
1 
 

Final Report 

EZ – Emergency Zipline 

 

Submitted to: 

Professor Haifa El-Sadi 

Date: 8/9/2023 

By 

Chris Belloli, Shannon Cullen, Eduardo Meza, Logan May  

 

WENTWORTH INSTITUTE OF TECHNOLOGY 

MECH-5000-01 

Mechanical Capstone Project 

Summer 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 



2 
 

ABSTRACT 
Throughout this semester, our team has dedicated substantial effort to the development of 

a Zipline-Launcher combination mechanism using the traditional engineering design process. 

This endeavor has had a series of crucial stages including preliminary designs, mechanical 

analyses, and the creation of rapid prototypes. The fundamental objective behind this mechanism 

is to establish a highly versatile solution that can find practical applications across a spectrum of 

scenarios. Our vision is to provide a mechanism that empowers individuals to swiftly traverse 

challenging terrains or reach otherwise inaccessible locations with ease and efficiency. The 

system works with a grapple-hook style projectile attached to a steel wire being fired out of an 

electronic powered launcher. The brushless motor spins a set of carbon-steel gears and 

compresses a spring attached to a firing cylinder. When the gear completes a full cycle and the 

spring releases, a powerful air-burst fires the grapple-hook projectile. The team has conducted 

calculations, FEA tests and CFD analysis to fully realize the potential of our proposed system. 

 

FINAL PROTOTYPE  

 

 

 

 

 

 

 

 

 The team successfully produced and assembled a built-to-spec 

prototype of the launcher and grapple hook projectile. We 

believe that with more development time and project budget 

the system could perform the original goals set by the team.  
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Problem Definition 
Our team made this mechanism for people who find themselves in a vertically 

challenging situation. The purpose of the zipline is to transport a payload from a stable high 

elevated area to an available lower elevated area some distance away via the force of gravity. 

Our team believes this concept can be useful in an urban emergency evacuation or to help 

individuals traversing natural terrain escape from elevated areas to safety.  

 

Background Research  

Zipline 

▪ The team conducted specific research to help us better understand what makes an 

effective zipline system. The system typically includes a steel wire cable, an anchor, a 

trolley, a seat, and a stop block (shown below). 

▪ The custom grapple hook projectile functions as our anchor. The team will use a standard 

stop block, trolly, and seat as the firing mechanisms were made to be compatible with 

each. The team chose to do this for design convenience and to help us get a better idea of 

the overall project budget.  
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Launchers 

▪ The team took design inspiration from airsoft and paintball equipment. The pneumatic 

system is based on a 

traditional 

paintball gun. A 

pressurized 

chamber will create a 

powerful burst of air to 

launch the custom 

projectile (shown below). 

 

 

 

 

 

 

 

 

 

▪ Our system has 

been simplified to a 

pressurized 

chamber, a barrel, and a 

butterfly valve to release 

pressure. The team 

values the system for 

reliability and 

mechanical 

simplicity. The 

team is concerned 

about usability and 

mobility for the end 

users. 

 

▪ The electronic system is based on a traditional airsoft gun. A battery powered motor spins 

a set of gears connected to an airtight spring system. When the spring releases it creates a 

powerful burst of air to launch the custom projectile (shown below). 
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▪ Our system has been modified to launch a larger projectile. The team values the compact 

design and ease of use of the system. The team is concerned about the reliability of the 

system.  

 

 

 

Project Objectives 
 

1. Design and analyze a custom grapple hook projectile to carry and 

secure a traditional zipline wire.  

 

2. Design and analyze two comparable firing mechanisms that will 

launch a custom projectile at a target range of at least 80’. 

 

3. Choose one firing mechanism to physically produce using rapid 

prototyping and design refinement. 

 

4. Source raw materials and specific mechanical parts to 

accommodate the outlined manufacturing process. 

 

5. Successfully staying within the project timeline and budget. 
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The team has agreed to the above points as the critical objectives to 

address the original mission statement for the zipline launcher project.  
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Project Plan 
• Team members & Qualifications –  

Chris Belloli – BSME undergraduate 

Shannon Cullen – BSME undergraduate 

Francesca Ferrell – BSME undergraduate 

Eduardo Meza - BSME undergraduate 

Logan May - BSME undergraduate, manufacturing minor  

 

• Support personnel requirements – 

We plan on utilizing the manufacturing lab faculty and Professor El-Sadi for 

assistance as needed. Most of the prototyping process will be carried out by the 

existing capstone team. 

 

• Facilities, labs or equipment are required to accomplish project plan – 

The Team plans on using the general mechanical lab as well as the manufacturing 

lab as needed for prototyping. Test areas and other aspects of project assembly is 

accessible off campus as well.  

 

• Detailed Gantt chart – (see below) 

• Cost estimate / budget – (see below) 

 

• How the project will be graded must be identified – 

The team firmly believes that the most important part of the project is following 

the standard engineering design process. In order of steps this is generally defined 

as: 

 

 

  

 
At the end of the 

Capstone project, we 

wish to be graded on 

how well we considered 

and executed each one 

of these steps. We 

believe the functionality 

of the final prototype is 

an incidental objective 

compared to the overall 

design process. 
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Team Gantt Chart 
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Team Gantt Chart  
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Project Cost Total 
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Project Results 
Produced Prototype 

Launcher System: 

The Launcher design is comprised of 2 sides of a 

housing unit made from Vero plastic, an 

electrical box with a sliding door made of PLA 

plastic, and a PLA plastic barrel that helps keep 

the two sides together.  

The inner mechanism is comprised of a brushless 

motor, three carbon steel gears with a ratio of 

(26:1), a 5’’ spring with a spring rate of 22.16 

lbs/in, and 4 custom firing parts printed from the 

Onyx carbon 3D printer.  

Inside the electrical box includes the 11.1V 

lithium “nun chuck” battery, a pico-board loaded 

with python code and a motor controller.  

 

 

Grapple Hook Projectile: 

 

The grappling hook design is meant to wrap around a 

5-inch vertical pole. It is made from aluminum stock 

as well as carbon fiber reinforced nylon. It is held 

together with alloy steel pins and metric nuts and 

bolts. The grappling hook consists of claws, a shaft 

and base, an adjustment piece, and two connecting 

rods.  

 

The shaft is an inch in diameter, while the hole in the 

adjustment piece is a little bit larger than that so it 

slides up and down the shaft in a slip fit fashion. The 

grappling hook should be launched so that the 

bottom surface of the shaft collides with the target, 

and the force exerted on the shaft will cause the 

adjustment piece to slide and the claws to shut. 
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▪ Custom grapple hook projectile design, analysis, measurements   

 
Figure 1 Grappling Hook Exploded View 

In the image above, we see the exploded view of our base grappling hook design. We see 

that the hook is composed of 4 significant parts, including the shaft, the slider, the connects, and 

the claws, along with 3 sets of pins. The reason this design was chosen is because it provides a 

form of locking the hook in place on impact rather than relying on a trigger function of some 

sort. The idea is to launch this hook and once the center of the hook hits the target pole, the 

momentum of the slider and the claws will cause the slider to move down the shaft and close the 

claws to lock in place. 
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Figure 2 Four Claw FEA Simulation 

In the image above we see the von mises stress plot after applying a 120-pound force on 

the front end of the 4 clawed hook. This helps us simulate the weight of a 120-pound person 

pulling on the hook while attached to a pole. We also see the maximum value for the von mises 

stress which is 13,120 psi and occurs on one of the pins holding the hook together. We are able 

compare this value to the yield strength of the alloy steel pin and conclude that the 4 clawed 

hook will not fail. 

 

 
Figure 3 Two Claw FEA Simulation 

In the image above we see the von mises stress plot after applying a 120-pound force on 

the front end of the two clawed hook. This simulates the weight of a 120-pound person pulling 
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on the hook while attached to a pole. We also see the maximum value for the von mises stress 

which is 21,029.98 psi and occurs on one of the pins holding the hook together. We are able 

compare this value to the yield strength of the alloy steel pin and conclude that the 2 clawed 

hook will not fail. 

 
Number of 

Claws 

Force Applied 

(lb) 

Von Mises 

Stress (psi) 

Yield Strength 

of pins (psi) 

Failure 

2 Claws 120 21,029 104,982 No 

4 Claws 120 13,120 104,982 No 

 

 With the FEA simulations completed for the 2 and 4 clawed hooks complete, we can 

conclude that neither of the hooks will fail under the load of a 120-pound person. The project 

will be focusing on the 2 clawed hook for a couple of reasons. Reason 1 being that the 2 clawed 

hook results in a smaller weight making the required launch force to be smaller. Another reason 

the 2 clawed hook is more beneficial than the 4 clawed hook is that the 2 clawed hook is more 

likely to hit the target with its center face, allowing it to lock into position. 

 

Hook Initial Velocity and Force 

ℎ = 28.86 𝑓𝑡  𝐿 = 80 𝑓𝑡 

𝑡 = √2 ∗ 28.86 ∗
1

32
= 1.338 𝑠 

𝑉 =
80

1.338
= 59.79 𝑓𝑡/𝑠 

𝐹𝑖 =
2.5 ∗ 59.79

32.2 ∗ 0.1
= 46.42 lbs 

 

Force of the line 

𝐿 = 80 𝑓𝑡  𝑤 = 0.11 𝑙𝑏𝑠/𝑓𝑡 

𝑊 = 80 ∗ 0.11 = 8.8 𝑙𝑏𝑠 

𝑟 = 5.092 𝑖𝑛.   𝜇 = 0.05 

𝐹𝑤 = 8.8 ∗ 0.05 ∗ 5.092 = 2.24048 
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Figure 4 Grappling Hook Flow Simulation 

 In the image above, we see the velocity vectors for air as the grappling hook is launched 

into the air. The goal of this simulation is to obtain a value for drag force in order to calculate the 

total force required to launch the grappling hook to our desired target. 

 

 

Figure 5 Drag Force Convergence Graph 

 In the image above, we see plot for simulated drag force. It is clear that as the number of 

iterations increases, the value for drag force converges to about 0.5186 lbf. With the required 

drag force, we are able to calculate the final force which is the sum of drag force, force of the 

line, and the initial calculated force. We result in a total launch force of about 55 pounds and will 

be using this value to determine the dimensions of the launching mechanisms required to launch 

the grappling hook. 
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▪ Pneumatic firing mechanism design, analysis, measurements  

 

Figure 6 Final design of the Pneumatic firing mechanism 

The chamber went through multiple iterations of designs with its’ original involving a concave 

funnel that transformed into the barrel. Due to manufacturing constraints the funnel was not believed to 

be possible this resulted in the chamber to be flat on the face and back. Running flow simulations on the 

new design did not change the results the other design reflected. Allowing for the new design to be 

equivalently effective. 

 

Figure 7 Velocity from the chamber through the barrel 
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The above image is a CFD simulation of the pressure chamber. This shows the change in velocity 

from the chamber through the barrel due to the change in pressure from the chamber to the pressure of the 

exit.  

 

Figure 8 Velocity of air at the exit of the barrel 

The above image shows the velocity in a cross-sectional plane, a similar cross-section that would 

be impacting the shaft of the hook when the projectile is getting launched.  

The design of the barrel exiting the chamber assumes the inner diameter must be at least 1 inch. 

This is because of the claws shaft being also approximately 1 inch in diameter. This would create a seal 

that would allow the force of the air pressure to propel the claw forward. Based on the calculated force the 

claw requires to be launched and to counter act the force of the line being approximately 50 𝑙𝑏𝑓 an 

assumed value of 55 𝑙𝑏𝑓 was used. The reason for a higher assumed force was in case a counteracting 

force was not taken into consideration in the previous calculations. 

The chamber pressure was calculated to be approximately 105 psi while the barrel pressure is 

supposed to reach around 70 psi to provide the force needed to launch the claw. This was calculated using 

Bernoulli’s law assuming that the inlet equals a constant that also must equal the exit with the same 

constant. Allowing the inlet to equal the exit and assuming the velocity in the chamber before the 

releasing the pressure is equal to 0. The velocity of the exit needed to be calculated before the inlet 

pressure could be found which was solved using 𝐹 = 𝜌 ∗ 𝐴 ∗ 𝑉2 and with the given knowledge and 

assumptions the velocity of the exit can be calculated as shown on the next page. 
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Pneumatic hand calculations: 
𝐹 = 𝑃 ∗ 𝐴 

𝐴 = 𝜋 ∗
𝐷2

4
 

𝐷 = 1 𝑖𝑛 =
1

12
 𝑓𝑡 

𝐴 = 𝜋 ∗
(

1
12

)
2

4
= .005454 𝑓𝑡2 

𝐹 = 55 𝑙𝑏𝑓 

𝑃 =
𝐹

𝐴
=

55

. 005454
=  10,084

𝑙𝑏𝑓

𝑓𝑡2
= 70.03 𝑝𝑠𝑖 

𝐹 = 𝜌 ∗ 𝐴 ∗ 𝑉2 

𝜌 = 2.369 ∗ 10−3 

𝑉 = √
55

2.369 ∗ 10−3 ∗ .005454
= 2,063.2

𝑓𝑡

𝑠
 

𝑃1 + .5 ∗ 𝜌1 ∗ 𝑉1
2 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝑃1 + .5 ∗ 𝜌1 ∗ 𝑉1
2 = 𝑃2 + .5 ∗ 𝜌2 ∗ 𝑉2

2 

𝑉1 = 0
𝑓𝑡

𝑠
 

𝑉2 = 2,063.2
𝑓𝑡

𝑠
 

𝑃2 = 10,084 + .5 ∗ 2.369 ∗ 10−3 ∗ 2,063.22 = 15,126.17
𝑙𝑏𝑓

𝑓𝑡2
= 105.05 𝑝𝑠𝑖 
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▪  Electronic firing mechanism design, analysis, measurements  

Figure 9 FEA of gear tooth 

 The sector gear is directly interacting with the spring mechanism and must be able to withstand 

force on the teeth being produced by the compression of the spring. The standard gear set will be 

made from plain carbon steel. (Pictured above) The maximum force of spring of 5.89 lb.-ft. is 

applied directly to the face of the gear tooth in a fixed position. The gears are the most critical 

part of the design because they translate power from an electric motor to the spring firing 

mechanism.  

 

 

Critical properties of 

Plain Carbon Steel  
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Figure 11 Firing Assembly 

 

  

The full mechanism fits inside of a custom made, 3D printed, airtight housing unit that keeps the 

components in place and the tip of the Nozzle exposed so the required air burst can interact with the 

grapple hook projectile. Both the Cylinder-Spring and Cylinder-Head move with the spring (5’’ spring 

used in final prototype) as the Sector Gear turns. When the Sector Gear runs out of teeth the spring 

will release and air will rush through the Nozzle Feeder and Nozzle providing approximately 1640 psi 

of force directly to the projectile. The system resets itself after one full gear rotation.  

Preliminary Calculations  Theoretical Output from 

Produced Prototype 
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Figure 12 Housing Assembly 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 

The housing design underwent six different 

iterations from the initial design and four full units 

were produced for testing. The early-stage units 

were 3D printed in PLA, but the final design 

utilized Vero plastic for strength, aesthetic, part 

fitment, and print accuracy. 

Arc Length of driving teeth on Spur Gear 

The system was engineered to ensure 

the driving teeth on the arc length of 

the gear could compress the spring 

far enough to achieve maximum load 
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▪ Custom locking mechanism design ideas  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the image (left) we have 

the assembly drawing of 

the locking mechanism. It 

utilizes a 0.25” diameter by 

0.25” long and a pin that is 

0.37” by 0.25”.  
 

In the image (left) shows a 

preliminary idea of what 

could be a locking 

mechanism for the grapple-

hook projectile. The parts 

include a pin, spring, slider 

and set screw. 
 

The Locking mechanism is an integral 

part to the vision of the final design. 

the team lacked time and resources 

to incorporate this system into the 

final prototype.  
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▪ Assembly and Part drawings for use in manufacturing process   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the image above, the grappling hook shaft allows the adjustment piece to slide up and down to extend 

and retract the claws. The shaft is comprised of three different components. The shaft piece is screwed to 

the base piece using a ½-13 socket head cap screw. This greatly decreases the difficulty of manufacturing, 

as the shaft piece is completely circular, and the base piece can be cut in a way that is extremely like the 

red articulation piece. Both pieces could potentially be manufactured using the same fixture plate as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the figure above, the red articulation/slider piece slides up and down the blue shaft piece. This sider is 

attached to two yellow connectors that will extend and retract the claws. The force of the blue base piece 

colliding with the targeted pipe will cause this slider to slide down the blue shaft and lock in place once 

the claws are fully retracted. The force of the collision is used to articulate the claws, so no 

motors/preloads will be needed to open and close the claws. 
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In the figure above, the claw is attached to the yellow connector and is designed in such a 

way that collision is avoided between any two claws. The claw has a rectangular slot that 

allows the yellow connectors to slide freely and articulate the claw smoothly. The claws may 

end up with a rubber cover towards the bottom of the claw, as adhesion to the target pipe may 

not be enough to ensure a tight grip. This claw is designed to surround a circular target pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the figure above, the yellow connector piece uses actuator motion to articulate the claws. The two 

connectors are connected to the red slider and the green claws. When the red slider slams inti the blue shaft 

piece, the connectors will move in such a way that the claws will close as far as they can without colliding 

with each other. The strength of the connector is crucial to claw articulation, so this piece was carefully 

designed in terms of thickness to ensure that it does not snap.  
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The figure above shows the screw that combines the blue shaft piece and the blue base piece. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The figure above shows the alloy steel pins that will be used to connect the claw components. Alloy steel 

pins are crucial, as the tensile strength of alloy steel is much greater than aluminum. There will be 6 pin 

connections in total. 
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(Pictured Left) An 

exploded view and bill 

of materials of the full 

electronic mechanism 

assembly.  

(Pictured Left) An 

exploded view and bill 

of materials of the full 

grapple hook 

projectile assembly   



28 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Pictured Left) 

Engineering drawing 

showing critical 

dimensions of the 

Cylinder-Head piece. 

This part attaches to 

the end of the Spring-

Cylinder to move air 

through the nozzle. 

(Pictured Left) 

Engineering drawing of 

the Nozzle piece. The 

nozzle has been 

designed specifically to 

have a 1 in. exit 

diameter to apply the 

correct amount of air 

force to the grapple 

hook projectile.  
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(Pictured Left) 

Engineering drawing of 

the Cylinder-Spring 

piece. The purpose of 

this part is to provide 

housing for the spring 

and mate the gear set 

via the teeth slots on 

the bottom of the 

part. 

(Pictured Left) 

Engineering drawing of 

the Nozzle-Feeder 

piece. This part 

provides a channel for 

the air coming from 

the Cylinder-Head. The 

feeder keeps the 

Nozzle piece in place 

via press fit. The outer 

slots are for rubber O-

rings to help make an 

airtight seal in the 

mechanism housing.  
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Manufacturing Process 
 
The grappling hook: The grappling hook was partially machined using CNC lathes and mills. The 
shaft, adjustment piece, and the connectors were machined out of aluminum, while the claws 
were 3D printed out of carbon reinforced nylon. The claws were originally planned to be 
machined of aluminum as well, but the cutting edge on the available end mills that Wentworth 
had available were only able to cut up to 1-inch pockets, while the claws needed a 1.8-inch 
pocket to be fully machinable. Nevertheless, the claws operated as intended, and were a great 
addition. The pin connections were purchased in alloy steel and were inserted into the 
aluminum and nylon pieces as needed. The adjustment piece, connectors, and shaft base were 
machined on the mill, and the circular shaft was machined on the lathe. Various hand tools 
were available to use in the manufacturing lab as well as measurement tools. The team 
purchased lots of stock for multiple attempts, but only one attempt was needed for each part. 
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The Firing System: 3D Printers were used to make the required custom parts. The nozzle, 
nozzle feeder, cylinder head, and spring cylinder were created with the ONYX printer in Carbon 
material. Other standardized parts (gears, motor, spring) will be purchased to complete the full 
firing mechanism assembly.   

 
 
 
 
 
 
 
 
 
 
 
 
 

Onyx 3D Carbon Printer     Assembly of Firing system in final prototype 

 
 

The Firing Housing: The Housing unit encompasses the brushless motor, set of gears, (5x) 

8mm ball bearings, compression spring, firing cylinder, cylinder head, nozzle feeder, and firing 

nozzle. The early versions of the Housing unit were 3D printed in PLA to keep development 

costs low. This meant the printed supports were removed by hand and the parts were sanded 

down to ensure smooth operation. A total of four sets (Left and Right) units were produced over 

the semester to experiment with functionality and part fitment before the final prototype. There 

were noticeable improvements in operation performance and system refinement with every new 

iteration. The team has concluded that with more development time (and budget) a proper design 

could ensure the successful operation of a zipline launcher device.  
 

 

Printing units (24 hours per side) 

Sanding mechanism area 

(about 3 hours per set by hand) 

Removing PLA support (about 4 hours 

per set by hand) 
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Electrical Component System: Initial thoughts for the electrical system of the project entailed 

just a battery, motor, and a switch. This just allows the motor to run directly from the battery 

when the switch is pressed. The downside to this system is no control over the speed of the 

motor along with no ability to add to the system such as an aiming and auto firing system for 

future advancements. This was immediately ruled out due to the fact of no control of the motor 

speed. Research into motor systems, the most common use of a motor system is in remote 

controlled cars built by hobbyists. The main components used were a micro controller that 

housed the code, and a motor controller or a motor driver that communicated with the micro 

controller to determine the amount of voltage that the motor used. Once knowing the very 

basic of the systems a Raspberry PI Pico board was purchased for the micro controller and a 

L298N was the motor driver. The first time setting it up the battery that was being used has 

11.1 V and 3.1 A connecting that to the motor driver and accidentally connecting it to the Pico 

board caused both to overheat and fried the components within. Having a backup Pico on hand 

allowed for a quick switch but not realizing that the motor driver could not withstand the 

amperage means that more research had to be done to determine the correct motor controller 

this was also at the time where the final motor did not arrive yet. This led to the discovery of 

the final motor driver, which is the HiLetgo BTS7960 motor driver it can handle up to 43 A and 

6-27V to control the motor. Once this was added into the system the Pico board was yet again 

fried because of current running back through because two wires that both provide current 

touched each other causing current to run back and fry the component. It was also discovered 

that a SEEED Xiao RP2040 was purchased. It is a micro controller and half the size of a Pico 

board, so it was decided to be used instead. 

To set up the next version of the system the microcontroller needed to provide 3.3-5V to the 

motor controller for the motor controller to communicate with the micro controller. The micro 

controller receives power from the USB port on the computer when code is initially tested and 

from there it can send the voltage through the PMW ports on the micro controller or through 

the designated 3.3V or the 5V ports. With the enable pin on the motor controller needing to be 

provided 3.3V to allow for the motor to spin freely the 5V was used to power the board while 

the enables were given the 3.3V along with being connected to the firing button to run the 

motor when pressed. The whole system worked at this point being run off of the computer but 

for the system to be able to function in the handheld launcher the code needed to be 

downloaded onto the micro controller and run on a separate battery. Two separate issues 

occurred at the same time, the micro controller was being powered by a 9V battery causing it 

to overheat but not break along with it getting stuck in bootloader mode which sets it back to 

factory settings and would not except any code. This means that the board was no longer 

usable and a new one was required which brought the Pico board back in. In the end of the final 

system the power setup for the Pico board was not created due to lack of time, it just ran on 

computer power. The below circuit diagram is the fully flushed out circuit that was trying to be 

created but the only thing not completed was the 5V power supply. The power line running 

from the Pico board to the motor controller shows the power being sent to both enable pins 
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and the power on the motor controller as well as the button being powered. The downside to 

the Pico board is the fact it only has a 3.3V providing port so the power for the motor controller 

had to be connected to the rest of the other power required components, this meant creating a 

bridge wire that allowed for no current to run back through which is significantly harder to 

create. In the end if the system is ever needed again, it can now be created quicker by having 

the knowledge and experience to go through this process. 
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Additional Produced Components: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Left) A print of the 

final “V6” version of 

the housing printed 

in clear PLA 

(Above) A preliminary full assembly of the 

firing mechanism including the barrel, left and 

right sides and electrical box  

(Right) An industry 

grade zipline (5ft) is 

attached to a 3D 

printed cylinder that 

fits on the end of the 

metal grapple hook. 

The line is rated for 

120 lbs. of payload 

(Right) A Carbon 3D 

printed firing cylinder 

used for testing. The 

part had to be refined 

and re-printed to 

make better contact 

with the spur gear  

(Below) 3D printed “test 

shots” were made in different 

shaft diameters to 

accommodate the barrel of 

the firing system  
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(Above) The 3D printed electrical box is shown attached to the 

final prototype with the sliding door cracked open. Inside the 

box includes the battery, pico-board, and motor controller  

(Above) The first set of gears 

acquired by the team. These 

gears have a lower ratio (18:1) 

and are made from plain steel. 

The team later upgraded to 

Carbon-Steel gears with a 

higher ratio (26:1) to better 

accommodate the firing system   

(Above) A failed 3D print attempt at the “V3” 

version of the housing. The printer had overheated 

and canceled the print at this exact point  

(Left) An early version of the firing 

cylinder with the cylinder head 

attached. The cylinder head has a 

specific curvature on top to help 

force air through the nozzle   

(Above) These versions of the launcher barrels all have slightly 

different inner diameters and thread styles. The correct version 

has .0625-11 inch thread and an inner diameter of 33.96 mm. The 

barrel correctly threads and fits to the final prototype with ease 



36 
 

 

 

 

 

ABET Outcomes 

 
 

 

Outcome 2 Explain   

Public health Our system has the potential to increase mortality 

rates for people who take part in extreme hiking 

and for people in vertical emergency situations.  

 

  
Safety and welfare The emergency zipline is to provide a safe route 

out of situations such as a burning building or 

other situations. 

  
Global  The system can be standardized and easily 

implemented into office buildings or sold to 

outdoor supply retailers around the world.  

 

  
Cultural   The system was influenced from cultural movies 

such as “Batman the dark knight” and “Mission 

impossible”  

 

  
Social  Commercial access to a zipline launcher could 

inspire new modes of transporting people and 

objects more efficiently in the future.  

  
Environmental   The system is battery powered which allows for 

the batteries to be charged on environmentally 

friendly means. 

  
Economic factors   The tool can be used for multiple purposes other 

than emergencies such as providing transport for 

objects along with humans. Allowing for it to 

reach broader demographics and marketing 

approaches. 
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Team Conclusion 
 

The team has yet to launch a physical projectile with the prototype. The 
team experienced setbacks with the motor function and hardware fitment. 
Correctly powering the motor has required multiple circuit configurations, 
multiple iterations of code and code languages, and experimenting with 2 
different microcontrollers. As a team comprised of mechanical engineers, we feel 
this task would have been better suited to an electrical engineering discipline. The 
fitment of the gears and hardware varied between 3D print quality and material 
used. Refining the fitment of the hardware to this point took the entire semester 
and multiple test parts. Due to the experimental nature of the project the 
setbacks listed have prevented the prototype from a proper test. The team still 
firmly believes in the overall concept of the launcher and that given more time, 
budget, and refinement a functional launcher could be created. The team found 
success in the overall packaging of the device and final product produced. The 
project includes components made from plastic, carbon, steel, aluminum, 
and rubber.  
 

Overall, the group put lots of time and effort into finalizing this proof of 
concept. Several concepts were thrown around in the earlier stages of the project 
that never made it to the final prototypes. These included a piercing-style 
grappling hook, a pneumatic launching system as opposed to a gear/motor 
powered system, and an aiming supplementary application. Parts were also 
purchased for a locking mechanism to be applied to the grappling hook, but this 
mechanism never materialized. Featured in the final prototype is six months 
of dedicated engineering design that will surely help the group in our future 
engineering positions. 
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Appendix  

Featured Document Figures 

Figure 1……pg. 10 

 Exploded view of custom grapple hook projectile 

Figure 2……pg. 11 

 Four claw FEA simulation for custom grapple hook projectile 

Figure 3……pg. 12 

 Two claw FEA simulation for custom grapple hook projectile 

Figure 4……pg. 13 

 CFD flow simulation for custom grapple hook projectile 

Figure 5……pg. 13 

 Drag force convergence graph for custom grapple hook projectile 

Figure 6……pg. 14 

 Engineering assembly drawing for pneumatic firing mechanism  

Figure 7……pg. 14 

 CFD velocity simulation for pneumatic firing mechanism  

Figure 8……pg. 15 

 CFD velocity simulation applied to custom grapple hook projectile 

Figure 9……pg. 17 

 FEA simulation on spur gear axels (plain carbon steel) 

Figure 10…...pg. 18 

 FEA simulation on spur gear tooth face (plain carbon steel) 

Figure 11……pg. 19  

 Full assembly of electronic firing mechanism  

Figure 12……pg. 20  

 FEA analysis on custom locking mechanism pin 
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Team Resumes  
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