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1) Abstract: In this project, I created a manual crossbow out of PVC pipes and a 2x4 piece of 

wood. Additionally, I used only simple tools to create it such as a heat gun, drill, and jigsaw. It 

has a draw weight of 111.48 Newtons and can fire arrows at speeds of up to 15.64 m/s/ 

 

2) Introduction: The goal of my project is to create a fully automatic crossbow capable of 

drawing back the bowstring, loading a bolt, and firing repeatedly with the pull of a trigger. When 

researching automatic crossbows online, I found that this idea is almost entirely new and has not 

been explored yet. Consequently, creating an automatic crossbow has almost never been done 

before, with the exception of one YouTuber named Joerg Sprave.  Mr. Sprave posted a video of 1

him shooting his automatic crossbow in 2017 which gave me the general idea of how to make 

mine. With this project I hope to make an extremely rare weapon that is also easily reproducible. 

Traditionally, crossbows are bows that are attached horizontally to a wooden stock to 

shoot an arrow or bolt. To shoot a crossbow, the user must draw back the bow string, load a bolt, 

and press the trigger. When fired, the potential energy stored in the flexed bow is converted to 

kinetic energy in the arrow, causing the arrow to fly through the air.  2

Crossbows were invented in China around 400 BCE as a weapon to be used in warfare 

and hunting.  Over time, various versions of the crossbow were invented that allowed users to 3

fire the bow with one hand, fire several arrows at a time, or even launch much larger arrows that 

served as a form of artillery. Crossbows were highly utilized in ancient China, and eventually 

most of Europe, due to the fact that they require little training to operate and can be used 

relatively easily. In fact, crossbows were used very frequently by Chinese states against foreign 

armies and to establish the Han and Sung empires around 960.  4

1 "A Dream Came True: Home Made Full Auto Crossbow!" YouTube, uploaded by Joerg Sprave, 8 Jan. 2017, 
www.youtube.com/watch?v=tbKGjRoSofA. Accessed 7 Feb. 2020. 
2 Wilson, Tracy V. "How Crossbows Work." How Stuff Works, science.howstuffworks.com/crossbow.htm. Accessed 7 Feb. 
2020. 
3 Cartwright, Mark. "Crossbows in Ancient Chinese Warfare." Ancient History Encyclopedia, 17 July 2017, 
www.ancient.eu/article/1098/crossbows-in-ancient-chinese-warfare/. Accessed 7 Feb. 2020. 
4 Ibid 
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Figure 1: A simple wooden crossbow that was used in the Han dynasty. Older crossbows like this 

typically used wood for the body and bow of the crossbow while the trigger mechanism was made out of 

metal. 

 

Over time, the design of the crossbow spread to Europe and other parts of Asia as well. 

While they lacked the range and high rate of fire of a traditional bow, they were still broadly 

used due to the fact that almost anyone could operate one. Further, crossbows became 

increasingly more powerful as engineers came up with clever ways to cock back stronger bows. 

For instance, some bows allowed a user to put their foot into a stirrup to brace themselves before 

5 Ibid 



drawing back the bowstring while others used a winch to slowly cock the bow.  What resulted is 6

that people were able to use crossbows that had a draw weight of up to 1250 pounds and were 

highly effective in hunting or warfare. However, as time went on, people also began constructing 

their bows out of new materials. Crossbows were initially made out of flexible wood, then metal, 

and are currently mostly made up of an aluminum alloy.  7

 

Figure 2: This crossbow features a metal bow and winch system to draw back the bowstring. The winch 

uses its long handles to obtain a mechanical advantage. Essentially, the long handles increase the 

moment arm of the winch so less force is required to obtain the same torque and draw back the 

bowstring. 

 

6 "Medieval Crossbows." The Medieval Combat Society, www.themcs.org/weaponry/crossbows/crossbows.htm. Accessed 7 Feb. 
2020. 
7 "The Different Types of Crossbows." Bow Authority, bowauthority.com/different-crossbow-types/. Accessed 7 Feb. 2020. 



Although firearms have replaced crossbows in warfare, some hunters still use bows to 

hunt. In fact, bows can still be used to take down a variety of game such as birds, foxes, and even 

bears. However, the main drawback of hunting with a crossbow is the low fire rate; hunters often 

only get one shot off on their prey before the animal flees. Therefore, utilizing an automatic 

crossbow would allow a hunter to fire several bolts in the span of a few seconds. Not only would 

that dramatically increase the hunter’s rate of success, but it would also likely prevent animal 

suffering. For example, rather than the animal being able to flee if it had been hit and suffering 

until an incredibly painful death, the hunter would be able to achieve a clean kill and put the 

animal out of its misery. 

I decided to create an automatic crossbow because it is something that has almost never 

been done before and I wanted to challenge myself and my ability to come up with solutions to a 

problem that nobody else had ever faced. Additionally, I have always had a strong interest in 

history and improving a medieval weapon was very appealing to me.  

 

3) Design: In my crossbow, a high torque motor will spin a gear with teeth on only one part of it. 

The teeth on this partial gear will fit into the teeth of a sled, such that the rotating gear will draw 

back the sled and the bowstring it is attached to. As the sled is pulled back, it will knock down a 

crossbow bolt from the magazine above the stock of the crossbow. However, when the section of 

the gear without teeth comes into contact with the sled, there will be nothing to continue pulling 

the sled back and elastic bands will push it back to its original position at the front of the bow. 

Subsequently, the teeth of the gear will also knock down a small lever which will release the 

string of the bow, causing it to fire. The whole process will repeat over and over again until the 

magazine is empty or until the operator lets go of the trigger. 

When brainstorming how to make my automatic crossbow, one consideration was 

simplicity; I wanted my crossbow to be as simple and have as few parts as possible. For this 

reason, I chose my current design. I also plan to use a rotating gear and sled system to rapidly 

draw back the bowstring of my crossbow because it creates minimal recoil for the user and 

seems highly repeatable. Additionally, when choosing how to construct my project, I decided to 

layer pieces of wood on top of each other that I cut out with a laser cutter to ensure precision 



with the pieces. Further, laser cutting each piece would make creating and testing prototypes 

much easier; if one piece didn’t work, I could quickly create and cut out another. 

Making several prototypes over the course of this project helped me discover several 

design flaws that I would not have noticed otherwise. For instance, my sled did not fit perfectly 

with the teeth of the gear, the holes for screws were slightly too big so pieces of the crossbow 

were wobbling, and the hole in the body of the crossbow for the gear was too big. However, by 

noticing these errors in my prototypes, I was able to come up with reasonable solutions.  

Below is the CAD designs for my automatic crossbow. 

 

Figure 3: The outside layers of the crossbow which will be put on either side of the inner layers of the 

crossbow. 

 



 

Figure 4: The inner layer of the crossbow which will be stacked together three times to form the main 

body of the crossbow. 

 



 

Figure 5: The assorted parts of the crossbow such as the bow (top left), the sled (bottom left), the gear 

(bottom right), and the sled fins which will guide the sled and hold the actual bowstring (top right). 

 



 

Figure 6: The assembled crossbow with all pieces attached. This is what the final version of the crossbow 

will most likely look like. 

 

4) Theory: To comprehend the mechanics of the automatic crossbow, one must understand 

torque, Hooke’s Law, and friction. Torque is the conversion of force into rotation and can be 

described by the equation , where F is the applied force and r is the moment arm orrsinθτ = F  

distance between the axis of rotation and where the force is applied. After calculating torque, it 

can be used to find the angular acceleration of an object using the equation . I ατ net = I  

represents an object’s moment of inertia, which is an object’s tendency to resist angular 

acceleration and  represents angular acceleration. An object’s moment of inertia can beα  

calculated using the equation . Since the moment of inertia is proportional to radius dmI =  ∫
 

 
r2  

squared, I wanted to make the gear drawing the sled back as small as possible to minimize its 

moment of inertia. In doing so, less force from the motor will be needed to accelerate the gear, 

the crossbow will fire faster, and the bow will be more efficient. 



To understand the tension in the bow and the bands used to reset the sled, we can 

examine Hooke’s Law, which states that . In this equation, k represents a band or kxF spring =   

spring’s spring constant and x represents the distance the object is stretched from its normal 

resting position. To calculate the spring constant of a bow, one can hang weights from the bow 

and see how far the weights sink. In this case, dividing the weight by the weight’s displacement 

would yield the spring constant. To calculate the potential energy stored in a stretched spring or 

band, we can use the equation . Having already calculated the spring constant of thekxU = 2
1 2  

bow, determine how far back the bow will be drawn to find the displacement and one can 

calculate the stored potential energy of the bow. When firing the crossbow, the potential energy 

of the bow will be converted to the kinetic energy of the arrow being fired. In fact, we can 

calculate the kinetic energy of the moving arrow using the equation . By dividing themvU = 2
1 2  

kinetic energy of the moving arrow by the potential energy of the fully stretched bow, we can 

find the bow’s efficiency. 

When designing the bow, something to be conscious of is friction because it reduces the 

power and efficiency of the bow. Friction is the resistance that an object encounters when 

moving along a surface and can be described using the equation . In this equation,  μNF s =  μ  

represents the coefficient of friction, a property unique to each material, and N represents the 

normal force. Since friction always opposes the direction of motion, it will slow down the sled, 

the moving arrow, and any other moving parts, like the trigger. Therefore, I have to minimize 

friction to maximize the strength of my crossbow. 

 

5) Results: Upon having to change my project due to quarantine, I decided to create a double 

bow crossbow from two pieces of PVC pipe and a 2x4 piece of wood. Below are the 

measurements for the new bow. 

 

Table 1: Measurements 

What is Being Measured: Result: 

Width of main bow 1.22 meters 



Width of secondary bow 0.76 meters 

Length of the body of the crossbow 0.94 meters 

Draw weight 
 

111.48 Newtons 

Draw length 0.49 meters 

 

Below is a table of all calculated values for my new crossbow, including the spring constant, 

stored potential energy, and kinetic energy of an arrow immediately after being fired, and the 

bow’s efficiency. 

Table 2: Calculated Spring Constant, Potential Energy, and Kinetic Energy 

 What is Being Calculated: Calculated Value: 

Spring constant 227.51 N/m 

Potential energy stored in stretched bow 27.31 J 

Velocity of an arrow that has just been fired 15.64 m/s 

Kinetic energy of an arrow that has just been 
fired 

12.23 J 

Crossbow’s efficiency 0.448 

 



 

Figure 7: The final version of the double bow crossbow 



 

Figure 8: The trigger mechanism of the crossbow. When the trigger is pulled back, the wheel holding the 

bow string back can rotate, allowing the trigger to fire. 



 

Figure 8: The removed trigger trigger mechanism of the crossbow 

 

6) Conclusion: Although the home made crossbow is not very accurate, it definitely contains 

enough stopping power to be used in an emergency as a self-defense weapon. Additionally, it 

could be used in an emergency to hunt small game such as squirrels. While it is certainly not a 

high performance crossbow, my project proves that someone can still make a decently powerful 

bow with two pieces of PVC pipe and a 2x4. Therefore, if someone is just getting into archery 

and wanted to try shooting a crossbow, it is entirely possible for them to make one for around 10 

dollars rather than buying one that could be much more expensive. 

As previously mentioned, one inherent flaw in my crossbow is that it is not very accurate. 

What likely happened is that when flattening the PVC pipe to make the bow, I did not flatten it 



symmetrically on both sides. What resulted is that one side is stronger than the other. If I had 

more time, I could go back and try to reshape the bow again to make it more symmetrical, which 

would likely increase the accuracy of the crossbow. Aside from that, the only other problem of 

the bow is its weight; holding the bow for an extended period of time would likely leave the user 

tired. That being said, I purposely made the bow and draw length very long to make the bow as 

powerful as possible. In other words, power and weight are a tradeoff and could be changed to fit 

the user’s needs. 
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crossbow by helping me shape the PVC pipes to make the bow and also helped me paint 

everything. Dr. Dann has been a great teacher this past year and has helped me explore my 

interest in engineering. The class he taught, Applied Science Research, reaffirmed my desire to 

major in engineering in college and has been my favorite class at Menlo. 

 

8) Appendix A: 

Table 3: Parts List 

Part Description: What It Is Needed For: Cost: Where I Can Buy It: 

Wooden frame of 
the bow 

The wooden frame is the body of 
the crossbow 

$0 Made in Whitaker Lab 

Cross-section of 
the bow 

The cross-section of the bow is 
what the elastic bands will be 

attached to 

$0 Made in Whitaker Lab 

Sled and gear 
system 

The sled and gear system are 
responsible for drawing back the 

bow string and firing the bow 
repeatedly 

$0 Made in Whitaker Lab 

Trigger System Used to release the bowstring and 
fire a crossbow bolt 

$0 Made in Whitaker Lab 

7 inch by ⅝ inch 
elastic bands 

When pulled back, the potential 
energy in the elastic bands will be 

$17 Amazon 



used to fire a crossbow bolt 

Crossbow bolts Crossbow bolts are the projectiles 
that I will fire 

$16.38 Amazon 

Drill Motor The drill motor will be used to 
rotate a gear, which will pull back 
a sled to draw back the bands of 

the bow 

$0 Whitaker Lab 

 

 


