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The Problem

- The Battle Bot will be attacked
with a variety of weapons in
competition

- Competitions impose robot
weight limits

- We must balance weight with
structural integrity to survive
Impacts




Analysis

Simulating the landing impact on the
outer plate of the battle bot should it
be thrown in the air

Simulating impacts on the outer plate
of the battle bot by an axe

Using ANSYS geometry optimization to
reduce the overall weight of the
machine

For each analysis, Aluminum Alloy NL is
used for the side plate having a yield
stress of 276 MPa
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Analysis
- Used higher density elements in areas
of interest
- 0.85 mm element size near the
Impact site
- 10 mm element size for the rest
- 1.2 ms analysis time

ANAYAN

-
APAVAVA)

FANAYAN
Ss

]

T

00 100.00 (mm)
|

50.00




Free Fall Analysis
Results

Results

- Convergent Equivalent Von Mises
Stress of 290.5 MPa

- Convergence of values near higher
element sizes

- Down to 2.2% error in results

The convergence of the graph shows
that no singularities were present on the
model.

Finer meshing impractical due to the
time required to simulate explicit
dynamics.
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Axe Impact
Analysis

Analyzed the max stress experienced by the side plate

when struck by an axe

Initial Conditions

Axe edge 2 mm thick
Axe tip speed of 100 mph

Axe is carbon steel and considered rigid

Analysis

Used higher density elements in areas of interest
0.2 mm element size near the point of contact

10 mm element size for the rest of the piece

0.3 ms analysis time
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Axe Impact
Analysis Results

Results

- Maximum simulated Equivalent
Von Mises Stress of 1881 MPa

- Even with the finer mesh, results
continued skyrocketing

As the axe had a fine edge and rigid
body, the elements on the side plate
experienced increasing compression

The compression led to singularities
within the simulation, and a
continually increasing stress due to
the creation of singularities.
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Time: 1.5
12M0/2025 5:50 P

Model Simplification:

Force Calculation:

(B Fixed Support

Initial model presented
many areas where
singularities could occur
When initially completing
analysis, little to no stress
appeared in the other
members

Only 6061 Aluminum was
tested

—

5000 Joules of energy at impact, 7 inch axe blade moment arm
Force = Work/Distance -> 5000/(7/39.37) = 28,121.43 N

Assuming 45° impact: Forcein Xand Zis19,884.85 N

Remote load applied at point where material between hole and
iImpact is minimal.

|
[BJ Remote Force: 25121 N I|I
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Singularities — Static Structural
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Simulation Results — Static Structural

Elastic Al 6061:
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Nonlinear Al 6061:
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« 286.601 MPa
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Convergence Study — Von Mises Stress

Initial Mesh:

Final Mesh:;

350
300
250
200
150
100

Von Mises Stress (MPa)

50

100 mm
# of elements:
496

z

000 100.00 {mm) S
[ ]

50.00

Error:
- At1L75mm:;  *°
e=014% <™

Elastic Von Mises Stress Convergence

»n 150

2000 4000 6000 8000

# of Elements

1.75mm

# of elements:
23542

I

0.00 100,00 {mm) S
[ ]

50.00

Nonlinear Von Mises Stress Convergence Error:
- At 175 mm:
—* T e =0.63%
2000 4000 6000 8000

# of Elements



Topology Optimization

+ Easier to analyze single components

* |Inthis case, we are interested in
minimizing the front weapon mount

* Updated model was imported with
holes modelled

 Note that new model has no
chamfers on the tabs and the reliefs
are eliminated

Convergence Study
Tmm mesh size ~ 0.14% error

Convergence Study (Max Von Mises vs Element
Count)
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« 3 different load cases
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Topology Optimization

« Jstattempt « 2nd attempt

« Takesinto accountthe Y and the Z directions, but not
the diagonal

« The bunny ear at the top that allows the robot to be - Manufacturing constraint added
maneuvered while upside down not considered

« Bunny ears given 400N 'bearing load'

« Stems are not manufacturable
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 From previous optimization, the

T0p0logy Optimization horizontal bar was marginal.

 With newly added material due to

manufacturing constraint, it was
+ 3rd attempt removed.

B: Weapon Mount Stru~crtural Optimization L d From exper|ence, th|S |S not ideal. The
‘ | I\nsys bearing mount should be supported
radially.

2025 R2
STUDENT

« All bearing loads were doubled

« Switched to 60% mass reduction goal




Topology Optimization

* Very rough edges
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Topology Optimization

« With new topology, do the same analysis
with the original load case (not doubled) _
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Topology Optimization

« New geometry
« FOS of 2 not satisfied, but none yield

Old New
Max Max Max Max
Load Case Deformation Von Mises (Pa) Deformation Von Mises (Pa)
(m) (m)

+Z 6.44e-5 1.52e8 1.4%e-4 2.59e8
-Z 2.41e-5 0.41e7 7.42e-5 1.82e8
+Y 3.56e-5 7.98e7 9.96e-5 1.90e8
+Y, -Z 2.19e-5 5.67e7 8.25e-5 1.72e8
Bearing I.oad 1.73e-6 7.24e6 1.09e-5 1.75e7




QUESTIONS



Appendix

Static Structural Deformation Convergence:
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