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1 Assumptions

1. Material behaves linear-elastically

2. Published �exure may be used in place of elastic modulus

3. Poisson's Ration, 0.0 ≤ ν ≤ 0.333

4. Half-part cantilevered against wall serves to increase bending stresses compared to
reality

5. Assembly loading may be modeled as a pressure force acting on half of inner cylinder
surface for each leg

1.1 Validity of Assumption 4

Assumption 4 was based on modeling a similar situation using an elementary problem of
a pin supported beam modeled using symmetry. When the plane of symmetry is modeled
using roller supports, which is desirable, the model results in signi�cantly less stress than
when cantilevered along the plane of symmetry. As seen in Fig.1.1, the �xed boundary
condition increased maximum stress by 190%.

2 Model Loading

Forces from the members were simpli�ed by being modeled as pressures acting on half
of the inner cylindrical surfaces of the centerpiece arms. Because the bottom member
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(a) Roller support

(b) Fixed support

Figure 1.1: Comparison of boundary symmetry plane boundary conditions justifying As-
sumption 4
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(a) (b)

Figure 2.1: Contact forces from members modeled as pressure forces

will be loaded to spread out, while the top members will tighten inwards, loading was
modeled to produce an additive moment a�ecting the top and bottom center-line of the
part the most. The loading in Fig.2.1 was selected to represent the forces of the members
while thinking about the members pushing against the surface at the base of the inner
cylinders.

3 Loading Pressure Calculations

With 250 lbf acting on the top members and a reaction force of 250 lbf acting on the
bottom member, each member may be modeled as taking 2F/8 = F/4 lbf of the nominal
loading.

Fleg = Fnom/nmember (3.1)

= 0.250/4 (3.2)

∴ Fleg = 0.0625 kip (3.3)

Apressure =
1

2
Acylinder (3.4)

=
1

2
πDh (3.5)

=
1

2
π0.646(0.938) (3.6)

∴ Apressure = 1.9026 in2 (3.7)
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Table 3.1: Area and pressure calculation results for various loads

Leg Force (kip) Diameter
(in)

Depth (in) Area (in2) Pressure
(ksi)

Short 0.0625 0.520 1.000 1.6336 0.076517
0.1250 0.520 1.000 1.6336 0.153034
0.2500 0.520 1.000 1.6336 0.306067

Long 0.0625 0.646 0.938 1.9026 0.065699
0.1250 0.646 0.938 1.9026 0.131397
0.2500 0.646 0.938 1.9026 0.262795

P =
Fleg

Apress
(3.8)

=
0.0625

1.9026
(3.9)

∴ P = 0.065699 ksi (3.10)

4 Convergence Study

Initial mesh re�nement was done using a global element seed factor that was halved
from 4 to 2 to 1. Before adding a �llet to the cylinder interfaces, the maximum stress
developed in the FEA analysis displayed a random pattern of increase or decrease with
each mesh re�nement. After the �llets were added, the maximum stress decreased only
with each re�nement. This leads us to believe that the model and boundary conditions
were converging to a worth wile solution.
A �nal mesh was built to assign additional elements to the critical center region of the

model, while also reducing the number of distorted elements to 3, which was signi�cantly
less than the meshes generated with a global element seed. This mesh resulted in a
maximum stress similar to the �rst model, which was an increase 0f 78 psi. This was the
only increase with mesh re�nement, but this mesh was still selected for the reduction in
distorted elements and to generate conservative solutions.
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(a) σmax = 1.480 ksi (b) σmax = 1.468 ksi

(c) σmax = 1.405 ksi (d) Final mesh for analysis

Figure 4.1: Convergence study plots and �nal mesh selection
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Figure 5.1: Stress plot resulting from a nominal load of 1000 lbf and ν = 0.333, bottom
inside view

5 Maximum Stress Results

Material data did not provide the Poisson's ratio for the 3D printed nylon, so stress
results were plotted using ν = 0 and ν = 0.333 for total forces of 250, 500, and 1000
lbf. Results show that ν = 0.33 resulted in increased stress in the model. The maximum
stress obtained from the quadrupled load at this value was 6.182 ksi when averaged across
each element. When averaging was turned o�, the maximum nodal stress was 7.352 ksi.
The �exural strength of the material was reported as 8.412 ksi and the tensile strength
was reported at 6.962 ksi by the manufacturer, which leads us to believe the part will be
more than strong enough for a load rating of 250 lbf.
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Table 5.1: Table of resulting maximum Von Mises stress averaged across each element.
Factor of safety calculated using material Sflex = 8.412 ksi

Load (lbf) Maximum Stress (ksi) Factor of Safety

ν = 0 ν = 0.333 ν = 0 ν = 0.333

250 1.482 1.838 5.68 4.58
500 2.964 3.091 2.84 2.72
1000 5.484 6.182 1.54 1.36

Figure 5.2: Stress plot resulting from a nominal load of 1000 lbf and ν = 0.333, side view.
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