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2. PROJECT OBJECTIVES AND SCOPE 
The project objectives were a continuation and expansion of those of two previous test series 

(Simões Ré et al, 2003; Barker et al, 2004).  In the first series of tests, the performance of a 

conventional hull design in ice was investigated, with various ice concentrations, piece sizes, ice 

thicknesses and with two different power capabilities.  The aim was to determine performance 

boundaries of the lifeboat in these varying conditions.  In the second test series, waves were 

added to some of the previous test configurations to study the effect of waves on lifeboat 

performance in ice.  The wave period, in model scale, was either a “storm” condition of 1.0 

seconds or a “swell” condition of 1.67 s. 

 

The present test series investigated three lifeboat designs: a conventional model (IOT 544), a free 

fall model (IOT 609), and a Mad Rock Polar Haven model (IOT 681).  The models were scaled to 

1:13.  Table 1 shows the scaling factors for a variety of the test parameters.  The characteristics 

that were varied in the tests were the wave period, ice concentration, launch direction, and power 

to the boat.  The main tests were done at 7 and 9 tenths ice concentration, and the ice sheet 

thickness varied from 25 to 30 mm.   

 

The wave parameters were first determined for conditions without ice.  The wave height was kept 

constant at 0.1 m (model scale).  The wave periods used, in model scale, were 1.0, 1.25, 1.43, and 

1.67 seconds.  These values were chosen for two reasons: (1) they are representative of moderate 

conditions in the Grand Banks region offshore Canada, and (2) they are at the limit of the 

capabilities of the wave machine in the ice tank at Canadian Hydraulics Centre.  

 

Table 1 Modelling Laws for the Physical Model Tests; λ = 13 

Property 

Scale 

by Model value Full-Scale Value 

Wave 
Period 

λ1/2 1.0 s / 1.25 s / 1.43 s / 1.67 s 3.6 s / 4.5 s / 5.2 s / 6.0 s 

Wave 
Length 

λ 1.54 m  / 2.27 m / 2.79 m / 3.47 m 20.2 m / 29.5 m / 36.3 m / 45.0 m 

Ice 
Thickness 

λ Range: 25 mm to 30 mm 0.33 m to 0.39 m 

Lifeboat 
Mass 

λ³ 
IOT 544: 5.404 kg 
IOT 609: 5.028 kg 
IOT 681: 4.650 kg 

11873 kg 
11047 kg 
10216 kg 

Lifeboat 
Length 

λ 
IOT 544 and 681: 0.769 m  

IOT 609: 0.865 m 
10 m 

11.25 m 

 

 

The tests investigated three launch directions: the model facing into the waves (referred to as 0° 

Minus), away from the waves (0° Plus), or parallel to the waves (90°).  For the tests in which the 

lifeboat was launched 90° to the direction of wave travel, the model had to turn to face into the 

waves and try to make headway in that direction.  The launch direction was varied in order to 

study how well the model could make headway into the waves or how effectively it could be 

propelled when traveling with the waves.   
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3. TEST SET-UP 

3.1 Test Facility 

The tests were performed in the ice tank at the NRC Canadian Hydraulics Centre (CHC) in 

Ottawa (Pratte and Timco, 1981).  Previous tests were held at the NRC Institute for Ocean 

Technology (IOT) (Simões Ré et al, 2003; Simões Ré et al, 2002), however the IOT ice tank is 

not able to accommodate a wave machine.  The CHC tank, which is 21 m long by 7 m wide and 

1.2 m deep, has a removable gate that facilitates access by a loader for moving the wave machines 

into the ice tank, and is housed in a large insulated room equipped with loading bay doors.  The 

room can be cooled to an air temperature of -20°C.  By varying the room's air temperature, ice 

sheets can be grown, tempered or melted.  Spanning the ice tank is a carriage that can travel the 

length of the tank.  The carriage is driven through two helical-cut rack and pinion gears, and is 

designed for loads up to 50 kN with a speed range from 3 to 650 mm/s.  The evacuation system 

was mounted onto the main carriage.  A small service carriage also spans the tank and this was 

used to mount wave gauges for sampling purposes.  A photograph of the tank is shown in Figure 

1. 

 

 

Figure 1 Ice tank at the Canadian Hydraulics Centre. 

3.2 Ice 

3.2.1 Model Ice Characteristics 

PG/AD model ice was used for this test series.  This model ice is based on the EG/AD/S model 

ice developed at NRC in Ottawa (Timco 1986).  PG/AD model ice represents well, on a reduced 

scale, the flexural strength, uni-axial compressive strength, confined compressive strength and 

failure envelope of sea ice.  In addition, there is reasonable scaling of the strain modulus, fracture 
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broken ice sheet, shown with lifeboat model IOT 609 (length of 0.865 m). The average ice piece 

size is approximately 0.2 m.  Figure 4 shows some example floe sizes used during one test day. 

 

 

Figure 3 Piece size distribution after breaking up an ice sheet. 

 

 

 

Figure 4 Example piece size. 
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inspected, and then reconnected to the launching system. A photograph of the IOT 630 model 

being deployed with the launching system is shown in Figure 5. 

 

 

 

Figure 5 Lifeboat model with launching system 

 

3.4.1 Conventional TEMPSC Design (IOT 544)  

The conventional lifeboat model used in the present study was similar to that used in the previous 

evacuation test series at CHC (Barker et al., 2004).  One main difference was the implementation 

of a new drive system, explained further in Section 4.3.  A summary of the model’s main features 

is presented here.  The model had a scale of 1:13 and was representative of a 10 m long 80-person 

totally enclosed motor propelled survival craft (TEMPSC).  In model scale the vessel was 0.769 

m long with a mass of 5.4 kg, representing a full complement of evacuees.  A photograph of the 

model is shown in Figure 6, with scale drawings in Figure 7. 

 

The IOT 544 model was equipped with a four-bladed propeller of 38 mm diameter, an active 

rudder, an electric motor and shaft, rechargeable batteries, and a radio transmitter.  A wireless 

video camera was mounted in the coxswain’s position.  This provided a view that the vessel 

operator would have during an actual evacuation.   
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Figure 7 Scale drawings of the IOT 544 lifeboat model 

 

3.4.2 Free fall TEMPSC design (IOT 609) 

The IOT 609 model had a scale of 1:13 and was representative of a 11.25 m long lifeboat with an 

80-person capacity.  The model vessel was 0.865 m long, and was tested for a full complement of 

evacuees (model mass of 5.03 kg).  A photograph of the IOT 609 model is shown in Figure 8.  

Scale drawings of the model are shown in Figure 9.  The model had a four-bladed propeller with 

70 mm diameter, an active rudder, an electric motor and shaft, rechargeable batteries, a wireless 

video camera and a radio transmitter.   

 

The IOT 609 model was tested with two different levels of power.  Power level P1 was at 2500 

rpm, corresponding with 1.0 Newton bollard pull and a speed of 0.86 m/s (1.7 knots).  The vessel 

was also tested with additional power (P2) at 3700 rpm, corresponding to 2.4 Newton bollard pull 

and a speed of 1.1 m/s (2.2 knots).   
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3.4.3 Mad Rock TEMPSC design (IOT 681) 

The Polar Haven line of TEMPSCs from Mad Rock Marine Solutions are designed to have a 

higher performance in ice covered waters and severe environmental conditions.  A higher power 

engine coupled with a high torque propeller were used to provide better manoeuvring 

characteristics in the above mentioned water conditions.  A forward placed coxswain station 

allows the pilot better visibility of ice and debris.  The model is designed for roll reduction and 

ice protection for the propeller, and a forward placed ice knife helps to prevent the hull from 

beaching upon ice during transport through ice floes. A photograph of the IOT 681 lifeboat model 

tested during this study is shown Figure 10, with scale drawings shown in Figure 11. 

 

The IOT 681 model had a scale of 1:13, representing a 10m long lifeboat with a capacity of 64 

people.  In model scale, the vessel was 0.769 m long and ballasted to a mass of 4.65 kg, 

representing a full complement of evacuees.  The propeller for the model lifeboat was 70 mm in 

diameter with 3 blades.  Like the other designs, the IOT 681 model had a steerable nozzle, an 

electric motor and shaft, rechargeable batteries, a wireless video camera and a radio transmitter.   

 

The IOT 681 TEMPSC model was tested with two different levels of power.  Power level P1, at 

2300 rpm, corresponded to 1.19 Newton bollard pull and a speed of 0.86 m/s (1.7 knots).  The 

vessel was also tested with additional power P2 at 3700 rpm, corresponding to 3.45 Newton 

bollard pull and a speed of 1.1 m/s (2.2 knots). 

 

 

 

Figure 10 Mad Rock lifeboat model 
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4. INSTRUMENTATION 
 

The instrumentation used to collect data during the test series was as follows: 

 

For the lifeboats: 

• Three accelerometers recording longitudinal, lateral and vertical accelerations 

• Three rate gyros monitoring roll, pitch and yaw 

• Motor controller 

• Boat-mounted video camera 

• Radio transmitter 

 

For the ice tank: 

• Three pressure sensors 

• Two overhead video cameras to track X-Y position of model 

 

Note that only the pressure sensor and overhead video data were analysed for this study.  All 

analog sensors were calibrated before the start of the experiments.  Some of these systems are 

described in further detail below.   

 

4.1 Wave Data Acquisition 

The intent for this series was not to continually monitor the wave conditions, but rather to attempt 

to reproduce realistic wave climates.  The wave height and periods used in this test series were 

based on un-damped values, that is, with no ice.  Because of the dampening effect of pack ice on 

waves, an attempt was made to measure the wave heights that occurred during testing.   

 

For the last series of tests at the CHC, two capacitance-type wave probes were used to measure 

wave heights.  Protective coverings made of wire mesh were constructed in order to prevent ice 

from directly interacting with the probes.  It was not always possible to prevent this occurrence 

however, and by the end of the test program, ice was routinely becoming stuck in the protective 

cages (Barker et al., 2004).   

 

For the present test series, three pressure sensors (P1, P2, and P3) were used to measure wave 

heights.  Since the sensors are submersible, ice impacts are not an issue.  The sensors were 

located along the centreline of the tank, with sensors P1 and P3 located 4.5 m from the wave 

generator, and sensor P2 located 5.16 m from the wave generator.   

 

Two different types of pressure sensors were used for measuring wave height in the experiments. 

Sensors P1 and P2 were Motorola MPX2050 Series devices. The accuracy over the calibration 

range for wave elevations of 0 m to 0.4 m was approximately ± 0.084% for P1 and ± 0.79% for 

P2.  Sensor P3 was a Druck PDCR1830 Series depth-sensing transducer with ± 0.1% accuracy.  

Photographs of the two types of pressure sensors are shown in Figure 12 and Figure 13.  The 

sensors were mounted on supports to keep them approximately 10 cm above the floor of the test 

basin. 

 

The calibration information for the pressure sensors is presented in Appendix A.  The probes 

were sampled at a rate of 40 Hz. The data acquisition system was controlled using GEDAP 

software developed by CHC.  The data from each test were stored in a single binary data file.  
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Table 2 TEMPSC data acquisition system channels 

Channel Device Range 

1 Surge Acceleration 10 g 

2 Sway Acceleration 10 g 

3 Heave Acceleration 8 g 

4 Roll Rate 300 deg/sec

5 Pitch Rate 300 deg/sec

6 Yaw Rate 300 deg/sec

7 RPM 0 - 4000 

8 Not used N/A 

9 Battery voltage 0 - 25 Volts 

10 Battery current 0 - 3 Amps 

11 Rudder angle  +/- 30 Deg 

12 Not used N/A 

  

  

The data was digitized on board the model and transmitted via a 433Mhz radio link to the data 

logging software on a computer outside the ice tank. The transmit protocol, with its error 

checking and an advanced receiver design, had an average data capture rate with over 99% 

effectiveness.  This radio system has proven to be reliable in cold and wet environments as well 

as in areas with multiple metal structures.   

  

The sensors used to acquire acceleration and rates were small capacitive micro-machined units 

featuring low power consumption. The RPM sensor was a non-contact magnetic-type unit that 

also outputs direction.  The motor voltage supply level came from a resistor network and the drive 

motor current was derived from a sensor that used a high-side current-sense amplifier across an 

internal resistor. The rudder angle was derived from a mechanically coupled potentiometer that is 

powered by a precision voltage reference. 

  

4.3 TEMPSC Remote Control and Drive Systems 

The control system was newly developed for this series of tests, replacing the hand held “hobby 

unit” that was used in the previous evacuation model tests at CHC.  

 

The new design allowed for interfacing with the PC-based controller software. This software 

enabled each model to be operated with its unique set of calibrated command inputs, and the data 

file saved for future testing.  Another benefit was the quick change over from one model to the 

next, each sharing the common control system hardware. The software also provided a more 

realistic and advanced form of human interface that includes a joystick and steering wheel.  The 

control link was achieved through a wireless radio transmitter at 2.4 GHz using “Blue tooth” 

encoding. 

 

The drive systems on all three models were also updated to include a 44-watt motor with a 

programmable integrated controller. This gave the models reverse capability and excellent RPM 

control, both of which were lacking in the previous version. The implementation of this new drive 

motor was made possible by both the newly developed controller design and the utilization of 

lithium ion battery technology. This new lighter, higher energy battery allowed the use of a 

heavier motor and increased the running times between charges. The rudder was actuated by a 
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0° Minus Launch  

(into waves, travel towards wave machines) 

90° Launch 

 

0° Plus Launch  

(with waves, travel towards wave absorbers) 

Figure 15 Illustration of launch directions 

 

 

4.5 Video 

Two video cameras were mounted over the test area of the ice tank.  The purpose of mounting the 

cameras in this manner was to use the resulting videos to track the x-y movement of the lifeboat.   

The cameras were spaced such that a total travel distance of approximately 5.5 m was covered by 

the two cameras combined.  The field of view of the cameras was such that the entire width of the 

ice tank could not be covered.  If the lifeboat drifted or was propelled a wide distance off the 

centerline of the tank, the lifeboat could no longer be observed by the cameras and this portion of 

the vessel track would be lost.  Also, if the lifeboat was pushed under the service carriage by the 

waves it was no longer visible to the cameras.  Some video data was also collected from a tripod-

mounted camera at one end of the ice tank.  However, this data is suitable for qualitative analysis 

only (whether the model met the pass/fail criteria), not x-y positioning. 

 

The video camera located onboard the TEMPSC had, in previous tests, been used by the lifeboat 

operator to provide the same view as the TEMPSC coxswain.  For the present test series, as in the 

2003 test series at CHC, the operator chose to operate the TEMPSC lifeboat from atop the main 

carriage in the ice tank.  The lifeboat was navigated by looking down on it, rather than using the 

view from the on-board camera.  The on-board camera view was insufficient for navigating in 

waves and ice.  This decision is discussed further in Section 7. 
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Testing was done at three different ice concentrations, as discussed previously.  The first sheet of 

ice was mainly used for preliminary testing purposes but several tests at the 0-minus heading 

(launching into the waves) were carried out.  Results from these tests are included here.  Since 

there were several variables to be tested, there was not enough time to perform all tests more than 

once. 

 

Table 3 Main test matrix 

Number of tests performed for each lifeboat 
Launch direction 

(degrees) 

Nominal ice 
concentration 

(tenths) IOT 544 IOT 609 IOT 681 

0- 5 8 6 6 

 7 5 5 6 

 9 9 9 9 

0+ 5 - -   - 

 7 - - - 

 9 2 2 3 

90 5 - - - 

 7 7 6 7 

 9 4 5 7 
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Table 5 Expanded details for the complete test matrix for the IOT 609 lifeboat model 

Test # Test Name Date 

Nominal Ice 

Concentration 

(tenths) 

Launch 

Direction 

(degrees) 

Power 

(P1/P2) 

Nominal 

Wave Height 

(m) 

Nominal Wave 

Frequency (Hz)

9 FF_5_06_0MINUS_P1 18-May-05 5 0- P1 0.1 0.6 

10 FF_5_06_0MINUS_P2 18-May-05 5 0- P2 0.1 0.6 

11 FF_5_08_0MINUS_P1 18-May-05 5 0- P1 0.1 0.8 

12 FF_5_08_0MINUS_P2 18-May-05 5 0- P2 0.1 0.8 

13 FF_5_10_0MINUS_P1 18-May-05 5 0- P1 0.1 1.0 

14 FF_5_10_0MINUS_P2 18-May-05 5 0- P2 0.1 1.0 

FF_A FF_TESTA 18-May-05 5 0- P1 - - 

FF_B FF_TESTB 18-May-05 5 0- P2 - - 

33 FF_7_06_0MINUS_P1 20-May-05 7 0- P1 0.1 0.6 

34 FF_7_08_0MINUS_P1 20-May-05 7 0- P1 0.1 0.8 

35 FF_7_08_0MINUS_P2 20-May-05 7 0- P2 0.1 0.8 

36 FF_7_10_0MINUS_P1 20-May-05 7 0- P1 0.1 1.0 

37 FF_7_10_0MINUS_P2 20-May-05 7 0- P2 0.1 1.0 

38 FF_7_06_90_P1 20-May-05 7 90 P1 0.1 0.6 

39 FF_7_06_90_P2 20-May-05 7 90 P2 0.1 0.6 

40 FF_7_08_90_P1 20-May-05 7 90 P1 0.1 0.8 

41 FF_7_08_90_P2 20-May-05 7 90 P2 0.1 0.8 

42 FF_7_10_90_P1 20-May-05 7 90 P1 0.1 1.0 

43 FF_7_10_90_P2 20-May-05 7 90 P2 0.1 1.0 

FF_C FF_7_CALM_0MINUS_P1 20-May-05 7 0- P1 - - 

FF_D FF_7_CALM_0MINUS_P2 20-May-05 7 0- P2 - - 

73 FF_9_06_0MINUS_P1 25-May-05 9 0- P1 0.1 0.6 

74 FF_9_06_0MINUS_P2 25-May-05 9 0- P2 0.1 0.6 

75 FF_9_08_0MINUS_P1 25-May-05 9 0- P1 0.1 0.8 

76 FF_9_08_0MINUS_P2 25-May-05 9 0- P2 0.1 0.8 

77 FF_9_07_0MINUS_P1 25-May-05 9 0- P1 0.1 0.7 

78 FF_9_07_0MINUS_P2 25-May-05 9 0- P2 0.1 0.7 

79 FF_9_10_0MINUS_P1 25-May-05 9 0- P1 0.1 1.0 

80 FF_9_10_0MINUS_P2 25-May-05 9 0- P2 0.1 1.0 

81 FF_9_06_90_P1 25-May-05 9 90 P1 0.1 0.6 

82 FF_9_08_90_P1 25-May-05 9 90 P1 0.1 0.8 

83 FF_9_08_90_P2 25-May-05 9 90 P2 0.1 0.8 

84 FF_9_10_90_P2 25-May-05 9 90 P2 0.1 1.0 

FF_E FF_9_CALM_P2 25-May-05 9 0- P2 - - 

FF_F FF_9_CALM_P1 25-May-05 9 0- P1 - - 

85 FF_9_08_90_P1 25-May-05 9 90 P1 0.1 0.8 

86 FF_9_10_0MINUS_P1A 25-May-05 9 0- P1 0.1 1.0 

87 FF_9_06_0PLUS_P1 25-May-05 9 0+ P1 0.1 0.6 

88 FF_9_08_0PLUS_P1 25-May-05 9 0+ P1 0.1 0.8 

89 FF_9_10_0PLUS_NP 25-May-05 9 0+ - 0.1 1.0 
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6. RESULTS 
A complete summary of the results of the test program for the three lifeboat designs 

(conventional, free fall and Mad Rock) may be found in Appendices C, D and E, respectively.  

These appendices contain tables of data that summarize the pass/fail results for each test as well 

as the x-y plots of the vessel’s travel path.   Appendix H shows some general photographs from 

the tests. 

 

As with the previous tests in ice, successful runs were defined as those for which the TEMPSC 

was able to launch and then sail away a set distance through the broken ice.  Each test in this 

series was given a pass or fail grade based on whether the boat made it to a distance of 5.0 boat 

lengths from its launch point target.  This corresponds to a full-scale distance of 50 m for the 

conventional (IOT 544) and Mad Rock (IOT 681) models, and 56 m for the free fall (IOT 609) 

model.  

6.1 Video Analysis 

The overhead video was recorded on VHS tapes for the first day of testing, and on DVD for the 

remaining test days.  The VHS videos were converted from analog to digital video.  The video 

logs for all tests are found in Appendix F. 

 

Once the videos had been screened, the video segment for each test was recorded in digital format 

and exported as an .avi file.  The video was not slowed down to convert it to full-scale time.  

These .avi files were then used in a program called VideoPoint Capture, allowing a specific 

number of frames to be selected for analysis.  Typically 5 to 10 frames were determined to be 

sufficient for x-y plotting purposes.  The digital video files were then compressed and saved.  

Finally, the compressed files were opened in VideoPoint 2.5.  The x-y axes were rotated for each 

file, since the cameras were not perfectly aligned with the tank.  The path of the vessel was then 

traced using the digital tracking capabilities of this program.  For each frame, a point on the 

vessel had to be highlighted.  Each point was represented by a set of x-y coordinates and the 

corresponding time.  This data was exported to Excel and plotted as a representation of the path 

of the motion of the model.  

 

The data manipulation in Excel was fairly straightforward.  A correction was made to the data for 

each test before plotting.  The two overhead cameras were positioned such that the vessel traveled 

from one camera’s field of view into the other.  The fields of view of the two cameras overlapped, 

so the two sets of data had to be superimposed and then made into one continuous data set.  Also, 

the plotting order of the points from camera A and camera B depended on the direction of travel 

of the vessel.  For motion in the positive direction (i.e. with the waves) data from camera B had to 

be listed before camera A and for a negative vessel direction (into the waves) data points for 

camera A were plotted before camera B.  An example of a typical output plot is shown in Figure 

16.  The coloured, dotted lines indicate the location of 2.5, 5.0 and 7.5 boat lengths of travel 

distance.  The red diamond indicates the launch location.  Note that the direction of travel 

indicates the intended direction for the lifeboat, either into or with the waves, not the direction 

that the lifeboat may have ended up traveling.   

 

The fields of view captured by the two cameras corresponded to a viewable length of about 5.5 m 

(equivalent to about 7.1 boat lengths for the IOT 544 and IOT 681 models, or 6.3 boat lengths for 

the IOT 609 model).  The limited number of frames selected for analysis in VideoPoint 

sometimes meant that the entire path of the vessel was not captured.  In addition, part of the view 
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and 7/10
ths

 ice concentration.  Table 7 illustrates the differences between the average maximum 

wave heights for various ice conditions.   

 

 

Table 7 Average maximum wave heights (m) for various conditions in the ice tank 

Ice concentration 
Wave frequency 

5/10
ths

7/10
ths

9/10
ths

0.6 Hz 0.148 0.116 0.120 

0.7 Hz 0.154 - 0.121 

0.8 Hz 0.179 0.165 0.157 

1.0 Hz 0.232 0.243 0.167 
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7. DISCUSSION 

7.1 Effect of Waves and Ice Combined 

Table 8 shows the results for tests in the main test matrix (those indicated in Table 4, 5 and 6).  In 

the table, an “F” indicates a fail while a “P” indicates a pass.  These grades are preceded by the 

number of tests in that configuration that received that grade.  The pass criterion was that the 

vessel reaches a distance of 5.0 boat lengths in the intended direction of travel.  Results with an 

asterisk (*) indicate that overhead video data was missing for one or more tests.  Where available, 

video taken from the end of the tank was used to assess whether the vessel had a probable pass or 

fail.  

 

Table 8 Results for the main test matrix; pass/fail criterion set at 5.0 boat-lengths 

Grade for each lifeboat [Pass or Fail] Launch 

direction 

(degrees) 

Nominal ice 

concentration 

(tenths) IOT 544 IOT 609 IOT 681 

0- 5 7P 1F* 6P 6P 

 7 4P 1F 5P 6P 

 9 8P 1F 9P 8P 1F** 

0+ 5 - -   - 

 7 - - - 

 9 2P 2P 2P* 

90 5 - - - 

 7 7P 6P 6P* 

 9 3P 1F 4P 1F 4P 3F** 

 
* missing overhead video analysis for one or more tests  
** failure may be due to rudder problems in at least one test 

 

 

The lifeboat models each had difficulty getting through the waves and ice for some tests.  The 

average test duration for a ‘pass’ using the 5 boat length criteria is approximately 30 seconds.  

Therefore a duration of 40 seconds was chosen (somewhat arbitrarily) as a cut-off value for 

pass/fail in Table 9.  In model scale, this corresponds to an average speed of approximately 0.13 

m/s.  The full-scale lifeboat speed would be approximately 0.36 m/s, which is quite slow.  For 

open water transit in calm conditions, the model vessels should travel at about 0.86 m/s (3.1 m/s 

in full-scale). 

 

A test was considered a ‘fail’ if the boat took more than 40 seconds to reach 5 boat lengths.  This 

method of analysis gives some indication of which factors may cause navigational problems for 

the vessels. 
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Figure 18 IOT 544 test results; pass/fail criterion set at 5.0 boat-lengths 
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Figure 19 IOT 544 test results; pass/fail criteria set at 5.0 boat-lengths and test duration of 

40 seconds 
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Figure 22 IOT 681 test results; pass/fail criterion set at 5.0 boat-lengths 
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Figure 23 IOT 681 test results; pass/fail criteria set at 5.0 boat-lengths and test duration of 

40 seconds 
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Figure 25 IOT 544 lifeboat model tests at 0 minus heading, 7/10ths ice concentration, 

power level P1, and wave frequency of (a) 0.6 Hz; (b) 0.8 Hz; (c) 1.0 Hz.  

 

 

For the IOT 609 lifeboat, the model failed to reach the 5.0 boat length criterion for only one test.  

This test was performed at the highest wave frequency, 1.0 Hz.  For all other tests, when other 

variables were held constant, the time taken to reach 5.0 boat lengths increased when wave 

frequency was increased. 

 

For the IOT 681 model, three of the four tests in which the lifeboat failed to reach 5.0 boat 

lengths were tests carried out at the highest wave frequency.  It is noted that this model 

experienced some mechanical difficulties, which may have prevented the lifeboat from 

performing properly in two of the tests that appeared to be ‘fails’. 
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Figure 26 IOT 544 lifeboat model tests at 0 minus heading, 7/10ths ice concentration, 

wave frequency of 1.0 Hz, and power level of (a) P1; (b) with additional power, P2. 

 

 

The IOT 609 model reached 5.0 boat lengths in all tests except one (launching 90 degrees into the 

highest frequency waves and the highest ice concentration).  As with the IOT 544 lifeboat, the 

IOT 609 model generally took much less time to travel through the wave and ice climate when 

the vessel was operating at a higher power level.  In Figure 27, two tests are shown in which the 

power level was varied.   At the higher power level, the vessel reached the 5.0 boat length mark 

relatively easily in 30 seconds.  At the lower power level, the vessel took nearly 90 seconds.   

This test was repeated and the vessel took 60 seconds the second time. 

 

In the IOT 681 model tests, as with the other models, operating with additional power decreased 

the length of time required to travel a set distance into the waves. 
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• The measured wave heights for the 2003 tests (at wave frequency of 0.625 Hz) were 

much higher than the nominal wave height, often almost three times as large.  This could 

be due to the generation of standing waves in the ice tank under swell conditions.  For the 

2005 test series, the wave-absorbing beaches were improved and wave heights were 

closer to the nominal value. 

• The TEMPSC used for the 2005 tests had a new and improved control system and 

updated drive system. 

• The average floe size appeared to be smaller for the 2005 test series, especially after a full 

day of testing. 
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Expanded details for the complete test matrix for the IOT 681 lifeboat (cont’d) 

 

Test Name 

Nominal Ice 
Concentration 

(tenths) 

Nominal 
Wave 

Frequency 
(Hz) 

Launch 
Direction 
(degrees) 

Power 
(P1/P2) 

Test duration 
(from 

overhead 
video) 

Pass  

[5 boat  

lengths] 

Pass [5 boat 

lengths 

reached in ≤ 

40 seconds]

        

MR_9_08_90_P1A 9 0.8 90 P1 4 s Fail Fail 

MR_9_10_90_P2 9 1.0 90 P2 19 s Pass Pass 

MR_9_10_90_P2A 9 1.0 90 P2 4 s Fail* Fail* 

MR_9_06_0PLUS_P1A 9 0.6 0+ P1 36 s Pass Pass 

 

* lifeboat may have failed test due to mechanical problems 
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Test 25:     CO_7_10_0MINUS_P2 

Vessel passed 5.0 boat lengths.  For part of test, an attempt was made to drive using coxswain 

view only. 

 

Test 26:     CO_7_06_90_P1 

Vessel passed 5.0 boat lengths. 

 

Test 27:     CO_7_06_90_P2 

Vessel passed 5.0 boat lengths. 

 

Test 28:     CO_7_08_90_P1 

Vessel had difficulty turning to face into waves, but passed 5.0 boat lengths. 

 

Test 29:     CO_7_08_90_P2 

Vessel passed 5.0 boat lengths. 

 

Test 30:     CO_7_08_90_P2A 

Vessel passed 5.0 boat lengths. 

 

Test 31:     CO_7_10_90_P2  

Vessel passed 5.0 boat lengths.  Battery may have been low for this test – vessel was not quite at 

full power P2. 

 

Test 32:     CO_7_10_90_P1 

Vessel had difficulty getting through the waves and ice, but passed 5.0 boat lengths.  

 

Test 57:     CO_9_06_0MINUS_P1  

Vessel made slow progress, but passed 5.0 boat lengths.  

 

Test 58:     CO_9_06_0MINUS_P2  

Overhead video now available for analysis.  From observations, vessel passed 5.0 boat lengths. 

 

Test 59:     CO_9_08_0MINUS_P1   

Vessel made very slow progress and was pushed back by waves, but managed to reach 5.0 boat 

lengths. 

 

Test 60:     CO_9_08_0MINUS_P2 

Vessel passed 5.0 boat lengths. 

 

Test 61:     CO_9_07_0MINUS_P1 

Vessel passed 5.0 boat lengths.  It was noted that the ice floe size had decreased since the start of 

testing that day. 

 

Test 62:     CO_9_07_0MINUS_P2 

Vessel passed 5.0 boat lengths. 

 

Test 63:     CO_9_10_0MINUS_P1   

Vessel made very slow progress, but passed 5.0 boat lengths.  

 

Test 64:     CO_9_10_0MINUS_P2  
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IOT 609 LIFEBOAT 

 

Test 9:     FF_5_06_0MINUS_P1 

Vessel reached 5.0 boat lengths*. 

  

Test 10:     FF_5_06_0MINUS_P2 

Vessel reached 5.0 boat lengths*. 

 

Test 11:     FF_5_08_0MINUS_P1  

Vessel reached 5.0 boat lengths*. 

 

Test 12:     FF_5_08_0MINUS_P2   

Vessel reached 5.0 boat lengths. 

 

Test 13:     FF_5_10_0MINUS_P1   

Vessel had difficulty making way through waves and ice, but reached 5.0 boat lengths. 

 

Test 14:     FF_5_10_0MINUS_P2   

Vessel reached 5.0 boat lengths*. 

 

Test FF_A:     FF_TESTA   

Still water test.  Vessel reached 5.0 boat lengths*. 

 

Test FF_B:     FF_TESTB   

Still water test.  Vessel reached 5.0 boat lengths*. 

 

Test 33:     FF_7_06_0MINUS_P1   

Vessel reached 5.0 boat lengths. 

 

Test 34:     FF_7_08_0MINUS_P1   

Vessel reached 5.0 boat lengths*. 

 

Test 35:     FF_7_08_0MINUS_P2 

Vessel reached 5.0 boat lengths*. 

 

Test 36:     FF_7_10_0MINUS_P1   

Vessel reached 5.0 boat lengths*. 

 

Test 37:     FF_7_10_0MINUS_P2   

Vessel reached 5.0 boat lengths. 

 

Test 38:     FF_7_06_90_P1 

Vessel reached 5.0 boat lengths. 

 

Test 39:     FF_7_06_90_P2   

Vessel reached 5.0 boat lengths. 

 

Test 40:     FF_7_08_90_P1 

Vessel reached 5.0 boat lengths. 
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Test FF_E:     FF_9_CALM_P2  

Still water test.  Vessel became stuck in ice for part of test, but finally reached 5.0 boat lengths. 

 

Test FF_F:     FF_9_CALM_P1   

Still water test.   Vessel reached 5.0 boat lengths. 

 

Test 85:     FF_9_08_90_P1A 

Repeat of Test 82.  Vessel had difficulty turning to face waves and was pushed back, but 

managed to pass 5.0 boat lengths. 

 

Test 86:     FF_9_10_0MINUS_P1A   

Vessel had difficulty getting through the waves, but reached 5.0 boat lengths. 

 

Test 87:     FF_9_06_0PLUS_P1   

Vessel was helped along by the waves, and reached 5.0 boat lengths. 

 

Test 88:     FF_9_08_0PLUS_P1 

Vessel was helped along by the waves, and reached 5.0 boat lengths*. 

 

Test 89:     FF_9_10_0PLUS_NP 

Test performed with no power. Vessel was helped along by the waves, and reached 5.0 boat 

lengths*. 

 

* entire vessel path is not shown in plots from overhead video analysis 

 

 





A-92 CHC-TR-037 

 

   

 

Test 52:     MR_7_08_90_P1 

Vessel reached 5.0 boat lengths. 

 

Test 53:     MR_7_08_90_P2 

Vessel reached 5.0 boat lengths. 

 

Test 54:     MR_7_10_90_P1 

No overhead video available. 

 

Test 55:     MR_7_10_90_P1A 

Vessel made slow progress and was pushed back by waves, but eventually passed 5.0 boat 

lengths.  

 

Test 56:     MR_7_10_90_P2 

Vessel reached 5.0 boat lengths. 

 

Test MR_C:     MR_7_CALM_0MINUS_P1 

Still water test.  Vessel reached 5.0 boat lengths. 

 

Test MR_D:     MR_7_CALM_0MINUS_P2 

Still water test.  Vessel reached 5.0 boat lengths. 

 

Test 90:     MR_9_06_0PLUS_P1 

No overhead video available. 

 

Test 91:     MR_9_08_0PLUS_P1 

Vessel was helped along by the waves, and reached 5.0 boat lengths*. 

 

Test 92:     MR_9_10_0PLUS_NP 

Test performed without power to the vessel.  Vessel was helped along by the waves, and reached 

5.0 boat lengths. 

 

Test 93:     MR_9_06_0MINUS_P1 

Vessel reached 5.0 boat lengths. 

 

Test 94:     MR_9_06_0MINUS_P2 

Vessel reached 5.0 boat lengths. 

 

Test 95:     MR_9_08_0MINUS_P1 

Vessel reached 5.0 boat lengths. 

 

Test 96:     MR_9_08_0MINUS_P2 

Vessel reached 5.0 boat lengths. 

 

Test 97:     MR_9_07_0MINUS_P1 

Vessel reached 5.0 boat lengths. 

 

Test 98:     MR_9_07_0MINUS_P2 

Vessel reached 5.0 boat lengths. 
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P3

Test no. 4 (CO_5_07_0MINUS_P2): Wave frequency = 0.7 Hz, ice concentration = 5/10
ths
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P3

Test no. 55 (MR_7_10_90_P1A): Wave frequency = 1.0 Hz, ice concentration = 7/10
ths
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IOT 544 boat jammed in ice at end of failed test 

 

 

 
Recovering IOT 681TEMPSC model at end of test 
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Piece size distribution after several hours of testing – note slushy ice 

 

 

   




