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Problem Statement:
Objective: Design and build a device capable of projecting 5 balls into the wickets while abiding by the rules.
Points are based on successfully making it through each target with the winner being the team with the most
points.

Rules/Considerations:
● Entry numbers provided by the organizers must be on at least two sides of the device.
● In case of a tie, the winner will be the team that accomplished it with the least time.

Each Target has a different point value based on difficulty:

● Target A has a point value of 20 points.
● Target B has a point value of 10 points.
● Target C has a point value of 30 points (the ball must hit a stake located 1.5m past Target C)
● Target D has a point value of 20 points.
● Target E has a point value of 10 points.

The balls have to be launched in a specific order with each ball having a score multiplier value:

● Blue - 3x
● Red - 2x
● Yellow - 2x
● Green - 1x
● Orange - 1x

Rules for Device:
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● Strike the rubber balls towards five different targets.
● The ball must be positioned on or above the “X” marked on the ground (located 0.5 m away from the

edge of the setup area).
● Only one rubber ball can be struck at a time.
● Each ball can be struck only once.
● Targets can only be completed once.
● The device can be realigned between each shooting event.
● Must complete the task within 60 seconds.
● Any ball struck past time is null and void.
● Must initiate each event by a single operation (cut a string, flick a switch, pull a pin, drop a weight, etc.)
● Human power may NOT be used during the initiation of the device to add dynamic or potential energy.
● Remote-control devices may NOT be allowed.
● Ball must be struck, not pushed.
● Devices must stay within bounds at all times.

Rules about Modification:

● Balls can NOT be altered.
● Adhesives can NOT touch the ball.
● Must use safe energy sources.

○ No chemical explosions, caustic gasses, and rocket motors.
● A 15 Amp electrical cord is available.
● Materials must be non-toxic and safe.
● The device can NOT be attached to the ground.

○ Weights can be used to keep it in place.
● Can adapt to the non-level ground.
● No height limit.

Devices can’t be greatly altered after the elimination round. The source of energy, method of maneuver, and size
have to stay the same but minor modifications are allowed as long as they don’t break these rules.
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Initial Research:

Figure # Initial Sketch Group Member &
Description

Figure 4 Niko Bardacke:
This initial design consists
of a ramp that uses gravity
as its primary source of
energy. A curve in the ramp
serves as a smooth
transition to the ground.
Two strings connected to
placeholders would serve as
the starting place for the
ball.

Figure 5 Azen Bendersky:
The initial thoughts were to
replicate the ramps that
they let little kids use when
bowling. This allows the
balls to roll at high speeds
with controlled forward
spin.
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Figure 6 Jacob Gonzalez:
In my initial design, the ball
would be launched by an
elastic band. It would then
roll down a ramp and be
aimed using a laser pointer.
The whole design would be
mounted on a lazy susan to
rotate it.

Figure 7 Nathaniel Heidemann:
This initial design is a
mounted hammer. The
hammer’s neck starts
parallel to the ground
supported by both high
ends of the frame. After it is
released the hammer strikes
the ball then a dampener.
The drawing is shown as a
top view, side view, and
front view from lower left
to upper right because I
forgot the standard
positions at the time.
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Figure 8 Vicente Martín:
This initial design consisted
of a 5-barrel design, which
would release the balls in
the 5 needed directions,
without the need for human
adjustment, or electronics.
My design used spring
power, strings to pull back
the springs, and a trigger to
release the string. This
would release the spring
and launch the balls in the
desired order and direction.
This was before the
clarification that we had to
place all balls above the
“X”. It mainly consisted of
elastic energy in the form of
springs.

Figure 9 Joaquin Martinez-Devis:
This initial design consisted
of a mechanism built
similarly to a crossbow.
With a rubber band/elastic
material, the ball would be
struck and launched
through a funnel.
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Figure 10 Sienna Morgan:
This initial design consisted
of a mallet that would strike
the ball at the targets. The
mallet would be offset by a
weighted slab, where
removing the weight would
release the hammer.
Furthermore, the entirety of
the design would rest on a
swivel, allowing it to rotate
to be struck at all the
targets.

Figure 11 Sinead O’Callahan:
The idea was to create a
ramp that would have
enough speed to go through
the wickets quickly and be
accurate every time. The
ramp would be on a swivel
with tick marks indicating
where to line up for each
wicket. The ball would be
hit at a downward angle and
even out towards the
bottom of the ramp to allow
for a smoother transition
from ramp to ground. The
walls would be just wide
enough to allow for
consistent uninterrupted
movement and control of
the ball.
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Figure 12 Jacy Sorri-Battaroff:
This initial design consists
of a swinging mallet
attached to a four-legged
stand. It contained one open
side for a free swing on the
mallet to drop and smack
the ball, with a stop on the
other side so it doesn’t
continue swinging. This
design is able to be stable
on all the legs, with free
space so the process isn’t
interrupted by any
unintentional hits on the
base.

Figure 13 Luca Trevellin:
This initial design consists
of a ramp that directs the
ball towards the target. A
spring would initiate its
descent along the ramp. The
design would be placed on
top of a swivel to rotate the
device towards each target.
The swivel would have
grooves set ensuring the
ball’s accuracy.

Conclusion:

After reading through the objectives and rules, it was decided that a hammer-like mechanism be used for the
device. This design was chosen due to three main criteria:

1. The ball must be put in motion via a striking action.
2. The ball must be placed on or above an “X” located 0.5 meters away from the edge of the setup area.
3. The device must stay in the setup area at all times.

The only other design presented was a ramp. A few problems with the ramp design were encountered. Due to
criteria 2 and 3, the slope of the ramp would have to be very steep. The striking requirement meant that even
with a ramp design, another mechanism must be used to start the ball. Given these challenges, the ramp design
was rejected.

No such difficulties were met with the hammer design. Initial calculations supported the design and a sketch
was made.
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Component 2: Design

Initial Design Concept: Insert an image of your initial group design. This concept sketch needs to include
detailed annotated sketches of each part of your design.  Include Figure titles and numbers.

15



Revised Design Concept: Taking the peer feedback into consideration, revise your initial design concept and
create an image or description of the idea and add it below.

Prototype Design Model: Insert images with figure titles and numbers of the following

● 3D computer model of your proposed design. The 3D model should include dimensioned part drawings
and assembly drawings as necessary. Include all necessary dimensions, material callouts, notes, a parts
list, and details necessary to construct a prototype of the product.

Cost Analysis: Insert a graphic or text to answer the following
● Estimate the cost to produce one prototype of your proposed design according to the drawings. The cost

should include the cost of materials (including raw materials, fasteners, and purchased components or
subassemblies) and labor needed to build the prototype.

○ Research and document the cost of each component of your design. Revise the parts list within
your working drawings to include a column for cost. Input an estimated cost for each part.
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Equipment and Technology: Insert text to answer the following
● Explain the equipment and technology that is going to be needed to build your prototype.  This is NOT a

description of the physical materials needed to build your prototype but rather HOW you will build it and what
tools or programs will be needed.

● Man power
● Hammer
● Wood
● Mallet
● Nails
● Sander
● Screws
● Drills
● Circular Drill BIt
● PVC pipe

Component 3: Physics Analysis
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Equations Used:
Potential Energy= mass*gravity*height (used to find energy in any system using gravitational force)
Rotational Kinetic Energy= ½*mass*velocity2(used when a component of a system is in motion)

Component 4: Build/Test

Component 5: Results/Conclusion
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