Stress analysis of lowerFrame4

Note:

Do not base your design decisions solely on the data presented in this report. Use this information in conjunction with experimental data and practical experience. Field testing is mandatory to validate your final design. Simulation helps you reduce your time-to-market by reducing but not eliminating field tests.
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Description

Summarize the FEM analysis on lowerFrame4

Assumptions

Model Information

	Document Name
	Configuration
	Document Path
	Date Modified

	lowerFrame4
	Default
	O:\MechDrawings\newFrame\lowerFrame4.SLDASM
	Thu Apr 01 11:19:41 2010

	FEA.5Bolt-1
	Default
	O:\MechDrawings\newFrame\FEA.5Bolt.SLDPRT
	Thu Apr 01 09:49:14 2010

	FEA.5Bolt-2
	Default
	O:\MechDrawings\newFrame\FEA.5Bolt.SLDPRT
	Thu Apr 01 09:49:14 2010

	FEA.5Bolt-3
	Default
	O:\MechDrawings\newFrame\FEA.5Bolt.SLDPRT
	Thu Apr 01 09:49:14 2010

	FEA.5Bolt-4
	Default
	O:\MechDrawings\newFrame\FEA.5Bolt.SLDPRT
	Thu Apr 01 09:49:14 2010

	LCBracket-1/EMTermLCPlate2-1
	Default
	O:\MechDrawings\newFrame\EMTermLCPlate2.SLDPRT
	Wed Mar 31 15:12:11 2010

	LCBracket-1/FEALoadPin-1
	
	O:\MechDrawings\newFrame\FEALoadPin.SLDPRT
	Wed Mar 31 15:24:07 2010

	LCBracket-1/LCClevis2-1
	Default
	O:\MechDrawings\newFrame\LCClevis2.SLDPRT
	Thu Apr 01 09:20:26 2010

	LCBracket-1/emTermination-1
	
	O:\MechDrawings\emTermination.SLDPRT
	Wed Mar 31 15:24:07 2010

	lowerFrame5-1
	Default<As Machined>
	O:\MechDrawings\newFrame\lowerFrame5.SLDPRT
	Thu Apr 01 11:19:40 2010

	tubeTop-4
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-3
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-2
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-1
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	FGChannel6x1.69-1
	Default
	O:\MechDrawings\FGChannel6x1.69.SLDPRT
	Wed Oct 14 14:01:29 2009

	PVCBatteryHousing-1
	Default
	O:\MechDrawings\batteryPack\PVCBatteryHousing.SLDASM
	Wed Mar 31 17:09:53 2010

	tubeTop-7
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-6
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-5
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009

	tubeTop-8
	Default
	O:\MechDrawings\buoy\tubeTop.SLDPRT
	Wed Oct 14 14:01:28 2009


Study Properties

	Study name
	Study 1

	Analysis type
	Static

	Mesh Type:
	Mixed Mesh

	Solver type
	Direct sparse solver

	Inplane Effect: 
	Off

	Soft Spring: 
	Off

	Inertial Relief: 
	Off

	Thermal Effect: 
	Input Temperature

	Zero strain temperature
	77.000000

	Units
	Fahrenheit

	Include fluid pressure effects from SolidWorks Flow Simulation
	Off

	Friction: 
	Off

	Ignore clearance for surface contact
	Off

	Use Adaptive Method: 
	Off


Units

	Unit system:
	English (IPS)

	Length/Displacement
	in

	Temperature
	Fahrenheit

	Angular velocity
	Hz

	Stress/Pressure
	psi


Material Properties

Solid Bodies

	No.
	Body Name
	Material
	Mass
	Volume

	1
	FEA.5Bolt-1
	AISI 316 Stainless Steel Sheet (SS)
	0.384383 lb
	1.32996 in^3

	2
	FEA.5Bolt-2
	AISI 316 Stainless Steel Sheet (SS)
	0.384383 lb
	1.32996 in^3

	3
	FEA.5Bolt-3
	AISI 316 Stainless Steel Sheet (SS)
	0.384383 lb
	1.32996 in^3

	4
	FEA.5Bolt-4
	AISI 316 Stainless Steel Sheet (SS)
	0.384383 lb
	1.32996 in^3

	5
	LCBracket-1/EMTermLCPlate2-1
	[SW]6061-T6 (SS)
	1.19815 kg
	0.000443759 m^3

	6
	LCBracket-1/FEALoadPin-1
	[SW]AISI 316 Stainless Steel Sheet (SS)
	0.390937 kg
	4.88672e-005 m^3

	7
	LCBracket-1/LCClevis2-1
	[SW]6061-T6 (SS)
	2.1671 kg
	0.000802629 m^3

	8
	LCBracket-1/emTermination-1
	[SW]6061-T6 (SS)
	0.963011 kg
	0.000356671 m^3

	9
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	10
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.54932 kg
	0.00131456 m^3

	11
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	12
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	13
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.54932 kg
	0.00131456 m^3

	14
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	15
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	16
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	17
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	18
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.54932 kg
	0.00131456 m^3

	19
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.54932 kg
	0.00131456 m^3

	20
	lowerFrame5-1
	[SW]6061-T6 (SS)
	3.43614 kg
	0.00127264 m^3

	21
	lowerFrame5-1
	[SW]6061-T6 (SS)
	5.04872 kg
	0.00186989 m^3

	22
	lowerFrame5-1
	[SW]6061-T6 (SS)
	2.65201 kg
	0.000982225 m^3

	23
	lowerFrame5-1
	[SW]6061-T6 (SS)
	2.65201 kg
	0.000982225 m^3

	24
	lowerFrame5-1
	6061-T6 (SS)
	1.98843 lb
	20.385 in^3

	25
	lowerFrame5-1
	6061-T6 (SS)
	6.01904 lb
	61.7061 in^3

	26
	lowerFrame5-1
	6061-T6 (SS)
	78.5546 lb
	805.327 in^3

	27
	lowerFrame5-1
	6061-T6 (SS)
	6.01904 lb
	61.7061 in^3

	28
	lowerFrame5-1
	6061-T6 (SS)
	1.98843 lb
	20.385 in^3

	29
	lowerFrame5-1
	6061-T6 (SS)
	1.01006 lb
	10.3549 in^3

	30
	lowerFrame5-1
	6061-T6 (SS)
	1.01006 lb
	10.3549 in^3

	31
	lowerFrame5-1
	6061-T6 (SS)
	10.91 lb
	111.847 in^3

	32
	lowerFrame5-1
	6061-T6 (SS)
	1.01006 lb
	10.3549 in^3

	33
	lowerFrame5-1
	6061-T6 (SS)
	1.01006 lb
	10.3549 in^3

	34
	lowerFrame5-1
	6061-T6 (SS)
	0.195087 lb
	2 in^3

	35
	lowerFrame5-1
	6061-T6 (SS)
	0.195087 lb
	2 in^3

	36
	lowerFrame5-1
	6061-T6 (SS)
	3.59058 lb
	36.81 in^3


	Material name:
	AISI 316 Stainless Steel Sheet (SS)

	Description:
	

	Material Source:
	

	Material Model Type:
	Linear Elastic Isotropic

	Default Failure Criterion:
	Max von Mises Stress

	Application Data:
	


	Property Name
	Value
	Units
	Value Type

	Elastic modulus
	2.7992e+007
	psi
	Constant

	Poisson's ratio
	0.27
	NA
	Constant

	Mass density
	0.28902
	lb/in^3
	Constant

	Tensile strength
	84122
	psi
	Constant

	Yield strength
	25000
	psi
	Constant

	Thermal expansion coefficient
	8.8889e-006
	/Fahrenheit
	Constant

	Thermal conductivity
	0.00021801
	BTU/(in.s.F)
	Constant

	Specific heat
	0.11945
	Btu/(lb.F)
	Constant

	Hardening factor (0.0-1.0; 0.0=isotropic; 1.0=kinematic)
	0.85
	NA
	Constant


	Material name:
	[SW]6061-T6 (SS)

	Description:
	

	Material Source:
	

	Material Model Type:
	Linear Elastic Isotropic

	Default Failure Criterion:
	Unknown

	Application Data:
	


	Property Name
	Value
	Units
	Value Type

	Elastic modulus
	6.9e+010
	N/m^2
	Constant

	Poisson's ratio
	0.33
	NA
	Constant

	Shear modulus
	2.6e+010
	N/m^2
	Constant

	Mass density
	2700
	kg/m^3
	Constant

	Tensile strength
	3.1e+008
	N/m^2
	Constant

	Yield strength
	2.75e+008
	N/m^2
	Constant

	Thermal expansion coefficient
	2.4e-005
	/Kelvin
	Constant

	Thermal conductivity
	166.9
	W/(m.K)
	Constant

	Specific heat
	896
	J/(kg.K)
	Constant

	Hardening factor (0.0-1.0; 0.0=isotropic; 1.0=kinematic)
	0.85
	NA
	Constant


	Material name:
	[SW]AISI 316 Stainless Steel Sheet (SS)

	Description:
	

	Material Source:
	

	Material Model Type:
	Linear Elastic Isotropic

	Default Failure Criterion:
	Unknown

	Application Data:
	


	Property Name
	Value
	Units
	Value Type

	Elastic modulus
	1.93e+011
	N/m^2
	Constant

	Poisson's ratio
	0.27
	NA
	Constant

	Mass density
	8000
	kg/m^3
	Constant

	Tensile strength
	5.8e+008
	N/m^2
	Constant

	Yield strength
	1.7237e+008
	N/m^2
	Constant

	Thermal expansion coefficient
	1.6e-005
	/Kelvin
	Constant

	Thermal conductivity
	16.3
	W/(m.K)
	Constant

	Specific heat
	500
	J/(kg.K)
	Constant

	Hardening factor (0.0-1.0; 0.0=isotropic; 1.0=kinematic)
	0.85
	NA
	Constant


	Material name:
	6061-T6 (SS)

	Description:
	

	Material Source:
	

	Material Model Type:
	Linear Elastic Isotropic

	Default Failure Criterion:
	Max von Mises Stress

	Application Data:
	


	Property Name
	Value
	Units
	Value Type

	Elastic modulus
	1.0008e+007
	psi
	Constant

	Poisson's ratio
	0.33
	NA
	Constant

	Shear modulus
	3.771e+006
	psi
	Constant

	Mass density
	0.097544
	lb/in^3
	Constant

	Tensile strength
	44962
	psi
	Constant

	Yield strength
	39885
	psi
	Constant

	Thermal expansion coefficient
	1.3333e-005
	/Fahrenheit
	Constant

	Thermal conductivity
	0.0022322
	BTU/(in.s.F)
	Constant

	Specific heat
	0.21405
	Btu/(lb.F)
	Constant

	Hardening factor (0.0-1.0; 0.0=isotropic; 1.0=kinematic)
	0.85
	NA
	Constant


Loads and Restraints

Fixture

	Restraint name
	Selection set
	Description

	Fixture-3 <lowerFrame5-1>
	 on 1 Face(s) fixed.
	 


Load

	Load name
	Selection set
	Loading type
	Description

	Force/Torque-6 <LCBracket-1/LCClevis2-1, LCBracket-1/emTermination-1>
	 on 1 Face(s) apply  force 4000 lb  normal to reference plane  with respect to selected reference Edge< 1 > using uniform distribution 
	Sequential Loading
	


Connector Definitions

               No Connectors were defined

Contact

Contact state: Touching faces - Bonded

	Contact Set-9
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-10
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-11
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-13
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-14
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-15
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-17
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-18
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 

	Contact Set-19
	Between selected entities of lowerFrame5-1 and lowerFrame5-1

	Description:
	 


Mesh Information

	Mesh Type:
	Mixed Mesh

	Mesher Used: 
	Standard mesh

	Automatic Transition: 
	Off

	Smooth Surface: 
	On

	Jacobian Check: 
	4 Points 

	Element Size:
	35.918 mm

	Tolerance:
	1.7959 mm

	Quality:
	High

	Number of elements:
	25623

	Number of nodes:
	44255

	Time to complete mesh(hh;mm;ss): 
	00:00:13

	Computer name: 
	SANTORINI


Mesh Control Information:
	Control-1 <LCBracket-1/LCClevis2-1, LCBracket-1/emTermination-1, LCBracket-1/EMTermLCPlate2-1>
	Mesh control on 3 Component(s) with seed 15 mm, 1000 layers and ration 1.5.


Design Scenario Results

        No data available.

Sensor Results

        No data available.

Reaction Forces

	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Body
	lb
	-0.00327563
	3999.96
	-0.00824149
	3999.96


Reaction Moments

	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Body
	lb-in
	0
	0
	0
	8.85075e-033


Free-Body Forces

	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Body
	lb
	-0.00043908
	-0.00559827
	-0.00032931
	0.00562511


Free-body Moments

	Selection set
	Units
	Sum X
	Sum Y
	Sum Z
	Resultant

	Entire Body
	lb-in
	175.832
	-185.083
	-166.007
	304.518


Bolt Forces

        No data available.

Pin Forces

        No data available.

Study Results

Default Results
	Name
	Type
	Min
	Location
	Max
	Location

	Stress1
	VON: von Mises Stress
	6.3538e-014 psi

Element: 19797
	(1.18099 mm,

1441.45 mm,

-8.89 mm)
	7470.23 psi

Element: 6899
	(15.1687 mm,

-28.7098 mm,

-12.728 mm)

	Displacement1
	URES: Resultant Displacement
	0 in

Node: 29947
	(425.45 mm,

1438.27 mm,

457.2 mm)
	0.0135501 in

Node: 23706
	(-5.82582 mm,

-125.603 mm,

-3.36354 mm)

	Strain1
	ESTRN: Equivalent Strain
	0 

Element: 25063
	(421.629 mm,

139.686 mm,

-457.19 mm)
	0.000311353 

Element: 4842
	(-8.17349 mm,

69.8782 mm,

-16.0472 mm)

	Displacement2
	URES: Resultant Displacement
	0 in

Node: 29947
	(425.45 mm,

1438.27 mm,

457.2 mm)
	0.0135501 in

Node: 23706
	(-2.44693 mm,

-285.953 mm,

-4.41747 mm)
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Conclusion

