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The University of Rochester Pumpkin Launch
Competition is an annual event in which participants design
mechanical systems to launch pumpkins at controlled distances.
The objective of this project was to design and fabricate a
launcher capable of winning the 2027 competition. Because
scoring emphasizes both distance and accuracy, the floating arm
trebuchet (FAT) was selected.

The FAT is a modernized counterweight trebuchet in
which the counterweight drops vertically along a guided track
rather than following a circular arc. This configuration improves
energy transfer by eliminating energy losses from horizontal
counterweight motion, resulting in increased launch distance. It
also improves repeatability and accuracy by removing variability
introduced by swinging motion. Launch performance is more
predictable since the available potential energy depends only on
counterweight mass and drop height.

Finite Element Analysis (FEA) was used in Siemens
NX to model the trebuchet arm and ensure it could withstand
repeated loading forces while achieving the target launch
distance of 300 ft for a 3 Ibf pumpkin. FEA was also used to
evaluate the release pins and trigger mechanism, providing
direction for the final pin angles and trigger geometry.

The frame was constructed primarily from 2x4 and 4x4
lumber with cross-bracing to support the load from the
counterweight. A base with removable wheels was integrated to
transport the frame, which weighs over 300 Ib. The launcher
operates by engaging a barbell counterweight via a rope-actuated
release. As the counterweight falls, the arm transitions from a
rear pivot to a guided rail, allowing smooth forward motion until
the sling releases.

Mechanical analysis predicts launch distances of 300 ft
with a 150 Ibm counterweight and 50 ft with a 45 Ibm
counterweight. This project applied principles of structural
design, energy transfer, dynamic systems, and safety in the
development of a function pumpkin launcher.

PROBLEM DEFINITION

Engineering systems that store and release energy in a
controlled and repeatable manner are critical across many
industries. Applications such as launch systems, lifting
mechanisms, and impact devices rely on predicable energy

dynamic loading conditions. Designing systems
that efficiently convert stored potential energy into directed
motion requires careful consideration of energy transfer
efficiency, structural stresses, release timing, and safety factors.

This project addresses these broader engineering
challenges through the design and construction of a pumpkin
launcher for the University of Rochester’s annual pumpkin
launch competition. This competition challenges student teams
to design mechanical systems capable of
launching pumpkins significant ~ distances with  accuracy,
repeatability, and safe operation. The University of Rochester
has not won this competition outright in six years, this opens the
door for a more optimized and analytically driven design
approach.

The objective of this project is to develop a high-
performance launcher capable of delivering pumpkins
between 50-300ft while maintaining structural integrity
and consistent release behavior. The system must maximize
energy transfer efficiency while ensuring that dynamic loads do
not exceed allowable material stress. Achieving this balance
requires integration of rotational dynamics, projectile motion
modeling, stress analysis, and controlled release mechanisms.

By improving launch distance, repeatability, and reliability,
this project addresses the competitive performance gap while
serving as a practical application of core mechanical
engineering principles. The resulting system aims not only to
meet functional requirements, but to position the University of
Rochester to win the pumpkin launch competition.

REQUIREMENTS, SPECIFICATIONS, DELIVERABLES
Requirements:
1. Device capable of safely, reliably, and repeatably
launching a pumpkin at different target distances.
2. Launcher will be purely mechanical and not use any
chemical propellants/electrical power.
3. Human power will not be used to hold the launcher in
an energized state before firing.
4. The launcher will be evaluated prior to the
competition.
5. Stored mechanical energy used to launch the projectile
will be created with the judges who are present.
6. The launcher must be suitable for transport and setup at
the launch site.
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7. The launcher must maintainits integrity through
multiple uses.

8. The device must follow all competition rules and site
constraints.

9. The launcher must be easy and quick to assemble.

Specifications:

The specifications are based on the pumpkin launch
competition requirements and mechanical analysis. According
to the competition rules, since the target distances start from 50ft
from the previous competition rules and are kept adding until
reaching 300ft, we will use these
as our minimum and maximum distances, respectfully. While
measuring the launching distances, the launcher will be set and
launched to the target distance and then measure the pumpkin
landing point from the target distance by using a tape
measure. The maximum width of the launcher is 4ft based on
requirements as well, and it will be measured from tape
measurement. For accuracy of the launching distance and
ultimation of the launcher’s setting over other launchers, mean
error of the launching distance will be 5% over 3 shots, since
over 50ft above the target distance will be counted as 0 points. To
make the entire launcher feasible to be assembled, each part of
the launcher shall be movable and carriable, since there are 4
people in the team, and it is plausible to make 2 people carry one
part, each part of the launcher will be within 1201bf, and each
part’s weight will be verified by scale check. Meanwhile, the
safety of audiences and operators is always in the first place
of mechanical engineering design, and failure of the launcher
will make all what the team did previously wasted.
Therefore, the minimum factor of safety for yield of material is
set to 2, and it will be verified with ruler and mark, and check the
displacement of the marked place when the launcher is fully
loaded. FEA simulation may also be applied to evaluate the
designed structure before assembly. In addition to that, the fully
loaded launcher is required to be stable at 15 degrees inclined,
and it will be measured with a protractor. All these above are the
guidelines of designing the launcher
and standards to determine whether the design is
successful when the launcher is assembled.

Deliverables:
1. Prototype Device (Pumpkin Launcher)
2. Technical Report
3. Theory of Operation (Instruction manual for launcher)
4. Test Data Analysis
5. Safety Plan
CONCEPTS

Multiple launch concepts were generated to address the
performance requirements of the University of Rochester
Pumpkin Launch Competition. Team members developed each
concept independently to ensure diversity in mechanical
approach and energy transfer mechanisms. Concepts were
evaluated based on launch efficiency, structural feasibility,

safety, controllability, —manufacturability, and expected

repeatability. (Table 1)
MECHANICAL ANALYSIS

The mechanical design of the Floating Arm Trebuchet
was developed to achieve the project requirements of launching
a 3 Ibf pumpkin to a target distance range of 50-300 ft while
maintaining structural integrity and safe operation. A
combination of analytical calculations and CAD simulations was
used to validate the design. CAD modeling, finite element
analysis (FEA), and motion simulations were conducted using
Siemens NX to evaluate system performance and structural
behavior under loading conditions. Key subsystems analyzed
include the beam, pivot/axle mechanism, counterweight
assembly, and support frame. The following sections describe the
analyses performed, the results obtained, and how these results
directly influenced final design decisions.

A fundamental mechanical analysis was performed by
modeling the trebuchet arm as a cantilever beam subjected to
loading from the counterweight and projectile. A free body
diagram was developed to determine reaction forces and bending
moments at the pivot point, which represents the location of
maximum stress. Using standard beam theory, the bending stress
was calculated based on the applied moment, cross-sectional
geometry, and material properties. The beam was modeled as a
4x4 cross-section, allowing for the determination of the moment
of inertia and resulting stress distribution. This analysis provided
an initial estimate of the maximum stress experienced during
operation and was used to calculate a factor of safety relative to
the material yield strength. The results confirmed that the
selected beam dimensions were sufficient to withstand loading,
and this analysis guided the selection of beam size and arm ratio
in the final design.

Motion simulations were conducted to evaluate the
dynamic performance of the trebuchet and to optimize launch
parameters. A simplified skeleton model of the Floating Arm was
created in NX, incorporating the translating pivot,
counterweight, and sling system (Figure 1). Simulations were
run with a projectile mass of 3 Ibf and varying counterweight
masses and release angles to achieve. Three release pin angles of
60°, 70°, and 80° were selected to evaluate their influence on
launch performance across different target distances. For each
configuration, key outputs include projectile velocity, angular
velocity, and predicted launch distance were recorded (Table 3-
5, Figure 3-8). The simulation results demonstrated that release
pin angle plays a significant role in controlling launch distance.

To calculate the release angle of the projectile, the
velocity components in the Y and Z directions were extracted
from the NX simulation results. These components were then
used to calculate the resultant launch velocity and launch angle
using standard vector relationships. Thus, allowed for a more
precise determination of projectile trajectory and ensured
consistency between simulation outputs and analytical projectile
motion equations. By resolving the velocity into components, it
allowed validation of simulation results and improved
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understanding of how release conditions influenced overall
system performance.

The data showed that a counterweight range of 45-
1501bm was sufficient to achieve the minimum and maximum
distances of 50 ft and 300 ft respectively (Table 3-5). The range
of configurations allowed the system to meet all performance
requirements without requiring excessive increases in
counterweight mass.

The relationship between release angle, counterweight
mass, and resulting launch distance was analyzed. These results
directly influenced the final design by establishing a multi-
configuration launch strategy, where the release pin angle can be
adjusted to achieve different target distances while maintaining
a consistent counterweight range. This approach improves
system flexibility and efficiency while minimizing structural
loading associated with excessively large counterweights.

Finite element analysis (FEA) was performed to
evaluate the structural integrity of the trebuchet under loading
conditions. Rather than applying simplified static loads alone, a
more representative loading scenario was developed by
integrating results from the NX motion simulation. Specifically,
data snapshots from the skeleton (mechanisms) model were
extracted at discrete time steps throughout the launch cycle,
capturing the dynamic forces and positions experienced by the
arm during operation. These snapshots were then imported into
the FEA environment within Siemens NX to create time-
dependent loading conditions.

To accurately represent the free-body behavior of the
trebuchet arm during motion, Inertia Relief (INREL) was
utilized in place of traditional fixed boundary conditions. Since
the arm is not rigidly constrained during operation and instead
undergoes dynamic motion, applying standard constraints would
introduce artificial reaction forces and unrealistic stress
distributions. Inertia relief allows the system to be analyzed as a
free body by automatically balancing applied loads with inertial
forces, effectively simulating the actual operating condition of
the arm as it accelerates and rotates during launch. This approach
results in a more physically accurate representation of stress and
deformation throughout the structure.

The model geometry of the arm was meshed using
tetrahedral CTETRA (10) element formulation with refinement
applied in regions expected to experience high stress,
particularly neat the pivot/axle interface and along areas of
geometric transition. Loads derived from the motion simulation
were applied at each time step, allowing the analysis to capture
the variation in force magnitude and direction throughout the
launch event (Table 6).

The resulting stress contour plots identified the
maximum stress occurring near the pivot region, which is
consistent with the location of maximum bending moment
predicted by analytical calculations (Figure 10). Deflection
results indicated that deformation along the arm remains within
acceptable limits and does not significantly impact launch
performance (Figure 10) The peak stress values obtained from
the time-stepped analysis were compared to the material yield
strength, resulting in a factor of safety of approximately 2.

The use of inertia relief, combined with time-dependent
loading, provided a simulation of real operating conditions. This
analysis confirmed that the selected beam dimensions are
structurally adequate, identified critical regions for potential
reinforcement, and validated that the design withstand repeated
use. Additionally, this approach demonstrates strong integration
between motion simulation and structural analysis, increasing
confidence in the overall mechanical design.

The pivot point of the trebuchet experiences significant
radial loading due to the weight of the beam and counterweight.
A bearing analysis was performed to evaluate the loads acting on
the pivot and to determine appropriate sizing and material
selection. Reaction forces at the pivot were calculated using
static equilibrium, resulting in an estimated radial load of
approximately 700 Ibf, under a 200 Ibf counterweight condition
(Table 6), representing a conservative loading case. These forces
were used to estimate the required load capacity of the bearing
or axle interface. Consideration was also given to friction and
wear, as these factors can impact system efficiency and
longevity. Based on these requirements, a 5/8-inch diameter
high-strength steel axle, commonly used in go-kart and racing
applications, was selected due to its proven ability to withstand
high dynamic loads and resist wear. The analysis ensured that the
selected pivot design can safely support operational loads while
maintaining smooth motion. This directly influenced the choice
of axle diameter and material, contributing to both durability and
overall system performance.

Material selection for the trebuchet arm was based on
achieving a balance between strength, stiffness, weight, cost, and
manufacturability. The primary structural member was
constructed using laminated 3/4-inch plywood, selected for its
favorable strength-to-weight ratio and availability. To
characterize the effective material properties of the beam, a
simply supported beam analysis was performed using measured
or estimated deflection data to approximate stiffness and validate
its structural performance under loading. This provided a
practical, experimentally informed estimate of the material
behavior for use in design calculations.

The plywood layers were oriented and bonded such that the
direction of primary bending during operation is perpendicular
to the face of the plywood sheets. This configuration leverages
the laminated structure of plywood, where alternating grain
directions improve strength and reduce the effects of anisotropy.
By stacking and gluing multiple layers, the beam effectively
behaves as a composite section with increased thickness and
stiffness. Additionally, this orientation ensures that the outer
fibers of the beam—where bending stresses are highest—are
supported by multiple bonded plies, maximizing resistance to
tensile and compressive stresses.

The lamination strategy also improves structural
performance by increasing the moment of inertia of the cross-
section and enhancing load distribution across the beam. This
results in greater resistance to bending and reduced deflection
compared to a single solid member of equivalent thickness. The
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final laminated beam design provided sufficient strength to
withstand operational loads while maintaining a low mass,
contributing to improved dynamic performance of the trebuchet.

Overall, the use of laminated plywood, combined with
strategic orientation and bonding, resulted in a cost-effective and
structurally efficient solution that met the performance and
safety requirements of the design.

A torque and preload analysis was conducted for the
primary fastening element connecting the 2x4 and 4x4 wooden
structural members. The connection utilizes a 4 in diameter, 6 in
long carriage bolt, which is responsible for maintain clamping
force and structural integrity during launcher operation.

The analysis followed standard bolted joint theory,
where tightening torque is related to preload using.

T = KF,d (1)

Where T is the applied torque, K is the torque
coefficient, F; is the preload force, and d is the nominal bolt
diameter. The preload was determined as 75% of the bolt proof
load, which is consistent with recommendations for non-
permanent connections.\

For a /5-13 UNC carriage bolt with a tensile stress area
of 0.1419 in”2 and an assumed proof strength of 60 ksi (A307
grade), the proof load was calculated as 8514 Ibf. This resulted
in a recommended preload of approximately 6385 1bf. Using a
typical torque coefficient of K = 0.2, the required tightening
torque was found to be 53.2 ft-Ibf. This value represents the
target installation torque under dry conditions. In addition to bolt
loading, the analysis evaluated wood bearing stress beneath the
washer to assess the risk of local crushing. Using a washer outer
diameter of 1.25in and a standard clearance hole, the effective
bearing area was calculated as 0.979 in"2. The resulting
compressive stress in the wood was approximately 6525 psi. This
stress level is significantly higher than the compressive strength.
Even with pressure treated lumber, with the assumptions of
improved durability, the torque preload relationship for the
carriage bolt remains the same.

Pressure-treated wood improves environmental
durability, but it does not eliminate the risk of wood crushing
from bolt preload. The connection should still use oversized
washers or steel plates and avoid applying the full 53.2 ft-Ibf
torque unless crushing is acceptable or experimentally verified.

This influenced the design by showing that the bolt itself
was not the limiting component. Instead, the pressure-treated
wood around the bolt head and nut controlled the connection
design. As a result, the team prioritized load-spreading hardware
and practical torque control during assembly rather than simply
tightening the bolt to the maximum calculated torque.

A fatigue analysis of one of the sling pins was used to
evaluate if, after testing and many launches, it would deform or
break. If deformation occurred, our launch distance could
change, and a drift between predicted values and measured
values may occur. This would lead to the prediction model to be
no longer applicable. An infinite fatigue life under expected

loading is ideal. The part is manufactured from %4 inch thick AISI
1008 HR steel, with an ultimate tensile strength of 44,000 psi and
a yield strength of 24,500 psi. A finite element model was
constructed in NX Nastran using Tet10 elements at a mesh size
of 0.249 inches, with RBE2 rigid body elements attaching the
hole faces to fixed boundary condition points, constrained in all
translational and rotational degrees of freedom (Figure 12). A 25
Ibf load was applied perpendicular to the sling ring supporting
surface, representing the sling ring traveling along the entire
length of the hook shaped pin.

Nodal stress results were extracted from the simulation and used
as inputs to a MATLAB fatigue analysis based on the Modified
Goodman and Soderberg criteria. The endurance limit was
computed using the Marin equation, yielding Se = 11,761 psi
after applying surface, size, load, temperature, and reliability
correction factors. From the maximum and minimum principal
stresses across all nodes (1,128.43 psi and —1,136.89 psi
respectively), the alternating and mean stress components were
calculated as o a = 1,132.66 psi and 6 m = —4.23 psi. A
secondary check using the von Mises stress extremes (1,878.75
psi and 0.07 psi) yielded 6_a,vm = 939.34 psi and 6_m,vm =
939.41 psi(Figure 13).

Both operating points fall well within the safe region of the
Modified Goodman and Soderberg diagrams, as shown in the
figures. The computed safety factors under the max principal
stress criterion were nf = 10.39 (Modified Goodman) and nf =
10.40 (Soderberg), both indicating infinite fatigue life by a
substantial margin. Given the low applied load relative to the part
geometry and material strength, this result is expected. The
analysis confirms that this sling pin design will not fail in fatigue
under the specified loading conditions.

A tolerance analysis of the release assembly was
conducted to verify that the release pin will reliably assemble
with the mating hole while minimizing excessive clearance that
could negatively impact the consistency and performance of the
release mechanism. From the final release drawing, the critical
feature is the through-hole used for the release pin. Which has a
diameter of 0.500 +0.030 and the assumed diameter of the bolt
is  Dpy =0.500in  (worst-case). This  assumption is
conservative and ensures the analysis guarantees assembly under
worst-cases conditions.

A worst-case tolerance analysis was performed to
evaluate assembly feasibility. This method considers the extreme
limits of manufacturing variation and ensures that all produced
parts will assemble properly. Clearance between the pin and hole
is defined as

C=Dy — Dpin 2
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Minimum clearance occurs when the hole is smallest and the pin
is largest.

Cyyy = 0.500 — 0.500 = 0.000 in 3)
Maximum clearance occurs when the hold is largest.
Cyax = 0.530 — 0.500 = 0.030 in (4)

This confirms that the bolt will always be assembled
and the clearance is controlled within a reasonable range for
functionality. This tolerance is tight enough to ensure function,
but not tighter than necessary due to cost implications. It
provides a balanced design that guarantees assembly while
significantly improving mechanical performance. This tolerance
was selected as critical to function (CTF) for the release
mechanism, ensuring reliable and repeatable operation of the
trebuchet.

MANUFACTURING

The trebuchet base, frame, and arm are all made of
pressure-treated wood. Pressure-treated wood typically has a
Young’s modulus of about 6-12 GPa, whereas structural steels
have a modulus of approximately 200 GPa. This means that steel
is about 15 to 30 times stiffer than wood (1), which explains why
wood structures show significantly larger elastic deflection
under the same load, meaning the trebuchet structure can
withstand dynamic impact loads without brittle failure. Wood
was helpful over steel because it is much lighter and easier to cut,
shape, and screw together when assembling. Furthermore, wood
is typically cheaper than steel or aluminum. For example,
pressure-treated lumber such as a 2x4 typically costs about $1—
2 per foot at Home Depot, whereas a comparable mild steel bar
of similar length can cost approximately $5-10 per foot at Home
Depot, indicating that wood can be roughly 3 to 5 times more
economical for structural applications (2).

NX CAD drawings of each part of the trebuchet were
created first. After that, they were assembled into different big
parts like arm, frame and mover base to see whether each part
was manufacturable. Next, they were assembled to see whether
they fit with each other and whether there was a cut that needed
to be fixed. When the whole assembly was confirmed, drawings
of each part of the assembly were created to make the cutsheets
as audiences to cut the parts.

The Trebuchet’s frame is mainly made up of 2x4 inch
wood bar, and they were measured and labelled into different
lengths at first. And then from the inside part of the labelled cut
line or the end of bars, the angles were measured and labelled
based on the cutsheet (Figure 15).

The labelled bars were brought to the Rettner Workshop
to cut them into various parts using the cutting machine. After
different components were made, the base plywood was labelled

and cut to make mover wheels able to fit in the base (Figure 16).
The base mover’s feet were cut from 4x4 inch bars, then the feet
were installed on the cut plywood by referencing the cutsheet
and labels on the plywood. When feet were placed in right
position, 10 x 3-1/2 in. Tan Torx Flat-Head Wood Deck Screws
were applied on the top of the plywood and installed into the long
feet at the center, front and back under it. The short feet at the
bottom side of the plywood were stabilized by 1/4 in. x 6 in.
Exterior Washer Head Structural Wood Lag Screws, applied
from the bottom of the feet to the top of the plywood (Figure 17).

After the base was completed, 4 main supporting pillars
(chute) were installed on the base by screwing from the bottom
of base. On vertical dimensions, 1.5-inch-wide spacers were
placed between the chutes and stabilized by clamps. Then, the
supporting side bars (chute support) were installed on the base
with the same way, and they were connected by a piece of sheet
metal on each side which side chute supports were attached to
chutes, with 2 screws on each side (Figure 11). Then the vertical
rail supports were installed on the inner side of the frame against
the chutes, and a vertical rail support was placed and installed
above it. Next, another vertical rail support was placed at the
outer side of the frame, during this process, bubble level was
employed to ensure the vertical rails were placed vertically and
the horizontal rails were placed horizontally. Then, a 3.5x3.5 and
1.5-inch-wide spacer were installed at both ends of the horizontal
supports, then, another piece of horizontal supports and vertical
supports were installed throughout the same way based on the
spacers. To enhance the structure, the rail cross bracings (Figure
19) were placed and installed at an inclined degree across the
structure in different orientations and formed a shape of “X”. For
the cross bracings attached with the chute supports, they were
connected through a carriage bolt to enhance the stiffness of the
structure. The processes above were repeated 4 times on each 4
corner sides of the base.

The next step was to install the 2 borders of the base. 2
borders were aligned at the left and right sides of the base, and
screws were installed from outside of the borders into the chutes
and support bars which contacted the borders. Then, the 4 1.5-
inch-thick rails were installed on each corner side of the frame.
When the frame structure was finished, the trebuchet was flipped
again to install wooden blocks to hold the bars for the wheels.
On the center part of the bottom, the blocks were cut to fit
between the central long and short legs, and 0.625-inch holes
were drilled at the center on the side faces of the blocks to fit the
shafts. The 10-inch wheels were placed at the inner cuts of the
base so that the pressures from both sides will be balanced to
reduce the risks of collapse under heavy weight. Spacers were
placed between the blocks to prevent the blocks from sliding
while rotating. The blocks at the center were not screwed to make
it easy to take off when the trebuchet was moved to destination.
After that, the pairs of 4x4x4-inch blocks were installed at the
middle of the both sides of the front and back base cuts by screws
from top of the base plywood to the bottom, and the holes on
these blocks were not drilled through, to make the wheel bars
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just fit into the blocks to save materials and save the particles of
clampers. 8-inch tires were placed in the front and back cuts on
the base mover. By creating different sizes of the front and back,
and the central wheel, it would be easy to rotate the trebuchet.
The borders were enhanced by installing the screws from the
bottom of the plywood of the base into the borders above it, so
that the borders would be pinned in 2 dimensions.

At the rear of the trebuchet, a 0.625-inch-hole was
drilled on each side of the 2 vertical end rail supports. Then a
steel bar was put through the hole with 4 flat wheels to support
the falling arm while launching. On either side of the grouping
of wheels 2 clamps were applied to prevent the wheels from
sliding (Figure 20).

The throwing arm is made up of 5, 0.75-thick-plywood
pieces. Due to its ununiform shape, the plywood was cut through
CNC cutting based on the cutsheet (Figure 21). After the pieces
were cut, a 1.31- inch-hole was tapped in the machine workshop
on the end of the arm for the counterweight arm. Also, a 5/8-
inch-hole was tapped at the pivot point of the arm to hold the bar
with wheels on the rail. And then, the 5 pieces were glued
together and left for 2 days until the glue was dry (Figure 22).
The central hole of the throwing arm was attached to a short bar
to attach 2 10 in wheels to move on the rail for the arm to rotate
after releasing, and the hole on the side of the bar was attached
to a 45-Ibf-bar from the gym to apply and adjust the weight for
different distances of launching.

3D printing was also utilized for some parts of the
trebuchet system. For the clamp-pulley system which was
applied on the weight bar to turn and trigger the release system.
When the CAD drawing of the clamp-pulley was created, it was
exported to STL file and was printed in ABS material and took
about 9 hours for each clamp-pulley. After removing the support
of the printed clamp-pulley with a knife, it was ready to be used
(Figure 23). The pin which is on the top of the throwing arm to
release the string while launching, their shapes were created by
plasma cutting. A tool path was created by NX part file (Figure
24). Then, they were sanded on the filing machine, and the holes
were drilled out.

Finally, a cap is placed on the top of the chutes to hold
them together. Utilizing a 2x4 as a spacer they would be applied
between the chutes on each side and stabilized by clamps, then
the cap would be screwed to the top of the chute to fix them
together.

The total cost of the entire launch system plus the mover
cost $540 USD for materials (Table 1 and 2). Some parts were
taken from the existing materials from the Rettner Workshop,
such as small clamps for the wheels on the frame, the bars, and
the wheels.

If the working costs of team members are included, the
cost of working for manufacturing will be larger since the
trebuchet is larger than any other project, and all the materials
need to be cut into certain dimensions and shapes to assemble.
The current working hours of each team member are shown in
Table 7. The estimated costs of working on manufacturing
together are $11,100, while the total costs of working for each

team member are $26,625. The working hours conclude the time
of manufacturing, cutting materials, tapping holes, plasma
cutting and running the printers for printing. The working cost is
under the rate of $100/hour. The development time concludes
with the time of designing, CAD drawing, FEA simulation, and
iterations. Development time also occupies a substantial portion
of the total working time, especially for release pin, clamp-
pulley, and release plate, which were modified over many times
(Table 8). The total development is 109 hours, under 100$/hour,
which costs $10,900.

If the part or system were to be scaled to 1000 systems,
the current manufacturing process, which relies heavily on
manual measurement, cutting, and assembly of wooden
components, would need to be improved to reduce costs and
build time to meet the requirements of mass production.
Structural components can be redesigned to include more metal
parts manufactured by CNC machining and plasma cutting, or
3D printed parts with stronger materials, which provide higher
repeatability and faster production compared to manual
processes.

The wooden components could be redesigned into
modular, prefabricated panels using laser cutting. Instead of
cutting individual 2x4 and 4x4 members manually, the structure
could be converted into an interlocking “building block” system
with pre-cut slots and tabs, allowing parts to be assembled
quickly without extensive measurement or alignment. This
would significantly reduce assembly time and minimize human
error. Therefore, fastening methods could also be optimized by
reducing the number of individual screws and replacing them
with standardized fastener kits, pre-installed threaded inserts, or
quick-lock mechanisms. This would streamline assembly and
improve consistency across units.

The current way of printing clamp-pulley is inefficient
since it takes 9 hours to print each of them. For scaling, these
parts should be converted to injection-molds and fill the ABS
material into the molds to make the parts, which would reduce
per-unit production time and cost once tooling is established.

Overall, transitioning from manual wood-based
fabrication to a combination of CNC-machined metal
components, modular laser-cut wooden structures, and mass-
produced mechanical parts would significantly reduce build
time, and lower overall cost when scaling to 1000 systems.

TEST PLAN and RESULTS

The specifications are based on the pumpkin launch
competition requirements and mechanical analysis. Some
aspects these specifications highlight are safety, moveability, and
accuracy. These are the guidelines and standards that determine
whether the design is successful. Refer to Table 9, a checklist of
specifications and if they were met.

Initially, simple screening tests were used to find the
best sling length, if a secondary roller helps reduce bouncing,
and using a released weight tied to the pulley string for a more
controlled release force. The sling length was evaluated at 3
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lengths keeping all other variables constant. Having the sling in
the middle value provided the best launch angle. Video
recordings of multiple launches of the same sling confirmed this
observation. Video recordings were also used to understand the
impact of adding a second roller, which reduced bouncing
significantly. Furthermore, although there were no issues with
pulling the release pulley rope by hand, a weight also worked to
controllably pull on the release pulley. This may be implemented
during competition to maximize consistency. After these first
screening experiments, a larger experiment was used to
understand the relationship between release pin angle, projectile
weight, and counterweight weight.

The testing plan of the floating arm trebuchet follows a
designed experiment to build a mathematical model. s.
Information about the MATLAB program can be found in the
TeamLaunchProgramTheoryOfOperation document. This model
will then be used to adjust counterweight weight and hit the
target distance accurately. To develop a predictive model for the
trebuchet, an empirical data collection experiment was designed
using principles of robust design. Rather than deriving throw
distance analytically from physical equations or using
simulation, this approach systematically varies the controllable
inputs across their operating range, prompts the user to record
the resulting distances, and fits a mathematical model to the
observed data. This model is then used to predict optimal settings
for any combination of projectile weight and target distance
encountered on competition day.

Three variables govern each throw. Counterweight
mass and pin angle level are control factors — they are
deliberately set by the operator before each shot. Projectile
weight will eventually be a noise factor — it cannot be perfectly
controlled because competition projectiles vary in mass — but
in testing we can control it on every run and can hold it to three
levels. The response variable is the distance the projectile
traveled in feet.

Due to testing space limitations, testing did not exceed
100 feet in launch distance. Counterweight varied across 6
levels, 65, 75, 85, 95, 105, and 115 Ibf. This does not yet span
the full operating range of the machine. Pin angle was assessed
at three levels, labeled 1, 2, and 3, corresponding to equally
spaced angular increments of the release pin. Projectile weight
remained constant during this short-range experiment.

The original design experiment was structured as three
blocks of 12 runs, one block per pin angle level. Within each
block, the pin angle was changed, and the trebuchet was fired
four times per projectile weight (3 levels). For each projectile
weight, the four launches had increasing evenly spaced
counterweight values. Run order within each block was
randomized to prevent any time-dependent effects such as
fatigue, wind shifts, or mechanical settling from being mistaken
for counterweight effects. This blocked structure also reflects the
practical reality that changing pin angle is a more involved

mechanical adjustment than adding or removing counterweight
plates, making it the natural outer loop of the experiment. The
total designed experiment consisted of 36 runs.

Prior to each run, the counterweight was loaded to the
specified mass using 5 Ibf plate increments and verified. The
projectile was weighed and the mass recorded on the data sheet.
The trebuchet was fired, and the landing point was measured
from the release point to the nearest foot. Distance,
counterweight, pin angle level, and projectile weight were all
recorded for every run before proceeding to the next.

Once all 36 runs were completed, the data were entered
into a JMP and MATLAB script for model fitting. A second-
order regression model was specified to capture the nonlinear
relationship between counterweight and distance, the influence
of projectile weight, and the effect of pin angle. The model takes
the form:

D = B° 4 BH(CW) + B*(CW?) + B*(PW)

+B*(CW x PW) + a?(Pin2) + a3(Pin3) (5)

where CW is counterweight in Ibf, PW is projectile weight in Ibf,
and Pin2 and Pin3 are indicator variables for pin angle levels 2
and 3 respectively with level 1 serving as the reference. The
quadratic counterweight term allows the model to represent the
diminishing returns behavior observed physically — distance
may increase rapidly at low counterweights and tapers as the
machine approaches its mechanical limits. The interaction term
between counterweight and projectile weight captures the fact
that a heavier projectile does not simply shift distance downward
uniformly but does so more severely at higher counterweight
settings. MATLAB's least squares solver was used to estimate all
model coefficients simultaneously from the 36 data points.

With the model fitted, the MATLAB script accepts two
inputs from the operator: the measured weight of the competition
projectile and the desired target distance. The script evaluates the
predicted distance for all 36 counterweight and pin angle
combinations at the entered projectile weight, identifies the
combination whose prediction falls closest to the target, and
displays the recommended counterweight and pin angle level.
Two diagnostic plots are also generated: one showing the
predicted distance curves for all three pin angle levels as a
function of counterweight at the entered projectile weight, and
one showing how sensitive the predicted distance is to variation
in projectile weight at the recommended settings. Together, these
outputs give the operator both a firing solution and a visual
understanding of how robust that solution is to any last-minute
variation in projectile mass.

During the initial short-range testing, the variation in
projectile distance, the variability in the system, can be observed.
The 70 and 80-degree pin configurations seen in Table 10 and 11
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demonstrated strong consistency and repeatability in
experimental testing. Measured launch distances showed
minimal variation between trails, typically differing by only a
few feet. The data exhibited tight clustering, showing stable and
predictable projectile trajectories.

These results closely align with simulation predictions,
which indicated that higher pin angles are well-suited for short-
range launches. The increased release angle associated with
these configurations results in a trajectory that is less sensitive to
small variations in system behavior, such as minor difference in
release timing or frictional losses.

In contrast, the 60-degree pin configuration seen in
Table 12 showed significantly greater variability in launch
distance. Experimental results showed a widespread in measured
distances, showing reduced repeatability and inconsistent
projectile trajectories. While this behavior appears to differ from
simulation predictions, it is consistent with the expected physical
behavior of the system under constrained testing conditions. The
60-degree pin releases the projectile at a lower angle and the
limited range of testing didn’t allow us to confidently evaluate
the pin with higher counterweights. This would provide the
system with higher energy and therefore allow the sling to reach
its ideal release point at our desired point.

The agreement between simulation and experimental
results for the 70 and 80-degree pin configurations shows that
the NX Mechanisms model accurately captures system behavior
under short-range operating conditions. These configurations
produced stable trajectories and consistent distance, validating
the model’s predictive capability.

The discrepancy seen for the 60-degree pin
configuration is attributed to limitations in the testing
environment rather than inaccuracies in the simulation model.
Under short-range conditions, the system does not run at its full
energy potential, preventing the 60-degree configuration from
achieving the velocity in release conditions, sling dynamics, and
frictional effects produce disproportionately large variations in
measured distances.

From a modeling perspective, this highlights the
importance of incorporating correction factors into predictive
tools. The collected experimental data provided a foundation for
calibrating the distance prediction model, allowing simulation
outputs to be adjusted based on observed real-world
performances.

INTELLECTUAL PROPERTY

The pumpkin launcher itself is not patentable because
the floating arm trebuchet is not a novel idea. All information
about the floating arm trebuchet is available on Wikipedia. There
is 1 existing patent of trebuchet, the USD540414S1 -
“Trebuchet” (Figure 15), which is only about the design or
appearance of trebuchet, but not about the function and
mechanism because it has existed for hundreds of years.
Therefore, this design will not violate any currently existing

patents. If this entire design wants to be patented, it may only
cover its design appearance.

However, some parts on the trebuchet can be
documented as patents for their unique designs. First, the clamp—
pulley triggering system developed in this design may be
documented for its unique mechanical features. The system
integrates a clamp and pulley mechanism to control the release
of the trebuchet under load. A small cut is introduced at the
connected region between the clamp and pulley, which reduces
interference and allows the clamp to close more easily and
reliably under force. This modification improves usability and
mechanical engagement, and although the individual
components are standard, the specific configuration and
functional improvement could be considered for intellectual
property protection if sufficiently differentiated from existing
mechanisms. And currently, there is not any patent that shares
any similar design with it.

The release part made from plasma cutting may also be
patentable for its unique ununiformed shape design, and it
significantly influenced the release behavior and safety of the
trebuchet before launching to ensure the weight bar is held well
before release and make release easy as well. However, the fin-
shaped release pin is not patentable though it has a functional
design. While this feature improves manufacturability and may
influence release behavior, it is unlikely to be patentable because
release pins and hook mechanisms are already widely used in
trebuchet systems, and the geometric variation alone may not
meet the requirement of non-obviousness.

The moving base mover is also not patentable though it
makes the moving parts easy to dissemble and easy to turn and
move the trebuchet. Similar designs have already been widely
applied in the carts of some furniture and material stores like
Home Depot.

Overall, while the complete trebuchet system is not
patentable due to extensive prior art, certain subsystems—
particularly release sheet and the clamp—pulley triggering
mechanism—may present limited opportunities for intellectual
property protection.

SOCIETAL AND ENVIRONMENTAL IMPLICATIONS

The manufacturing process for the trebuchet used
environmentally conscious practices by reusing materials from
previous applications. The barbell and weight set were sourced
from a home gym, while the wheels and nylon straps used for the
sling were taken from Rettner Workshop and can be reused after
launch day. The sling itself was constructed from nylon straps
and a T-shirt. The primary environmental impact of the project
came from the $500+ of lumber used for the frame, arm, and
base. Obtaining the lumber required two trips to Home Depot by
pickup truck. Although the lumber is biodegradable and has a
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lower carbon footprint than concrete or steel, its overall
sustainability depends on the forestry practices used in its
production.

Additional energy-intensive processes included 3D
printing of % scale release pins of the prototype and full-scale
clamps, plasma cutting steel for the final pins and trigger
mechanism, and sawing lumber. The 3D printing process
presented an opportunity for reduced material and energy use, as
multiple design iterations were printed. Refining the initial
designs could have reduced the number of prints required.

The operation of the launcher itself does not produce
any direct emissions because it is purely mechanical. The
launcher does not present significant ethical or safety concerns
when used as intended. However, the skills developed —
particularly in designing launch systems — have potential
applications in defense contexts, where ethical considerations
are more serious. Despite this, the scope of this project and the
final product do not raise significant ethical concerns.

RECOMMENDATIONS FOR FUTURE WORK

The primary issues with this design are wheel bouncing
as the arm contacts the guide rail and barbell tilt during its
descent along the track. Wheel bounce reduces launch distance
by dissipating kinetic energy, while barbell tilt leads to
asymmetry in the arm, disrupting the projectile release.

Wheel bounce occurs due to a loss of continuous
surface contact as the arm transitions from the rear pivot wheels
to the guide rail wheels. The wheel bounce also introduces
additional impact forces on the frame and vibration. A cam
mechanism could be used to gradually engage a roller as the arm
rotates, ensuring continuous contact and eliminating bounce.

The barbell tilt results from asynchronous release in the
double-sided trigger mechanism. If one side releases before the
other, the barbell rotates unevenly, causing the arm to tilt. This
issue was partially mitigated by redesigning the trigger so that
the barbell rotates off the release pins rather than relying on
simultaneous pin withdrawal. The updated mechanism, which
uses clamp-pulleys to rotate the barbell, should reduce tilting.
However, the issue could be further addressed by constraining
additional degrees of freedom using a four-bar mechanism or
one-sided rail system.
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FIGURES

Figure 1: Initial 4x4 beam stress analysis
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Figure 2: Skeleton model of launcher arm used for NX testing.
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Figure 9: FEM Geometry with imported loads from skeleton
model.

igure 10: Von Mises Element Nodal Stress plot in psi.

Figure 11: Displacement plot in inches of beam under loading

Team Launch Spring 2026

Nolan Goldthwaite

4/26/2026 Solution 101, Element type
Tet10 (0.249 in)
Materia AISI_Steel-1008-HR
(3/8 inch thick)

Goal: Analyze release pin 26c0183328 for failure in fatigue.
Result: Pass

25Ibf load perpendicular to sling
" ring supporting surface.

RBE2's attaching hole faces to o
points, fixed in all directions and all -
rotations.

Mechanical Engineering.
B Unveriy of nechesier

Figure 12: FEM of Sling Pin for Fatigue Analysis

Team Launch Spring 2026
Nolan Goldthwaite
4/26/2026

Calculation done in MATLAB.
Code used heavily based on Advanced Mechanical Design 25
ME205 SPRING 2026 Fatigue lecture notes. \

Goal: Analyze release pin 26c018332B for failure in fatigue.
Result: Pass

10* Modifled Goodman / Soderberg — 1008 HR Steel

>> TeamLaunchme205FatigueAnalysis B \ L
Endurance limit Se = 11761.2 psi £ )
--- Max Principal --- &
sigma_a = 1132.66 psi

~--Von Mises -
sigma_a_vm = 939.34 psi

sigma_m_vm = 939.41 psi 0s
- Safety Factors —-

Modified Goodman nf = 10.39 .

Soderberg nf = 10.40 1
Modified Goodman: INFINITE life
Soderberg: INFINITE life

echanical Engineering
§ Universty of Rochester

sis and MATLAB code
--- 1/2 in Carriage Bolt Torque Analysis
Grip length through wood = 5.00 in
Bolt proof load Fp = 8514.0 1bf
Recommended preload Fi = 6385.5 1bf

Dry torque = 638.6 in-1bf = 53.2 ft-1bf

9.979 in*2
6524.6 psi

Approx. washer bearing area

Approx. wood bearing stress

Figure 14: MATLAB results from carriage bolt torque analysis
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Figure 17: Short feet screwed on the plywood with blocks to hold
the wheels.

Figure 18: Chute with its support connected by a piece of metal
sheet.
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Figure 19: Cutsheet of rail cro;s bracihg

Figure 21: Operation of Rettner Shop Bot to help cut ununiform
beam geometry.

Figure 20: Wheels support of the arm

Figure 22: Trebuchet Arm glued, screwed, and let to dry with
weights to limit unwanted bending.
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Figure 23: A pair of printed clamp-pulley Figure 26: USD540414S1 — “Trebuchet”

Date: 4/21/2026
Description: Plasma Cut Release TAB I E S
Stock: 6 x 18" x 0.25"
Part Reference; 26c002878
Nolan Goldthwaite
(s
(s cuTTER)
(DATE: 23402038 8212 P}
(emogesmik: Lo
e
@
a7

Hee
(SPER: PLANAR PROFILING)
(iritial move)

Table 1: First Round of Materials ordered from Home Depot

ID: ME205_Launcher_2604252024
G50 G20 X0 V3,428 Ta/Advi i
ol [feam [Launcher T T/Advisor: abermude
6.2 25, FS T [Contact [Chris Muir I
gt 0 o NVendor [Home Depot e i
62 70,64 (145 Springback - Backlash) - Date 4/25/2026|Order Date
o [Date 3/26/2026|Needed By Date ]
(enzaze nove) Tl [$ s0342
nex
- e item possible) |Quantity |$) xtended
Gon 0,86 (Cut Helgnt) 1 in, x 8 ft_#2 Premi i 2ls 1064 2128
2 ft x 8 ft. Ground Cc Treated Pine 3[s ss: 16554
3 8 ft. #2 Gi d Ce Yellow Pine 10| $11. 111.80
a 8t #2 Ground Contact hern Yellow Pine 26/S  458$ 119.08 |
3 -1/2iin. Tan. d Ibs. / 280-Piece) 29 29.97
6 204633597 (1/2 i in. Zinc Plated Carriage Bolt 19.28
7 315185877/1/4 in. x 6 in. Exterior Washer Head Structural Wood Torx T-Star (12 Each) Bit Included 14. 14.47
8 100375215/TP 3-1/8 in. x 7 in. 2 d Tie Plate. 1 . 19.68
9 204647892(1/2in-13 ¥ 232
10 74324)2in. X Ain. X At Jumb s, ax 418
1 =
12 I
13 I
1 [
Notes:

Table 2: Second Round of Materials ordered from SMC Metals

ID: ME205_Launcher_2604261503

TA/Advisor and purchaser approval required
[Team _[Launcher [ TA/Advisor: abermude
Contact [Chris Muir |em:
[Vendor [SMC |
Date 4/26/2026|Order Date
Date 4/23/2026|Needed By Date
Total [ 3600 |
item_[Part/item/ASIN Descri possible) [Quantity [$/Each __[Extended
1 11439 |HR RECT A36 Length 16 in | 1S 1600 5 1600
- 2 8 ss{c; ROUND 1018 Length 72in J‘
—_— 3
Figure 25: Finished trebuchet

1[S 20005 2000
[ |

Table 3: Launch distance and angle with 60’ Pin.
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Counter Weight (lbm) _[InitialY InitialZ [Resuttant’ y ( [Launch Angle (degrees) _|PinAngle |Distance (ft) |
45| 26.12] 34.85 43,55 58.76]
50 29.27) 38.1] 48.05) 70.86)
&= 20 % 5122 .46 Table 8: Development hours summary and cost
60) 36.06] 41.11] 54.68] 96.12 - " - .
esl 39.11 42.39) 57.68| 108.61] PrO_]eCt Tim Levis Nolan Victor Total Total
70 41.98 43.95 60.78] 120.27]
% Mﬁ o] ¥ e Hours Development | Development
80| 47.43 47.03 66.79) 144.41 Hours Cost
85 50.19) 48.13 69.54] 157.55)
90| 52.94) 4954 72.50) 160.75)
o e So0] T T Development | 24 27 21 37 109 10900
100 60.16] 50.19| 78.35) 195.28] Hours
105 ea.d 52@1 ao.u—ai 205.56] ou
110) 62.66| 53.87] sz.g’ 217.74
nﬂ 64.57| 54.68] 84.61] 228.57|
120 67.14) 55.67] 87.22] 241.08] . . . .
o 0027 563 8929 2o Table 9: Specification Pass/Fail Checklist
130 72.74) 56.36) 92.02] 264.76]
13?| 73.72] 58.42] 94.06] 276.16|
14£| 76.22| 58.67| 96.19)] 288.3] Specification Test Pass Notes
145 7a.2ﬂ 59.76 98.45| 300.28] or
150| 79.7| 60.41] 100.01] 310.8 Fail
. . . Mean error will be Measure from the target distance line N/A No testing has occurred yet.
Table 4: Launch dlstance and angle Wlth 70e Pin. less than 5% over 3 | less than 5% distance to see if pumpkins See Designed Experiment
Counter Weight (lbm) _InitialY [initialz [Resultant y Launch Angle (degrees) _[PinAngle |Distance (ft) shots have landed in range. Test conditions: section
45| 20.01] 37.57 42.57} 28.04 46.06 clear day, sub 15 mph winds
50 22.92 40.42) 46.47] 29.56] 57.77]
s—sl 2s.ﬁ 4247{ 49.71] 31.32] 68.85)
60) 28.61] 44.43 52.84] 32.78| 80.36)
65 31.13| 47.35) 56.70) 33.37] 93] Launcher width no The entire launcher's width after Pass
70 33.89 48.68 59.32) 34.84] 104.8 more than 4 feet assembly is 2 feet and 10.5 inches
75| 36.29) 50.26| 61.99) 35.83] 115.65)
i% ji’; 5;2; ?gi zs::g lﬁﬂ The heaviest piece All “pieces” assembled onto the Pass “Piece” refers to separable
90 43.73 53.91] 69.42| 39.05] 153.9 must not exceed 120 | launcher (arm, weight bar, weight components that are not on
95 45.73 57.11 73.1 3869| o 165.67| Ibf plates) weighed less than 50 bf. the launcher during transport.
100 47.96] 57.%1 74.78) 30.89| 176.61]
122 4:'29_; :ji ;;:3 :g:;g 12:‘;2 Minimum factor of FEA anfilys'[s of launcher, arm, release Pass
nﬁ 54.09 62.73] 82.83 40.77| 213.63| safety of 2 for mechanism.
120 56.34 63.67| 85.02[ 41.50] 226.99| yield/rupture of
12—5| 54.44] 67.93 87.05] 3a.7—1'| 239.1] material
13£| SS.AEI 67.@1 89.43 40.81| 251.6|
32 zi:g ::2: :g:;l; :z:izl ;s::;zl Device must be Rolling and steering trebuchet on Pass
14?| 66.2—1| 573{ 94.84] 24.28) 2as?| stable to minimum inclined surfaces in all directions with
150 67.75] 68.99] 96.69) 44.48 300.43 include of 15 no tipping.
degrees
Table 5: Launch distance and angle Wlth 80’ Pln Can hit a minimum | Set the launcher to S0ft shooting range N/A No testing has occurred yet.
Counter Weight (lbm) _[InitialY [initialz [Resuttant’ y ( [Launch Angle (degrees) _|PinAngle |Distance (ft) target distance of setting, and measure the pump!:m
45| 13.11] 38.35 40.53] 18.67| 28.6) S0ft landing point from the target distance.
50) 15.A3| 43.46 46.1) 19.5_5{ 37.71
55 18.04] 45.48 48.93] 21.64) Can hit a maximum | Set the launcher to 300ft shooting range | N/A No testing has occurred yet.
22 igi:l :;';i :;'g—jl ijii} target distance of setting, and measure the pumpkin
70 2@4 51.641 57.30] 25:6_31 300ft landing point from the target distance.
75| 26.93] 53.7] 60.07] 26.63]
80| 28.6_5| 56.75) 63.57) 26.79]
85 30.94] 57.17| 65.01] 28.42|
90| 32.92] 58.86| 67.44) 20.22] .
= P o047 6577 7o Table 10: Experiment test block 70-degrees, from short
100 36.44) 63.63 73.33 29.80 .. . . . . .
o8 %4 o el 079 range initial testing. Weight refers to counterweight; distance is
110 40.12] es.:g{ 77.54] 31.16 .
nﬁ 42.22] 66.9) 79.11| 32.26 mn feet.
120 43.85 68.16 81.05) 32.75| -
12—5| 45.5:11 703{ aa.g 32.99 Weight Test# 1 2 3 4 5|Average
130 26.87| 71.44] 85.44] 33.27 "
@I 2902 7142{ 745 3209 65| Distance 52 53 53 52.66667
14£| 50.36] 74.73] 90.11] 33.98|
145 52.5| 74.64 91.25] 35.51 -
150 53.87] 75.99] 93.15] 35.33] Weight Test# 1 2 3 4 5|Average
75| Distance 62 63 69 62 64
Table 6: Force transfer from pivot roller to rail on impact
Load Weight  |Test# 1 2 3 4 5|Average
analysis 85| Distance 70 72 75 72.33333
part=Arm
Arm/WeightF Arm/WeightF Arm/WeightF Arm/WeightF Arm/WeightF Arm/LeftRolli Arm/LeftRollc Arm/RightRol Weight Te_St # 1 2 3 4 5|Average
62 0.000 84.171 729776  734.614 0.000  369.642 0.011  369.642 95| Distance 76 76 77 76.33333
63 0.000 55.494 -725.345 727.465 0.000 365.679 0.015 365.679
64 0.000 26.004 -704.580 705.060 0.000 353.707 0.017 353.707 Weight Test# 1 2 3 4 5|Average
65 0.000 -1.720 -669.570 669.573 0.000 334.918 0.021 334.918 Di 9 9
66 0.000  -23.909 -631.032  631.485 0.000 315088 0022 315088 105| Distance 88 2 7 86 86.25
Weight |Test# 1 2 3 4 5|Average
115|Distance 86 89 93 89.33333

Table 7: Total working hours and costs

of working with

estimated manufacturing hours and costs.

Project Hours | Tim | Levis | Victor | Nolan

Hours for | 20 21 50 22 Manufacturing | 11300

manufacturing Cost $

Total hours 56.7 | 55 109 45.5 Total Cost § 26625.
5 00
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Table 11: Experiment test block 80-dergees, from short
initi 1 ; : H ; T e et ey oo e ey e Vot el o s ek o o s
range initial testing. Weight refers to counterweight; distance is e e e e ot b s ety

e floating-arm trebuchet for pumpkin launching

in feet R — s uniely 0 be patentable s boad conoep, because it s

it dommntod o o e o B e
[weight  [Test# e e e
| 65| Distance

4| 5|Average
50| 52 51] [ | 51

bou ip s 1 existing patent of trebuchet, Clifford, Timothy
o el e e e Deleted: Anda
the function and mechanism because it has existed for hundreds of years. Therefore, this design will not violate any
i & e s 11 e et ot st e ) e i

[

Qlifford, Timothy
Deletod 1111 ks novolty s not bvions

However, some parts on the trebuchet can be documented as pateats for i unique designs. First, the clamp-pulley Clifford, Timothy

triggering system developed in this design may be documented for its unique mechanical features. The system Deleted: its

integrates a clamp and pulley mechanism to control the release of the trebuchet under load. A small cutis introduced .
t the connectced region between the clamp and pulley, which reduces interference and allows the clamp to close more | D

S B s L il

individual components are standard, the specific configuration and functional improvement

intellcctual property protection i suffciently differentated from cxisting mechanisms. And currntly,thereis not any

patent that shares any similar design with it

[weight [Test#
| 75|Distance

5| Average
62.5| 63| 64| | | 63.16667

—
| |

[weight [Test#
| 85|Distance

5| Average
73] 75 76] [ | 74.66667

‘The release part made from plasma cutting may also be patentable for its unique ununiformed shape design, and it
significantly influenced the release behavior and safety of the trebuchet before launching to ensure the weight bar is
held well before release and make release casy as well. However, the fin-shaped release pin is not patentable though
ithas o functioal desig, Wil tisfeatue mproves manufecturabily an may inlunce rloso bbavio, it i
unlikely o be patentable because relcase pins and hook mechanisms are already widely used in trebuchet systems,
B Pt ol erne e

[N
| |
| |

Qlifford, Timothy

[weight [Test#
| 95|Distance

1 3 5|Average
0| 78] 85| | | 81

‘The moving base mover i also not patentable though it makes the moving parts easy to dissemble and easy to tum
and move the trebuchet. Similar designs have already been widely applied in the carts of some furiture and material
stores like Home Depot.

LN
| |

Overall, while the complete trebuchet system is not patentable due to extensive prior art, certain subsystems—
articularly release sheet and the clamp-pulley triggering mechanism—may present limited opportunities for
intellectual property protection.

[weight [Test#
| 105| Distance

1] | 3| 4| 5|Average
| 93.66667

Mechanical Analysis Part II

©
14N
©
I~ |

‘The resulting stress contour plots identified the maximun stress occurring near the pivot region, which is
consisteat with the location of maximum bending moment predicted by analytical calculations (Figure 9). Deflection
results indicated that deformation along the arm remains within acceptable limits and does not significantly impact
Iaunch performance (Figure 10) The peak stress values obtained from the time-stepped analysis were compared to the
material yield strength, resulting in a factor of safety of approximately 2.

[weight [Test#
| 115| Distance

1 2 5 | Average
97| 95] 100] | | 97.33333

| |
| |

‘The use of inertia relief, combined with time-dependent loading, provided a simulation of real operating
conditions. This analysis confirmed that the selected beam dimensions are structurally adequate, identified critical
regions for potential reinforcement, and validated that the design withstand repeated use. Additionally, this approach
demonstrates strong integration between motion simulation and structural analysis, increasing confidence in the
overall mechanical design.

bl . i bl k 60-d f h ‘The pivot point of the trebuchet expericnces significant radial loading due to the weight of the beam and
Table 12: Experiment test bloc ergees, from short el e oo sl e £ e 5
sizing and material selection. Reaction forces at the pivot were calculated using static equilibrium, resulting in an | Clifford, Timothy

range initial testing. Weight refers to counterweight; distance is e by Lo e e e et

conservative loading case. These forces were used o estimate the required load capacity of the bearing or axle
in feet.

[weight  [Test#
| 65|Distance

4| 5| Average

Figure B2: Tim Peer Review Edits Page
48] 40| 38 | | 42

Kl

Weight [Test# 1 2 3 4 5|Average S ———
75|Distance 48 48 48 I 48 racing applications, was proven bilty to withstand high dynamic loads and rsit wea. The anlysis
dxmflly influenced the choice of axle diameter and material, contributing to both durability and overall system

[weight [Test# 1 2 3 4 5| Average T Y DA N

e e T

| 85| Distance 52 47 52 I 50.33333 selected forits favorable strength-to-weight ratio and availabilty. To characterize the effective material properties of

: the beam, a simply supported beam analysis was performed using measured or estimated deflection data to

approximate stiffness and validate its structural performance under loading. This provided a practical, experimentally
e L e

[weight  [Test#
| 95|Distance

4| 5| Avera; ge The plywood layers were oriented and bonded such that the direction of primary bending during operation is

perpndiolr o the i o he piywood shets. This confgutonIeverges e lamised it o plywse,

48| 61| 55| I I 54.66667 where alternating grain directions improve strength and reduce the effets of anisotropy. By stacking and gluing

. i eyt e bouc eyl Faved 80 & comp $otiom it st s s i st

‘Additionaly, this orentation ensures that the outer fibers of the beam-—where bending stresses are highest—arc
supportd by multple bonded plics, maximizing resistance to tensil and compressive sresses.

Weight Test# 1 2 3 4 5 I Average ‘The lamination strategy also improves structural performance by increasing the moment of inertia of the c

section and enhancing load distribution across the beam. This results in greater resistance to bending and r\'ducc\‘\
N leflection compared to a single solid member of equivalent thickness. The final laminated beam design provided
105|Distance 73 52 62 I 62.33333 siffcient strength to withséand operational loads hile maintaining & relatively low mass, contrlbuting to fmproved.

‘dynamic performance of the trebuchet. Overall, the use of laminated plywood, combined with strategic orientation

Kl

S e el S e e
e
Weight  |Test# 1 2 3 4 5| Average Aonge e el i s oo th iy string et cmectiog i 4 it 34

wooden structural members. The connection uilizes a % in diameter, 6 in long carriage bolt, which i responsible for

115|Distance 70 62.5 75 | 69.16667 msinainlmping ot and st gy duing s oprion |§ma:,nmmy

‘The analysis followed standard bolted joint theory, where tightening torque is elated to preload using

T=KFd @

Wher Tisth pplied tarque, K i h torqu cofficent, ;s theprelond fore,ad d s the nomial bl .
(o Tt e w753 48 ol oo ok whic 1 opaid il oeemm o o |"cuftore, Timotiy
non-permanent wm\:cum\,l | Deetea:\

Appendix B — Peer Review Tracking Figure B3: Tim Peer Review Edits Page 3

Comments

Clfford, Tiothy - Deted: st of i et s e
MANUFACTURING | y

Clford, Timothy - Deleted: bcaise e p

il Pressue-raied wood ypically bas &
Yo' modls o e 6-12 P, wheres sttt ol ofspprsimsly 20 0

s ot 151030 e s oo which s why wond st xhi sl

o same load, meanng the rebuchet sructre can withstand dynamic impact loads

| e, T
| e, Tty
iy o bk 12 per ok  Homo Depo, vhers  compesbl il su;v ber

=
leagth can cost approximaely $5-10 per foot a Home Depot, indicating that wood can be o | ot Tty

fimes more economical for sructural pplicatons 2). T m——

Goldthwaite, Nolan
agri at 1128 P

ot ity Mo, o e

NX CAD drawings of cach part of the uehmhammmm:d first. Aftr that, they were assembled into different big. I A S sirs of o rios soembly e

L R S T | Tty Dt h s s i S o ¢ recicion mode
Lt ok | Cltors, Timo exsaple i G s

o kb e iy o 24 o . | ot i s

Icoth . And e o h e pr o h bl ot n o he o f b e snges wesmeseurd snd , WIS Ao Toon et e o

it oo e P | s ity e Ry G Goldthwaite, Nolan

e ablod b e g o the Rt Werksho o cut i o difleret pr g machine (e Rrm o e e ey —-— 129

| ot Tty Dot T i e A::‘,

P s
eVt kS Yok e i o B o 1 o e Lo

| Cllfr, Tty Deeted: oo cec ot sy
Al e b s complet, min i il ) were sl an e b by s fom | —

T ——— R R,
| Cutord, Timothy Deltd: sty s
| Cultors, Timatty

e

[l — o ok et

| ot Tty Dettets e e

| Cufod, Timothy Dokt T,

o vee cmectdhough g bl o b e s ate i
Sk el B ey i | U, Tty Dot ¥ i 1 i e i

s il o e 2 e s 0 i o | Clftord,Timothy  Deeed
¥ = Fi 1gure B4: Nolan Peer Rev1ew Edits Page 2

[T e —_—

Figure B1: Tim Peer Review Edits Page 1

16 Copyright © 2026 by ASME



ROVGWAE LEWELT S b, 0428l ws 1 o ah oo e el il s Toen o TR —
ste bar was ot trough e ol with T wecs 0 appor ‘while lunching. O ci: he
Highlighted Golors i tope e whaas o i (e 15 | Uit Victor  Deetd: apent
T eoing s B 3 f 5,075 okl o, Due ' e a5 s RIS v
RBSTRACT ough CNC uting b o h ot (g ) At e pieces SN, 31 bl wa el e | Litie, Victor  Deteted: trvagh all e spports s
achine workshop on the end of t S/-inch-bole
LitteVictor  Delted,
The Univesiy of Recbestr ki Lach Competiion & mual cvet i which piicpss deign i ,.mm,.,Wmm,mn.-ﬂ,mm.M ...mmn,.msm;mmm,m c !
‘mechanical systems to launch pumpkins at controlled distances. The objective of this project was to design and the glue was dry. The central hole of the throwing arm was attached o a short bar to | Litte, Vicwor  Detetea:
Sorcntca Tomeher copable of whniog. 2057 competiion: Decens warig e beco' both dieens sl o el ot a1 st e el el o 10 of s b s o8 45 SR 5
aceurscy. the floting s trebuchet (FAT) was selected. g N R e i —
o T T some o e et sy o e s ey sy W vas gl | e e s
™ trcbuchet in which s sl song s gided sk et rlese sysem.When the CAD. draving of th lamp puley yas el .
firdie b coecimrtaining. s Dl s o A5 i i pun-»‘h«'(m | Lii Vicor  Dets,
horizonal i s 1 o s accuricy p-pulley it i sed Glgure 14). Tin whic
. s epsebbllly s ey U Beocten Rt f B i el g Wl i, s e s ol s g A | bt Vi Dot en
X . e el vy NX prt e (Figar 15, Tt ey e o n o fling machine, s th bles e v it e ST
eliminatin Bl ; o ok
i it Ay () ws e s Sicnes N0t e e i s o i could ibtod < O iy ol o | Litie,Victor Deetd: e whocs
300 f for a 3 b pumpkin. FEA was also used. 2 . i | Litte, Vitor  Deleted: mployed
e o e e <t e i, o it T e o i e e
et T ol ot of e e syt s ho movecost 540 USD for ol Tt 10 2) S s SR e
existng materialsfrom th Reftner Workshoy small clampsfor the wheels on the frame, - etd
couteneight. A base with removable wheels was inegratd to transport the fame, which weighs over 300 1. The ke wacking coes o e asbess IO e o orkin o i vl b G | Litte,vicor  Dette:
louncher operatcs by cngaging a barbell countenweight via  rope-actuated eleas, As the counterweight fall,the since the trebuchet is larger than any other projct, and al the il st o be o cran dimeios a0
& pivot toa guided ril fo = shapes to assemble. The current working bours of each team member are show in Table 7. The estimated | it Victor  Detetet by
yorking o mamiacing ogber e S1.100, while b Inm]cnmn(wnrkmgfuuc\\ cam member is $26 | Lithe,Vicor  Delte:
4 300 witha 45l oo mekg o e o e ool Sy ks plsan cating snd opeatng
couterweight. T encrgy and safetyin the pnm;w forpning, he working os s e et o snﬂh,r, “The dev ot conuds wih e | Litie, Victor  Deteted: Fogtheiense nd Jsnsh,
e R i of designing, CAD dewing, FEA silatio and feaions. Developmen in s ocupic & e prto o B
e desclopmnt of i pspin © -~ (e ol orking s, copecialy B oo s, i I e et e, REHBORMLD 00 ore sy | Lt vicor Dttat: vouid be
i, Bingchen times (Table 8) The oial development i 109 hours, under 1008 hour, tht costs 10900, | Lk Vit Dot 58 b i i
Apil 26,2026 1 1033 A I the partor system were to be scled 1o 1000 systems,th current manufacturing process, wich relis heavily on
el messremen, coting, nd sy o woode componens, woldsed o b mproved o s coss | Lithe,Vitor  Deetd: e st ipto b the
functional build time 0 meet the requirements of mass producton. Sruetual components can be redesigned o inlude more
el prs e by ONC machiig s s ctiog o D rid s i senge i, which | Littevictor Deeed: chue
provie e repebity e procion compud o s e
oo prebritadpeel sing e ctiog, Iseadof coting Jie Dacem
Sl 4 474 s m:muﬂv lhc(lmnurcwuldkmﬂv e in an icrocking “iling k" | Lithe,Victor  Delete: then the o ength of the
ity pre-cut sots and tabs, allowing parts to be assembled quickly wihout extensive meas
. . . . K el s et o i e e T ethods | it victor  Deeted:).Because
F B5: L P R dits P 1 i ez i e e of i s s e 1 e | Lt Viwr Dottt
gure : Levis Peer Review Edits age i S Sk e ok i TG i i sty e s
oy s s | Litte,vicor Dot e
Reviewer: Levis Li The. of printing clamp-pulley is incffcient sinc it takes 9 hours to print cach of them. F
Mectiical Anaysi Pt 1 ot sl DRORUBIE o focr ok s 11 o ABS sl o th okl o ks h pt,which ool | Littie, Victor  Deleted: the clamp-pulleys were
s e roduon e cost e olog s bl e '
“The meclunical design of the Floating Arm Trebuchet was developed fo achisse the project equirements Oven svood based abdtcaton o 8 combination of CNC-machined metal componcats, | i, vie Deleted: concluded
of aunching  Blba pumpkin 10 s taret distance range of $0-300 f while mintaining sroctralitegrty and safe (3 oo ‘a,,s,,m ML b e roducd it ool iy b bl e | Lt Viewor Dol
opertion. A combination of analytical Ealéaltio] zod CAD siulations was wsed 10 valdate the design. CAD i Bngchen Tt oveatl ol ki Vg |
Imodeing, e el saayus (FEA), and oo siaadaions were conducied iag Siemess X o evahate RO | Litie,vicor  Delte:
prey i der Gncude the b
e i, ot s e The g ssis e e s s | Litte,Vicor  Dette:
A fndancnal s sl s pefonmed by modelng e bt o 303 s b | Lite, vietor  Deleted:
it v e i o e i was developed to detemine @
S v il ot o, £ st o mhih et s o e s Ui @ e
It propesti, The beam wht modeled a3 44 crow-sestion.llwing ot delemaaion f e momentof api26 202601701 P
aring operation and was wicd to calculate a factor of safey reltive 0 the material yild srength. The results lfations . . . .
i o e e e o i igure : V1ctor reer keview 1S
taunch parameters. A simplifid skeleton model of the Floaing Am way created in NX. incorporating the @ Li:Bingchen
et s g i (g ) S vt it s e o Apr 26,2026 81101 P
d " 60, 70" 3 80" were
o free-bady
o s B s vy, WGt ke nch s v i (T 33 3
Figae 39
e
T caleiateth relsse snge of the prjectle the velosy compopets i the Y and Z dircions were @ Lo
cxracted Somm the NX Wluion ok, These coapoucn were he v 1o Al fh e Ao 26 2026 38110374

eloity nd Iunch sngle using sandad vestor relationshipy. o sllowed fo 8 more precie detrminstion of | )
By reolring the veloiy ino componcot. it allowed vlidstion of imlatiod reuks ad et undersianding of )
o relese condiions fenced overll syt petomsce,
T et g o ST v i o e e i
00 -5

s showed o
and 3¢ dthe system o @ oo

"The relarionship between rlease angle, outerweight mass, and remling Innch Bistaned These reslts ()

e

Ao by bacpiog el ot e N ki s Spesiaaly, i smpeits s e sl

Itallowed validation of simulation resuts and

s postons expericaced by the am during opertion. These smapahots were then imprted o the FEA A et

REL)
o o el o i vy S, S U ol Sy i iy

cpesia od el e Gnie mion: sy srd s Wl e el s

s s i s u.,m\ww T e llow he e to be slyed s e body by © Lo
aomatcally i Cfesivly sanulting o 26,2026 3 109 510

The relationship between release angle,
counterweiaht mass, and resulting launch distance

Figure B6: Levis Peer Review Edits Page 2

Reviewer: Levis Li

The manufacturing process for the trebuchet used cnvironmentally conscious practices by reusing materials from
I b

used for the sling were taken i launch day. The sling itself

il gt Tt The riary ol gt o s st come G e 501 of b i Bingehen

i To the Fume, e, a0 o Obfaing the hanbee equred . wip 10 Hone Depa by Pekup ok e eneTett
Although o lumber i iy s s e s overll | ©

P 4 Rettner Workshop

Additional comgyinnive poceses included 3D of b4 scale release s had full-scale clamps, plasma (3
s sl o e ol s e sciasn, s g Kb The 3D peiiog eocess osred s
oppertuni oy o e e rions e prived. R he il O

L, Bingchen
Aprl 26,2026 3t 1046 PM

The operation of the luncher tsclf docs ot produce any direct emissions becase it is purely mechanical. The
launcher does not present significant ethical or safety concems when used as intended. However, the skils

— have potential appl where ethical
cosideraion e mor eou. Derpite i, the pe o s projetand he Tl produt o ot raie igfeant
ethical concems

nylon

L, Bingchen
Aprl 26,2026 2t 1048 PM

More than $500

L, Bingchen

Aprl 26, 2026 2t 1048 PM
concrete

L, Bingchen

Aprl 26, 2026 2t 1050 PM
+of the prototype

L, Bingchen
Aprl 26,2026 21 1051 PM

reduced material consumption and energy usage

Figure B7: Levis Peer Review Edits Page 3

17 Copyright © 2026 by ASME



