
 
EM120, Engineering Statics 

Project 2007 
 
Objective: 
Your team is to design a link which will secure a rotating blade while minimizing the 
weight of the link.  Assume that a novel helicopter rotor blade has been developed which 
requires the blade to be offset from a radial line that passes through the center of rotation 
of the rotor.  The concept for holding the blade in place has been developed and is shown 
in Figure 1.    
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Figure 1 

Isometric View of Rotor and Blade Assembly 
 
Your link must hold the blade in place without excessive deflection up to a rotational 
speed of 1300 rpm.  To determine if there is excessive deflection or failure of the link, a 
small paper doll will be placed at a distance of 19 inches from the center of rotation of the 
rotor, which is just outside the circle traced by the spinning blade.  If the doll is not 
damaged after the blade reaches 1300 rpm the deflection of the link will be judged 
acceptable. 
 
 
 
 



Link Material: 
The material that you will use to create the link is Nylon 6/6.  The Young’s Modulus of 
the Nylon is reported in a handbook as 470,000 psi. The available thicknesses and the 
associated ultimate tensile strengths (obtained by your instructors) are shown in Table 1. 

 
Thickness Ultimate Tensile Strength 
0.065 in 7.9 ksi 
0.094 in 9.3 ksi 
0.124 in 10.3 ksi 
0.192 in 9.4 ksi 

Table 1.  Available Thicknesses and Ultimate Strengths 
 
 
Fabrication: 
Your link will be fabricated using a computer controlled laser cutter.  You will select the 
thickness of the material and then have the laser cut the outside perimeter of your link.    
The cutting accuracy of the machine is approximately ± 0.004 inches.  You will draw 
your link using SolidEdge software.  Make a solid model, then create a drawing of the 
solid model, and save this drawing and submit it as a *.dxf file (sectionxx_teamname.dxf).  
 
Rotor Description: 
A portion of a dimensioned drawing of the rotor assembly is shown in Figure 2.  The 
dimensions shown in the figure are in inches.  The overall length of the blade is 17.64 
inches.  The blade material is aluminum.  One end of your link will be joined to the blade 
by a shoulder bolt at one of the holes that are spaced 0.79 inches apart.  You are free to 
select which of these holes you use.  The other end of your link will be joined to the rotor 
by a shoulder bolt at the holes that have the 0.39 inch spacing as shown on Fig. 2.  You 
are free to select which of these holes you use.  The shoulder diameter of the shoulder 
bolts that will hold the link is 0.250 inches.  The height of the blade is 0.500 inches and 
the width of the blade is 0.375 inches. The mechanism can be found in DL201 near the 
machine shop.  You are encouraged to visit the shop and view the mechanism.  However, 
don’t turn the rotor mechanism on and remember to wear safety glasses and closed-toe 
shoes while you are in the shop. 



 
 
 

Figure 2 
Dimensioned Drawing of Rotor Assembly 

 
Important Project Dates: 

• Monday, 4/16: receive project assignment and begin work 
• Friday, 4/20:  classtime to work on project  
• Friday, 4/27: classtime to work on project 
• Friday, 5/4:  classtime to work on project, submit final drawing file 
• Friday, 5/11: final check and submission of actual link 
• Monday-Friday, 5/14-5/19: testing by section in Meyers Presentation Room 

(M137).  When your section is not testing you may view the other tests or you 
may work on your web pages. 

 
Deliverables: 

• Link drawing file (Due 5/4 at the end of class) 
o The file should be a *.dxf  file. 
o The file should be in inches. 
o The file should contain only the 2-D drawing of the link.  Do not include 

dimensions or a titleblock.  There is a sample file on the webpages for the 
course (under “Labs”) 

o The file should be named sectionxx_teamname.dxf.  This is the only way 
we have to identify your file so get this right!  

 



o Turn in your file by copying and pasting it to the AFS drive  
T:\me\EM 120 Statics\Section xx Link Drawings 
(T is the class drive) 

• Doll (Due Friday, 5/11 at start of class) 
o The doll should be a rolled piece of plain white copier paper with a 

diameter of 1.5 inches and a height of 2.5 inches. 
o Feel free to decorate your doll.  Do not fill the doll with red paint or 

anything similar, as amusing as that might initially seem. 
o Your doll must have your team name and section written on it.  

• Link (Due Friday, 5/11 at the end of class) 
o On Friday, 5/11, you will receive your link during class.  You will not be 

able to fabricate a second link.   
o When you have inspected your link and are ready to turn it in, you will 

also fill out a link turn-in form indicating which set of mounting holes 
should be used for your link.  This form will also be used to record the 
official weight of your link, which will be determined by contest officials 
before the contest itself.   

• Webpage (Due Saturday, 5/20 at 5pm) 
o Your webpage should provide the following information in a well 

organized manner: 
 Project Objective 
 Predicted performance (weight and safety factor) 
 Design process 
 External Load Calculations 
 Link Load Calculations:  (must include free body diagram) 
 Team information 

o You will receive more information on the webpage specifications later. 
 
 
Grading: 

Webpage Documentation: 75% 
 
Performance 25% 

Does it Function?  (at 1300 rpm is your doll uninjured?) 
• No: your performance score is 55.  
• Yes:  your performance is based on the weight of your link (light is 

good) 
• Top in section: 100 
• Top third in section: 95 
• 2nd third in section : 85 
• Bottom third in section: 75   

 
Frequently Asked Questions:  These will be posted on the “Labs” page of the course 
website as they are accumulated. 



Additional Design Information: 
We can reasonably expect there to be at least two kinds of external forces acting on the 
blade, which will have to be carried by the link and the pivot.  The first kind of force 
would simply be due to the angular acceleration of the aluminum blade.  The second kind 
of force would be due to air drag on the blade. 
 
To calculate the forces due to the angular acceleration of the blade, you would find the 
centroid (!) of the part of the blade past the pivot point, and then the resulting forces 
would act there, pointing radially outward from the center of rotation.  You should be 
able to figure out the forces by using material you learned in physics. 
 
For the forces due to air drag, we will need some new information.  The air drag on any 
small slice of the blade at these speeds is proportional to the square of the air velocity on 
that small slice. 

dxkVdF 2=  
Hence, the distributed force on the blade goes like the square of the distance from the 
center of rotation, much like the distributed loads on beams that we covered just before 
break.  The constant of proportionality is  

DChk ρ
2
1

=  

where 
ρ = Air density 
h = Height of the blade, 0.5”. (This is the cross-sectional area of bar per unit length.) 
CD = Coefficient of drag, typically 1.0 for bluff bodies such as our blade. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


