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Automated Image Analysis for Marine Icing Events

1.0 Introduction

This report will focus on the analysis of ice accumulation using the Marine Icing
Monitoring System (MIMS). Ice build-up continues to be a concern for offshore
structures and vessels during the winter months. Python, a programming
language, along with images from the MIMS technology uses an automated
approach to calculate the rate and thickness of ice during icing events. Currently,
the program investigates icing events occurring in the 2006/2007 winter on the
Atlantic Kingfisher, an offshore supply vessel providing support for Petro-
Canada’s Terra Nova project. MIMS, developed by the Institute for Ocean
Technology, continues to try and improve this technology and increase safety

conditions during icing events.

2.0 Ice Accumulation

Ice accumulation on vessels can be a dangerous and cause both operation and
safety problems if the issue is not monitored. The accumulation is caused by
precipitation and marine icing spray under cold weather conditions. With
significant amounts of ice build-up, the vessel's weight can increase dramatically.
This problem can result in stability issues as the centre of gravity of the vessel
may be altered. Figure 1 shows large amounts of ice on the Atlantic Kingfisher
during the winter of 2006/2007. This type of accumulation can become a major
hazard to the standard operations of the vessel. With the potential to capsize
vessels, icing is a danger that must be monitored during the winter.



Figure 1: Icing event on the Kingfisher

2.1 Marine Icing Spray

Marine icing spray refers to large sprays of water onto the deck of the ship. It is
caused by waves crashing into the hull of the ship under certain weather
conditions. Marine icing spray, as shown in Figure 2, can produce large amounts
of water on the vessel's deck, as the excess water will cause icing on susceptible
areas of the vessel. High wind speed of approximately 9 m/s is needed to create
sufficient waves (1m or higher) for the icing spray and a temperature of —10 °C is
sufficient for icing to occur on the vessel. Under these conditions, marine icing

spray is prone to create ice build-up and safety issues.



Figure 2: Splash occurred against the Kingfisher

3.0 Marine Icing Monitoring System

To monitor the icing events that occur on vessels, the Institute for Ocean
Technology (IOT) developed the Marine Icing Monitoring System (MIMS). With
the use of this technology, ice accumulation can be continuously observed to

avoid problems that can occur during these circumstances.

MIMS technology is comprised of two cameras connected to a CPU (see Figure
3). The stationary cameras are located at the starboard and port sides of the
vessel facing the front of the vessel. Each camera is programmed to take a
picture in intervals of 12 minutes. The timing of both cameras is offset from each
other creating one picture every 6 minutes. As well, the system includes a metal
casing around the camera and a well-insulated area for all electronic components

during marine conditions.

For monitoring purposes, a satellite phone was established to control the

technology from IOT. The capabilities of the phone include zooming the camera



in and out and downloading images captured by the technology. Thumbnail
images are often downloaded for monitoring since large full-scale images take
great deal of time to produce. Instead, these images are retrieved from the

vessel after the winter season.

Figure 3: MIMS cameras on the Caribou

The first Marine Icing Monitoring System was installed on Marine Atlantic’s ferry,
the MV Caribou. This system was used to gain information on the system’s ability
to tolerate the environmental conditions. From observations of the first cameras,
additional heaters needed to be installed as the camera window continued to
freeze during icing events. Adjustments were made to improve the second MIMS
installed on the Atlantic Kingfisher. Visibility has increased from the first MIMS
but some ice can still form on the camera window (shown in Figure 4). The
images from the second MIMS are used for the automated analysis during the
2006/2007 winter. Currently, as of October 2007, these cameras have been
moved to a similar oil supply vessel called the Atlantic Eagle. Seals, antenna,

and power supply all needed to be replaced before installation.



.

Figure 4: Icing and precipitation on MIMS camera

4.0 Image Analysis

The images collected using the MIMS technology can be analyzed further to
incorporate the amount and rate of ice accumulation during icing events. Python,
an object-oriented programming language, is used for analysis in an automated
approach. The program uses edge detection techniques to find the width of
particular structures for each image during the icing event. By comparing these
measurements to the actual width found with no ice, the computer can output the
ice thickness. Currently, the analysis has been conducted for icing events
occurring on the Atlantic Kingfisher in December 2006 — February 2007. The
program incorporates positions from the fixed images of the Kingfisher, however,

the method could be modified for other vessels in the future.

4.1 Positions

The positions for analysis have been chosen to correspond with the techniques

used in the program. There are many factors that make one position more



suitable than another to analyze. For example, linear structures result in more
accurate edge detection calculations than rounded or elliptical structures. This
result is caused by the edge detection method chosen for analysis. The method
focuses on pixels of the image in a linear approach causing rounded structures to
be less accurate.

As well, positions with vertical members have ice accumulation that is more
uniform than horizontal structures. During icing events, horizontal structures,
such as the white railing shown in Figure 11, will create icicles. The analysis can

become flawed at these positions as it becomes difficult to find ice thickness.

There have been 17 positions chosen for analysis during the icing events. As you
can see from the figure below, the majority of which are located on the black pole
structure. This structure appeared to give the most accurate results when
computing the ice thickness on the vessel. With so many positions on this
structure, relationships with respect to height and distance can be observed from
analysis. As well, significant ice build-up has been observed on the black circular
structures and the railing of the vessel in which three positions each have been

analyzed.



4.2 Image Processing

Each image in the icing event must undergo the same filters and enhancements
to ensure the best possible results. When conducting image processing in
Python, a new module called Python Imaging Library (PIL) must be imported into
the script. PIL adds image-processing capabilities to your interpreter and
contains all basic commands needed to manipulate your image. The commands
are created to simplify programs and reduce the time it can take to run large self-

written modules for images.

When the image is uploaded, it is rotated by a particular amount calculated for
each position. This occurs so that the structure analyzed is in a vertical position

required for edge detection. Next the image is changed completely to greyscale



(see Figure 6). A greyscale image is easier to process as all pixels in the image
can be related using the same numerical scale (black = 0 and white = 255). After
these processes, the program uses the crop command to focus on the position
that is being calculated. The cropped image is modified to a size that will exclude
as much noise and possible edges that can interfere. However, ice growth on the
structure must be accounted for when determining a convenient size for the
newly cropped image. This order of commands is created through testing of
different configurations. The image has a greater clarity if the rotation and

greyscale command precedes the cropping of the image.

Figure 6: (a) Icing image rotated (b) rotated and converted to greyscale

Following these modifications, the image undergoes enhancements to continue
to make the image clear for processing. Auto contrast is one command that is
used with a particular cut off level. Any greyscale pixel that is above or below the
percentage used for cut off will be changed to black or white, respectively.
Another important command is a Median Filter, used for reducing noise in the
image. The program uses a 3x3 filter, which analyzes the pixels in that window
size. The value of each pixel is examined and all pixels are changed to the
median value of the area. This will help avoid speckle noise that can occur in the
image. Other commands that can be used for noise reduction include smoothing
or blurring the image as well as an EDGE_ENHANCE command to expose the

edges better. However, from further tests, these commands were not included in



the script. These seemed ineffective or did not improve the calculated widths of
the structure. The final image modification is a command known as
FIND EDGES. With this command, the image is converted to black and white as
the greyscale pixels are changed to whichever extremity is closer. This results in
a black image with edges surfacing as white pixels.

The image processing has changed slightly depending on the particular position
during the calculation. For example, color can be a factor for the railing because
it has a distinctive red color compared to the positions on the black structure.
This creates a lighter image when the greyscale is incorporated. Therefore,
changes have been made to create the most accurate results. Image processing
for edge detection can be created with only a small amount of code with the use
of Python Imaging Library. This module has made very technical processes into

conveniently small commands for the script.

Figure 7: Generated image of the railing with image enhancements

4.3 Edge Detection

When the image has gone through the image processing steps, the program is
ready to detect its edges. Images are comprised of pixels, single points in the



graphic image that occupy a definable area. Each pixel is represented in a
numerical scale which can be anywhere between black at O or white at 255. The
values of each column of pixels in the image are averaged and compiled in a
table in an Excel spreadsheet for easy access. The program begins a loop
process at the left side of the image and continues through each column until it
has found the maximum value for half of the columns. The loop will end at this
maximum and this pixel value is determined as the left edge of the structure. The
same method is used for the right edge as the program checks from right to left
of the image for the maximum. The subtraction of the right and left edges

calculates the width of the structure in pixels.

4.4 Calibration

The width at each position analyzed has no significant meaning without any
calibrations. The positions used have been manually measured on the Kingfisher
vessel to use for this calibration process. The program is run through images with
no ice accumulation to calculate the initial pixel width. The calibration factor of
each position is equal to the actual width of structure (in centimetres) divided by
the pixel width of the positions with no ice. This value will increase as positions
are farther away from the camera. With a list of calibration factors multiplied by
each position, respectively, the calculated widths can be displayed in
centimetres. The ice accumulation can now be related in actual measurements

that are suitable for the analysis.

45 Sub-Pixels

A problem that occurred after observing the analysis included frequent time
intervals with the exact same width as the icing event progressed. This
occurrence was not due to the lack of ice accumulation during these images. The
problem is a result of the edge detection process whereby the calculated width
can only be from one pixel to another (Ex. From the black structure each

measurement is at least 0.68cm apart). The result is data that becomes fixed at
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the same value for a period of time instead of steadily increasing data. To resolve
this problem, the measured widths must be calculated in a sub-pixel level. The
edge detection process discussed earlier needed small adjustments to achieve
this goal. Instead of averaging pixel values of each column, you could use the
same method numerous times with a selected amount of rows (used sections of
5 rows). By using the edge detection technique several times and averaging
these values found, the data set becomes more accurate for the ice thickness
analysis. The data shows an improved uniform increase as expected for actual
conditions. As well, necessary error factors have been implemented to this list of

edge values to ensure that flawed values do not affect the analysis.

Ice Progression for Position 3 of Image
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Figure 8: Before sub-pixel method was incorporated into edge detection
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Ice Progression for Position 3 of Image (Dec 29)
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Figure 9: After sub-pixel method incorporated

4.6 Generated Images

To assist with the analysis of the icing event, the program generates a
progressive image to incorporate three stages of the image analysis. All three
sections of the image are the cropped image at the particular position that is
analyzed. The first section includes the image cropped and rotated while the
second contains the image changed to greyscale with the other enhancements
implemented by the program. Finally, the last section includes all edge
commands and the final appearance that the edge detection will use for
calculations. As well, the script produces lines as markers for the left and right
edge of the structure. These appear on the first section as vertical lines for the
linear structures and horizontal lines for the elliptical. These lines give an
indication on whether the program is running properly and detecting the edges
well. It also gives the ability to show the ice accumulation increase with each new

12



image. The images include reference number, time of day, and position number.
Another property that has been included in the images is whether or not the
detection process could not find an edge. If this is the case, the program will
output ‘Could not find edges’ directly on the photo. This width value for the
particular position is removed from the data. The indication creates further
inspection and helps the detection process. Often you can reference back to the
original image to check if any precipitation on the camera is the problem or if the

process is not responding well.

Figure 10: Generated image of linear structure (black pole structure)

4.7 Elliptical Structures

The Edge detection method that has been used is ideally suited for linear
structures such as black pole structure in the image. However, from inspection,
there is significant ice accumulation on the circular black covers as shown in
Figure 11. This accumulation warrants analysis at these positions. Three
positions have been chosen to analyze with the program. Unfortunately, the
techniques previously used for the linear structures do not accurately determine

13



the edges of the elliptical shape. To resolve this problem, the program has been
adjusted with small changes to the edge detection. Instead of evaluating all rows
of pixels, the program will average the pixel values of several rows in the middle
of image. This will determine the rounded edge more effectively from the elliptical
shape. This method works significantly better than the original, but the linear

structures continue to show a more accurate result.

Figure 11: Generated image of the elliptical structure

5.0 Ice Progression Graph

With the addition of the matplotlib extension to Python, the program is given
graphing capabilities to help display the ice analysis (see Appendix C). As shown
in Figure 12, the script will output and save a graph displaying all the necessary
calculations of the icing event in an organized manner (see Appendix B for

additional graphs of each position during the December 29, 2006 icing event).
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Ice Progression for Position 4 of Image (Dec 29)
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Figure 12: Graph generated from Dec. 29 icing event

5.1 Features

The graph includes a scattered plot of the width of each structure as the
icing event progresses. A line of best fit is incorporated with respect to the
data using standard commands in Python. The accuracy of this line is
given in the top left corner of the graph as standard deviation. The residual
standard deviation represents the average distance that each point is
away from the best-fit line. As well, the ice thickness is calculated from the
data by comparing the width of the standard structure with no ice and the
icing width after the accumulation. The third calculation given at the top of
the graph is the rate at which the ice is growing. This refers to the
thickness of ice divided by the length of time for the icing event (five

images are captured during one hour).
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To increase the accuracy of the results, an error calculation is
incorporated to avoid flawed data points (shown in Python Code,
Appendix A). Edges that are not detected correctly can lead to a best-fit
line that does not represent the entire data set well. By using the error
formula, these points are removed from the data by comparing all points to

the median value.

5.2 Relationships

From inspection of the graphs generated by the program, the most
accurate data is retrieved from the black pole structure (see Appendix C
for all positions). These positions have a smaller residual standard
deviation than other position as the values are more closely related to the
line of best fit. However, the horizontal pole of the black structure
(positions 9, 10, and 11) does not calculate with the same accuracy. This
is caused by the fact that some icicles have formed on the bottom of the

pole creating ice build-up that is not uniform and difficult to calculate.

In addition to the black structure, the data from the railing positions were
accurate with small deviation. However, more flawed values were
removed and resulted in a smaller data set. These positions create better
results than the elliptical data, as the computer often cannot detect the

round edge effectively.

Another trend that can be observed from the data collected is with respect
to the height and distance from the exterior of the vessel. As the height of
the position decreases (seen in positions 1-4 and 5-8 of Figure 5), the ice
accumulation increases. This occurrence is based on the marine icing
spray as the lower positions of the structure tend to be sprayed in greater
amounts. As well, the railing shows a relationship with the bow of the

vessel. There is significantly greater ice accumulation the closer to the
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bow since this is the part of the vessel, which the icing spray initially
originates (positions 15, 16, and 17 of railing). Distance also plays a role
with the white poles displayed in the image since they seem to be too far
from the hull of the vessel to get sufficient icing spray to create

accumulation.

6.0 Conclusion

The MIMS technology continues to be employed on the Atlantic Eagle as it
captures a large amount of images during each winter. The images give the
ability to monitor and research icing on offshore vessels and have the potential to

avoid dangerous situations.

With the use of Python, ice accumulation and the rate of growth has been
calculated in an automated approach. The accuracy of the automated analysis
continues to improve and demonstrate the positions susceptible to icing. As
MIMS and the detection methods develop, it can be a significant safety feature
for vessels. Monitoring these icing events is necessary for all vessels travelling in

waters that are prone to marine icing.
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Appendix A

Python Code for Automated
Image Analysis

19



import Image # PIL Python Image Library
import ImageOps
import ImageFilter
import ImageDraw
import ImageFont
import glob, os
import csv
from pylab import =*

frame = 100000

calib = (0.68, 0.68, 0.68, 0.68, 0.68, 0.68, 0.68, 0.68, 0.68, 0.68,
0.68)

boxS = (60,80) # size of image segment

boxR = [12.6, 12.6, 12.6, 12.5, -9.5, -9.6, -9.6, -9.6, 94, 94, 94] #
rotation of image segment

boxO = [(575,350), (575,400), (575,575), (575,630),

(950,225), (950,275), (950,425), (950,500),

(725,1230), (725,1170), (725,1113)

] # location of corner of image segment after rotation
cmlist = [[] for 1 in range (len (boxR))]
boxesSize = [(a[0], alll, al0]l+boxS[0], alll+boxS[1l]) for a in boxO]
holdSize = [ 0, 0 , boxS[0]*3, boxS[l]*len(box0)] # output image gif
cnt = 1
fo = csv.writer (open("E:\Icing Event\icing.csv", 'wb'))
fof = csv.writer (open ("E:\Icing Event\icingNum.csv", 'wb'))
col = [(' ")]1*(3) # output data

for infile in glob.glob ("E:\\Icing Event\\Icing Pics\\J*.jpg") :
filepath, filename = os.path.split(infile)
filename, ext = os.path.splitext (filename)

results = [filename] # list of file names
results.append(cnt) # append counter to list of file names

im = Image.open(infile) # open image

hold = im.crop (holdSize) # create image to hold visual results

for i, box in enumerate (boxesSize): # for each area to analyze
region = im.rotate (boxR[i], resample=2) # rotate image
hold.paste(region.crop(box), (0, boxS[1l]*i)) # save cropped
original

#region = region.crop (box)
region = ImageOps.grayscale (region)

#region = region.filter (ImageFilter.SMOOTH)
#region = region.convert('L")

#region = region.filter (ImageFilter.BLUR)

region = ImageOps.autocontrast (region, cutoff=10)

region = region.filter (ImageFilter.MedianFilter(3))
region = region.filter (ImageFilter.SMOOTH)

region = ImageOps.autocontrast (region, cutoff=3)
#region. show ()

20



#edge = region.filter(ImageFilter.EDGE_ ENHANCE)

edge = region.filter (ImageFilter.MedianFilter(3))
edge = edge.filter(ImageFilter.FIND EDGES)

edge = ImageOps.autocontrast (edge, cutoff=2)
#edge. show ()

edge = edge.crop (box)

hold.paste (region.crop (box), (boxS[0], boxS[1]*i)) # save

processed segment

of max

##

hold.paste (edge, (boxS[0]*2, boxS[1]*i)) # save edge segment

width,height = edge.size # get the size of the image

temp = [0] *width # temp list to hold average values
string = '!'
data = list(edge.getdata()) # convert image to list of values

firstl = []
lastl = []

for n in range (height/5) :
rge_htx = (0 + 5*n)
rge hty = (5 + 5%*n)
for j in range(width): # average values for each column
for k in range(rge htx,rge hty):
temp[j] += float(datalk*width+j])

temp[j] = temp([j]/ (height/5)

if 1 == 0: # for first segment output column averages
col[1l] = 3
col[2] = '%$5.1f'" % (temp([j])

col[0] = cnt
fo.writerow(col)

peak = int (max(temp([5:-5])*0.7) # define peak value as 70%

for k in range (5, width/2): # find left edge
if peak < temp[k]:
firstl.append(k-1)
break

for k in range (width-5, width/2, -1): # find right edge
if peak < temp[k]:
lastl.append (k+1)
break

print firstl, lastl

if len(firstl) != 0 and len(lastl) != O0:
error = (firstl - mean(firstl)) **2
ermedian = median (error) * 1.5
g =20
for £ in range(0,len(firstl)):

if error[f] > ermedian:
firstl = delete(firstl, I[gl])
g =g-1

elif error[f] < ermedian/2.5:
firstl = delete(firstl, I[gl)
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#H
##

g =g-1

g +=1
error = (lastl - mean(lastl)) **2
ermedian = median (error) * 1.5
g =20

for £ in range(0,len(lastl)):

if error[f] > ermedian:
lastl = delete(lastl, I[gl)
g=g-1

elif error[f] < ermedian/2.5:
lastl = delete(lastl, I[gl)
g =g9-1

g +=1

first = mean(firstl)

last = mean(lastl)
print firstl,lastl
print first,last

pixelwidth = (last-first)

draw = ImageDraw.Draw (hold)
cmwidth = calib[i] * pixelwidth
if len(firstl) or len(lastl) ==

== 0 :
draw.text ((5, boxS[1]*i+20), 'Could not find edges')

else:
cmlist[i] .append (cmwidth)

results.append (pixelwidth) # append width of edges to results

int (last))

text = ' %s ,%3d, %3d, %3d' % (filename, pixelwidth, int (first),
string = '%2.1f' % (cmwidth) + 'cm!'
pos = (int (boxSI[0]1/3), int (boxS[1]*i+boxS[1]/2)-1)

draw.text ( pos, string) # write edge width on image

topline = int (boxS[1]/3+boxS[1]*1i)

botlinel = int (boxS[1]*2/3+boxS[1]*1)

botline2 = int (boxS[1]+boxSI[1]*1i)

draw.line (((first,boxS[1]*1i), (first,topline)),fill=256,width=1)
draw.line(((first,botlinel), (first,

botline2)),fill=256,width=1)
draw.line (((last,boxS[1]*1i), (last,topline)),fill=256,width=1)
draw.line(((last,botlinel), (last,botline2)),£fill=256,width=1)

# displays text for position counter,

image

for h in range (0, len(boxR)) :
stringl = (('%d' % (h+1)), ('%d' %
pos = ((5, boxS[1]*h+70), (4,5), (
for g in range(0,len(stringl)) :
draw = ImageDraw.Draw (hold)
draw. text (pos[g], stringl[gl])
g +=1
h += 1

image counter,

(
20

cnt) ),
,5))

and time of each

(infile[-9:-5]1))
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for

#H
##
##
#H

print text, cnt # output to screen

fof.writerow(results) # write results to second file
picture = 'E:\Icing Event\\Analysis Pics\\'
frame += 1
string = '$s' % (frame)
pic = '%s%s.gif' % (picture, stringl[-4:] )
hold.save (pic[0:len(picture)] + 'janl5pole' + pic[-8:1,
cnt +=1
if cnt >= 40: # exit after first file
break
j in range(len(cmlist)):
x list = arange(0,len(cmlist[j]))
y list = []

for x in x list:
y = cmlist [j] [x]
y_list.append(y)
y list = array(y list)

m,b = polyfit(x list,y list,1)

error = (y_list - (m*x_list + b)) **2
ermedian = median(error) * 10
g=20

for i in range(0,len(y list)):

if error[i] > ermedian:
#del y list[il
y_list = delete(y list, I[g])
g =g-1

elif error[i] < ermedian/100:
y_list = delete(y list, I[g])
g =g-1

g +=1

x list = arange(len(y list))
m,b = polyfit(x list,y 1list,1)

error = (y list - (m*x_list + b)) **2
ermedian = median(error) * 5
print error
print ermedian
print y list
print len(y list)
g =0
for i in range(0,len(y list)):
if error[i] > ermedian:
#del y list[i]
y list = delete(y list, [gl])
g =g9-1
elif error[i] < ermedian/25:
y list = delete(y list, [gl])
g =g-1

IIGIFII)
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g +=1

x _list = arange(len(y list))
m,b = polyfit(x list,y 1list,1)

bestfit = m*x list + b

ice thick = (max(bestfit) - min(bestfit))/2

string = '$s' % (j+1)

stringice = '%1.2f' % (ice_thick)

icerate = (max(bestfit) - min(bestfit))/(cnt/5)

stringrate = '%1.3f' % (icerate)

print 'The ice thickness for Position', string, 'is', stringice,
Icml

print 'The rate of ice thickness is ', stringrate, 'cm/hr'

std _ice = array((y_list - bestfit) **2)

std value = sgrt((std ice.sum())/(len(y list)-2))

std str = '$1.2f' % (std value)

print std value

plot(x list, y list, 'bo', x list, bestfit, '-k', linewidth=2)

string = '$s' % (j+1)

title('Ice Progression for Position ' + string + ' of Image (Jan
15) ")

xlabel ('Time Progress')

ylabel ('Width (cm) ')

figtext(0.15,0.825, 'Ice Thickness = ' + stringice + ' cm',
color="red')

figtext (0.15,0.725, 'Standard Deviation = ' + std str, color='red'

figtext(0.15,0.775, 'Rate of Increase = ' + stringrate + ' cm/hr',
color="red')

savefig ('E:\\Icing Event\\Figures\\janl5figposition' + string +
1 .pngl)

clf ()

)
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Appendix B

Sample Analysis Pictures for
Icing Event (Dec. 29, 2006)
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Appendix C

Icing Event Figures for
Ice Accumulation

38



Width (cm)

Width (cm)

Width (cm)

20

191

15

14

20

191

18

17

Ice Progression for Position 1 of Image (Dec 29)

Ice Thickness = 1.40 cm
Rate of Increase = 0.350 cm/hr

Standard Deviation = 0.70

F e
0 5 10 15 20 25
Time Progress
Ice Progression for Position 2 of Image (Dec 29)
Ice Thickness = 1.50 ¢m .
Rate of Increase = 0.376 cm/hr

Standard Deviation = 0.70

16 |
.
15| o
140 2 4 6 8 10 12 14 16 18
Time Progress
Ice Progression for Position 3 of Image (Dec 29)
23 T T T
. Ice Thickness = 3.13 cm
Rate of Increase = 0.784 cm/hr °
51| Standard Deviation = 0.77 . ®
°
15§
14
0 5 10 15 20

Time Progress

39



Ice Progression for Position 4 of Image (Dec 29)

22 T T T T T T T T
Ice Thickness = 2.46 cm s £
211 Rate of Increase = 0.614 cm/hr
Standard Deviation = 0.69 .
[}
E
=k
¥ g
s
=2
=
15§
14O 2 4 6 8 10 12 14 16 18
Time Progress
Ice Progression for Position 5 of Image (Dec 29)
18.5 T T T T
.
Ice Thickness = 1.18 cm ° o
18.0F Rate of Increase = 0.296 cm/hr
Standard Deviation = 0.80 ]
17.5
17.0
E
=t
c 16.5
s
=
=
16.0
15.5
15.0§ .
e
14'50 5 10 15 20 25
Time Progress
Ice Progression for Position 6 of Image (Dec 29)
20 T T T T T
Ice Thickness = 1.44 cm -
0] Rate of Increase = 0.359 cm/hr .
Standard Deviation = 0.89
) 0o ® ')
.
£
2 °
¥ =g
=
2
=
[
15 ® ®
b
140 5 10 15 20 25 30

Time Progress

40



Width (cm)

Width (cm)

Width (cm)

23

22

Ice Progression for Position 7 of Image (Dec 29)

Ice Thickness = 2.32 cm .
Rate of Increase = 0.581 cm/hr

Standard Deviation = 0.74 ° )

16|
')
150 5 10 15 20 25
Time Progress
Ice Progression for Position 8 of Image (Dec 29)
22 T T T
Ice Thickness = 3.02 cm
L L]
21 Rate of Increase = 0.755 cm/hr .
Standard Deviation = 0.91
140 5 10 15 20
Time Progress
Ice Progression for Position 9 of Image (Dec 29)
20 T T T T T
Ice Thickness = 1.62 cm L]
19 Rate of Increase = 0.406 cm/hr 5
Standard Deviation = 1.22 . °
L)
130 5 10 15 20 25 30

Time Progress

41



Width (cm)

Width (cm)

Width (cm)

19

18

13

12

21

20

Ice Progression for Position 10 of Image (Dec 29)

Ice Thickness = 1.62 cm

Rate of Increase = 0.405 cm/hr

Standard Deviation = 1.30

° °
I LI
0 5 10 15 20 25
Time Progress
Ice Progression for Position 11 of Image (Dec 29)
L]

Ice Thickness = 0.74 cm L
I Rategf Increase = 0.184 cm/hr

Standard Deviation = 2.19 5
| L °

19

15

14

52

N [ L]
b L]

L] °
0 5 10 15 20

Time Progress
Ice Progression for Position 12 of Image (Dec 29)

Ice Thickness = 1.85 cm

I Rate of Increase = 0.462 cm/hr L

51

50

49

47

46

45

Standard Deviation = 1.39

L

3 4 5 6

Time Progress

42



51.5

51.0

Width (cm)

50.5

50.0

49.%.

Width (cm)

Width (cm)

52

51

w
o

Y
(=]

47

35

20

Ice Progression for Position 13 of Image (Dec 29)

Ice Thickness = 0.78 cm

Rate of Increase = 0.195 cm/hr

Standard Deviation = 0.52

0.5 1.0 1.5 2.0 2.5
Time Progress

Ice Progression for Position 14 of Image (Dec 29)

3.0

Ice Thickness = 1.44 cm .
Rate of Increase = 0.359 cm/hr

Standard Deviation = 1.25
L]

1 2 3 4
Time Progress

Ice Progression for Position 15 of Image (Dec 29)

Ice Thickness = 5.76 cm
Rate of Increase = 1.440 cm/hr

Standard Deviation = 2.93

2 4 6 8 10
Time Progress

12

43



Width (cm)

28

26

Width (cm)
N
5

N
N

20

18

Ice Progression for Position 1

6 of Ima

ge (Dec 29)

Ice Thickness = 3.52 cm

Rate of Increase = 0.880 cm/hr

Standard Deviation = 0.87

0 2 4 6 8 10 12 14
Time Progress
Ice Progression for Position 17 of Image (Dec 29)

22.5 T T T T

Ice Thickness = 1.38 cm
22.0 Rate of Increase = 0.346 cm/hr

Standard Deviation = 0.26

°

21.5
21.0
20.5
20.0
19.5
19'00 2 4 6 8 10

Time Progress

44



M

National Research Council Conseil national de recherches

Canada Canada
Institute for Ocean Institut des technologies
Technology océaniques

Thermal Regulation Manikin Support Frame

SR-2008-05

Ron Ryan

April 2008



DOCUMENTATION PAGE

REPORT NUMBER NRC REPORT NUMBER DATE
SR-2008-05 April 2008
REPORT SECURITY CLASSIFICATION DISTRIBUTION
Unclassified Unlimited
TITLE

Thermal Regulation Manikin Support Frame

AUTHOR(S)

Ron Ryan

CORPORATE AUTHOR(S)/PERFORMING AGENCY(S)

Institute for Ocean Technology, National Research Council, St. John’s, NL

PUBLICATION

N/A

SPONSORING AGENCY(S)

10T

10T PROJECT NUMBER NRC FILE NUMBER
42 2264 16

KEY WORDS PAGES FIGS.
Manikin, 42 2264 16, Support Frame 53 11

TABLES
4 (App)

SUMMARY

The project concerns the design of a support frame to assist in the buoyancy of the thermal
manikin while in an immersion suit in water. The support frame will allow the manikin to be

positioned so that it mimics a human position while in an immersion suit in water.

ADDRESS National Research Council
Institute for Ocean Technology
Arctic Avenue, P. O. Box 12093
St. John's, NL A1B 3T5
Tel.: (709) 772-5185, Fax: (709) 772-2462




Summary

The purpose of this report is to describe the design of a thermal regulation manikin support frame. The
“Human Thermal Regulation in Wind and Waves” project was set forth due to Transport Canada
requiring immersion suits be regulated and certified. The Canadian General Standards Board set the
following criteria: Prevent a 2 degrees Celsius drop in core body temperature in 2 degrees Celsius water
over 6 hours. Human subjects along with a thermal manikin will be used to test the immersion suits. The
immersion suits orientate the human body in a particular way that the manikin is unable to accomplish.
This leads to the design of a support frame that will orientate the manikin properly. The support frame
has four sections with adjustability being a key feature in the design. There is the outer and inner frame,
the outer to inner frame connectors, and the manikin supports. The outer frame is removable to allow
the use of the inner frame to fit in the calorimeter tank. The inner frame has a wide range of
orientations due to the outer to inner frame connectors. The thermal manikin is suspended in the
manikin supports using nylon straps that are adjustable. Five connecting points secure the manikin,
which there is one at the chest, two at the thighs, and two at the ankles. Buoyancy calculations were
preformed for the pre “as fabricated” frame only and not with the manikin where it would have been
too time consuming to create an accurate CAD model. Based on the calculations the frame would
require the assistance of foam to be neutrally buoyant at the desired water line. It is necessary to test

immersion suits so that they can be used for survival in the ocean.
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Introduction

The floating support frame design was developed as part of the project 42_2264 16, “Human Thermal
Regulation in Wind and Waves”. Due to Transport Canada regulations it is required that immersion suits
be tested in calm and circulating water so that they can be certified and approved for real life survival
situations. In order to gain approval certain criteria has to be met such that the immersion suit must
prevent a drop of 2 degrees Celsius from the original core body temperature, in 2 degrees Celsius water
in about 6 hours. To test these suits human subjects are needed along with the use of a thermal manikin
that can be heated by internal heaters in different areas of its body. This testing of the suits with the
thermal manikin will provide valuable information such as how much energy is needed to maintain the
manikin’s body temperature. The immersion suit allows the human body to float in a particular
orientation that the thermal manikin would not be able to imitate. This circumstance made necessary
the design of a floating support frame that will position the manikin similar to that of the human’s
orientation while in an immersion suit. The floating support frame will allow the thermal manikin to be
configured in different physical orientations, such as lying flat or even in a sitting position depending on
the protective clothing being tested. The frame is manly designed for "NEMOQO” a thermal regulation
manikin however it should work with other manikins.

Design Criteria
Below is a list of design criteria for the design of the support frame.

e Highly adjustable

e NEMO's weight of 155 Ibs

e NEMO's height of 5'9”

e Support for other manikins

e Simple design

e Minimal fabrication

e Cost effective

e Light weight as well as rigid

e Mooring locations

e QOperation in wind and waves environment

e Fitinto Calorimeter Tank (7’ X 4’)
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The Concept

There are two frames, an inner and outer frame. The inner frame will support the manikin and the outer
frame will provide buoyancy adjustment and some stability. The connection from the outer frame to the
inner frame will allow the inner frame to be at some angle with respect to the outer frame. The inner
frame would have a hinge approximately half way so that the upper section could be at some angle with
respect to the lower section, this will allow the manikin to lie flat or sit up. There are 5 supporting points
from above and below the manikin, 2 at the ankles, 2 at the thighs, and 1 at the chest. Nylon straps will
be used to connect the manikin to the frame and the straps will be adjustable so the desired freeboards
can be obtained. Also note that nylon straps are non-conductive, and have a small contact area with the
manikin so the results of the test will not be affected. Also outer frame will be able to separate from the
inner frame to allow the inner frame to fit in a calorimeter tank. The main material used is PVC with a
small amount of Aluminum for connections.

The Design
Figure 1 shows the complete frame that is broken down into 4 sub components, which will be discussed
separately.

Figure 1: Floating Support Frame
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Outer Frame

The outer frame in Figure 2 is made of 1-1/4 inch Schedule 80 PVC pipe. The PVC elbows in figure 3 are
connected with screws to easily disconnect the members for the addition of foam or weight to the outer
frame from ether corner. The outer frame was filled with expanding foam to fill the cavity so sealing is
not an issue which also provides a positive buoyant force to assist in supporting the inner frame and the
manikin.

Figure 2: Outer Frame with Floats

Figure 3: Outer Frame Elbow with Screws
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Outer to Inner Connection

There are primary and secondary connections between the inner and outer frames. The primary
connection is made from multiple sizes and connectors of PVC. There is a 1-1/2 inch Schedule 40 pipe in
a 2 inch Schedule 80 pipe with 4 slits to allow a compressive force created by a pipe clamp (not shown in
figure) to prevent the two from rotating. The 2 inch pipe is connected to a 2 inch Tee connector that is
split to allow it to be removed. Also the 1-1/2 inch pipe is fixed to a 2 to 1-1/2 inch reducing Tee
connector, which is also split (see figure 4). A spacer is needed to connect the reducing Tee to the outer
frame, which is a small diameter. This connection allows the inner and outer frames to be connected
together so the outer frame can support the inner frame, but will also allow the inner frame to be
adjusted in different orientations. The primary connector is able to translate along both the inner and
outer frame depending on the position of the manikin and allow the two frames to be at different
angles. The secondary connection is made up of PVC and Aluminum. In figure 5 there are two aluminum
bars that are connected together and the ends are connected to a 2 inch PVC Tee connector. One end
connects to the inner frame and the other connects to the outer frame with the same spacer as the
primary connector to connect to the outer frame. The secondary connector will reinforce the position of
the two frames and remove a moment on the primary connector.

Figure 4: Primary Connection
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Figure 5: Secondary Connector

Inner Frame

The inner frame is made primarily of 2 inch schedule 40 PVC pipe with 90° elbows. The elbows attached
to the pipe with PVC cement rather than with screws like the outer frame. As illustrated in figure 6 there
is an upper section and a lower section. The upper section is where the upper portion of the manikin
such as head and chest would be placed and the lower is where lower portion of the manikin will be
placed. The manikin supports will be connected to the sides of the inner frame. The upper frame is
connected to the lower frame using an aluminum connection elbow as show in figure 7. This connection
elbow allows the upper and lower sections to be set at certain angle with respect to one another. The
angle can range from 0 to 130 degrees by the use of a slot with a locking bolt (not shown in figure). The
upper section of the connection is fixed while the lower is movable. The inner frame was filled with
expanding foam to assist in buoyancy and to also prevent internal water sloshing during a test in waves
that might possibly affect frame motion.
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Figure 6: Inner Frame

Figure 7: Inner Frame Connection

Manikin Supports

There are three identical manikin supports as shown in figure 8. These are used to support the chest
area, the thigh area and the ankles respectively and are made from a number of different sizes of PVC
pipe. The top and bottom beams are 2 inch PVC schedule 40 pipe with 90° elbows. There is a 2 inch
schedule 80 pipe that fits over a 1-1/2 inch schedule 40 pipe allowing it to be telescopic so that the
length can be adjusted. There is a 2 to 1-1/2 inch reducer to connect the inner pipe of the telescopic
section. A split 2 inch PVC cross is used to attach the manikin supports to the inner frame using clamps
(not shown in figure). This also allows the manikin supports to be translated along the inner frame,
flipped or removed. The manikin supports were also filled with expanding foam for the same reasons as
the inner frame. There are 5 main manikin connecting points, one at the chest, two at the thighs and
two at the ankles. Ultra abrasion-resistant nylon straps will be used to connect the manikin support
frame to the manikin at these five locations. The manikin connection points will be suspended between

7|Page



the top and bottom beams of the manikin supports. Nylon is used because it is a non conductive
material, non abrasive and easy to work with. The straps are secured to the top and bottom beams using
clamps, which will allow the straps to be adjusted up or down, or transversely depending on the
freeboard requirements or manikin orientation.

Figure 8: Manikin Support

Design Analysis Description and Results

The basic design calculations were completed by hand and are provided in Appendix A. The NEMO
manikin weighs approximately 155 lbs (70 kg) dry and its weight distribution is unknown so an estimate
was used. During fabrication the top and bottom cross beams of the manikin supports were tested for
deflection by applying a load and then visually inspect the part. The top beam of the manikin support
was loaded to 176 Ibs (80 kg), which is more than required since there are three manikin support frames
so the weight would be distributed. The 2 inch PVC pipe is rated by the manufacture to withstand a
maximum pressure of 300 psi so failure would most likely occur at the clamps or cemented joints. The
nylon straps have a breaking strength of 2500 Ibs so there is no concern with the straps breaking.
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Final Design Description

The design was tested in the trim tank in the machine shop. The frame was able to support the weight of
the manikin while out of the water (see figure 9) and in the water. With no immersion suit on the
manikin, floats were needed to support the manikin at the proper level (see figure 10). However, with
the immersion suit on there was sufficient additional buoyancy such that the outer frame was no longer
required since it was providing too much buoyancy. As a result the outer frame was removed and two 5
kg weights were attached to the lower section of the chest manikin support to help combat the excess
buoyancy of the immersion suit. This configuration is shown in figure 11.

Figure 9: Manikin out of Water
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Figure 11: Manikin in Immersion Suit
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Conclusion and Recommendations

It is imperative to test immersion suits or other survival gear so that we know and understand how well
they work, particularly with respect to energy (heat) loss in realistic operations. The NEMO manikin is a
very important sophisticated piece of equipment that will allow us to study the suits and determine how
much energy is lost and determine the thermal resistance of the immersion suit or survival gear. Tank
Tests will help to determine how long a person can survive in the immersion suite and the floating
support frame, designed to hold the manikin in a natural human orientation while in an immersion suit
is an important apparatus in ensuring accurate test results. The support frame preformed as expected.
One possible improvement would be to allow easier adjustment of the straps.
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Appendix A: Calculations
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Equations:

The calculations preformed were for the pre as fabricated design.

Fouoyaney = OVE

Free = mg—pVg

Density of materials:

Water = 100079/ ,

Inner Sections = 1672.17 °9 fm“‘

Quter Frame Filled = 1390 *‘"E‘fm$

Styrofoam = 48,05 "¢ fmg

Inner Sections (IS) at water line:

¥ = 0.009306m3

m = 27.39%kg

Frecgny = 27.39kg x 9.81 ™ ; — 1000 "’Ffma * 0.009306m? X 9.61My 5 = 177.4N
Outer Frame Filled (OFF) at water line:

¥ =0.005271m?

m = 7.33kg

Frererr = 1.33kg x 9.61M_; — 1000 ?cg}ma * 0.0D5Z71m® x .61 7y = 202N
Clamps:

¥ = 0.000214m3

e = 2.7 0kg

Fret(ciamps) = 2.78kg X 981} ; — 1000 F"@‘fma X 0.000214m*® X 9.81M) ; = 25.17N

Total:

F‘Hi‘t(fptﬂﬂ = meﬂ i+ Fnatﬂ?f‘f)"‘ Fmaftﬂﬁmm = 177 4N + 202N + 251FN = 222.7N
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Foam required:

Through iteration the volume of foam determined to cause the frame to be neutrally buoyant at the
water level is ¥ = 0.025114m?

m = 24lkg
Fretroamy = 244lkg x 9.61 mf_g: — 1000 @fma % 0.025114m% x g'glmfs‘: = —222.9N
Result:

Fuer esuied = Frec Gorad T Fnectroamy = 2227 — (—222.7W) = 0¥
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Appendix B: Fabrication Drawings

15| Page



ReVISIONS.

.| e CESRIPTIV (03

Notes:

Inner Frame (IF)

Oufter Frame (OF)

Manikin Supporft (MS)

\\Knarr\cad_user\Projects\42 2264 16 Hunan Thermal Regulation ’;

Z I Notional Research Conseil national
* [gur‘mgr;\ [0:020 - denr“echer‘ches Canaoda m-cm
, TOLERANCES Hoterial . ‘ ,
Inner Frame Joint (] (nless spec ied) Institute for Marine Oynanics
0.6 + 003 Kerwin Place, P.0. Box 12093, Postal Station A |
DX £ 0015 St. John’s, Newfoundland AlB 3T5
E‘XX‘X f 05‘035 “ 000 Flooting Frane
| ngle /= .3 deq. [oemsmom o
Outer To Inner Connection (OTIC) i ication e 3y | s B [~ R Rn Full hssenbly
Frckion s v [0 3 L A3 wase |”
Yinch v~ 1R 2 Qonkity | = 0 " Wbheri 2 [= =33
8 ‘ 7 ‘ 5 ‘ 5 4 ‘ 3 ‘ B |




4 3 2

VTSI

THE INFIRUATION CIVTAINED IN THIS DICUMENT IS
CONCIIENTIAL AND SHALL NIT B WADE PURLIC, TR
CIPTED, O USED AS TH BASIS FIR THE .| e ExRIPTIV e PR

(OF ) Ends

Notes:

90° Elbow

\\Knarr\cad_user\Projects\42 2264 16 Hurman Thernal Regulation §

2 P Notional Research Conseil national
* Counci | Canada de recherches Caonada m-m
Noterial ,
(ul&ggﬁﬁﬁd) e Institute for Marine Dynamics
[ O’: ] S | d 0 % 0.03 Kerwin Place, P.00. Box 12093, Postal Station A
| €3 o + 0.015 St. John’s, Newfoundland AlB 3T5
0 £ 0.0 Fo 000 |™  Floabing Frome
Angle 4/ 5 deg. fommss e & [ p, Ryon Duter Frore (TF)
Fabricobion +/- .04 il B oy —_— -
Fraction csiman w1 @ AT ‘ 42 2264 16
- fuontit — =
YBinch +- /R 2 uontity 1 S ‘M A Hprl 102 \W’Z =33
[ 7 6 5 4 3 2 I




(OTIC) Hold 3

Notes:

(OTIC) Inner Connection

\\Knarr\cad_user\Projects\42 2264 16 Hurman Thernal Regulation E

(OTIC) Hold 2

J Notional Research Conseil national
* i Council Conada de recherches Canada m'cm
Material
(UHTE&SEEDAQ‘[EEM e Institute for Marine Dynanmics
0.x =+ 0.03 Kerwin Place, P.0. Box 12093, Postal Station A A
D £ 0005 St. John's, Newfoundland AIB 375
(OTIC) Outer Connection o 05‘035 " 000 ™ Flooting Frone
Fobnfgi EEOUOH 4/7 8%4 PR o % j::mR‘ Ryan = Nﬂmitffr To Tnner Connection (D;ID
(OTIC) Connection Spocer Froction et v | €3 -1 1o ™ 422064 16
p 8 ich - 1R 2 Bontity | = 08 [T Ak =38
2 i

: \ ’ [ ’ \ ; | : \ ; \




TION COVTAINED IN THIS COCUENT IS eevisIons

THE v
COVIENTIAL AND SWALL NOT B WADE AIRLIC, TR
CPIED, R BASIS FIR THE w. | e esRPTIV 3 sePROVED

(IF) Ends e

90° Elbow

(IF) Upper Side

[ l ’: ] L 0 W € r\ S ‘ de \\Knarr\cad user\Projects\42 2264 16 Hunan Thernal Regulation §
| P Notional Research Conseil naotional
* 2 Counci | Canada de recherches Canada m-cm
Material , , .
(UI\DE&EE@E\[EEM Institute for Marine Dynanics
0.X + 003 Kerwin Place, P.0. Box 12093, Postal Station A
oxx £ 0.0 St. John's, Newfoundland AIB 375
Q‘XX‘X * 05‘035 o 000 Floating Frane
ngle +/- . . [owesme o o
9 ‘ & o wes K R, Ryan Tnner Frone (IF)
Fobrication +/- .04 S ey ez =
Fraction <s e - i @ EF -~ A3 ‘ 42 22684 16
inch /- Ll o o
Yo 1R o wuie A FE 00 PRk R [ 4 =33

8 7 6 5 4 [ 3 ‘ 2 ‘ !




8 7 & 5 4 ‘ 3

TI0V CONTAIND IK THIS ODHENT IS REVISIONS
HAE FBLIC, (R

THE IR

DNIZEVTTAL AND SHALL AT BE.

IPIED, IR USED 45 THE BASIS FIR THE .| e cescRIPTIN e apeROVED

MANFACTIRE (R SWE INES

SPECIFITALLY ATHRIZED IN WEITING B THE

NATIIVAL RESCARTH CIUNCIL OF CANADM . THIS
PROPERTY OF THE NATIOVAL

ESEARTH CIUNCTL OF CANADA AND IS SUBUELT T

RETURN O DEMND.

. Notes:
Inside Connector

([FJ) Connection

\\Knarr\cad_user\Projects\42 2264 16 Hunan Therna| Regulation ’;

A\

* ] Notional Research Conseil national
[ H:J J Counci | Canada de recherches Canada m-mc

[nside Connection o
(UIE&SEES\Q‘[EEM o Institute for Marine Dynanics
0.X + 0.03 Kerwin Place, P.0. Box 12093, Postal Station A
o £ 0,005 St. John‘s, Newfoundland AIB 3T5
AL o - oating Frane
DX + 0.003 OUU Float gF
Ang‘\e +‘/7 90, me e g [ R. Ryan Inner Frane Joint (IFJ)
Fobrication +/~ .04 e O b 13 - =
Froction <o w1 @ : ‘ 42 2204 16
Yok v o s oty FE 05 PRk [ 5 =33

8 7 6 5 4 ‘ 3 ‘ 2 ‘ 1




eevisNg

RESEARCH [IUACIL OF CAVADA AND IS SUBLELT TO
RETURN N JEMAND,

Notes:

(MS) Top/Bottom (MS) Support fo Frame Connector

(MS) Top Side

90° Elbow

(MS) Bofttom Side Oufer |

(MS) Boftom Side Inner

\\Knarr\cad_user\Projects\42 2264 16 Human Thernal Regulation ’;

* 2 Notional Research Conseil naotional

i Council Canada de recherches Canada m-cm

(MS) Boftom Side Outer 7 TGN [l iy :
. . (unless spec fied nstitute for Marine Uynanics
[ Umder\ Reduc l md Coup ‘ ~ mg ] 0.X 1 0.0 Kerwin Place, P.0. Box 12093, Postal Station A
oxx £ 0.05 St. John’s, Newfoundland AIB 3T5
! ! 0 £ 0.005  [oe e ‘
Reducing Coupling e ~ 000 Floating Frone
AN ‘ soe X R, R)’Uﬂ Manikin Support (MS)
Fobricotion +/- .04 s [ s E ‘W R ‘ _
Frackion <simn o 1m ‘
> inch - 132 @M;E Huantity 1 00 ‘M Z[BBprer[ﬁ ‘m s

8 7 6 5 4 [ 3 ‘ 2 ‘ !




7 & 5 4 3 2 1

THE INFORNATION COVTAINED IN THIS COCUVENT IS eevisNg
COVIZENTIAL AND SHALL NOT PRI, IR
COPIED, R ISED AS THE

B W
BASIS FIR THE w. | e oescRIPTION| 3 sPROVED

NAFALTURE R SALE OF ITEHS LNLESS
SPELIFICALLY AUTHORI G B T

is
IZE0 IN VLTI
NATTOVAL RESEARDH (DUNCIL OF CAVADA, THIS
e W

Notes:

(5S) Strap Connectors

Nylon Strap

\\Knarr\cad_user\Projects\42 2264 16 Hunan Thernal Regulation §

* j Notional Research Conseil naotional

i Council Canada de recherches Canada m-cm

Vater ol ) ) ‘

(UIFE&SEE;\QEEEM e Institute for Marine Uynanics

0.6 + 0.03 Kerwin Place, P.0. Box 12093, Postal Station A

oxx + 0.005 St. John's, Newfoundland AIB 3T5

E‘XX‘X f 05‘055 = 000 | Flooking Frone

ngle +/= .5 deq. [aeemsw =™ 2 Py o

o ] rap Support (SS)
Fabricotion 4/~ 04 | O Lot e - y
Fraction <o v @ 1 b ‘ 40 R4 16 ‘
Y6 inch /- 13 2 Huantity | T Z&Bprer[ﬁ =73

5 . S p ‘ 3 ‘ 2 | I




=

INRAATION CONTAINED IN THIS DOCLMENT IS
[

eevistons

oEcRIPTIN (3 R

Notes:

Deburr - Renove Al Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frame

IFJ - Tnner Frame Joint

MS - Manikin Support

OF - Outer Frone

0TIC - Duter to Inner Connection
§S - Strop Support

\\Knarr\cad user\Projects\42 2264 16 Human Thernal Regulation §

National Research

Counci | Canada

Conse il

national

de recherches Canada m'm

Sch 80 Pipe

Angle +/- .5 deg.

Fobrication +/- .04

Fraction <eimn - 1m
> 6 inch #-1/32

TOLERANCES Haterfal

(unless specified)

0.x + 003 PVC

0.015

Institute for Marine Dynamics

Kerwin Place, P.00. Box 12093, Postal Station A
St. John’s, Newfoundland AlIB 375

0.005 [ oo

000

ovesms o ]
s []

THIRD ANGLE

e

Floating Frone
(IF) Ends

£

" R, Ryan
AePROvED
Ouantity 2

v

IEI R

0 PRl [ g e

; |

\ i




8 7 6 5 4 3 2 1

INFIRAATION CONTAIVED I THES OTLNENT T3 REVISINS

e

CONCIDEWTIA AND SHAL NIT G WADE ARLIC, OR

CIPTED, 08 USED AS THE BASIS AR THE w,| me nescerTIn e oD
7

RESEAH TN F CANADA AND IS SLBEET T0
RETIRN OV 0D,

Notes:
Oeburr ~ Renove All Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frare
- I ' TFJ - Tnner Frame Joint
I 1/4 Sch 80 P p@ MS - Manikin Support
OF - Outer Frane
OTIC - Outer to Inner Connection
§§ - Strap Support

\\Knarr\cad user\Projects\42 2264 16 Human Thernal Regulation §

=

é é National Research Consei |l national
* Counci | Canada de recherches Canada m-cm
Material \ , .
(UIEESEE;\ENEEEM Institute for Marine Dynanics
0.6 + 0.0 PiC Kerwin Place, P.0. Box 12093, Postal Station A
oxx £ 0,005 St. John's, Newfoundland AlB 3T5
S‘XXIX £ 0005 o 000 Flooting Frane
t/- . \ [anevsms o X .
ngle /- .5 deg ™ we B [™ R Ry (IF) Sides
Fabrication +/- .04 U e S =
Froction <simn +-1at E} AT ‘ 42 2264 16 ’
Y8 inch - 1R Huontity ) i L r——
[y 1501 " amhile [=§ =33
1

8 7 6 5 4 ‘ 3 ‘ 2 ‘




INFORAATION CONTATNED IN THIS DOCLHENT IS eevistons
[

.| e oescRIPTIN (3 oD

Nofes:

Deburr - Rerove All Sharp Edges
(ut in half fo get o half circles
Check gop when assenbl ing

IF - Inner Frane
IFJ - Inner Frame Joint
4 0 775 MS - Manikin Support
OF - Outer Frane
OTIC - Outer o Inner Connection
§S - Strap Suppart

2" Sch 80 Pipe

L 7N

[}

72 spaces with 0.129" qa
2 W?Th no gap o

\\Knarr\cad user\Projects\42 2264 16 Human Thernal Regulation §

| National Research Conseil notional
* Counci | Canada de recherches Canada m-m

TOLERANCES Haterfal

(unless specied) Institute for Marine Uynanics

0.% + 0.0 PVE Kerwin Place, P.00. Box 12093, Postal Station A
oxx £ 0.005 St. John's, Newfoundland AIB 3T5
Q‘XX‘X f 05‘035 = 000 Floating Frane
ngle +/- .5 deg. [emmom B ™ R oo ‘
nass ) (OTIC) Connection Spacer
Fobrication +/- .04 iilll M o ! = i -
Froction <simh - i ‘ 47 2264 16
YBinh - 12 @ E Dottty MAB F e ———
0wz 1505 [ el [ |03

8 7 & 5 4 ‘ 3 ‘ 2 ‘ 1




4 3

Cuf in half

~—— J.200 —=

2=1/72" Sch 40 Pipe

BASIS FIR THE

THE INFORNATION COVTAINED IN THIS COCUMENT IS
COVICENTIAL AN SHALL NOT B WATE PLRLIC, (R
COPIED, 08 ISED S THE

NAALTLRE R SALE OF ITEHS LNLESS
SPECIFICALLY AUTHORIZED) TN WRLTING BY THE
NATTOVAL RESEARDH (DUNCIL OF CAVADA, THIS
THE PRIPERTY IF THE MATIL

oL
RESEARCH CIUNCL OF CAVADA AND IS SUBLELT TO
RETURN N DEMAND,

RevISING

oescRIPTION| 123 PPROED

Notes:

Deburr - Renove All Sharp Edges
Cut in half o get to half circles
Check gap when ossenbling

IF - Inner Frame

IFJ - Inner Frane Joint

MS - Manikin Support

0F - Outer Frame

[TIC - Outer o Inner Connection
§S - Strap Support

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation §

7 National Research Conseil naotional
* Counci | Canada de recherches Canada ‘Gw-c“lc
Material , . .
(UIEESEE;\Q[EEM Institute for Marine Dynanics
0.x = 003 PIC Kerwin Place, P.0. Box 12093, Postal Station A
oxx £ 0.015 St. John’s, Newfoundland AIB 3T5
E‘XX‘X £ 0005 fam 000 | Flooting Frome
/- eImS I =y
gle ¥/ .3 BeG. (@ s & [ R fyan (OTIC) Hold |
Fabricobion +/- .04 U e o =
Froction ¢simn w-1m EF o A3 ‘ 42 2264 16 ‘
Yo 1R o weie ) FE05 PR aekpri R [ (=33

; | |




3 2 1

WTION COVTAINED IN THIS COCUMENT IS RevISING
Nar g WilE PLBLIC, TR

THE N
COVIIENTIAL AND SHALL
COPIED, 0R IED S THE

BASIS FIR T .| e oesRIPTION| 3 PROVED

NAFACTURE R SALE OF ITEHS LNLESS

SPECIFICALLY AUTHORIZED) TN WRLTING BY THE
SEARDH DU

NATTOVAL RESEARDH (DUNCIL OF CAVADA, THIS
THE PRIPERTY IF THE MATIONAL

RESEARCH [IUNCL OF CAVADA MO IS SUBLELT TO

RETURN N DEMAND,

Notes:

Deburr - Renave ATl Shorp Edges

— IF - Inner Frone
IFJ - Inner Frame Joint
MS - Monikin Suppart
OF - Outer Frane
0TIC - Duter to Inner Connection
§S - Strap Support

2" Sch 40 Cross

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation §

7  Notional Research Conseil naotional
) / * A Counci | Canada de recherches Canaoda m-cm
Cut in half

TOLERANCES Vaterial

(unless specifed) Institute for Marine Uynanics
0x + 0.03 PIC Kerwin Place, P.0. Box 12093, Postal Station A
0 £ 0.015 St. John's, Newfoundland AIB 375
E‘XX‘X f 05‘055 o 000 | Flooting Frome
ngle +/= .5 deq. [aeemsw =™ 8 B (T ¢
noes ) bld 2
Fobrication +/~ .04 i B e ! VE; T -
rction e vim |5 ™ s 264 16 |
b v -
SBinh - 12 mmﬁ Buntity 9 FEU 05 PRk R [ (=33
8 7 6 5

! ‘ ’ ‘ 2 ‘ I




5 3 2
2" fo 1-1/2" to 2" .
. btes:
Sch 40 Reducing Tee
Deburr - Remove All Sharp Edges
- - — — — — — — — IF - Inner Frane
N IFJ - Tnner Frane Joint
/, \\\ MS - Manikin Support
/ | | OF - Outer Frare
! \ J, OT1C - Duter to Inner Connection
\\\ y /, §S - Strap Suppart
S — - -
' T
Cuf in half along The I N

2" To 2" direction

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation

I

. 7

Notional Research
Counci | Canada

Conseil naotional

de recherches Canada m-cm

TOLERANCES Vaterial

(unless specified)

0.X *
0xx *
0XXX £
Angle +/-

Fobricotion +/- .04

Froction ¢

Institute for Marine Dynani

ics

0.03 PVE Kerwin Place, P.0. Box 12093, Postal Station A
0.015 St. John’s, Newfoundland AIB 3T5

0.005 [T 000 ™ Flooting Frone

0 Ge] [ e 2 [™ R, Ryon (DTIC) Hold 3

o vt [0 T fome EINY

inch 4/~ Nt 0 0

N 7 ) s PR ampn [ ()

>6

’ |

2 | 1




5 4 3 2 1

[=1/2" Sch 40 pipe

WTION COVTAINED IN THIS COCUMENT IS RevISING

THE N
COVIIENTIAL AND SWALL NOT B WADE PIRLTC, TR
COPIED, 0 USED S THE BASIS FIR THE .| e oescRIPTION| 3 sPROVED

NAFALTLRE R SALE OF ITEHS LNLESS
SPECIFICALLY AUTHORIZED) TN WRLTING BY THE
NATTOVAL RESEARCH (DUNCIL OF CAVADA, THIS
THE PRIPERTY [F THE MATIONAL
RESEARCH [IUNCL OF CAVADA AND IS SUBLELT TO
RETURN N DEMAND,

Notes:
Deburr - Renove ATl Sharp Edges

IF - Inner Frane

IFJ - Inner Frame Joint

MS - Monikin Support

[F - Oufer Frane

0TIC - Outer o Inner Connection
§S - Strap Support

5.425

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation §

national

* ’ Notional Research Conseil
I M Council Canada de recherches Canada m-cm

TOLERANCES Vaterial

(unless speci fied) Institute for Marine Uynanics

0.0 + 0.03 PIC Kerwin Ploce, P.0, Box 12093, Postal Station A
oxx £ 0.05 St. John’s, Newfoundland AIB 3T5
E‘XX‘X f 05‘055 o “ 000 ™ Flooting Frone
ngle +/= .5 deq. [aeemsw =™ 8 B (0 1 ‘
e . nner Connection
Fobricobion +/- .04 miill N o L VE; = =
Froction <s i - @ ‘ 42 27264 16 ‘
\ " tit — —
Y6 inch /- 13 2 Quntity 9 N T T

5 4 ‘ 3 ‘

| i




8 7 & 5 4 3 2 1

TION CONTAINED IN THIS DOCLMENT IS eevisIoNs

THE N
COVIDENTIAL AND SHALL NOT BE WATE AIRLIC, TR
COPIED, DR USED AS THE BASIS FIR THE . | e oEScRIPTION wE eV
NANFATIRE (R SALE OF I

TENS INLESS
SPECIFICALLY AUTHIRIZED IN WRITING 8Y THE
NATIONAL RESEARCH CONCIL OF CANADA, THIS
TY (F THE MATIONL
RESEARCH LIUNCIL OF CAVADA AND IS SUBELT T0
RETURN N JEMAND.

A Notes:

Deburr - Renove ATl Sharp Edges

L ]

IF - Inner Frane

IFJ - Inner Frame Joint
543 iS - Manikin Support

’ OF - Oufer Frone

3 . 93 OTIC - Duter to Inner Connection
§S - Strap Support

2" Sch 80 Pipe
4 cuts 90° spacing

\\Knarr\cad user\Projects\42 2264 16 Human Thernal Regulation §

* 4 National Research Conseil naotional

i Council Canada de recherches Canada m'm

TOLERANCES Haterfal

(unless speci i) Institute for Marine Uynanics

0.X + 0.0 PVE Kerwin Place, P.00. Box 12083, Postal Station A
0 £ 0.005 St. John's, Newfoundland AIB 3T5
0Xx £ 0005 o 000 | Flooting Frone

Angle /-5 deg. fememem oo & [ 7 Ry (ITIC) Duter Connection

v

Fobricabion +/- .04 il S e S
™ 4 2054 16

STLE

Fraction < m + v @ E A3
i - [uontit _ _
e P2 1205 [Comepriie [ 533

THIRD ANGLE
8 7 & 5 4 ‘ 3 ‘ 2 ‘ 1




3

[.500

THE INFORNATION COVTAINED IN THIS COCLNENT IS
COVIZENTIAL AN SHALL NIT B WADE PURLIC, TR
e 23

3
ST
ITING BY THE

), BASIS
MANFACTURE OR SALE OF ITEHS
IV W
L OF CAVADA, THIS
F T NATIONAL

SPELIFICALLY AUTHORIZED
NATTIVAL RESEARCH [DUNCIL
S e PRIPERTY

RESEARCH COUNCIL OF CAVADA AND 1S SUBLECT TO
RETURN DN DEAAND,

ReVISTINS

. | me cERPTIN oare

perOVED

Notes:

Deburr - Renove All Sharp Edges
Cut in half fo get to holf circles
Check gap when asserbling

IF - Inner Frone

IFJ - Inner Frame Joint

MS - Manikin Support

OF - Outer Frone

OTIC - Outer to Inner Connection
§S - Strop Support

\\Knarr\cad_user\Projects\42 2264 16 Hunan Thernal Regulation

f

* National Research
i | Council Canada

Conseil naotional

de recherches Canada hRC-ChiiC

TOLERANCES Vter ol

(unless specified)
0.x = 0.03 Auninun 6061

0xx £ 0.015

Institute for Marine Dynamics

Kerwin Place, P.0. Box 12093, Postal Station A

St. John’s, Newfoundland AIB 375

0 £ 0,005 [

SRR

hngle +/- .5 deg. [ommmem oo 9

™ R, Rynn (TI0) S Connector

Floating Frone

Fobricotion +/- .04 e O e o &
Fraction <t inh st @ EF : A3 ‘ 42 2264 16
- - Bontity 9 s [l [ 53
6 ‘ ’ ‘ ‘ !




4 3 2 1

WTION COVTAINED IN THIS COCLMENT IS RevIsINS

THE TN
COVIIENTIAL AN SHALL NOT B WAE PLRLIC, TR
COPIED, 0 USED S THE BASIS FIR THE
NAFACTURE R SALE OF ITEHS LNLESS
SPECIFICALLY AUTHORIZED) TN WRITING BY THE
NATTOVAL RESEARCH (DUNCIL OF CAVADA. THIS

esRPTION| 123 PROED

RTY (F THE WATIOML
RESEARCH [IUNCIL OF CAVADA MO IS SUBLELT TO
RETURN N DEMAN,

Notes:

Deburr - Renove Al Sharp Edges
Cub in half to get to half circles
Check gop when asserbling

IF - Inner Frome

IFJ - Tnner Frame Joint

MS - Monikin Support

OF - Outer Frane

OTIC - Duter o Inner Connection
S - Strap Support

\cw ' Hal f

2=1/2" Sch 40 Pipe

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation §

// ’ National Research Conseil national
* 4 Counci | Canada de recherches Canada m-cm
Haterial ) , ‘
(UIEEEE;\Q[EEM e Institute for Marine Uynanics
0.0 + 0.03 PIC Kerwin Place, P.0, Box 12093, Postal Station A
oxx £ 0.05 St. John’s, Newfoundland AIB 3T5
E‘XX‘X £ 0005 o “ 000 ™ Flooting Frone
/- wwERmE i
ngle b/ .5 deq, e B [™ R Ryon (I7IC) S Hold 1
Fobricotion +/- .04 mirer O heos e =
Fraction <& +- 16 ‘ ‘
> 6 inch :/- %) E Huantity 8 A3 42~2264~16
i e TE05 [ mehril R [ (733

‘ ‘ J ‘ 2 ‘ 1




3

—=

.00

290 —

THE INFORNATION COVTAINED IN THIS COCLMENT IS
COVIIENTIAL AN SHALL NIT B WADE PLRLIC, TR
CPIE), R

RevIsIINS

. | e esRPTION| 123

wPeROED

Notes:

Deburr - Renove Al Sharp Edges
Cub in half to get to half circles
Check gop when asserbling

IF - Inner Frome

IFJ - Inner Frome Joint

MS - Monikin Support

OF - Outer Frane

OTIC - Duter o Inner Connection
S - Strap Support

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation

E

* j National Research
1 i Council Canada

Conseil national

de recherches Canada m-cm

TOLERANCES Haterial
(unless specified)

0% = 0.03 RenShape
oxx + 0015

Institute for Marine Uynanics

Kerwin Place, P.0. Box 12093, Postal Station A

St. John’s, Newfoundland AlB 3T5

E‘XX‘X * 05\055 - 000 | Flooting Frone
ngle +/- .5 deg. [aemmsm ™ P Ry
e . (07IC) S Hold 2
Fobricotion +/- .04 e 0 ot 3 e =
Fraction <& +- e @ . ‘ 47 2264 16 ‘
B inch - 1R WME Buontity ? EC s Z[BB*APHHE [#= 16" 33
5 4 ‘ 3 ‘ ? ‘




Notch for Clamp

THE INFORWATION COVTAINED IN THIS CIOCLMENT IS
COVIENTIAL AN SHALL NOT BE WAE PLBLIC, TR
CIPIED, R USED 45 THE BASIS FIR THE

RevISINS

. | e esRPTION| 123

PROED

\2” Sch 40 Cross

Cut

in Hal f

Notes:

Deburr - Renove Al Sharp Edges
Cub in half to get to half circles
Check gop when asserbling

IF - Inner Frome

IFJ - Tnner Frame Joint

MS - Monikin Support

OF - Outer Frane

OTIC - Duter o Inner Connection
S - Strap Support

\\Knarr\cad user\Projects\42 2264 16 Huran Thernal Regulation

I

* j National Research
4 i Council Canada

Conseil national

de recherches Canada m-cm

TOLERANCES Vaterial

(unless specified)

0.y + 003 PVC
oxx £ 0.05

Institute for Marine Uynanics

Kerwin Place, P.0. Box 12093, Postal Station A

St. John’s, Newfoundland AlB 3T5

00 £ 0.005 [

TE

Mgle /- .5 deq. [memme s
Fobrication +/- .04 e [

Froction <simn +-im EF
26 inch 4/~ 1732

THIRD ANGRE

Floating Frone
(OTIC) S Connector 1

™" R Ryon
epaen
Huantity 2

A3 woms [°

TS [ ampiR = 1973

| : |

\ i




37.03

2" Sch 40 pipe

CONTAINED IN THIS DOCLENT IS
I

eevisIons

.| zme oEcRIPTION 33

Notes:
Deburr - Renove Al Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frane

IFJ - Tnner Frame Joint

MS - Monikin Support

OF - Outer Frame

OTIC - Outer o Inner Connection
§S - Strop Support

\\Knarr\cad user\Projects\42 2264 16 Hunan Thernal Regulation §

I* 4 National Research
i Counci| Canada

Conse il

national

de recherches Canada m-m

TOLERANCES Haterfal

(unless specified)

0.y = 0.03 PVC
oxx + 0,005

Institute for Marine Uynanics

Kerwin Place, P.0. Box 12093, Postal Station A

St

John’s, Newfoundland AlB 375

0K £ 0.005 [

000

e

Floating Frone

Angle 4/~ .5 deg. [wemsm o &
Fobricotion +/- .04 e [

(IF) Ends

Fraction <eimn - 1m EF
> 6 inch #1732

THIRD ANGLE

v

™ R Ryon
JPPROvED
Ouantity 2

A3 42 2064 16

=0l AR = 073

[ : |

2 ‘ 1




eevisIons

e esRPTIN 33 sPrROED

Notes:
Deburr - Renove Al Sharp Edges

Check length where the corner end
dinensions vere not known

IF - Inner Frane

IFJ - Tnner Frare Joint

MS - Montkin Support

OF - Outer Frame

OTIC - Outer o Inner Connection

2// SCh 4@ Pip@ §S - Strap Support

\\Knarr\cad_user\Projects\42 2264 16 Hunan Thernal Regulation §

National Research Conseil naotional

Counci| Canada de recherches Canada m-m

B+

oter ol
(UI\DE&;EE&[EEM e Institute for Marine Uynanics
0.6 + 0.0 PIC Kerwin Place, P.0. Box 12093, Postal Station A
oxx £ 0.05 St. John’s, Newfoundland AIB 375
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Notes:
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IF - Inner Frone

IFJ - Inner Frame Joint
MS - Monikin Suppart
OF - Outer Frame

OTIC - Outer to Inner Connection

§S - Strop Support
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Notes:

Oeburr ~ Renove All Sharp Edges

Check length where the corner end
dinensions were not knoun

IF - Inner Frane

IFJ - Inner Frame Joint

MS - Monikin Support

0F - Outer Frane

OTIC - Outer o Inner Connection
§S - Strap Support
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Notes:
Deburr - Rerove Al Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frane

M 7 1 O . OOO IFJ - Inner Frame Joint

! WS - Manikin Support

OF - Outer Frane

0TIC - Duter o Inner Connection
§3 - Strap Support
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Notes:
Deburr - Rerove Al Sharp Edges

Check length where the corner end
dinensions vere not known

IF - Inner Frane

IFJ - Inner Frane Joint

MS - Monikin Support

OF - Outer Frame

OTIC - Outer o Inner Connection
§S - Strap Support
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Notes:
[ | Oeburr - Renove All Sharp Edges
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cut in half

IF - Inner Frome
IFJ - Inner Frame Joint

MS - Monikin Support

OF - Outer Frane

OTIC - Duter o Inner Connection
| = §S - Strop Support
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Notes:

Deburr - Renove Al Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frame

IFJ - Tnner Frame Joint

MS - Monikin Support

OF - Outer Frame

OTIC - Outer o Inner Connection
§S - Strop Support
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Notes:
Deburr - Renove Al Sharp Edges

Check length where the corner end
dinensions were not known

IF - Inner Frame

IFJ - Tnner Frame Joint

MS - Monikin Support

OF - Outer Frame

0TIC - Duter o Inner Connection
§S - Strop Support
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Notes:

Oeburr - Renove All Sharp Edges

Cub in half to get to halt circles

Check gap when asserbling

IFJ - Tnner Frame Joint

MS - Manikin Support

[F - Oufer Frane

OTIC - Duter o Inner Connection
SS - Strop Support

I
I
I
I
I IF - Inner Frone
I
I
[
[
[
\

2=1/72" Sch 40 Pipe
Cut in half
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m National Research Council Conseil National de Recherches

Canada Canada To be Assigned by Finance & Supply
Institute for Ocean Institut des Technologies Order Number: ‘
Technology QOcéaniques IMPORTANT:
This number must appear on invoices, B/L, packing lists, correspondence and
outside containers.
Project Code or Name: 42_2264_16 Ship To: Kerwin Place Place Kerwin
; P.O. Box 12093 C.P. 12093
Start Date (If Services): p— Station postale A
Completion or Date Req'd: 11-Feb-08 St. John's Newfoundland ~ St-Jean, Terre-Neuve
Supplier: Memaster-Carr é;i(s;osg) 772-2462 ﬁilz:ofieur: (709) 772-2462
Address: 10T is located on Memorial University's campus on Sandpits Rd. off Arctic Ave
Telephone: e e Tt Bt
Contact: Monday to Friday.
Fax: Ship Via:
- Unit of . .
Item # Part # Description Issue Quantity | Unit Cost Total Cost
1 48855K14 1 1/4" sch 80 PVC pipe, 10" Ith ea 4 $ 9.82 $39.28
2 48855K26 2 " sch 80 PVC pipe, 5' Ith ea 2 $ 10.74 $21.48
3 48925K15 1 1/4" sch 80 PVC elbow ea 5 $ 3.00 $15.00
4 48925K16 1 1/2" sch 40 PVC pipe, 10" Ith ea 2 $ 8.23 $16.46
5 48925K19 2" sch 40 PVC pipe, 10' Ith ea 7 $ 11.03 $77.21
6 4880K246 2 1/2" sch 40 PVC pipe, 10' Ith ea 2 $ 22.04 $44.08
7 4880K978 2" sch 40 PVC cross ea 8 $ 5.34 $42.72
8 4880K26 2" x 1 1/2" sch 40 PVC reducing tee ea 3 $ 2.42 $7.26
9 5415K22 2" sch 40 PVC elbow ea 18 $ 1.83 $32.94
10 3439T11 Band clamp, 3", pk of 10 pk 6 $ 8.10 $48.60
11 29705786 1" nylon webbing ft 400 $ 0.60 $240.00
12 2974746 Plastic buckle, pk of 10 ea 2 $ 6.29 $12.58
13 8975K438 Plastic plate, pk of 25 ea 2 $ 5.45 $10.90
14 8975K438 Aluminum bar, 1/4"x 6", 2" Ith ea 1 $ 38.08 $38.08
15 92001A339 3/8"-16 ss wing nut, pk of 10 pk 1 $ 8.15 $8.15
16 91841A035 3/8"-16 ss nut, pk of 50 pk 1 $ 14.64 $14.64
17 92198A634 3/8"-16 x 2 1/2" ss shcs, pk of 10 pk 1 $ 8.99 $8.99
18 92240A622 3/8"-16 x 3/4" ss shcs, pk of 25 pk 1 $ 11.20 $11.20
19 5415K37 Band clamp, 6.5", pk of 10 pk 1 $ 12.55 $12.55
20 5415K38 Band clamp, 7", pk of 10 pk 1 $ 12.70 $12.70
21 5415K43 Band clamp, 10", pk of 5 pk 1 $ 8.34 $8.34
22 5415K44 Band clamp, 12.25", pk of 5 pk 1 $ 8.27 $8.27
23 48855K24 1 1/4" sch 80 PVC pipe, 5' Ith ea 4 $ 7.37 $29.48
Mastercard
5569 0999 9860 9063
Exp 05/09
Authorization #
Receiving Inspection Level: A Os Oc Ob [special Sub-Total $760.91
Confirmed Order: Yes [ INo Freight $100.00
Taxes Incl. in Sub-Total: [ ves No [Ina Tax Rate 13%
Freight Incl. in Sub-Total: [Myes [Ono [na Taxes $111.92
Total $972.83

Special Instructions:

If a Level D inspection is identified above, this means that 10T and/or its client will be inspecting the goods at the vendor's site. If appropriate
info is not included with this form, please contact the undersigned.

2 When specified, please provide certification, e.g. Mill Certificate, Calibration Certificate or MSDS.

1

10T reserves the right to refuse all orders that do not contain packing slips/invoices and/or do not make reference to the Order Number

3 specified above.
4 This document contains the following attachments or references (e.g. drawing numbers):
Notes/Remarks:

PRICES LISTD IN US DOLLARS
Order Confirmation # 0202SREID

Requested by: Scott Reid Date: 2-Feb-07

Approved by: Date:

Certified pursuant to subsection 32(1) of Financial Administration Act. Certife en vertu du paragraphe 32(1) de la Loi sur la gestion des finances
publigues.



lﬂ National Research Council Conseil National de Recherches

Canada Canada To be Assigned by Finance & Supply
Institute for Ocean Institut des Technologies Order Number: ‘
Technology Océaniques IMPORTANT:
This number must appear on invoices, B/L, packing lists, correspondence and
outside containers.
Project Code or Name: 42_2264_16 Ship To: Kerwin Place Rlacelkenvi
Start Date (If Services): g.o. Box 12093 <P, 12099
ostal Station A Station postale A
Completion or Date Req'd: 22-Feb-08 St. John's Newfoundland ~ St-Jean, Terre-Neuve
Supplier: Mcmaster-Carr ’::ig?g) AT ﬁilicsoﬁeur: (700) 772.2462
Address: 10T is located on Memorial University's campus on Sandpits Rd. off Arctic Ave
Telephone: oo 5 Doot .m0t S Detwaen :50am . 1:00om A 1309 -0
g :00pm and 1:30pm - 4:30pm
Contact: Monday to Friday.
Fax: Ship Via:
. Unit of . .
Item # Part # Description Issue Quantity | Unit Cost Total Cost
1 2389K73 2" x 1 1/2" reducing coupling, PVC ea 8 $ 1.91 $15.28
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
Mastercard
5569 0999 9860 9063
Exp 05/09
Authorization #
Receiving Inspection Level: [“]a [Js [Jc [b [special Sub-Total $15.28
Confirmed Order: [¥]ves [no Freight $15.00
Taxes Incl. in Sub-Total: [ ves No [In/a Tax Rate 13%
Freight Incl. in Sub-Total: [Mvyes [Ono [wa Taxes $3.04
Total $34.22

Special Instructions:

If a Level D inspection is identified above, this means that 10T and/or its client will be inspecting the goods at the vendor's site. If appropriate
info is not included with this form, please contact the undersigned.

2 When specified, please provide certification, e.g. Mill Certificate, Calibration Certificate or MSDS.

10T reserves the right to refuse all orders that do not contain packing slips/invoices and/or do not make reference to the Order Number

1

s specified above.
4 This document contains the following attachments or references (e.g. drawing numbers):
Notes/Remarks:

PRICES LISTD IN US DOLLARS
Order Confirmation # 0214SREID

Requested by: Scott Reid Date: 22-Feb-07

Approved by: Date:

Certified pursuant to subsection 32(1) of Financial Administration Act. Certife en vertu du paragraphe 32(1) de la Loi sur la gestion des finances
publiques.



lﬂ National Research Council Conseil National de Recherches
Canada Canada To be Assigned by Finance & Supply
Institute for Ocean Institut des Technologies Order Number: ‘
Technology Océaniques IMPORTANT:
This number must appear on invoices, B/L, packing lists, correspondence and
outside containers.
Project Code or Name: 42_2264_16 Ship To: Kerwin Place Rlacelkenvi
Start Date (If Services): g.o. Box 12093 <P, 12099
ostal Station A Station postale A
Completion or Date Req'd: 22-Feb-08 St. John's Newfoundland ~ St-Jean, Terre-Neuve
Supplier: Mcmaster-Carr ’::i(?;?g) AT ﬁilicsoﬁeur: (700) 772.2462
Address: 10T is located on Memorial University's campus on Sandpits Rd. off Arctic Ave
Telephone: oo 5 Doot .m0t S Detwaen :50am . 1:00om A 1309 -0
g :00pm and 1:30pm - 4:30pm
Contact: Monday to Friday.
Fax: Ship Via:
. Unit of . .
Item # Part # Description Issue Quantity | Unit Cost Total Cost
1 4880K246 2" sch 40 Cross, PVC ea 4 $ 5.34 $21.36
2 4881K24 1 1/4" sch 80 elbow, PVC ea 4 $ 3.00 $12.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
Mastercard
5569 0999 9860 9063
Exp 05/09
Authorization #
Receiving Inspection Level: [“]a [Js [Jc [b [special Sub-Total $33.36
Confirmed Order: [¥]ves [no Freight $20.00
Taxes Incl. in Sub-Total: [ ves No [In/a Tax Rate 13%
Freight Incl. in Sub-Total: [Mvyes [Ono [wa Taxes $6.94
Total $60.30

Special Instructions:

If a Level D inspection is identified above, this means that 10T and/or its client will be inspecting the goods at the vendor's site. If appropriate

! info is not included with this form, please contact the undersigned.
2 When specified, please provide certification, e.g. Mill Certificate, Calibration Certificate or MSDS.
3 10T reserves the right to refuse all orders that do not contain packing slips/invoices and/or do not make reference to the Order Number
specified above.
4 This document contains the following attachments or references (e.g. drawing numbers):
Notes/Remarks:

PRICES LISTD IN US DOLLARS
Order Confirmation # 0221SREID

Requested by: Scott Reid Date: 22-Feb-07

Approved by: Date:

Certified pursuant to subsection 32(1) of Financial Administration Act. Certife en vertu du paragraphe 32(1) de la Loi sur la gestion des finances

publiques.



* National Research Council Conseil National de Recherches

Canada Canada To be Assigned by Finance & Supply
Institute for Ocean Institut des Technologies Order Number: ‘
Technology Océaniques IMPORTANT:
This number must appear on invoices, B/L, packing lists, correspondence and
outside containers.
Project Code or Name: 42_2264_16 Ship To: Kerwin Place Place Kerwin
Start Date (If Services): b By 2098 gp. 12098
ostal Station A Station postale A
Completion or Date Req'd: 29-Feb-08 St. John's Newfoundland ~ St-Jean, Terre-Neuve
Supplier: RDM Industrial B ) 772-2452 Telecopeur: (109) 772-2462
Address: 799 Water St., St. John's 10T is located on Memorial University's campus on Sandpits Rd. off Arctic Ave
Telephone: 726-7650 e e
Contact: Margie O'Dea Monday to Friday.
Fax: 726-7696 Ship Via:
_ Unit of . .
Item # Part # Description Issue Quantity | Unit Cost Total Cost
1 STA-38X4 3/8"-16 x 4" hex head bolt, ss ea 20 $ 1.08 $21.60
2 STA-CB38X2 3/8"-16 x 2" carriage bolt, ss ea 4 $ 0.85 $3.40
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
Mastercard $0.00
5569 0999 9860 9063 $0.00
Exp 05/09 $0.00
Authorization # 125535 $0.00
$0.00
Receiving Inspection Level: [v]a [J8 [Jc [p [Ispecial Sub-Total $25.00
Confirmed Order: [“]ves [ No Freight
Taxes Incl. in Sub-Total: [ves [Mno [[In/a Tax Rate 13%
Freight Incl. in Sub-Total: [ves [no [wva Taxes $3.25
Total $28.25

Special Instructions:

If a Level D inspection is identified above, this means that 10T and/or its client will be inspecting the goods at the vendor's site. If appropriate
info is not included with this form, please contact the undersigned.

2 When specified, please provide certification, e.g. Mill Certificate, Calibration Certificate or MSDS.

10T reserves the right to refuse all orders that do not contain packing slips/invoices and/or do not make reference to the Order Number

1

3 specified above.
4 This document contains the following attachments or references (e.g. drawing numbers):
Notes/Remarks:

REFERENCE # 29_02_SREID_03

Requested by: Scott Reid Date: 29-Feb-08

Approved by: Date:

Certified pursuant to subsection 32(1) of Financial Administration Act. Certife en vertu du paragraphe 32(1) de la Loi sur la gestion des finances
publiques.
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