Pressure Vessels


Lab Background

This week we will use strain gages to measure the strains on two different pressure vessels.  The measured strains will then be used to calculate the stresses present in the pressure vessel walls.  It is important to be able to measure the stresses in pressure vessel walls to ensure they are properly designed to prevent bursting or implosion.
Lab Procedure

Each group will be working with two different pressure vessels this week.  The first vessel is a thin-walled steel pressure vessel.  The second pressure vessel is thick-walled and made from aluminum.  The following is a brief outline of the procedure you should follow for each vessel:

Thin-Walled Steel Pressure Vessel

1) Begin by observing and recording the orientation of the strain gage rosette on the vessel.  Be sure to label which gage is which on your data sheet.

2) Measure the orientation angle of the strain rosette.  This angle should be measured as the angle between the axial direction of the cylinder and the gage closest to the axial direction (gage A).  Define the x’ axis to be along the same direction as gage A and the y’ axis to be along the direction of gage C.

3) Zero the amp, set the gage factor, and balance the strains on the strain indicators.

4) Close the pressure relief valve.

5) Use the pump to increase the pressure inside the cylinder in 250 psi increments.  Take readings from all three strain gages at every 250 psi increment until the pressure reaches 2000 psi.
6) When finished, open the pressure relief valve.
Thick-Walled Aluminum Pressure Vessel

1) The two strain gages used for this vessel are oriented along two of the principal directions.  Gage #1 is in the hoop direction and gage #2 is in the radial direction.  
2) Zero the amp, set the gage factor, and balance the strains on the strain indicator.  You will only be able to balance the strain for one of the strain gages.  For the other gage, record the strain at 0 psi and subtract this value from all your other strain values.
3) Close the pressure relief valve.

4) Use the pump to increase the pressure in 125 psi increments.  Take readings from the two strain gages at each 125 psi increment.  Continue taking readings until the pressure reaches 1000 psi.

5) When finished, open the pressure relief valve.

Calculations

The calculations for this lab are fairly involved, but by no means impossible to complete.  If you have any difficulties, feel free to contact me and I will help you with them.  If you follow the steps listed below, you should be able to complete your calculations without too much trouble.

1) Use Excel to plot normal strain (y-axis) vs. pressure (x-axis) for each vessel.
2) Use linear regression to find the slope of each normal strain vs. pressure data set on your graph.  There should be one line for each strain gage used.  This will give you values for
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for the thin-walled vessel and values for 
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(radial direction) for the thick walled vessel.  

3) Find the normal strains along the x’ and y’ axes and the shearing strain for the thin-walled vessel by applying the equations for a 0, 45, 90º strain rosette which are given in Eq. (1).
4) For the thin-walled vessel, apply the biaxial form of Hooke’s Law given as Eq. (2) to calculate
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.  The principal stresses in the thick-walled vessel can be found using a slightly different version of Hooke’s law shown as Eq. (3).

5) For the thin-walled vessel, use either Mohr’s circle or the stress transformation equations to calculate the principal normal stresses per unit pressure.  
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will be the principal stress in the hoop direction and 
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will be the principal stress in the axial direction.  You will already have the principal normal stresses per unit pressure for the thick-walled vessel from step 4.

6) From either Mohr’s circle or the equations, calculate the orientation of the principal axes for the thin-walled vessel.
7) Apply the thin-wall theory given in Eq. (4) to both of the vessels tested in the lab to find reference values for your results.  

8) Also apply the thick-wall theory given in Eq. (5) to both the thin-walled and thick-walled vessels to find a second set of reference values for your results.
Lab Report

The report for this lab should be a memo written by your group worth 100 points.  Be sure to attach your initialed data sheet.  A set of sample hand calculations should also be included.  The following describes what is expected in two sections of your report.

Experimental Results

Describe the method used in performing your calculations.  Include the two graphs created in Excel.  Make sure to show all the regression lines and their equations on the graph.  Also, describe how you found the reference values using the two pressure vessel theories.  Include a table or tables showing the following experimental values for the thin-walled vessel:
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For the thick-walled vessel create a table showing the following experimental values:
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Discussion of Results
Compare your experimental principal stresses per unit pressure to the values predicted by the thin-walled and thick-walled theories.  You need to compare each experimental vessel to both of the theories.  Use percent errors to show how accurate the theories are.  Also, compare your calculated orientation of the principal axes to the actual orientation of the principal axes.  In theory, the principal axes should be directly aligned with the axial and hoop directions.  Tables should be used to help organize all your comparisons.  
Presentation

Each group will write their experimental values for the following on the board:

	Vessel Type
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	Thin-Walled
	
	
	N/A

	Thick-Walled
	
	N/A
	


Then two random groups will be asked questions about the lab.
Equations

(1) 0, 45, 90º Strain Rosette
(2) Biaxial Hooke’s Law

(3) Biaxial Hooke’s Law
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= principal hoop stress, psi
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= normal strain, in/in
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= hoop strain, in/in (gage #1)
p= gage pressure, psi
p= gage pressure, psi
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E= modulus of elasticity, psi


G= modulus of rigidity, psi
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(4) Thin-Wall Theory
(5) Thick-Wall Theory

(6) Elastic Constants Relationship
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a = inner radius, in
a = inner radius, in

t = vessel wall thickness, in
b= outer radius, in


r = radius to gage, in






_1191342435.unknown

_1213033508.unknown

_1213033605.unknown

_1213033659.unknown

_1213034032.unknown

_1213034033.unknown

_1395482346.unknown

_1213034000.unknown

_1213034031.unknown

_1213033606.unknown

_1213033604.unknown

_1213033312.unknown

_1213033460.unknown

_1202623904.unknown

_1213033111.unknown

_1202623903.unknown

_1202623902.unknown

_1191040949.unknown

_1191042534.unknown

_1191043198.unknown

_1191342370.unknown

_1191342390.unknown

_1191043267.unknown

_1191043312.unknown

_1191043232.unknown

_1191042868.unknown

_1191042880.unknown

_1191042913.unknown

_1191042551.unknown

_1191041211.unknown

_1191041243.unknown

_1191040955.unknown

_1191003389.unknown

_1191040883.unknown

_1191040899.unknown

_1191004739.unknown

_1191040862.unknown

_1191003554.unknown

_1190997286.unknown

_1190997966.unknown

_1190998202.unknown

_1191001855.unknown

_1191001787.unknown

_1190998050.unknown

_1190997937.unknown

_1190997144.unknown

_1190997221.unknown

_1190996501.unknown

_1190996528.unknown

