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Chapter 06.00G 
 

Physical Problem for Regression 
Mechanical Engineering  
 
 
 
 
Problem Statement 

To make the fulcrum (Figure 1) of a bascule bridge, a long hollow steel shaft called the 
trunnion is shrink fit into a steel hub.  The resulting steel trunnion-hub assembly is then 
shrink fit into the girder of the bridge. 
 
 

 
Figure 1 Trunnion-Hub-Girder (THG) assembly. 

 
This is done by first immersing the trunnion in a cold medium such as dry-ice/alcohol 
mixture.  After the trunnion reaches the steady state temperature of the cold medium, the 
trunnion outer diameter contracts.  The trunnion is taken out of the medium and slid though 
the hole of the hub (Figure 2). 
 When the trunnion heats up, it expands and creates an interference fit with the hub.  
In 1995, on one of the bridges in Florida, this assembly procedure did not work as designed.  
Before the trunnion could be inserted fully into the hub, the trunnion got stuck.  Luckily, the 
trunnion was taken out before it got stuck permanently.  Otherwise, a new trunnion and hub 
would needed to be ordered at a cost of $50,000.  Coupled with construction delays, the total 
loss could have been more than hundred thousand dollars.    
 Why did the trunnion get stuck?  This was because the trunnion had not contracted 
enough to slide through the hole.  Can you find out why? 
 A hollow trunnion of outside diameter 312.36   is to be fitted in a hub of inner 
diameter 835.12  .  The trunnion was put in dry ice/alcohol mixture (temperature of the fluid 
- dry ice/alcohol mixture is F108 ) to contract the trunnion so that it can be slid through the 
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hole of the hub.  To slide the trunnion without sticking, a diametrical clearance of at least 

10.0   is required between the trunnion and the hub.  Assuming the room temperature is 
F80 , is immersing it in dry-ice/alcohol mixture a correct decision? 

 

 
Figure 2 Trunnion slid through the hub after contracting. 

Solution 

To calculate the contraction in the diameter of the trunnion, thermal expansion coefficient at 
room temperature is used.  In that case the reduction, D  in the outer diameter of the 
trunnion is 
  TDD                                                                     (1) 
where 
 D  outer diameter of the trunnion, 
  coefficient of thermal expansion coefficient at room temperature, and  
 T change in temperature. 
Given 
 336.12 D  
 F80atFin/in/10817.6 6    

 T roomfluid TT    

       
F188

80108




 

where  
 fluidT  = temperature of dry-ice/alcohol mixture, 

 roomT  = room temperature, 

the reduction in the trunnion outer diameter is given by 
   1881047.6)363.12( 6  D  
                   = "01504.0  
So the trunnion is predicted to reduce in diameter by 40150.0  .  But, is this enough reduction 
in diameter?  As per specifications, he needs the trunnion to contract by 
 = trunnion outside diameter - hub inner diameter + diametric clearance 
 = "01.0"358.12"363.12   
 = "015.0  
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So according to his calculations, immersing the steel trunnion in dry-ice/alcohol mixture 
gives the desired contraction of 501.0   as we predict a contraction of 40150.0  .     
  
But as shown in Figure 3 and Table 1, the thermal expansion coefficient of steel decreases 
with temperature and is not constant over the range of temperature the trunnion goes through.  
Hence, the above formula (Equation 1) would overestimate the thermal contraction. 
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Figure 3 Varying thermal expansion coefficient as a function of temperature for cast steel. 
 
The contraction in the diameter for the trunnion for which the thermal expansion coefficient 
varies as a function of temperature is given by 

 
fluid

room

T

T

dTDD                                             (2) 

So one needs to find the curve to find the coefficient of thermal expansion as a function of 
temperature.  This is done by regression where we best fit a curve through the data given in 
Table 1.  In this case, we may fit a second order polynomial 
 2

210 TaTaa  .                    (3) 

The values of the coefficients in the above equations will be found by polynomial regression.  
Knowing the values of 0a , 1a ,and 2a , we can then find the contraction in the trunnion 

diameter as 
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Questions 

1. Find the contraction in the outer diameter of the trunnion.   
2. As required, is the magnitude of contraction more than 501.0  ? 
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3. If the magnitude of contraction is less than 501.0  , what if the trunnion were 
immersed in liquid nitrogen (boiling temperature F321 ) ?  Will that give enough 
contraction in the trunnion? 

4. Rather than regressing the data to a second order polynomial so that one can find the 
contraction in the outer diameter of the trunnion, how would you use Trapezoidal rule 
of integration for unequal segments to find the contraction?  What is the relative 
difference between the two results?  The data for the thermal expansion coefficient as 
function of temperature is given in Table 1. 

5. We chose a second order polynomial for regression.  What would make a different 
order polynomial a better choice for regression?  Is there an optimum order of 
polynomial you can find? 

 
Table 1 Instantaneous thermal expansion coefficient as a function of temperature. 

Temperature Instantaneous Thermal Expansion 

F  Fin//in   

80 6.47 
60 6.36 
40 6.24 
20 6.12 
0 6.00 

-20 5.86 
-40 5.72 
-60 5.58 
-80 5.43 
-100 5.28 
-120 5.09 
-140 4.91 
-160 4.72 
-180 4.52 
-200 4.30 
-220 4.08 
-240 3.83 
-260 3.58 
-280 3.33 
-300 3.07 
-320 2.76 
-340 2.45  

 



Physical Problem for Regression: Mechanical Engineering                                         06.00G.5 
 
 
 

REGRESSION  
Topic A physical problem for regression.   
Summary Finding the regression model for thermal expansion coefficient as a 

function of temperature to calculate the contraction in the diameter of a 
trunnion for purposes of shrink fitting. 

Major Mechanical Engineering 
Authors Autar Kaw 
Date December 23, 2009 
Web Site http://numericalmethods.eng.usf.edu 

 


	Chapter 06.00G
	Physical Problem for Regression
	Mechanical Engineering 
	Problem Statement
	Solution
	Questions
	Temperature
	Instantaneous Thermal Expansion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents best suited for Lulu's printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (None)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


