Finite Element Modeling and Analysis of 6” DIA Modules
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Report prepared by Maggie Kubit

Purpose

To model and analyze three proposed LV2 modules with a compressive load, and to determine the mode of failure.

Procedure

Within the finite element (FE) software, each module is completely constrained at the bottom face.  An equally distributed 200 lb. compressive load is applied to the top of each module.  A 200 lb. load was chosen because it is well within the elastic region of aluminum, thus the results of this analysis can be linearly scaled for greater or lesser loads, as long as the stress remains in the linear region (lower than the yield point for the material). 

From the analysis, the following is determined:

· location and magnitude of the maximum stress concentration - The value is given as a Von Mises Stress, which is a reduction of tri-axial stresses.  The Von Mises stress can be compared to the material’s yield strength to determine a design factor guarding against stress failure. 

· amount of deflection - Represents the displacement of the structural ribs within the cylinder due to stress.

· buckling load factor - This factor is multiplied by the compressive load (in this case 200 lbs.) to give the magnitude of force that will cause buckling.

Summary of modules used in the analysis


Material: 



Aluminum 6061-T6

Modulus of Elasticity used in analysis:
9900 ksi

Poison’s ratio used in analysis:

0.33

Ultimate Tensile Strength:


45 ksi

Yield Strength:



40 ksi
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MODULE A

Length: 18”

DIA: 6”

Wall thickness: 1/8”

Oval length: 16”

Oval width: 3-½” 

Approximate rib width: 0.97”
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MODULE B

Length: 36”

DIA: 6”

Wall thickness: 1/8”

Oval length: 16” (2 rows)

Oval width: 3-½” 

Approximate rib width: 0.97”

MODULE C

Length: 36”

DIA: 6”

Wall thickness: 1/8”

Oval length: 34”

Oval width: 3-½” 

Approximate rib width: 0.97”

Summary of results

	Module
	Maximum Von Mises Stress, psi
	Deflection, in.
	Buckling load factor
	Critical buckling load  = Pcr, lbs

	 A
	985
	0.0030
	8.45
	1690

	B
	1000
	0.0035
	6.63
	1326

	C
	1000
	0.0060
	1.69
	338


Table 1. Summary of analysis results

For all three modules, the area of greatest stress concentration is just above the top of the oval cutouts.  The largest deflection occurs approximately 1/3 of the distance from the top of the module.  For module B, this deflection occurs in the top row of ovals.  Illustrations of the location of the stress concentrations and the deflections will be presented at a later date.  Table 1 is a summary of the FE results.

Discussion

The critical buckling load is a definite point of failure; in design consideration a fraction of this load will be used as the maximum design load.  The fraction 0.75 is chosen as this provides an inherent 1.33 design factor.  Therefore, for the purposes of analysis, the adjusted critical buckling loads PcrADJ, shown in Table 2 will be used. 

	Module
	Pcr, lbs
	PcrADJ, lbs

	A
	1690
	1268

	B
	1326
	995

	C
	338
	254


Table 2. Adjusted critical buckling load

Recall that the stress and deflection results can be linearly scaled for different loads.  To determine the maximum Von Mises stress at the adjusted critical buckling load, use a ratio relating the stress at 200 lbs to the adjusted critical buckling load.  As an example, consider Module A:
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Where (VMPcrADJ = the Von Mises stress to be determined at the adjusted critical buckling load of 1268lbs.  Here, (VMPcrADJ = 6245 psi.  To determine if this stress will be a mode of failure for the module, calculate the design factor.  
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Note that the yield strength of Aluminum 6061-T6 is 40 ksi.  As the module is expected to be used for several launches, fatigue will be considered in determining the strength that is to be used in the design factor calculation.  To safeguard against fatigue failure, the yield strength will be adjusted to an endurance strength by taking into account the effects of repeated exposure to temperature changes, deflection, and stress.  A quick calculation of endurance strength produces a value of approximately 9 ksi.  This brings the 

design factor guarding against stress concentration failure to 9000/6245 = 1.44.  Table 3 is a summary of the maximum stress concentration at the adjusted critical buckling load and the design factors guarding against stress concentration failure.  

	Module
	Max stress at PcrADJ, psi
	Design factor

	A
	6245
	1.44

	B
	4975
	1.81

	C
	1270
	7.09


Table 3. Summary of estimations of design factors

guarding against stress concentration failure

The deflection determined in the analysis can be related linearly to the adjusted critical buckling load.  Consider Module A:  
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Where 
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= the deflection at the adjusted critical load. Here, 
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= 0.019in.   A summary of the deflections is in Table 4.  

	Module
	Deflection at 200 lbs, in.
	Deflection for the Max stress at PcrADJ, in.

	A
	0.0030
	0.019

	B
	0.0035
	0.017

	C
	0.0060
	0.008


Table 4. Summary of deflections at the adjusted 

maximum stress concentrations

The deflections above are not expected to be modes of failure due to their small magnitude.  

Recommendations

· Note that in this analysis, the modules were constrained at the bottom base, and a compressive load was applied from the top.  In reality, the module will be in pure compression with an equal and opposite compressive load being applied from the bottom.  Therefore, although the information above is valuable, it does not represent a situation the module will actually experience.  It is recommended that the analysis be adjusted to include pure compression.

· It is recommended to test the following variables to determine if there is significant change in the cylinder strength:  diameter, wall thickness, oval diameter, and material type.  A summary of possible modules is listed in Table 5.

	Module
	Nominal OD, in.
	Wall thickness, in.
	Oval DIA, in.
	Estimated rib width
	Pure Compression, lbs
	Material type

	D
	5.25
	0.125
	2-¾
	1.21
	500
	Al 6061

	E
	5.50
	0.125
	3
	1.15
	500
	Al 6061

	F
	5.50
	0.250
	3
	1.15
	500
	Al 6061

	G
	5.50
	0.125
	2-½
	1.72
	500
	Al 6061

	H
	6.25
	0.125
	3
	0.97
	500
	Al 6061


Table 5. Possible models for future analysis

· A more detailed calculation of the endurance strength used in determining the design factor for the stress concentration may prove different results.

· Although the deflections due to the compressive load do not appear to be problematic, they may affect the fiberglass skin that is to house the module.  Determining the critical radial stress of the fiberglass skin will help to determine whether these deflections may cause failure.
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