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PROJECT DESCRIPTION 

To quantify the unit loading and current attenuation on samples of netting, 

this netting is to be used as containment for fish farms for deep water 

applications.   

To develop a measuring apparatus that can be used either at IOT, (OEB, 

Tow Tank) or MUN, (Towing Tank, Flume Tank), and construct the apparatus.  

This will be done by measuring the hydrodynamic drag on samples of netting 

either by towing them or by subjecting the samples to a uniform current.  

 

DESIGN CRITERIA 

The apparatus will have a measurement system to measure the load on 

the netting only.  The attachment points for the netting are not to be measured.  

The attachment points are to be wrapped in a foil shape that will be independent 

of the net drag.  The apparatus will be adapted to be able to adjust angles of 

attack in 5deg increments up to 45deg.  The foil shapes will have to stay aligned 

with the direction of travel or flow.  The scale of the netting is 1:1 or 1 m^2, thus 

eliminating the potential errors in scaling but may cause errors due to edge 

effects of relatively small samples of full scale netting. The speed range is 0.1m/s 

to 3m/s, estimated loads on the net can be broken into three ranges Low 0-100N, 

Medium 100-500, High 500-2000N.   

The 1m^2 of netting is to be submerged below the surface of the water by 

0.5m.  This gives an unsupported vertical leg length of 1.65m.  Several designs 
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were investigated taking into account mostly the extreme moment that would be 

seen at the top of the vertical post.  This moment was due to the initial tension in 

the net and the added load of the water going past the net.  It was decided to go 

with a THK Linear Rail (SHS55+780L) and Block (SHS55 LCSSC1).  These were 

chosen for the high end of the speed range; unfortunately the first test of the 

apparatus was at the slowest speed range, the current in the OEB.  There was 

clearly too much seal friction in the SHS Blocks because of the Caged Ball 

Design.   

A redesign was required, this time a Flat link design was conceived and 

analyzed using Algor.  This design is only intended to measure loads in one 

direction.   

 

DESIGN ANALYSIS AND RESULTS 

 
Following a rebuild on the instrumentation for measuring the drag on 

netting samples that replaced the pair of linear bearings with 8 flat spring steel 

pieces, which are 2” wide by .031” thick.  These are sandwiched between two 

pieces of ¼” thick stainless steel just slightly shorter than the spring steel.  There 

will still be a traditional style load cell flex link combination to measure the Drag 

force. 

A Beam element model was created in Keycreator and imported into Algor 

for analysis.  Results from the natural frequency and static stress are shown in 

Appendix A, Algor Results.  The testing environment, with which this piece of 

apparatus could be subjected to, is quite variable.  From slow steady state 
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current in the OEB and MUN Flume Tank, to high speed towing in either the 

Towing tank, Ice tank, Or Mun Tank.  There will even be waves and current 

combined in the OEB, the waves would be in the rage of 0.3 Hz to 1 Hz.  The 

Algor Modal analysis confirms that mode 1 – mode 4 is in the range of 20-22Hz, 

which is far above what the wave maker can generate. The load plot is a 

measure of how little load this apparatus could measure, a 1lb load was placed 

on the simulated net at the very bottom of the vertical struts and load on the load 

cell measured, in this case each load cell measured 0.4996lbs, for a total of 

.99914 lbs. In the displacement plot a 100lb load is placed on the same 

simulated net to determine the max displacement of the flex link.  This 

measurement is also what the top and bottom parts of the dynamometer would 

move in relation to each other.  

Shielding 

The shielding for the load measuring elements provided by the fairings 

has been shown in tests to reduce the load on the Net Support Bars to less than 

1.5 N on both bars combined (see figure below) for tow speeds up to 2 m/s.  
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Drag Load on Netting Support Bars
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Steady Drag Tests 

In terms of steady drag tows the device has shown excellent repeatability and an 

ability to discriminate loads of 1 N or less. The attached plots and statistics show 

results from low speed drag tests in both directions on a sample of large mesh 

nylon netting. The average values are less than 1 N and the device returns to its 

resting load within 0.5 N. 
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In addition the complete series of drag tests covering a range of speeds on this 

sample of netting are shown to be consistent without regard for tow direction. 

With reference to the chart below, the points below 1 m/s tow speed are all 

double values, one forward and one reverse. The negligible difference in values 

indicates that the device consistently returns to zero, does not exhibit any 

hysteresis or stickiness and is consistent in measurement. 

Net Drag
Large Mesh Nylon
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Unsteady Drag Tests 

Additional tests on the same netting sample were conducted in waves. Raw data 

is attached as a plot without statistics and no further analysis has yet been 

conducted. The data exhibits a bump in each load cycle. This may be associated 

with the instrumentation passing through zero load, or it may be associated with 
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the net transition from positive deformation to negative deformation associated 

with changes in flow direction. At present we believe that the more likely cause is 

vibration in the supporting structure, which was picked up by the instrumentation. 

 

SUMMARY 

The device is performing well and certainly at, if not above, expectations. The 

sensitivity, repeatability and lack of hysteresis will provide the ability to measure 

loads under the full range of netting and flow conditions contemplated for the net 

drag and added mass study. 
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DRAWINGS 



DOC # DOC Type Owner File Name Description
XXX CKD T.Slade Net.ckd Master File Solid Assembly
T01 CKD T.Slade 2070T01 Vertical Leg Assembly
T02 CKD T.Slade 2070T01 Vertical Leg Fabrication
T03 CKD T.Slade 2070T01 Vertical Leg Machining
T04 CKD T.Slade 2070T04 Top Brace Mounting Bar
T05 CKD T.Slade 2070T04 Top Brace Mounting Bar Fabrication
T06 CKD T.Slade 2070T04 Top Brace Mounting Bar Machining

T06B CKD T.Slade 2070T04 Top Brace Plate Machining
T07 CKD T.Slade 2070T07 Top Brace Cross Bar  
T08 CKD T.Slade 2070T07 Top Brace Cross Bar Fabrication
T09 CKD T.Slade 2070T07 Top Brace Cross Bar Machining Left
T10 CKD T.Slade 2070T07 Top Brace Cross Bar Machining Right
T11 CKD T.Slade 2070T11 Top Four Bar
T12 CKD T.Slade 2070T11 Top Four Bar Fabrication
T13 CKD T.Slade 2070T11 Top Four Bar Machining
T14 CKD T.Slade 2070T14 Angle Brace
T15 CKD T.Slade 2070T14 Angle Brace Fabrication
T16 CKD T.Slade 2070T14 Angle Brace Machining
T17 CKD T.Slade 2070T17 Load Cell Mount
T18 CKD T.Slade 2070T17 Load Cell Mount Fabrication
T19 CKD T.Slade 2070T17 Load Cell Mount Machining
T20 CKD T.Slade 2070T20 100lb Flex Link
T21 CKD T.Slade 2070T21 Net Support
T22 CKD T.Slade 2070T22 Net Support Part 1
T23 CKD T.Slade 2070T23 Net Support Part 2
T24 CKD T.Slade 2070T24 Foil
T25 CKD T.Slade 2070T24 Foil Fabrication/Machining
T26 CKD T.Slade 2070T24 Foil Parts
T27 CKD T.Slade 2070T24 Foil Wedges
T28 CKD T.Slade 2070T28 OEB Mount
T29 CKD T.Slade 2070T28 OEB Mount Fabrication
T30 CKD T.Slade 2070T28 OEB Mount Machining

Flat Links CKD T.Slade Flat_Link Flat Links Master
XXX CKD T.Slade Flat_link_dyno Flat link dyno Master File
X01 CKD T.Slade 2070X01 Vertical Post Assembly
X02 CKD T.Slade 2070X01 Vertical Post Fabrication
X03 CKD T.Slade 2070X01 Vertical Post Machining
X04 CKD T.Slade 2070X04 Ground Side Assembly
X05 CKD T.Slade 2070X04 Ground Side Fabrication
X06 CKD T.Slade 2070X04 Ground Side Machining
X07 CKD T.Slade 2070X04 Load Cell Mounts
X08 CKD T.Slade 2070X08 Foil Assembly
X09 CKD T.Slade 2070X09 Flex Links
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(Algor) 
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Test Data 













Appendix C 
 

Equipment / Miscellaneous 



Stainless Steel 

 

Spring Steel > Shape > Thickness > Length > Compare Items

Part Number: 2416K99  $36.79 Each 

Shape Sheets, Bars, Strips, and 
Cubes 

Sheets, Bars, Strips, 
and Cubes Type 

Plain 

Sheets, Bars, Strips, 
and Cubes Form 

Rectangular Strip 

Thickness .031" 
Thickness Tolerance ±.0015" 
Length 60" 
Length Tolerance ±1" 
Width 2" 
Width Tolerance ±.0005" 
Material Wear-Resistant High-

Strength Stainless Steel 
(Type 301) 

Finish/Coating Unpolished (Mill) 
Tolerance Standard 
System of 
Measurement 

Inch 

Material Certification Without Material 
Certification 

Condition/Temper Spring Temper 
Hardness 382 Brinell 
Yield Strength 147,000 psi 
Specifications Met Not Rated 

This product matches all of your selections. 

sladet
Text Box
Spring Steel to Decouple Forces



From: Sheldon Mercer [sheldonm@engr.mun.ca] 
Sent: May 3, 2005 2:23 PM 
To: trent.slade@nrc.ca 
Subject: hardness test 
 
Trent, 
 
Sorry this took so long. I done six hardness test. Three Rockwell C and three 
Rockwell A. The results are as follows: 
 
Rockwell C: 40,40,40 
Rockwell A: 69,70,69 
 
The chart that I have indicates both in the same region. 
 
The Rockwell C test left a small extrusion spot on the opposite side of the test 
piece after the test was completed. When you come by to pick up the piece I'll 
show you. 
 
Sheldon Mercer 
Engineering Technologist III 
Faculty of Engineering and Applied Science 
Memorial University of Newfoundland 
St. John's, NL, Canada 
Tel: (709)737-8913 
Fax: (709)737-4042 
E-mail: sheldonm@engr.mun.ca 
 
 
Hardness Test Conducted on the Spring Tempered Stainless Steel Used to decouple 
the Load Forces. 
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