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I ) Abstract 

The Batman Grappling Hook shooter and reel-in device explores a unique way to climb 
up buildings and obstacles by giving people abilities that extend beyond the capabilities of the 
human body. The device shoots a grappling hook attached to a rope using compressed air, and 
once the grappling hook is secure, the device reels up the user using a drill motor. The 
compressed air shooter and reel-in device are attached to an armband that the user wears on 
their forearm. The grappling hook is capable of shooting over a second story railing using a 
container volume of 21.27 μm3 at a pressure of 2.068 MPa (300 psi), and the arm band can reel 
up a 75 kg human to a 4.5 meter railing in 9.33 seconds, an average rate of 0.294 m/s. 
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II) Introduction 
A) Motivation 

The grappling hook shooter and reel-in device explores a unique way to climb up 
buildings and obstacles. The device shoots a grappling hook attached to a rope using 
compressed air, and once the grappling hook is secure, the device reels up the user using a drill 
motor. The device is intended to be able to reel someone up to 30 feet up, but for the purposes 
of the project, the length of the rope will be limited to 15 feet. While the idea for such a device 
originally came from comics such as Batman and video games such as Assassin’s Creed, the 
actual design of the device is based off of a similar device made by someone on YouTube 
named Colin Furze [1]. Through the designing, making, and testing of this device, one can learn 
about the different possible methods of launching a projectile, and how to gain enough 
mechanical advantage to lift a person up. 

The main goal of this project is to give people abilities that extend beyond the 
capabilities of the human body. To scale a wall or climb up something, humans are limited by 
their climbing abilities, and may not be able to climb a wall at all if there are no crevices. With 
this device, one’s climbing limitation is unimportant, as one will be able to climb up any obstacle 
the grappling hook can latch onto. 

Functional grappling hooks with a reel-in system are interesting to explore because they 
have only previously been seen only in fiction, such as comics, video games, and movies. 
Although they catch the eye of children and fanboys, grappling hook and reel-in devices are 
rarely seen in real life. If a child or fanboy wanted a toy of Batman, they can buy his cape, his 
boomerangs, or his mask; however, it is impossible to procure an actual grappling hook and 
reel-in device. Batman uses his grappling hook in almost all of his getaways, and based off the 
movie clips, the power of the hook’s reel-in system can be calculated. Since , andowerp = Δt

mgh  
,  , , and ,  While the ≈  160kgmbatman + mlois .81g = 9 m

s2  ≈ 13mh  ≈ 4.67st owerp = , 69 W .4 3  
grappling hook that was built doesn’t have as much power as Batman’s, it is still fully functional.  
 

B) History 
Historically, grappling hooks have been used in ancient warfare. For example, if a soldier 

needed to scale a wall, they would do so by throwing the grappling hook over the wall and 
climbing up the attached rope. More traditionally, grappling hooks have been used in naval 
warfare and piracy to catch onto the rigging of ships, which allowed the ships to be boarded. For 
instance, Somali pirates use this tactic today. Somali pirates use rocket propelled grappling 
hooks which latch onto their victims’ ship’s riggings. Once latched, the pirates can easily scale 
the ropes and board the opposing vessel [2]. Over time, grappling hooks have changed designs 
as well. The first grappling hooks consisted of three or four bulky flukes fixed to a base (See 
figure A on next page). These hooks were immobile and generally contained U-shaped flukes. 
However, modern grappling hooks have been designed to be much more functional for their 
given purpose. For example, compact grappling hooks are much smaller in size than traditional 
grappling hooks and have much smaller flukes (See figure B on next page). Compact grappling 
hooks are much easier to transport and can be shot higher due to their small and light design. 
Similarly, folding grappling hooks are easier to transport as well. Folding grappling hooks’ flukes 
are retractable, allowing for easy transport and for a more aerodynamic shot [3] (See figure C 
on next page). The folding grappling hook’s flukes fold directly into the central shaft. As 
illustrated, the grappling hook’s design has changed throughout history in order to become 
lighter, smaller, and more versatile, so that each grappling hook is specifically designed for its 
intended purpose. 
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A. Traditional Grappling Hook [4]        B. Compact Grappling Hook [5]    C. Folding Grappling Hook  [6] 
 

As seen above, almost all grappling hooks have three flukes. Three is the minimum 
number of flukes necessary for a grappling hook to ensure a secure hook, as the angle between 
the flukes is 120˚. If the angle between the flukes were 180˚ or more, it would be possible for  no 
flukes to grapple onto a straight surface, since a straight surface is a 180˚ angle. Since the 
angle between a grappling hook with only two flukes is 180 ̊, two flukes is insufficient. This 
renders three flukes the least amount of flukes necessary to ensure a successful grapple across 
a flush surface. The reason why it is unusual to see more than three flukes is due to the fact that 
a grappling hook is designed to be as light as possible. In a three fluke grappling hook the angle 
between the flukes is 120 ̊, so at least one fluke will always grapple. Thus, adding additional 
flukes will not better ensure the grappling hook latches onto a flat surface, and the addition only 
adds unwanted weight.  

This new grappling hook and reel-in device grants people the ability to climb tall objects 
that were otherwise unclimbable. If optimized, the military would be able to infiltrate tall buildings 
and rogue individuals would be able to conduct batman-like getaways. Additionally, the device 
could be used by police or the fire department in emergency rescue situations.  
 
III) Theory 

A) Grappling Hook 
In order to be reeled-up, the rope must be connected to two objects: the user and the 

object being scaled. The armband and reel-in system connect the rope to the user, and the 
grappling hook secures the top of the rope to the wall. The top of the hook consists of a light, 
long rod which is inserted into the barrel of the shooting device. This allows the pressure of the 
shooting device to push against the grappling hook for an extended amount of time, thus 
pushing the grappling hook into the air. The grappling hook is connected to the string by a knot 
tied onto a ring, which is welded onto the bottom of the device. Once the grappling hook is shot 
into the air, it grapples onto the railing it was shot over. The grappling hook does so using three 
flukes that are shaped as arcs. Because the angle between each fluke is 120˚, at least one of 
the flukes will attach onto a straight railing. Once one of the flukes has attached to the railing, 
the tension on the string from the weight of the user will secure the grappling hook in place, and 
the user can to reel themselves up without the risk of the rope falling down.  

 
B) Compressed Air Shooter 

In theory, the grappling hook can be launched through many different methods such as 
with a spring, with an explosion (like a bullet), using compressed air (like a paintball gun), using 
a rocket attached to the grappling hook, or by hand. Because each method has unique pros and 
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cons, two methods of launching the grappling hook were tested during the project-- launching 
using combustion and using compressed air. Both of these methods involve pointing the 
grappling hook at the target and firing the grappling hook from a barrel. However, after building 
and testing, it was concluded that compressed air was a more practical and safe method to 
launch the grappling hook due to increased shooting range and the lack of an explosion. As a 
result, the final Batman Grappling Hook contains a compressed air shooter. To see theory and 
design for the combustion shooter that was built, see Appendix 1. 

Compressed air can be used to accelerate the grappling hook due to the rapid 
movement of gas from a high pressure to a low pressure environment. Compressed air is used 
to launch projectiles such as paintballs and BB’s, and the same theory can be applied to 
launching the grappling hook. 

The setup for launching the grappling hook through compressed air requires a 
compressed air canister (such as a paintball canister), a remote line to open and close the valve 
to the air canister, a second compressed air container that is connected to the air canister 
through the remote line, a pressure gauge, and a push-button valve (that is closed when the 
button is not pressed) to release the air into the barrel of the shooter. The remote line is used to 
slowly open the valve to the air canister, which fills the second compressed air container with 
compressed air. A pressure gauge is attached to the second compressed air container so that 
the user can fill the second compressed air container with enough air to launch the grappling 
hook the correct distance. Once the second air container is filled with the proper amount of air, 
one closes the remote line to the compressed air canister. Then, one presses the push-button 
valve to release all of the air from the second compressed air container into the barrel of the 
launcher, which accelerates the grappling hook forward. 

Boyle’s Law dictates that given the same temperature and moles of a gas, the pressure 
times the volume of the gas will remain constant, or . The air canister will have aV VP 1 1 = P 2 2  
constant volume, but the pressure in the air canister will decrease the more one shoots the 
grappling hook. Similarly, the second air container has a constant volume with a variable 
pressure. The maximum air pressure that the second air container can be filled with is a function 
of the pressure of the air canister and the volumes of both the canister and the container, since 
the amount of air remains constant when filling the second air container P V V V ).( 1

o
1 = P f

1 1 + P f
2 2  

Given the volume and pressure of the second air container, one can calculate the theoretical 
height the grappling hook will be fired (See derivation below). 

, if x is the distance the grappling hook has traveled out of the barrelV (V r x)P o o = P o + π 2  
when fired (according to Boyle’s Law), Po is the initial pressure of the second air container, and 
Vo is the volume of the container. 

, where F is the force on the grappling hook from the compressed air.aF = m  
, where P is the pressure on the end of the grappling hook from the compressedP = A

F  
air and A is the area of the end of the grappling hook. 

P aA = m  
r ( )π 2 P Vo o

V +πr xo
2 = m dt

dv  
, and r P V ( )dt  dvπ 2

o o
1

V +πr xo
2 = m t  dx  dxd = dt

dx = v
1  

, where L is the length of the barrelr P V ( )dx  dvπ 2
o o ∫

L

0

1
V +πr xo

2 = m ∫
V

0
v  

, and the absolute value bars aren’t needed since Vo,r P V ( [ln|V r x|] )π 2
o o

1
πr2 o + π 2 L

0 = m 2
v2  

r, and x are positive. 
r P V [ ln( )]π 2

o o
1

πr2 V o

V +πr Lo
2

= m 2
v2  



 
Fortenbaugh, Julian-Kwong 5 

P V ln( ) v2 o o V o

V +πr Lo
2

= m 2  

 v = √ ln( )m
2P Vo o

V o

V +πr Lo 2
 

Given v, one can calculate the height of the grappling hook given the equation, 
. This equation can be simplified to .aΔxv2 = v2

o + 2 ln( )h = v2

2g = gm
P Vo o

V o

V +πr Lo
2

 
The theoretical height of the grappling hook was compared to the actual height for 

different initial pressures of the second air container (See Compressed Air Shooter in Results 
Section) 
 

C) Rope Tripod 
As seen in the YouTube video by Colin Furze, a rope tripod can be used to make sure 

the rope doesn’t tangle when the grappling hook is shot and to make sure that the rope provides 
minimal resistance to the grappling hook [1]. Such a tripod was built and mounted on the arm 
band. The tripod was built out of steel rods, and the large end of the tripod faces away from the 
target. Before shooting the grappling hook, the user winds the rope around the tripod, from the 
larger to the smaller end. That way, the end of the rope attached to the grappling hook is closest 
to the smaller end of the grappling hook. When the user shoots the grappling hook, the rope 
unwinds from the smaller end of the rope tripod to the larger end of the rope tripod with minimal 
resistance and without becoming tangled. 
 

D) Reel-in System 
A drill motor was used for the reel-in device. Drill motors provide a high amount of torque 

because they use mechanical advantage in the form of gears. This high amount of torque is 
necessary to lift a person upwards. More specifically, the drill motor that was used takes 
advantage of a planetary gear system and contains a braking system so that the user doesn’t 
fall down if he or she stops reeling upwards.  

One can use the equation for torque to calculate the maximum amount of weight the drill 
should be able to lift with an axle that is 0.5 inch thick. 

rτ = F   
 F = r

τ    
F = 0.25 in

1200 in−lb   
800 lbF = 4  

According to the specifications sheet, the lithium ion drill that was used delivers 1200 
in-lbs of force, and because the radius of the reel-in axle is 0.25 inch, the drill will theoretically 
be able to lift 4800 lbs. This amount of force is more than enough to lift a human. The drill also 
contains a built in speed controller, so the user will be able to control the speed at which he or 
she travels upwards. 

A metal axle was inserted into the chuck of the drill, and a pillow bearing was placed on 
both sides of the axle to prevent the axle from bending when the user is reeling himself or 
herself up.  
 

E) Armband 
All of the devices in Sections A through E were mounted on an armband that can fit on 

the arm of the user. The armband was built out of sheet steel that is 1/16 inches thick. The 
armband has a half cylinder on the top, and three full cylinder bands to ensure that when the 
user is lifted up, the force holding the user is distributed throughout the user's arm, which will 
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ensure comfortability. Since P=F/A, using three full cylindrical bands around the user’s arm will 
increase the area to decrease the pressure on the user’s arm. 
 
IV) Design 

A) Grappling Hooks 
1) Intro 

Two different grappling hook designs have been built to test which type of design is 
better for different situations. For instance, larger hooks are needed to grapple onto thicker 
beams, but larger hooks also cause the grappling hook to weigh more, which would cause the 
grappling hook to be harder to shoot. The first design features smaller hooks made out of steel 
sheet metal, while the second design features larger hooks made out of steel rods. 

 
2) Grappling Hook Design 1 

i) CAD Drawing 
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ii) Design 
This grappling hook features a long shaft with 3 hooks and a ring at the end. This 

grappling hook has a long shaft to allow for the grappling hook to fit into the barrel of the 
launcher. The hooks must face the same direction as the ring because when a rope is attached 
to the ring, the hooks will only grapple if they are facing the same direction the grappling hook is 
being pulled in. Three hooks are used so that no matter which way the grappling hook is facing, 
at least one hook will attach to a beam. 

In order to determine how thick the hooks should be, a hanging weight test was 
conducted on the strength of different thicknesses of steel. 1/16 inch steel was not strong 
enough to ensure the safety of someone hanging from the grappling hook because hooks made 
out of 1/16 inch steel bent during a 170 lb test, but 1/8 inch steel was strong enough to create a 
reliable grappling hook and passed a 170 lb test. More comprehensive tests with larger weights 
and different directions will be conducted in the future to optimize the device. 

The fins of the grappling hook were cut from a metal bandsaw and then MIG welded 
onto the axle. It was crucial to weld properly to ensure that the grappling hook did not have any 
weaknesses. 
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3) Grappling Hook Design 2 
i) CAD Drawing 

 
ii) Design 

Design 2 differs from design 1 because design 2 is constructed from bent steel rods 
instead of sheet metal for its three hooks. Although the 1/8 inch steel sheet metal was tested to 
be stronger than the bent rods in a hanging weight test, rods were used for the design with 
larger hooks because this design requires a smaller volume of steel relative to the size of the 
hooks, which would decrease the weight of the design. A 170 lb test was successfully 
conducted on the grappling hook, meaning the reinforced poles were strong enough to hold at 
least 170 lbs, but heavier tests in different directions will be conducted in the future to ensure 
the safety of the grappling hook. 
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B) Compressed Air Shooter 
i) CAD Drawing 

 
ii) Design 
The design of the compressed air launcher features a metal cylindrical container 

attached to a straight push button valve through a ⅛ inch male to ⅛ inch male NPT nipple. The 
container was built from a metal tube welded to ¼ inch thick circular caps. One cap was tapped 
with a ⅛ inch NPT tap to connect the compressed air canister to the cylindrical container. The 
side of the container was also tapped with a ⅛ inch NPT tap to connect to the nipple, which is 
screwed into both the container and the valve. The male end of a ⅛ inch male to ⅛ inch female 
NPT elbow is screwed into the valve, and an aluminum barrel with an ⅛ inch NPT threading is 
screwed into the elbow. An ⅛ inch NPT die was used to thread the barrel. 

The metal cylindrical container has walls that are 3/16 inch thick to be able to reliably 
hold compressed air. Although the maximum pressure the container can hold has not been 
tested, the chamber has held up to 350 psi. The size of the container was kept relatively small 
because more air at the same pressure won’t apply a larger force on the grappling hook, but 
instead a more sustained force, which may not be necessary since the barrel is relatively short. 
In addition, the container was kept small because the metal used to build it is very heavy. The 
barrel was made out of aluminum to reduce the weight of the device as well. All of the fittings of 
the compressed air launcher feature a male to female connection, where the male end is 
wrapped in plumber’s tape to prevent air leakage.  
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C) Rope Tripod 
i) CAD Drawing 

 
ii) Design 
The rope tripod serves to ensure that the rope doesn’t tangle when the grappling hook is 

shot. Additionally, the tripod makes sure the rope provides minimal resistance to the grappling 
hook when fired. When the rope is shot, it unravels from the small end to the large end (See 
Theory for more details). Each rod is separated by 13˚ to ensure that the rope can unwind with 
minimal friction. 1/4 inch steel rods are used for the prongs because 1/8 inch steel rods bent 
during a drop test. The tripod is currently made out of steel because steel is easy to weld, but an 
aluminum prototype was built in an attempt to reduce the weight of the rope tripod. This 
decreased weight would help with user maneuverability, especially if the user is smaller, like a 
child. 1/4 inch aluminum rods did not bend during a drop test, making both designs strong 
enough to hold the rope in place safely. However, the aluminum prototype was not used in the 
final design due to the difficulty of TIG welding aluminum. 
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D) Reel-in System 
i) Reel-in CAD Drawing 
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ii) Drill Mount CAD Drawing 

 
iii) Design 

The reel-in system is powered by a drill and features a shaft that fits through two pillow 
bearings and is tightened into the drill chuck (See Theory Section for more details). The shaft 
was grinded into a hexagon on the end that fits into the drill chuck to prevent the shaft from 
slipping in the chuck when large amounts of torque are applied to the shaft (not shown in CAD). 
A drill was chosen to power the reel-in system due to the high amount of torque a drill can 
deliver. The plastic handle of the drill was sawed off, leaving only the motor portion. The wires to 
the speed controller were extended so that the user can hold it in their hand while operating the 
reel-in system, and the wires from the speed controller to the battery were also extended to 
allow the user to fit the drill battery in their pocket or externally on the armband. 

The drill motor casing features two triangular prisms that were originally used to mount 
the handle onto the drill. A metal drill mount was designed to securely fit onto the triangular 
prisms to secure the drill onto the armband and ensure the drill doesn’t spin when the user 
attempts to operate the reel-in system (See Drill Mount CAD Drawing). Two pillow bearings 
were used for the design to limit the amount of torque on the drill chuck caused by the user 
hanging from the rope, which is wrapped around the shaft. Both bearings are tapped on the 
bottom so that they can be securely fastened to the armband on both sides. A ½ inch steel shaft 
was used as in axle because both a ¼ inch steel shaft and a ½ inch aluminum shaft bent during 
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a 170 lb reel-in test. The steel shaft has not bent after many 170 lb reel-in tests, proving its 
strength and reliability. 

 
E) Armband 

i) CAD Drawing 

 
 

ii) Design 
The armband was designed out of 1/16 inch steel because the steel is strong, yet 

malleable, and can be both screwed into and welded. Also, the top of the armband is flat so that 
the other devices can be easily attached. Two thick metal bands wrap around the user’s forearm 
to ensure a snug and comfortable fit, as these metal bands increase the surface area of the 
force acting upon the user’s arm (more in Theory Section). Additionally, a metal rod is bent 
around the user’s hand for an easy grip, which allows for control over the armband. When 
curved, the 1/16 inch steel was tested to be strong enough to hold up a 170 lb user.  

The armband is designed to fit comfortably around the average user’s arm. However, the 
armband is not adjustable to prevent from jeopardizing the strength of the arm band. 
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G) Assembly Views of Grappling Hook Device with Compressed Air Shooter 
Upper Right Back View 
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Left View 

 
 
Front View 
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V) Results 
Specification Result 

Weight of Device (kg) 5.2 

Efficiency of Shooting System (%) 87.14 

Pressure of Container Needed to Shoot 
Grappling Hook 5 meters upwards (MPa) 

1.92 (279 psi) 

Max Torque of Reel-in System (Nm) 135.6 (1200 in/lbs) 

Theoretical Max Weight that Can be 
Reeled Up to Second Story (kg) 

748 

 
A) Compressed Air Shooter 

To test the strength of the compressed air shooter, the experimental shooting height 
versus the container pressure was graphed. 3 trials were conducted for each measurement, and 
measurements were taken at increments of either 0.413 MPa or 0.173 MPa, starting at 0.621 
MPa. Below are the results of the experiment. 
 
Table 1. Container Pressures and Average Maximum Heights 

Container 
Pressure 
(MPa) 

0.621 1.034 1.207 1.379 1.551 1.724 1.896 2.068 2.241 2.413 

Average 
Maximum 
Height (m) 

0.305 2.377 2.408 3.398 3.673 4.983 4.694 5.256 6.200 6.400 
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Plot 1. Experimental Container Pressure versus Shooting Height 

 
 
A linear fit was applied to the graph since the relationship between shooting height and 
container pressure is linear (see derivation in Compressed Air Shooter in Theory Section). The 
slope of this graph can be used to calculate the height the grappling hook will be shot using the 
container pressure. For instance, a height of 5 m can be achieved with a container pressure of 
1.92 MPa. This data were compared to the theoretical container pressure versus shooting 
height data (shown below) 
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Plot 2. Theoretical Container Pressure versus Shooting Height 

 
 
Table 2. Experimental and Theoretical Slopes Comparison 

Experimental 
Slope (m2s2/kg) 

Experimental R2 
Value 

Theoretical 
Slope (m2s2/kg) 

Percent Error 
(%) 

Efficiency of 
Shooting 
System (%) 

3.368E-6 0.977 3.865E-6 12.86 87.14 

 
The efficiency of the shooting system was calculated to be 87.14% by dividing the slope of Plot 
2 by slope Plot 1. Since the slope of both graphs is a multiplier of the container pressure to 
calculate the height of the grappling hook, one can divide the experimental slope by the 
theoretical slope to calculate the efficiency of the compressed air shooter. 

 
B) Reel-in System 

The strength of the reel-in system was tested by comparing the mass of the item being 
lifted to the power of the reel-in system. 3 trials were conducted per weight using varying metal 
weights from 5 kg to 50 kg. No metal weights were available above 50 kg, so 2 human subjects 
were used for trials to add additional weights to the experiment. The human subjects did not reel 
up as high as the weights due to the danger of falling. Additionally, more trials were not 
conducted with humans due to dangers involving operating the device without adequate 
strength and training. On the next page are the results from the experiment. 
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Table 3. Mass, Height, and Time Measurements, in Addition to Power and Work Calculations 

Mass (kg) Height Reeled in 
(m) 

Work (J) Time (s) Power  (W) 

5.00 3.35 164 7.14 23.0 

10.00 3.35 339 7.35 44.8 

18.14 3.35 597 8.43 18.1 

23.72 3.35 780 9.36 83.4 

29.72 3.35 963 10.59 90.9 

34.09 3.35 1120 10.64 105 

50.00 3.35 1650 11.60 142 

75.00 1.52 1120 5.11 219 

77.23 1.52 1150 5.20 221 

 
The work was calculated using an acceleration of gravity, g, of 9.81 m/s2. 
 
 
Plot 3. Experimental Mass versus Power of Reel-in System 
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Since there is no theoretical data for power of the reel-in system versus mass reeled in, 
a linear fit was applied to the data due to the apparent linear trend and high R2 value of the 
linear fit. However, the trend will likely begin to slope downwards as the weight increases 
further, since the power of the reel-in system in limited and cannot approach infinity. 
Unfortunately, the maximum power of the reel-in system could not be calculated due to the 
limited amount of weight available. However, this trend can be used to calculate the time it 
would take a given subject to reel up a certain height, since .P = t

mgh  
The maximum amount of torque that can be delivered by the reel-in system is 135.6 Nm 

(1200 in/lbs) [7] , which is the specification of the drill used in the reel-in system. Using this 
value and the radius of the axle, one can calculate the maximum weight that can be reeled up 
by the reel-in system. The maximum radius of the axle when someone is reeling themselves 
onto a second story is 0.0185 m (since the rope wraps around the axle, therefore increasing the 
radius). Using this value, and the equation,  one can calculate the maximum weightτ = F • r  
that can be reeled up the the second story, which is theoretically 748 kg. 
 

 
VI) Conclusion  

Although rudimentary, the Batman Grappling Hook is fully functional. Each individual 
device works (the launcher, reel-in system, arm band, rope tripod, and grappling hook), and the 
final product has been tested to be able to reel a 170 lb user up to 15 ft. in the air. The device is 
heavy but strong for safety, and reaching a second story railing can be accomplished with ease. 
While the reel-in is not as fast as the actual Batman Grappling Hook, the user can reach a 2nd 
story railing in approximately 9.3 seconds when reeling in at full speed.  

As demonstrated by Plot 1 and Plot 2, the experimental shooting height versus container 
pressure and the theoretical shooting height versus container pressure are very similar. Both 
graphs illustrate a linear relationship between the pressure of the container and the maximum 
height which the grappling hook reached during its trajectory. The R2 value of Plot 1  is 0.977, 
meaning 97.7% of the variation in height can be explained by the variation in the container 
pressure, This high R2 value signifies that our experimental results were extremely precise. 
Additionally, the percent error when comparing the slopes of Plot 1 and Plot 2  was 12.86%, 
showing how minimal energy is lost due to friction and air leakage when using the compressed 
air shooter. 

Although no theoretical relationship between mass reeled in and power of the reel-in 
system exists, a hypothetical model was derived from the experimental data shown in Plot 3. 
The data in Plot 3 shows a clear linear, positive trend with a slope of 0.374 (W/kg). The R2 value 
of Plot 1  is 0.996, meaning 99.6% of the variation in power can be explained by the variation in 
the mass. Once again, since the R2 value is extremely close to 1, the R2  value shows that our 
results were precise. Based off the data, it can be assumed that that the actual relationship 
between power  of the reel in system is similar to the experimental data for the weights that 
were tested. However, the positive linear trend eventually decreases as the weight continues to 
increase, since infinite power cannot be drawn from the reel-in system. 

While experiments were conducted, they were not perfect. In order to determine how 
high the grappling hook shot with varying pressures, a camera and a measuring tape was used. 
Due to height constraints (both filmers were less than 6 feet tall), filming could only be 
conducted on the ground. When the grappling hook was high in the air, the angle at which the 
camera filmed was slanted, and not completely horizontal. This angle most likely caused an 
overestimation of the height at which the grappling hook was shot. In order to fix this, a distance 
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sensor could have been placed below the grappling hook, and the maximum height at which the 
grappling hook traveled could have been recorded. This would have yielded a much more 
accurate height measurement, but this method was not implemented because the distance 
sensors available are unable to identify such a small object such as the grappling hook at 
distances up to 20 ft away. 

The main problem which occurred during the project was attempting to perfect the 
shooting mechanism using combustion. The idea to use combustion rather than compressed air 
arose from sheer awe and interest, and a tremendous amount of time and effort was spent into 
attempting to get it to work. Tests of all kinds were conducted: varying the volume of the 
combustion chamber, differing propellants (aerosol, butane, propane, alcohol), varying the 
barrel length and diameter, and differing the amount of propellants used; however, none of the 
tests succeeded. Both aerosol and propane shot approximately 12 feet into the air with a 
combustion chamber of volume 37.7 in3, the most successful of all the tests. Unfortunately, the 
grappling hook requires at least 15 feet of height to clear a second story railing, which the 
combustion shooter was unable to accomplish.  

Overall, the Batman Grappling Hook built was successful. With the device on on their 
arm, a user can surpass the limitations of their body and climb obstacles otherwise unscalable. 
In the future, the upper boundaries of the grappling hook could be pushed for more serious 
applications. This could be done by filling the shooting system to a pressure greater than 2.5 
Mpa, which would shoot the grappling hook even further, and a stronger drill could be added for 
a faster and higher reel-in. Although the average individual would find these changes 
unnecessary, these changes would optimize the Batman Grappling Hook for any occasion. 
Improvements could also be made in order to enhance the user experience, a few of which are 
stated below in Next Steps.  
 
VII) Next Steps 

The main next step would be to make the total device much lighter and compact, as 
seen in Colin Furze’s Youtube video. At the Makers’ Fair, many people asked to try on the 
armband, and upon doing so, realized how heavy of a device it really is. In total, the armband 
weighs 5.2kg. Although Batman is a superhero who definitely lifts and would have no trouble 
wielding the current design, the average individual would have trouble using the device due to 
its weight. With access to a lathe and a mill, many custom parts, such as the drill chuck, could 
custom made. These parts would replace the original bulky design of the drill, reducing both the 
overall size and weight of the grappling hook. Another strategy that would make the armband 
lighter would be to make the armband out of carbon fiber. Carbon fiber is extremely strong yet 
thin and light--the perfect combination. Making the armband out of carbon fiber would allow for a 
much sleeker, ergonomic design.  

Additional next steps include making a gearing system for the armband reel in system. 
The drill used already has some internal gearing; however, it is limited. Creating an external 
gearing system would allow for lighter loads to travel faster and heavier loads to be lifted at a 
slower pace. This could be implemented through the installation of a gearbox, or through a 
pulley contraption to allow for a variable amount of mechanical advantage. Both of these 
designs would allow for the user to travel at their desired speed or reel up their desired weight.  
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X) Appendices 
A) Appendix 1 - Combustion Launcher  

1) Theory 
In theory, a combustion reaction can accelerate the grappling hook down a barrel due to 

the fact that during the reaction, a large volume of gas expands due to the heat from the 
reaction. The idea to use combustion to fire the grappling hook stems from previous 
experiments with potato and lime launchers, where hairspray aerosol was used to launch the 
projectiles. For the grappling hook launcher, a PVC pipe with a wider diameter was attached to 
a narrower barrel (which the grappling hook is in). At the end of the wide PVC pipe opposite of 
the barrel, there is a screwable cap. To launch the grappling hook, the cap can be removed and 
hairspray can be sprayed into the large PVC pipe. Then, the cap can be screwed on and a 
piezo electric lighter (10,000 V) can be used to ignite the aerosol [8]. The hairspray used 
contains an aerosol propellant called dimethyl ether (C2H6O) that ignites when there is a spark 
(Dimethyl ether has an ignition temperature of 662 ˚F) [8, 9].  
The combustion equation is as follows: C2H6O + 3O2 → 2CO2 + 3H2O  

Once the dimethyl ether ignites, the dimethyl ether burns, releasing energy in the form of 
heat (see previous reaction). The heat released by the reaction causes the gas in the chamber 
to expand, but because the gas is trapped in the PVC pipe, the expanding gas causes the 
pressure in the chamber to increase. This is true because under the ideal gas law (PV=nRT), as 
temperature increases, if volume and the amount of gas remains constant, the pressure must 
increase as well. This increase in pressure exerts a force against the grappling hook, causing 
the grappling hook to be pushed out of the barrel. Once the grappling hook is pushed out of the 
barrel, the gas expands and the pressure equalizes.  

To calculate the ideal amount of propellant used in the explosion for a given desired 
height of the grappling hook, an empirical method will be used. Hairspray will be sprayed into 
the barrel for different amounts of time, and the height the grappling hook reaches will be 
recorded for future reference. Assuming that the flow rate of the hairspray is constant, spraying 
time can be used to regulate the amount of hairspray in the explosion because spraying time is 
proportional to the amount of hairspray in the explosion. 

In order to calculate the theoretical height the grappling hook will reach when fired, the 
force of the explosion will be measured using different amounts of aerosol propellant. To 
accurately replicate the force of the explosion when the grappling hook is fired, the grappling 
hook will be placed in the barrel and increasing masses will be hung onto the grappling hook 
until the force of the masses and grappling hook, , equals the force exerted bym )g( hook + mmasses  
the explosion. In this instance, the object will be unmoved. Once this mass is measured, the 
radius of the barrel can be measured to calculate the area,  and the pressure can be calculated 
using the equation . Once the pressure is calculated, see Compressed Air Shooter inP =  A

F  
Theory Section for the derivation of the theoretical height of the grappling hook, using the 
calculated pressure as Po and the volume of the chamber as Vo. This derivation assumes that 
the combustion is both instantaneous and that the air doesn’t cool down in the time between 
ignition and the grappling hook leaving the barrel. In the future, the theoretical and actual 
heights of the grappling hook will be compared using different amounts of propellant. 
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2) Design 
i) CAD Drawing 

 
 
 

ii) Design 
The combustion launcher features a barrel attached to a chamber with a cap that can be 

screwed on at the end. To propel the grappling hook using combustion, an aerosol propellant is 
burned in a chamber, and this reaction pushes the grappling hook out of the barrel (more detail 
mentioned in Theory Section). A large chamber was used so that the chamber could store more 
aerosol propellant and air to allow for a larger reaction and greater explosion. The entire device 
was also built in a straight line so that the device could best fit on the armband.  

PVC was used to build the combustion chamber and barrel because PVC is inexpensive 
and rated to a psi of 280 [10]. 1/2 inch PVC was used for the barrel because that was the 
smallest diameter PVC that would fit the grappling hook. 2 inch PVC was used for the 
combustion chamber to allow for a large chamber that funnels the expanding air into the smaller 
barrel at a higher velocity. Currently, the length of the chamber is twelve inches; however, the 
length may be changed upon further testing to increase the shooting height of the combustion 
launcher. 2 inch PVC can be easily mounted onto the armband through screws, zip ties, or 
many other methods that aren’t permanent, which allow for adjustability and freedom of 
placement.  
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The PVC chamber is connected to a PVC barrel by various PVC adapter fittings (See 
Parts List), and the parts are all glued together to create robust device. 
 

iii) Assembly Views of Grappling Hook Device with Combustion Shooter 
Top View 

 
 
 
Front Right View 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Fortenbaugh, Julian-Kwong 27 

Behind View 
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Appendix 2 - Parts List 
Part Description Use Cost ($) Seller/Where to 

Obtain it 

Steel Sheet, 1/8 inch 
thick, 4 sq. ft. 
 

-Fins of the Grappling 
Hook 

12.00 Alan’s Steel 

Steel Sheet, 1/16 
inch thick, 4 sq. ft. 

-Arm band 6.00 Alan’s Steel 

Rod of Steel, ¼ in 
Diameter, 4 ft. long 

-Grappling Hook Rod 
-Grappling Hook Fins 

Free Whitaker Lab 

RIDGID ZRR86008K 
18-Volt Lithium Ion 
Drill/Driver Kit 
(Certified 
Refurbished) 

-Used to reel-in the 
user 

100.00 Amazon 

Rod of Aluminum, ½ 
inch Diameter 

-Axle of Reel-in 
Device 

Free Whitaker Lab 

 Pillow Block 
Mounted Bearing, 2 
Bolt, 1/2 inch Inside 
Diameter 

-Placed on end of 
axle opposite of the 
motor to prevent the 
axle from bending 

16.39 Amazon 

2 inch x 10 ft. 
280-PSI Schedule 40 
PVC DWV Plain End 
Pipe 

-Combustion 
Chamber 

8.39 Home Depot 

Charlotte Pipe 2 inch 
PVC Sch. 40 FPT 
Cap 

-Barrell of 
Combustion Shooter 

2.26 Home Depot 

2 inch Non-Metallic 
Male Terminal 
Adapter 

-Combustion 
Chamber 

1.18 Home Depot 

2 inch to 1/2 inch pvc 
adapter 

-Barrell of Launcher 1.44 Home Depot 

Piezoelectric Igniter -Ignites the dimethyl 
ether, causing the 
combustion reaction 

15.65 Amazon 

Ninja Paintball -Used to fill the 2nd 59.95 Ebay 
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Aluminum HPA Air 
Tank w/ Adjustable 
Regulator - 13ci 
3000psi 

air container with 
compressed air 

Ninja Paintball 
Standard Remote 
Line Compressed Air 
Coil Hose 

-Used to open and 
close the 
compressed air 
canister 

29.95 Ebay 

3 ft of 1.5 in diameter, 
3/8 inch thick steel 
pipe 

-Cylinder to build the 
2nd air container 

14.00 Alan’s Steel 

Steel Sheet, 1/4 inch 
thick, 1 sq ft 

-Used as the ends of 
the 2nd air container 

6.00 Alan’s Steel 

Pressure Gauge -Used to measure the 
pressure in the 2nd 
air container 

10.00 Home Depot 

1/8 inch Angle Brass 
Push Button Valve 

-Valve to release air 
from the 2nd air 
container into the 
barrel 

21.95 valve-push-button.co
m 

Aluminum Rod, 1/4 
inch diameter 

-Barrel of 
Compressed Air 
Shooter 

Free (so light it was 
given for free) 

Alan’s Steel 

 
 
 
 
 
 


