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Description 
 

The original design of the Ball and Socket seemed to have weak spots below the load bearing surfaces.  By adding 

more material to decrease stress concentrations we increased the factor of safety all around.   

 

 

Assumptions 

The assumptions used in this study were the same assumptions used in the previous study.  The clip is rigidly fixed 

at the 4 rigid mounting locations on the left half of the Ball and Socket system.  Only the left half is being tested 

because of the symmetry of the design.  Testing both sides would require longer computer calculation times and 

would be unnecessary.   

A load of 30 lbs is assigned to each of the load bearing surfaces.  There are four total load bearing surfaces.  The 30 

lb load will simulate a 120 lb payload.  Though the helicopter cannot pick up 120 lbs and the bombot will never 

weight 120 lbs an overdesign of the system will prove more reliable. 

The funnel is made out of aluminum 6061 and the funnel clip is made out of 4130 annealed steal with poissons ratio 

.33. 

 

Model Information 

Document Name Configuration Document Path Date Modified 

Ball and Socket FEA Default C:\Rob\AFRL\Ball and Socket 

FEA.SLDASM 

Sat Nov 01 17:03:41 

2008 

funnel clip 4-1 Default C:\Rob\AFRL\funnel clip 

4.SLDPRT 

Sat Nov 01 21:13:09 

2008 

funnel-1 Default C:\Rob\AFRL\funnel.SLDPRT Thu Oct 16 20:54:35 

2008 

funnel clip 3-1 Default C:\Rob\AFRL\funnel clip 

3.SLDPRT 

Sat Nov 01 19:28:36 

2008 

 

 



Study Properties 
Study name Study 2 

Analysis type Static 

Mesh Type: Solid Mesh 

Solver type FFEPlus 

Inplane Effect:  Off 

Soft Spring:  Off 

Inertial Relief:  Off 

Thermal Effect:  Input Temperature 

Zero strain temperature 298.000000 

Units Kelvin 

Include fluid pressure effects from COSMOSFloWorks Off 

Friction:  Off 

Ignore clearance for surface contact Off 

Use Adaptive Method:  Off 

 

 

Units 

Unit system: SI 

Length/Displacement m 

Temperature Kelvin 

Angular velocity rad/s 

Stress/Pressure N/m^2 

 

 



Material Properties 
No. Body Name Material Mass Volume 

1 funnel clip 4-1 AISI 4130 Steel, 

annealed at 865C 

0.421639 kg 5.37119e-005 m^3 

2 funnel-1 [SW]6061 Alloy 0.0253507 kg 9.38915e-006 m^3 

 

Material name: AISI 4130 Steel, annealed at 865C 

Description:  

Material Source: Library files 

Material Library Name: 4130 steel .33 

Material Model Type: Linear Elastic Isotropic 

 

Property Name Value Units Value Type 

Elastic modulus 2.05e+011 N/m^2 Constant 

Poisson's ratio 0.33 NA Constant 

Shear modulus 8e+010 N/m^2 Constant 

Mass density 7850 kg/m^3 Constant 

Tensile strength 5.6e+008 N/m^2 Constant 

Yield strength 4.6e+008 N/m^2 Constant 

Thermal conductivity 42.7 W/(m.K) Constant 

Specific heat 477 J/(kg.K) Constant 

 

Material name: [SW]6061 Alloy 

Description:  

Material Source: Used SolidWorks material 

Material Library Name: SolidWorks Materials 



Material Model Type: Linear Elastic Isotropic 

 

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 1.2408e+008 N/m^2 Constant 

Yield strength 5.5149e+007 N/m^2 Constant 

Thermal expansion 

coefficient 

2.4e-005 /Kelvin Constant 

Thermal conductivity 170 W/(m.K) Constant 

Specific heat 1300 J/(kg.K) Constant 

 

 

Loads and Restraints 

 

Restraint 

Restraint name Selection set Description 

Rigid Mounting   On 4 faces fixed.  The rigid mounting is due to the 

mounting holes designed for the 

RMAX mounting brackets.  

 

Load 

Load name Selection set Loading type Description 

30 lb per load bearing 

surface  

30 lb per load bearing 

surface. 

Sequential Loading The load bearing surface is 

where the rod extending 

from the robot will rest. 

 



 

Mesh Information 
Mesh Type: Solid Mesh 

Mesher Used:  Standard 

Automatic Transition:  On 

Smooth Surface:  On 

Jacobian Check:  4 Points  

Element Size: 0.084275 in 

Tolerance: 0.0042137 in 

Quality: High 

Number of elements: 75376 

Number of nodes: 134670 

Time to complete mesh(hh;mm;ss):  00:00:19 

Computer name:  ROB-PC 

 

 

Study Results 

 

 

 

 

 

 

 

 



Name Type Min Location Max Location 

Stress1 VON: von Mises 

Stress 

0.257874 psi 

Node: 89849 

(-11.1897 in, 

0.9 in, 

0.05 in) 

43098.1 psi 

Node: 56615 

(-17.1164 in, 

-0.63889 in, 

0.0125 in) 

Displacement1 URES: Resultant 

Displacement 

0 in 

Node: 1 

(-17.1511 in, 

0.5 in, 

0.1 in) 

0.0645994 in 

Node: 5953 

(0 in, 

-1.3 in, 

0 in) 

 

 

 



 

 



 

 

 



 

 

 

Conclusion 

By adding extra material below the load bearing surfaces we were able to decrease the stress and increase the factor 

of safety all around.   
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