT 722 compared
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Figure 6.30: Tow force (mean + 2 standard deviationlOT 721 vs. IOT 722 compared
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6.3 Drift Tests

A series of un-tethered drift tests were performedhe model rafts. The tests
were carried out on uni-directional waves withapsl of 1:15 over frequencies ranging
from 0.581 to 1.245 Hz, in increments of 0.083 Hze wind conditions tested were: no
wind, Beaufort 4, 5, 6, and 7 equivalent conditiddsft heave and pitch RAO
calculations were performed the same way as inlaegiaves.

There was a difference seen between the heave RA@s/for IOT 721 and 10T
722 during the drift tests. For all Beaufort eqleve. conditions, the heave RAO for IOT
721 remains close to 1.0 The exception to thieesBeaufort 5 and 7 conditions at the
frequencies of 1.079 and 1.245 Hz. At these camitthe RAO value increase to 1.68
and 2.08 for Beaufort 5 equivalent and, in Beaufogqjuivalent the values to 1.6 and
1.63. For 10T 722, as the wave frequency increabedheave RAO values decreased for
all Beaufort equivalent conditions; except in Beati¥ equivalent where the RAO values
still remain close to 1.0.

For the pitch RAO’s both rafts experienced simitands. At the lower wave
frequencies, the values for IOT 721 were aboufdr.@ll Beaufort equivalent conditions;
while the values for IOT 722 raft ranged from @319 at the lower frequencies. As the
wave frequency increased, these values dropped thanange of 0.6 to 0.3 across all
Beaufort conditions. For IOT 721 pitch RAO'’s at thiave frequency 1.162 the motion
pak was not working correctly resulting in inactardata being reported. This resulted in
the large pitch and heave RAO values seen atrbaaiéncy for IOT 721.

For 10T 721, some of the data obtained from theidMdlak was obviously

incorrect for certain wave frequencies. This dasa @ropped from the RAO plots and
appears as 0 on the graphs.
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Figure 6.32: Heave RAO for IOT 721 and IOT 722 dgrdrift tests from Beaufort 4-7
equivalent conditions.
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Figure 6.33: Pitch RAO for IOT 721 and IOT 722 dgyrdrift tests in Beaufort 4-7
equivalent conditions.
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7.0 Conclusions

1. In calm water tow experiments, the deploymenhefsea anchor had the greatest
effect on tow force loads for both I0T 721 and |2 (model 16 and 42 person
raft respectively), with a greater force observértwit was deployed. The effects
of having the floor inflated and ballast distrilmutihad a minimal difference on
tow force loads. These small differences observayl loe due to experimental
error.

2. Forthe heave RAQO's in regular wave conditid®d, 721 had values ranging
from 0.8 to 1.2 across all wave slopes and windlitmms. For the wave
conditions of 1:10 slope, IOT 722 heave RAO valese similar to model IOT
721 in that they ranged from 0.8 to 1.2. IOT 723 wested in the 1:15 and 1:20
wave slope conditions different RAO values wereeobsd. The range of the
RAO values changed to 0.6 to 1.0 across both sladeBeaufort equivalent
conditions.

3. Pitch RAO’s remained fairly similar for both neldafts across the wave slopes
and Beaufort equivalent levels in regular wave tomth the values ranging from
0.6 to 1.2. The notable exception to this was @r¥ 721 in the 1:15 slope
condition. At this wave slope, the RAO values rahffem 0.8 to 1.2 for both
Beaufort equivalent levels.

4. A trend observed for both model rafts was astimmunter frequency increased,
the tow load would decreased. This was seen abaiksspeed and wave slope
for both models. The 1:10 wave slope generatedlzehitow load than the 1:15
and 1:20 slope for both rafts. Higher tow loadsenaoserved with the 1:15 wave
slope when compared to the 1:20 wave slope for tadth. IOT 721 and IOT 722
both produced higher tow loads with higher tow sise&/hen compared to one
another, IOT 721 and IOT 722 generated similarltads on the towing point.
While IOT 722 generates a higlhreean tow load than IOT 721; they both
produce similamaximal tow loads.

5. 10T 721 and 10T 722 behaved differently durihg drift tests. As the wave
frequency increased in the drift test, the modepéson life raft experienced an
increase in heave RAO, which was more pronouncédeiiBeaufort 5 equivalent
wind condition as compared to the equivalent ofilBe 6. IOT 722 had the
opposite trend; it's heave RAO decreased as the Waquency increased for
both Beaufort equivalent conditions.

6. Both model rafts had similar trends for pitch@®#alues for the drift tests. As the

wave frequency increased, there was a decreabke pitth RAO for both rafts
across both Beaufort equivalent conditions.
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