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Abstract: The purpose of this project is to design a catapult and a siege engine for a medieval 

queen. The Queen needs to be able to defend her kingdom, as well as take over others. To be 

more prepared, she has her feif bosses construct a castle and a siege engine that will battle 

against each other. Our method of designing both structures was to research the best ways to 

build catapults and siege engines, determine which ways would work best in our situation, then 

modify the designs to accommodate our specific needs.  In the end, we had built one catapult that 

was reasonably accurate, powerful, and met all the specifications. We also had a castle that could 

hold residents and stop most projectiles from penetrating its defenses.  

Introduction:  

This Investigation focuses on the current state of building a scale castle and defending it 

with a makeshift Siege Engine built to scale. The research conducted shows both the necessity to 

complete all stakeholders’  needs along with our Target Demographics requirements.  With this, 

we have calculated the best methods for conceptualizing our castle, our engine, and the most 

successful way to offend/defend it against aggressive forces.  Using this information, our group 

of engineers have split to meet the needs of the castle and siege engineer requirements proposed 

by the Majesty herself and the Fief boss.  

Before we conduct the investigation, it is important for us to note castle structuring and 

siege engine requirements. Also, the aspects of development for our castle have been researched 

by various sources of credibility along with rigorous testing and prototypes.  
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Existing Conditions 

 

● Target Demographic: 

○ Our demographic that will be targeted through our research report will be both the 

Queen and the FIEF Boss.  Our group, as a result, has split evenly to adhere to the 

Queen’s needs/requirements along with the FIEF Boss’s.  More importantly, we 

must respond to the Queen’s requirements of keeping the people of the Kingdom 

safe.  Essentially, a structurally designed castle with a fierce, powerful, and 

simple siege engine will win the battle along with keeping those within the castle 

wall safe.  However, vigourous designing and testing for both the castle and siege 

engine are necessary for finalizing both for battle.  

● Additional Stakeholders: 

○  Other than the Queen and the FIEF Boss, another crucial stakeholder is the 

townspeople/ merchants located within the courtyard behind the castle walls.  The 

merchants/working materialized class  had a very distinct and malleable 

importance within society, resulting in most of the population’s economic income 

for supply and demand. Next come the serfs.  They are responsible for a steady 

income of agricultural goods that feed all members of society.  Finally, We must 
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include the invaders.. Their needs and requirements allow us to better enhance our 

engines and castles to be ready for any battle. To adhere to their needs is as 

similar as any other member as society, and must all be taken seriously when 

finalizing our projects and proposals to the Queen and FIEF Boss. 

 

● Research 

○  Why build castles and who used them: 
 

Castles were a structure used for defending resources, such as food and 
gold, people, or a certain area of land. Castles were almost always a landmark or 
symbol for protection for the people living in and around the structure (Altenhof 
2017). If the castle was taken by force or destroyed, the surrounding area would 
also fall. Castles in the medieval times were used mostly by the soldiers and 
knights. “Only occasionally would kings and Queens live in castles...If you lived in 
a castle in the middle ages you would be cold and you would be hungry” 
(Brachrach 2014).  

 
○ What are the components of castles: 

■ The most fortified castles were made out of some sort of 
stone (Haas 2014). 

■ A geographical component was a common feature for 
castles such as being on top of a hill, or around a body of 
water. For example, the Bodiam castle is completely 
surrounded by a man made moat (Hanson 2005). 

■ Gate House: A strong built entrance to the castle that was 
fortified. It often housed guards at all times with a living 
quarters. 

■ Keep: The most tall/secure structure in the castle. Often 
used as a last line of defense, a place to hold valuables such 
as gold, people, food.  

■ Bride/Gate: The townspeople inside the castle must be able 
to leave and enter the structure. A heavily fortified gate 
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and/or draw bride was used to regulate who was able to 
come and go. 

■ Buttress: A masonry projection that is used to support the 
walls of the castle/keep.  

● How were Castles usually taken over 
In medieval times, invaders most commonly used fire, battering rams, ladders, 
catapults, mining, or siege to destroy/ take control of an enemy castle (Medieval Life 
2000). Catapults could launch flaming or large projectiles to destroy the castle’s 
structure, as well as people and or animals with diseases to kill the residents.  
 

 

TABLE 01:  STAKEHOLDER NEED ASSESSMENT 

Stakeholder Need Requirement 

Queen ● An army for the 

impending invasion 

● Harvest in the fall for 

army rations 

● No deaths 

● Not complete 

destruction of Fiefs 

Fief Boss ● Keep people protected 

from invaders 

● Take resources from 

other fiefs 

● Build a solid civil 

defense system 

● Build a solid siege 

engine against the 

opposing Fief 

Merchants/Townspeople ● Protected from 

upcoming attack 

● Build a solid civil 

defense system 
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● Enough room inside 

the castle for castle 

life 

● Include enough room 

inside the defense area 

Serfs ● Survive ● No deaths 

Invaders ● Break down opposing 

Fief’s walls 

● Salvage townspeople 

● Build an effective 

siege engine 

● Attack non-lethal 

 

● Definitions: 

○ Catapult:  Originates it’s name from two Greek Words: “Kata” and “Pultos”. 
Kata meaning “downwards” and pultos referring to a shield carried in 
battle.  “Katapultos” then became a phrase that meant “shield Piercer”.  

○ Siege Engine Mechanics: Heavy Artillery during the Middle Ages and the 
required physics required for accurate representation. 

■ Three T’s:  
● Torsion: Twisting 
● Traction: Pulling or dragging 
● Tension: Bending or stretching 

○ All definitions were found on http://www.lordsandladies.org/catapults.htm. 
 

● Design: 
 

○ After looking at the needs of stakeholders and assessing them in a table format, it 

is apparent that protection is of major importance.  Our group took this into deep 

consideration when constructing prototypes, and made it obvious to stay away 

from those that put our townspeople in danger.  Furthermore, the castle walls and 

http://www.lordsandladies.org/catapults.htm
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castle itself  must be made of a design that allows for complete sturdiness of the 

castle without falling.  As for the siege engine, the requirements and constraints 

fall within the desired dimensions of (7”x 11”x 6”).  By following the 

requirements and safety of our townspeople and Queen, we can successfully 

create a safe castle and wall along with a siege engine that can win any battle 

theoretically, as long as it corresponds with the enviroment and landscape.  

 

● Summary: 

○ In this section the target demographic and other stakeholders of the situation were 

introduced.  Additionally,  We reviewed our Stakeholder Assessment graph and 

noted the most important requirements needed to create the most successful castle 

and siege engine design.  After needs of all the stakeholders were established, the 

decision to design a castle and siege engine was made due to the existing 

conditions and requirements. 

Requirements/Methods 

● Castle Requirements 

○ All Components must be made of balsa wood and trace paper, and glued with 

white/wood glue. 

○ The maximum amount of balsa wood total is 240 inches (10 sticks, each 24 inches 

long) 
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○ Cross Section for balsa wood cannot exceed ⅛ inch. 

○ Castle Tower 

■ One foot tall 

■ Top must enclose a minimum nine (9) square inches 

■ Base must enclose a maximum of nine(9) square inches 

■ Either three (3) or four (4) uprights 

■ Two diagonals across the base and top only 

■ Stable/ strong enough to resist impact from catapult projectile 

■ Balanced 

■ One layer of trace paper on the sides and top 

○ Castle Wall 

■ Perimeter must be a minimum of four (4) feet long. 

■ Height must be consistently four (4) inches 

■ Wall can have a maximum of 30 degrees out of plumb 

■ Continuously framed with sticks and covered with one layer of trace paper 

■ All edges of trace paper walls must be framed by sticks 

● Siege Engine Requirements 

○ No more than two siege engines 

○ Operated by only one person 

○ Must fit within a 7 x 11 x 6 inch box 

○ Catapult must be 3 feet from the target (castle) 

○ The projectile being fired must be either a pretzel rod, stick, or nugget.  
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○ The siege engine can either penetrate the walls of castle/tower through force, or 

go above the walls and into courtyard. 

● Castle Methods 

○ Keeping the tower small would mean a harder target to hit, but also an easier 

target to destroy once contact has been made.  

○ By curving the walls of the Castle, we can slow down the projectile without 

penetrating the trace paper.  

Concepts 

● Castle Concept 1-  Rectangular Walled Castle 

○ Axonometric/3rd Angle Projection (Figure 1 and 2) 

 

○ Rectangular Wall Ranking 

Need Weight Rating Score 

Walls stay within constraints 15 + +15 

Tower stays within constraints 20 + +20 

Walls are Strong/impenetrable  30 + +30 

Tower is Strong/impenetrable 25 + +25 

Time and Cost efficient 10 - -10 
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Total 100 +3 +80 

 

  

● Castle Concept 2: Medieval Tribute Castle: 

○  3rd Angle Projection Sketch

  

Need Weight Rating Score 

Walls stay within constraints 15 - -15 

Tower stays within constraints 20 + +20 

Walls are Strong/impenetrable  30 + +30 

Tower is Strong/impenetrable 25 + +25 
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Time and Cost efficient 10 - -10 

Total 100 +1 +50 

 

We based this design off of real medieval castles, hence the name “Medieval Tribute Castle.” 

Using components of traditional castles, such as the gate house or the buttresses. While this 

design is practical for preventing real life invaders, it is not useful in our testing. The design 

violates the constraints in multiple ways, and building the extra components, such as the gate 

house or keep would be pointless since we can only use trace paper and balsa wood. We will not 

be using this design as our final prototype. 

● Castle Concept 3: Basic of Basic Designs 

○ 3rd Angle Projection/Axonometric Sketch 
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Need Weight Rating Score 

Walls stay within constraints 15 - -15 

Tower stays within constraints 20 + +15 

Walls are Strong/impenetrable  30 + +30 

Tower is Strong/impenetrable 25 + +25 

Time and Cost efficient 10 - -10 

Total 100 +1 +50 

 

This is a very simple design to help us get started. The walls are 4 inches around with the corners 

standing out a little bit. The original idea was to have the taller corners help protect the face of 

the tower, so the tower was put on a diagonal to focus all the firepower on the supports, the 

strongest part of the tower. Not many things came out of this design that transferred to the final 

design, but the idea to put the tower on a diagonal originated from this concept. 

 

Concept 1 is the best design out of the three, scoring a total of 80 points and being the 

most structurally sound design. This design is the one that was used for our final castle and 
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tower. Even though Concept 2 and Concept 3 both scored a total of 50 points, Concept 2 was the 

better design because this design is overall the better defensive design. 

Moving into possible siege engine concepts we listed the known siege engines of the time 

and compared strengths and weaknesses as well as compliance with constraints and desired 

effects. After considering our options we narrowed our concept to be either a Onager style 

catapult or a ballista.  

Known Siege Engine Designs 

 
 

Ballista Trebuchet Siege Tower Belfry Onager Hwacha Pull 
Catapult 

Canons Rams 

Projectile x x  x x x x x  

Ranged x x  x x x x x  

No Gun 
powder 

x x x x x  x  x 

Moveable x x x x x x x x x 

Shot  x   x  x  x  

Lob  x   x  x   

Counter 
weight 

 x     x   

Tension x   x x     
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● Initial Siege Engine Concepts: 
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Concept #1: 

Need Weight Rating Score 

Stays within 

constraints 

   

Time/cost efficient    

Power    

Accuracy    

Consistency    

Total    

 

 

 

 

 

● Siege Engine Concept 2: 

○ Axonometric Sketch and 3rd Dimensional Sketch 

Put the design for our final catapult here. Then rank it as above. 
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Need Weight Rating Score 

Stays within 

constraints 

35 + +35 

Time/cost efficient 10 - -10 

Power 20 + +20 

Accuracy 20 + +20 

Consistency 15 + +15 

Total 1oo 1.5 80 

We decided on pursuing the second sketch design, we were able to find materials suitable for 

building a powerful siege engine of that design.  

Prototype Testing 

● Castle Testing 

○ Castle Test #1: This prototype tested the effectiveness of a vertical wall, with no 

degree of angle. 

■ Concept 2 of the siege engine was used against a vertical wall that would 

be included in the final castle design. 

Hit Penetrated? Upright? Projectile inside Wall? 
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1 No Yes (no penetration) 

2 No Yes (no penetration) 

3 Yes Yes Yes 

4 Yes Yes No 

5 No Yes (no penetration) 

This test saw the vertical wall was penetrated 40% of the time when the shots hit. And when the 

walls were penetrated, 50% of the projectiles got through the walls. With these results, there was 

another design for the walls that could be tested for better results. 

○ Castle Test#2: This prototype tested the strength of a curved wall from 

Concept 1 of the castle concept. 

■ Concept 2 of the siege engine was used to against a curved wall 

that would be included in the final castle design. 

 

Hit Penetration? Upright? Projectile inside Wall? 

1 No Yes (no penetration) 

2 Yes Yes No 

3 No Yes (no penetration) 

4 No Yes (no penetration) 
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5 No Yes (no penetration) 

 

This test saw that the curved wall was penetrated 20% of the time when fired upon. And the shot 

that did penetrate the wall, it didn’t get through the wall. According to the results, it's obvious 

that the curved walls are best suited for what we are trying to do. An interesting observation that 

was observed was that it seemed that the projectiles would kill all momentum when making 

contact with the wall. This was made possible from the curve of the wall breaking the 

momentum from the project 

● Siege Engine Testing 

○ Siege Engine Test #1: First catapult testing showed promise. Being a crude 

prototype it was expected to have some faults that needed corrected in later 

models.  

○ Test consisted of five volleys of  5 shots at 3 feet against tower identical final test 

day towers. 

Volley 1 Miss Hit Miss Hitt Hit/Pen 

Volley 2 Hit Miss Hit/Pen Hitt Miss 

Volley 3 Miss Miss Hit Miss Hit/Pen 

Volley 4 Hit  Hit Miss Miss Hit 

Volley 5 Hit Miss Miss Miss Hit/Pen 

The average hit percentage for the first five series was 52%.  

○ Siege Engine Test #2:  Test two occurred after improving the catapult arm 

guidance system.  
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Volley 1 Miss Hit Hit Hit Hit/Pen 

Volley 2 Miss Hit Hit Hit/Pen Hit/pen 

Volley 3 Miss Hit Hit/Pen Hit/Pen Hit/Pen 

Volley 4 Hit  Miss Hit/Pen Hit/pen Hit/pen 

Volley 5 Miss Hit Hit Hit/Pen Hit/Pen 

 

The result of adjusting our arm guidance system exceeded expectations by raising the hit 

percentage to 80%. The matter of consistency and accuracy taken care of now we had to devise a 

devise to ensure we were aligned to properly hit the target everytime. 

○ Siege Engine Test #3: For our final test we not only thickened the paper of the 

defense wall but also restricted the target to a 3”x 3” target box to test precision 

and accuracy.  In order to improve initial targeting a laser was sighted in with the 

catapult in order to ensure correct directional fire.  

Volley 1 Hit Hit Hit Hit/Pen Hit/Pen 

Volley 2 Hit Hit Miss Hit/Pen Hit/pen 

Volley 3 Hit Hit Hit/Pen Hit/Pen Hit/Pen 

Volley 4 Hit  Miss Hit/Pen Hit/pen Hit/pen 

Volley 5 Hit Hit Hit/Pen Hit/Pen Hit/Pen 

 

Not only did we increase our hit percentage to 92% but we were also able to consistently hit the 

target area and penetrate demonstrating our catapults viability for the Final Test Simulation.  

● Final Test Simulation 
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○ Here, we took our castle and catapult prototypes and put them against each other 

in controlled conditions to see where improvements are most needed in both the 

siege engine and castle.  

 

Trial Point of 
Impact? 

Tower 
Performance 

Wall Performance Description 

1 Tower Tower Tilted  Tower was 

2 Miss NA NA  

3 Tower Tower knocked 
over 

  

4 Wall NA Trace Paper 
Penetrated 

 

5 Miss NA NA  

6 Wall    

7 Tower    

8 Wall    

9     

10     

 

 

 

 

After our first prototype analysis, we have determined the major flaws of both our castle 

and siege engine, as well as what works best. For our castle, we determined that the walls were 
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too large and easy to hit. Also, having loose and curved trace paper on the tower and walls would 

be harder for the projectile to penetrate and making the tower small and diamond shaped is 

harder to hit. As for the siege engine, the accuracy and consistency must be improved. By adding 

braces and a track to the catapult arm, we can reduce the horizontal movement.  

 

Trial Hit? Wall or Tower? Penetration? Knocked over? Projectile inside Walls? 

1 Yes Tower No Yes Yes 

2 Yes Tower Yes Yes No 

3 No (miss) (miss) (miss) (miss) 

4 Yes Wall Yes No Yes 

5 Yes Wall Yes Yes Yes 

 

Data Analysis: 

Introduction: 
 

The following analysis explains how the castle and siege engine were constructed and 

how it functions. Also, this analysis describes the surrounding environment and how our 
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equipment meets the needs and requirements available to create a successful castle and siege 

engine.  

 

Design Concepts 

The final prototype for the castle is a simple, yet well constructed castle that provides 

safety to the people of the kingdom along with difficulty for any invading forces.  Our roofed 

courtyard is constructed in small triangles, proposing issues for attacking forces to lodge pretzel 

balls inside the courtyard.  Additional features include underneath wooden supports that help 

with sturdiness and secureness along with visual appealment.   The castle itself is of simple 

rectangular design enclosed by a very tight wall, making it very hard for any attacking force to 

knock it down using their siege engines.  The walls and castle are both enclosed using a special 

filament paper that was specified in the requirements. The final result is pictured below.  

As for the final Siege Engine prototype; it consisted of a wooden base using wooden 

slabs to uphold the arm of the catapult (a metal rod that enclosed a metal spoon.  Both were hot 

glued together).  The only metal used were nails to hold the support slabs and base together, and 

a metal coercion spring that mechanized the arm backward, essentially propelling the object 

forward. The coercion spring was held in place using a circular wooden rod that went through 

the spring and came out of either wooden support.  To ensure a smooth and accurately propelled 

shot, we created wooden rods that were on either side of the arm.  This ensurs the arm does not 

bellow offtrack and is accurately hitting the target 80-100% of the time, as represented above in 

‘Siege Engine Test #2’ and ‘Siege Engine Test #3’.  The rest of the prototype was held together 

using hot glue.  The final prototype is pictured below after the castle.  
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Conclusion:  

Beginning with Stakeholder Analysis, we primarily determined our actual stakeholders 

and their needs.  The Queen and FIEF Boss are the primary stakeholders, regardless of physical 

capabilities.  The merchants/townspeople followed, along with the serfs and invaders. We then 

began brainstorming ideas to implement our thoughts into designs, and finalized aspects that 

could all adhere to our specifications.  Our target demographic and other stakeholders were then 

determined, such as the Queen and Fief Boss and their needs and requirements..  Our ideas thus 

came into reality as we began listing concepts such as requirements and regulations to ensure 

stakeholder needs and obey both the Queen and FIEF Boss’s requirements.  Our existing 

conditions thus came into effect as we analyzed each Stakeholder, their level of satisfaction, and 

what adheres to their needs.  Multiple figures were displayed that showed their needs and how 
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beneficial each one was, such as safety, and concentration of structural support. The results of 

the prototyping enhanced each design, eventually meeting and benefitting from each stakeholder 

and their needs.  Finally, we approached our data analysis where we examined the final 

prototype, how it was beneficial, and how our designs related from previous ones with 

minor/major changes.  

By revolutionizing each prototype, we were successfully able to go to battle 5 times.  4 of 

the 5 battles were successfully won, proving that our design held our own.  As for our siege 

engine, we punctured most of the other castles, proving that our design was capable of producing 

a reliable, strong, and accurate hit each time consecutively.  

As for future construction of model castles and siege engines; many individuals should 

use our data as suggestions to advance either or/both the equipment.  They may want to use other 

various outside sources that fall within the contraints to their benefit including structural needs 

for both the castle and siege engine. 
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