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Rationale of Design:  

The design consists of a stationary wall and a movable wall that clamp the hammer. These walls 
are attached to a mounting plate connected half an inch directly below the robot wrist. The mounting 
plate is a thin acrylic sheet designed to simplify assembly to the robot wrist and also minimize the length 
of the walls.  

A 3D printed ABS spool is connected to the driveshaft. The spool has two shafts of different 
diameters to connect to two 65lb strength fishing lines. The first string attached to the smaller diameter 
shaft is used to clamp the hammer. The second string is attached to the larger diameter and brings the 
movable wall to its initial position when the motor is in reverse.  

Our stationary wall is two acrylic prongs that have two thin aluminum rods running through 
them. The clamping string runs around each rod to generate normal force. With two walls, they share 
the tension force through the rods and therefore can be thinner.  

Our movable wall has an I-beam cross section. This allows us to maximize the area moment of 
inertia, which minimizes bending stress in the wall and allows us to minimize mass. The movable wall 
has an eye bolt in the center to connect to the clamping string. The eye bolt is placed on the lowest 
point on the wall that does not interfere with the hammer. The low eye bolt placement allows for the 
highest normal force from contact with the hammer. We also used football “Cutter” gloves on all of the 
walls because it generated the highest coefficient of friction between the walls and the hammer. 
 

Peak Force: 9.91 lbs for each wall (Page 3) 

Factor of Safety for Grip: 1.634 (Page 5) 

Factor of Safety Strength: 1.096 (Page 9) 

Weakest Component:  

We believe our weakest component will be our movable wall. Due to the complexity of the 
design we had to 3D print it out of ABS Plastic, which has a lower yield strength compared to acrylic and 
aluminum, which are used for other materials in our design. We therefore believe failure would occur 
due to bending at the center point where the eye-hook is. 













































Section 5: Material Selection 
 

Mounting Plate – 3/8” Acrylic: Based on the loads experienced throughout the system (mostly 
just vertical forces), 3/8” acrylic supported our desired factor of safety with any loads (found on 
page 26). We also kept changing placement of certain things on the mounting plate so it was 
cheaper and easier to iterate with laser cutting acrylic. 
 
Stationary Wall Arms (2) – 3/8” Acrylic: Iteration of these arms were key based on different 
test designs we went through so laser cutting acrylic was perfect because it still had a high 
enough yield strength for the forces it experienced (found on page 12) and we could cut out 
many different parts. Since they got attached to the mounting plate we could also use acrylic 
glue, which reduced weight due to geometry changes and loss of screws. 
 
Spool – ABS Plastic: geometry was very complex so even though we had to make the outer 
spool a little wider to withstand the loads (found on page 6), 3D printing a part like this is much 
easier, and the part is so small that cost was minimal and the additional safety length added 
was negligible for the weight of the entire system.  
 
Movable Wall – ABS Plastic: Slightly complex geometry after optimizing to reduce weight 
where 3D printing was the most logical solution for manufacturing. 3D printing can also 
increase the strength because we can control how the layering works in our favor based on the 
loads applied to the part (found on page 9), making a lightweight ABS plastic a perfect choice. 
 
 



Mounting Plate Model and Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material: Acrylic 

Yield Strength of Material: 10,000 psi 

Part Mass: 43.76 grams 

F.O.S.: 3.92 

Holes for screws to mount to motor 
(4 corners) 

Location of mounting of stationary 
wall (via acrylic glue) 

Insert for rod for pulley to 
redirect string from spool 

Hole for eye screw to redirect 
string to walls 

Holes for hinge for clamping 
wall 

Hole for counter 
string 



Movable Arm Model and Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material: ABS Plastic 

Yield Strength of Material: 6160 psi 

Part Mass: 13.81 grams 

F.O.S.: 1.096 

Connection point to hinge 

Connection to eye hook 

I-beam cross section 
for bending reduction 

Contact area with hammer 



Spool Detailed Model and Analysis of Final Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material: ABS Plastic 

Yield Stress of Material: 6160 psi 

Part Mass: 5.84 grams 

F.O.S.: 2.31 

Counter string analysis 

Clamping string analysis 

Hole cutout to fit onto motor 
driveshaft 

Inner diameter as small as 
possible to generate the 
most force possible in 
string  

Wider inner diameter for counter 
string to reduce force on part 
since not as much tension is 
needed 

Holes to tie string through 



 

Stationary Wall Model and Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material: Acrylic 

Yield Strength of Material: 10,000 psi 

Part Mass: 15.62 grams 

F.O.S.: 10 

Slit to slide mounting plate in 

Holes for aluminum rod to 
fit through 

Thick curved edge for increased 
durability 

Rounded edge to reduce stress in 
corner 

Hammer contact surface 



Section 7: Catalog Component Selection 
 

8-32 Screws: The screws were the correct size to fit into the motor mounting plate, and 
were the proper length to give us our desired gap length between our mounting plate 
and motor. Also made it easy to remove walls from mounting plate for quick changes. 
 
1/8” Aluminum Bar: gave us desired strength for being such a thin bar to hold the 
tensions from the strings as well as the pulley. Aluminum also had the lowest coefficient 
of friction with the nylon rope out of possible options so less tension was lost 
throughout the system. 
 
8-32 Nuts and Washers: Fit the screws we were using within the system. 
 
1” Hinge: Was the smallest hinge we could find for our movable wall which reduced 
overall weight. 
 
Plastic Pulley: Smallest pulley we could find that reduced weight. Went with a little 
more expensive pulley because it has a built in bearing so that the pulley will spin easier, 
providing a smaller tension lost in the spring. 
 
“Cutter Gloves”: Proved to provide the greatest coefficient of friction between the wall 
and the hammer to increase our friction force to keep the hammer up. Were also readily 
available from group members on the football team.  
 
Spring: provided a high enough spring constant to be able to retract our movable wall 
back when the tension in the string was lost, but also was short enough to fit nicely 
within our smaller system. 
 
High Strength Fishing Line: Provided more then enough strength based on our factor of 
safety and was already owned by one of the group members. 
 
Eye Hook: Easier to use then small pulleys. Redirected string from spool to walls and still 
had low enough coefficient of friction with fishing line to reduce tension lost throughout 
system. 
 
0.5” Spacers: Kept the mounting plate at exactly the same height from the motor to 
ensure the walls contacted the same location of the hammer every time.  
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