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                                               ABSTRACT
The design and fabrication of a 4ft by 7ft metal door was carried out using solidworks software. The door dimensions closely matched the design specifications. The results of the Finite Element Analysis showed that the door experienced 58.4Mpa maximum stress at the top beam frame with maximum displacement of 0.1mm, at the side beam frame it experienced 51.7Mpa maximum stress with maximum displacement of 0.08mm, at the door panel center it experienced 74.2Mpa maximum stress with maximum displacement of 0.42mm and at the hinge connection area the maximum stress experienced was 89.9Mpa with a maximum displacement of 0.06mm. The designed and fabricated door was painted and exposed to humidity for 72 hours. It was observed that there was no visible degradation of the door. This research has demonstrated that the integration of computer-aided design (CAD) produced a durable, functional and aesthetically acceptable metal door suitable for residential and commercial applications.






 TABLE OF CONTENTS
Title Page ...................................................................................... i
Certification .................................................................................... ii
Dedication ....................................................................................... iii
Acknowledgment ............................................................................ iv
Abstract ............................................................................................ v
Table of Contents ............................................................................ vi
List of Figures .................................................................................. vii
List of Tables ................................................................................... viii

CHAPTER ONE: INTRODUCTION .................................................. 1
1.0 Introduction ............................................................................... 1
1.1 Problem Statement ..................................................................... 1
1.2 Significance of the Study ......................................................... 2
1.3 Aim and Objectives ..................................................................... 2
1.4 Scope of the Study ...................................................................... 3

CHAPTER TWO: LITERATURE REVIEW ......................................... 4
2.0 Literature Review ....................................................................... 4
2.1 Historical Development of Metal Doors ................................. 4
2.2 Concept of Door Design and Fabrication ................................ 5
2.2.1 Types of Metal Doors ......................................................... 6
2.3 Materials for Metal Door Fabrication ....................................... 7
2.4 Methods of Metal Door Fabrication ......................................... 8
2.4.1 Cutting .................................................................................... 8
2.4.2 Welding and Assembly ....................................................... 9
2.4.3 Surface Finishing ............................................................... 9
2.5 Application of SolidWorks in Design ...................................... 10
2.5.1 3D Modeling ......................................................................... 10
2.5.2 Finite Element Analysis (FEA) .......................................... 10
2.5.3 Technical Drawings ............................................................ 10
2.6 Fabrication Challenges and Solutions .................................... 11
2.7 Environmental and Safety Considerations ............................. 12
2.8.0 Finite Element Analysis in Door Design ........................... 12
2.8.1 Comparison of Welding Techniques .................................. 12

CHAPTER THREE: MATERIALS AND METHODS ........................... 13
3.0 Materials and Methods ........................................................... 13
3.1 Material Selection ...................................................................... 14
3.1.1 Material Estimation ............................................................. 15
3.2 Design Process .......................................................................... 15
3.2.1 Steps in the Design Process ................................................ 16
3.3 Tools and Equipment Used ..................................................... 16
3.3.1 Welding Machine Power Consumption .............................. 17
3.4 Design Equations ....................................................................... 18
3.5 Design Calculations ................................................................... 20
3.6 Fabrication Process .................................................................... 25
3.6.1 Fabrication Procedure ......................................................... 25
3.7 Testing and Quality Assurance ................................................ 27
3.8 Safety Considerations .............................................................. 28
3.9 Limitations of Fabrication Process ........................................... 28


CHAPTER FOUR: RESULTS AND DISCUSSION ............................. 29
4.0 Results and Discussion ........................................................... 29
4.1 Computer-Aided Design ......................................................... 29
4.1.1 Concept Design Sketches .................................................. 29
4.2 Results ....................................................................................... 35
4.2.1 Finite Element Analysis Results ........................................ 35
4.2.2 Comparison with Design Calculations .............................. 36
4.3 Discussions ................................................................................ 37
4.3.1 Test Result Discussion ....................................................... 37
4.3.2 Performance Evaluation Discussion .................................. 37
4.3.3 FEA Result Discussion ...................................................... 38
4.3.4 Design vs Actual Comparison ........................................... 38
4.3.5 General Interpretation of Findings ..................................... 38

CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS ........ 39
5.1 Conclusion .................................................................................. 39
5.2 Recommendations .................................................................... 39

References ....................................................................................... 40
Appendices ....................................................................................... 42







LIST OF FIGURES
Figure 4.1      Front view CAD Model ..................................................... 29
Figure 4.2      Side view CAD Model ....................................................... 29
Figure 4.3      Orthographic projection CAD Model ................................ 30
Figure 4.4      Orthographic projection CAD Model ................................ 31
Figure 4.5      Orthographic projection CAD Model ................................ 32
Figure 4.6      Fabricated 4ft by 7ft metal door after painting .................. 33
Figure 4.7      Back view after painting .................................................... 34
Appendix A1–A12     Fabrication process stages (images) ..................... 42–46
LIST OF TABLES
Table 2.1       Types of Metal Doors ...................................................... 6
Table 3.1       Materials for Door Fabrication .......................................... 13
Table 3.2       Tools and Equipment Used ............................................ 16
Table 4.2.1     Finite Element Analysis Results ....................................... 35
Table 4.2.2     Comparison Between Design and Actual Measurements .... 36



31

                     CHAPTER ONE
1.0 INTRODUCTION
Doors are an integral part of buildings, serving as an entry and exit point while ensuring security, privacy, and protection against environmental elements (Smith, 2020). They are designed using various materials such as wood, aluminum, steel, and composite materials, depending on the intended use and level of security required (Brown & Taylor, 2018). Among these, metal doors are widely used in residential, commercial, and industrial applications due to their durability, strength, and resistance to fire and harsh weather conditions (Anderson et al., 2019).
In the modern era, the design and fabrication of metal doors have advanced significantly due to the introduction of computer-aided design (CAD) and computer-aided manufacturing (CAM) software  (Jones, 2021). These technologies help eliminate human errors in measurements, ensure structural integrity, and improve the aesthetic value of fabricated products. SolidWorks, a widely used 3D modeling software, allows engineers and fabricators to create detailed Three-Dimensional (3D ) models, simulations, and technical drawings before actual fabrication begins.
1.1 Problem Statement
Many fabricated metal doors in the market fall short of quality standards due to inaccurate measurements, poor welding, and substandard materials (Johnson & Lee, 2017). These issues often result in misalignment, structural weakness, rust, poor finishing, and material wastage. Most of these problems come from manual fabrication methods that rely heavily on human effort without precise tools.




1.2 Significance of the Study
This project is important because it demonstrates how modern engineering tools can be applied in real-world metal door fabrication, effectively bridging the gap between theoretical learning and practical implementation (Dieter & Schmidt, 2013). One major significance lies in the improvement of structural integrity and durability. The use of high-quality mild steel and protective coatings helps to enhance the strength of the door, increase its lifespan, and reduce the risk of corrosion (Callister & Rethwisch, 2018). In addition, proper welding techniques and careful hinge positioning contribute to better load-bearing capacity and smoother operation over time (Kalpakjian & Schmid, 2014). Economically and industrially, this work offers a valuable reference for students, welders, and engineers who are involved in metal fabrication. It also provides a model that manufacturing companies can adopt to boost the quality and efficiency of their production processes (Groover, 2013). From an academic standpoint, the project serves as a useful case study for future research and practical application. It highlights the benefits of combining design principles with hands-on fabrication and encourages the use of CAD tools like SolidWorks in solving real-world engineering problems (Planchard, 2021).

1.3 Aim and Objectives
The primary aim of this project is to design and fabricate a 4ft x 7ft metal door using SolidWorks for precision modeling and structural analysis.
The specific objectives to achieve this aim are;
1. To Design a detailed Three-Dimensional (3D) model of a 4ft x 7ft door using SolidWorks.
2. To fabricate the 4ft by 7ft metal door.
3. To conduct a stress analysis on the designed door using simulation techniques (Richardson, 2021).

1.4 Scope of the Study
This project focuses on the design, fabrication, and finishing of a 4ft by 7ft metal door. The design phase involves using SolidWorks for 3D modeling and stress simulation to ensure structural strength (Peterson, 2019).










CHAPTER TWO
2.0 LITERATURE REVIEW
Metal doors are essential components in modern construction, offering a combination of security, durability, and aesthetic value. The fabrication process has significantly evolved, driven by advancements in materials, welding technologies, and the integration of Computer-Aided Design (CAD) tools such as SolidWorks (Smith, 2020). 
2.1Historical	Development of Metal Doors 	
        The history of doors stretches back to ancient times, where they were not only functional but also symbolic used to safeguard sacred spaces, private dwellings, and royal palaces. In the earliest civilizations, such as those of the Egyptians, Greeks, and Romans, doors were commonly made from wood and bronze, often found adorning temples and other significant structures (Anderson et al., 2019). As architectural needs expanded and the quest for stronger materials grew, metal gradually replaced wood as the material of choice due to its enhanced strength, fire resistance, and durability (Brown & Taylor, 2018).
During the medieval period, advancements in metallurgy led to the widespread use of cast iron and wrought iron for door construction, particularly in castles and fortresses where security was paramount (Jones, 2021). These doors not only served a protective function but were also symbols of power and resilience. The Industrial Revolution of the 19th century marked a pivotal moment in the evolution of metal doors. With the emergence of mass production techniques, steel doors became more affordable and accessible, paving the way for broader adoption in both residential and commercial buildings (Williams, 2020).
In the modern era, materials such as mild steel, stainless steel, and aluminum have become standard choices in metal door fabrication. Alongside these material advancements, the development and application of Computer-Aided Design (CAD) software particularly tools like SolidWorks have transformed how metal doors are designed and produced. These tools allow for greater precision, customization, and efficiency, enabling fabricators to create doors that meet both functional requirements and aesthetic preferences (Johnson & Lee, 2017).
2.2 Concept of Door Design and Fabrication	
A metal door is composed of several essential structural components, each playing a vital role in its functionality, durability, and security. These components are designed to work together seamlessly, ensuring the door remains effective under regular use and adverse environmental conditions.
1. Frame – The frame forms the foundational structure of the door. It provides the necessary support and holds the door firmly in place within the wall opening. A properly constructed frame ensures stability and alignment, which is crucial for the door’s operation and longevity (Patel & Singh, 2018).
2. Panel – The panel is the central body of the door, often fabricated from solid metal sheets or reinforced frames. It acts as the primary barrier against external forces and plays a major role in the door’s overall strength and security (Brown & Taylor, 2018).
3. Hinges – Hinges are mechanical components made of metal that allow the door to swing open and shut. They must be robust and precisely installed to support the weight of the door and enable smooth movement (Jones, 2021).
4. Locks and Handles – These are essential for access control and protection. Usually manufactured from hardened steel or brass, locks and handles provide both security and ease of use, ensuring that the door is resistant to tampering and daily wear (Anderson et al., 2019).
The fabrication of a metal door typically involves several key stages, blending modern design tools with practical engineering methods:
1. Designing the Door Using CAD Software – The process begins with the use of Computer-Aided Design (CAD) software, such as SolidWorks. This step ensures that all dimensions, tolerances, and features are accurately defined, and it allows for simulations to verify structural integrity before fabrication begins (Martinez, 2021).
2. Cutting and Welding the Steel Components – Following the digital design, raw metal materials are precisely cut and shaped according to specifications. Welding is then used to permanently join the parts, forming a rigid and reliable structure (Chen & Wang, 2020).
3. Assembling the Frame, Panels, Hinges, and Locks – Once the core components are ready, they are assembled into a complete unit. The frame is fitted with the panel, hinges are mounted to ensure mobility, and the locking system is securely installed to provide access control (Harrison, 2019).
4. Surface Finishing for Durability – To enhance resistance against corrosion and environmental wear, protective coatings such as primers or weather-resistant paint are applied. This not only increases the lifespan of the door but also improves its visual appeal (Clarkson et al., 2019; Williams, 2020).
2.2.1 Types of Metal Doors
Table 2.1: Metal doors categorized based on design, application, and security levels.
	Type
	Features
	Applications

	Hollow Metal Doors
	Lightweight, strong, fire resistant
	Offices, hospitals, commercial buildings

	Steel Reinforced Doors
	High security, impact-resistant
	Banks, government buildings

	Aluminum Doors
	Corrosion-resistant, lightweight
	Glass doors, office partitions

	Welded Metal Panel Doors
	Heavy-duty, high durability
	Industrial warehouses factories



2.3 Materials for Metal Door Fabrication
The selection of appropriate materials is a fundamental aspect of metal door fabrication, as it directly impacts the door's structural integrity, durability, and resistance to environmental factors (Morgan et al., 2020). Various metals are used depending on the specific application, budget, and performance requirements.
Mild steel is the most commonly used material in metal door fabrication due to its high strength, cost-effectiveness, and ease of welding. It can be easily formed into desired shapes and, with proper surface treatments such as primers and paint coatings, can be protected against corrosion for long-term use (Brooks & Turner, 2021).
Stainless steel, on the other hand, offers superior resistance to corrosion and is especially suitable for harsh environments such as coastal areas. Though it is more expensive than mild steel, its durability and minimal maintenance needs make it a popular choice for high-end or commercial applications (Edwards, 2020).
Aluminum is valued for its lightweight nature and natural resistance to rust. It is often used for interior doors or in places where a lighter structure is preferred. However, due to its lower strength compared to steel, it is not typically recommended for high-security or high-impact environments (Gibson & Foster, 2020).
In addition to the primary materials used for panels and frames, locking mechanisms and hinges are also carefully selected to ensure both functionality and security. Locks are commonly made from hardened steel or brass, providing strong resistance to tampering and wear. Hinges, which must endure repeated movement and carry the weight of the door, are typically made from stainless steel for their strength and durability under frequent use (Davis, 2021). Overall, material choice is guided by a balance between mechanical performance, environmental conditions, aesthetic requirements, and budget considerations to ensure a reliable and effective metal door system.

2.4	Methods of Metal Door Fabrication 	
 	The fabrication of metal doors involves several key techniques designed to ensure precision, durability, and strength in the final product. These methods span from the initial cutting of materials to the final surface finishing, with each step requiring specialized tools and expertise (Ademola et al., 2020).
2.4.1	Cutting
The first step in metal door fabrication is cutting the raw materials to the required size and shape. Various tools are used depending on the scale and complexity of the task:
1. Hand Tools: For smaller-scale or more detailed cuts, hand tools such as hack saws and shears are often employed. These are typically used in situations where precision is key and the amount of cutting required is minimal (Williams, 2020).
2. Power Tools: For more extensive cutting tasks, power tools like angle grinders and plasma cutters are used. These tools offer greater efficiency and speed while maintaining the accuracy needed to create the necessary shapes and components for the door (Jones, 2021).
2.4.2	Welding  and	Assembly
 	Once the metal components are cut, they are welded together to form the complete structure of the door. Several welding methods are commonly used in the fabrication process, each providing different advantages in terms of strength and finish:
1. Shielded Metal Arc Welding (SMAW): This method uses an electric arc to melt and fuse metals together. SMAW is commonly used in metal door fabrication due to its reliability and the strength of the welds it produces (Okoro et al., 2021).
2. MIG Welding (Metal Inert Gas Welding): MIG welding is often preferred for its ability to provide stronger and cleaner welds compared to SMAW. It uses a continuously fed wire electrode and is ideal for creating smooth, uniform welds, making it particularly useful for the fabrication of high-quality metal doors (Chen & Wang, 2020).
2.4.3 Surface Finishing
After the door has been welded and assembled, surface finishing techniques are applied to improve both the appearance and performance of the metal. These steps help ensure the door is smooth, corrosion-resistant, and aesthetically appealing:
1. Grinding and Sanding: These techniques are used to smooth out surfaces, remove sharp edges, and eliminate any welding imperfections. Grinding and sanding provide a cleaner, safer, and more polished finish for the door (Richardson, 2021).
2. Priming and Painting: To enhance durability and protect against corrosion, priming and painting are applied. Priming provides a base layer that improves paint adhesion, while painting not only boosts aesthetics but also adds a protective layer to the door, helping it withstand environmental factors such as moisture and temperature fluctuations (Peterson, 2019).
2.5	Application of  Solidworks in Metal Door 	Design
 	SolidWorks, a 3D CAD software, plays a crucial role in modern metal door design. It enables engineers to create accurate and efficient designs, ensuring the final product meets all necessary specifications and requirements. The software's capabilities include:
2.5.1 3D Modeling
SolidWorks allows designers to create a realistic 3D representation of the door before any physical work begins. This virtual model helps identify potential design flaws and allows for adjustments to be made early in the process, preventing costly mistakes during fabrication (Martinez, 2021).
2.5.2 Finite	Element Analysis	(FEA)
 	FEA in SolidWorks simulates stress, load, and environmental conditions on the door, ensuring its durability and strength under real-world conditions. This analysis helps predict how the door will behave under pressure, which is essential for determining material thickness and reinforcement needs (Johnson & Lee, 2017).
2.5.3 	Technical Drawings	
 	Using SolidWorks, dimensionally accurate technical drawings are generated, which are essential for guiding the manufacturing process. These drawings eliminate the need for traditional hand-drawn blueprints, streamlining production and reducing human error (Harrison, 2019). By integrating SolidWorks into the design process, this project aims to reduce material waste through precise measurements and improve overall production efficiency. The use of CAD tools also enhances the design-to-fabrication process, saving both time and resources (Chen & Wang, 2020).

2.6 Fabrication Challenges and Solutions
Advancements in fabrication have improved metal door production, several challenges still arise. Understanding these obstacles and finding effective solutions is crucial for ensuring the final product meets quality standards.
2.6.1 Common Challenges
1. Material Warping – Welding can cause excessive heat, leading to warping and distortion of the metal (Jones, 2021).
2. Misalignment – Improper cutting or welding techniques can result in parts that do not align correctly, affecting the door’s overall integrity (Martinez, 2021).
3. Corrosion Issues – Exposure to moisture or harsh environments can lead to rust formation, weakening the door (Clarkson et al., 2019).
2.6.2 Solutions
1. Preventing Misalignment – Using clamps and fixtures during the assembly process helps maintain proper alignment and ensures that components fit together accurately (Harrison, 2019).
2. Controlling Heat During Welding – Implementing heat control techniques, such as preheating the material or using controlled welding methods, reduces the risk of warping (Gibson & Foster, 2020).
3. Anti-Corrosion Measures – Applying anti-corrosion coatings and using galvanized steel can effectively prevent rust formation, ensuring the door’s longevity in humid or wet conditions (Richardson, 2021).

2.7 Environmental and Safety Considerations
2.7.1 Environmental Impact
The environmental impact of metal door fabrication can be minimized through several sustainable practices:
1. Metal Waste Management – By optimizing cutting patterns, scrap material is minimized, reducing waste (Peterson, 2019).
2. Recycling – Mild steel, one of the most commonly used materials in door fabrication, is fully recyclable, making it an environmentally friendly choice (Edwards, 2020).
3. Non-toxic Paints – Using lead-free primers and non-toxic paints during finishing reduces harmful environmental effects (Gibson & Foster, 2020).
2.7.2 Safety Measures in Fabrication
Ensuring safety in the fabrication process is crucial to preventing accidents and injuries:
1. Personal Protective Equipment (PPE) – Workers are required to wear helmets, gloves, and safety glasses to protect against sparks, sharp objects, and other hazards (Davis, 2021).
2. Fire Safety – Welding involves high temperatures, so fire extinguishers and fire safety protocols must be in place to mitigate fire risks (Martinez, 2021).
3. Proper Ventilation – Ensuring proper ventilation helps avoid the inhalation of harmful fumes that may be produced during welding (Johnson & Lee, 2017).

2.8.0  Finite Element Analysis in Door Design
Finite Element Analysis (FEA) is a powerful simulation tool used to predict the behavior of structural components under various loading conditions. It enables engineers to evaluate stress distribution, displacement, and safety margins before fabrication.
In a study by Ademola et al. (2020), FEA was employed to analyze reinforced metal doors using SolidWorks Simulation. Their findings revealed that the maximum Von Mises stress recorded at the hinge connection areas was approximately 85 MPa, while the maximum displacement observed at the center of the door panel was 0.38 mm. The factor of safety across critical regions ranged between 2.5 to 4.0, ensuring that the doors could withstand operational loads without failure.
The reinforcements introduced in their design improved the overall structural durability by up to 40% compared to non-reinforced doors. This study highlights the significance of applying FEA during the design stage to enhance the strength, durability, and safety of fabricated structures.
2.8.1 Comparison of Welding Techniques in Metal Doors
· Okoro et al. (2021) compared Shielded Metal Arc Welding (SMAW) and MIG welding techniques in the context of metal door fabrication.
· Conclusion: MIG welding produced stronger, cleaner joints, making it the preferred method for high-quality fabrication.
Research and industry practices emphasize several key points about metal door fabrication (Callister & Rethwisch, 2018; Martinez, 2021; Johnson & Lee, 2017; Planchard, 2021):
· Metal doors offer enhanced durability, security, and fire resistance compared to wooden doors, making them ideal for both residential and industrial use (Brown & Taylor, 2018).
· Mild steel is widely regarded as the best material for fabrication due to its strength, cost-effectiveness, and ease of welding (Brooks & Turner, 2021).
· The integration of SolidWorks into the design process improves fabrication efficiency by ensuring design accuracy and reducing waste (Planchard, 2021).
· Previous studies confirm the advantages of CAD-based fabrication methods in producing stronger, more reliable metal doors (Ademola et al., 2020; Harrison, 2019).





CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Material Selection
Appropriate material selection plays a key role in the reliability and lifespan of a metal door. The following materials were selected:
Table 3.1: Materials selection for the door fabrication
	Material
	Specification
	Purpose

	Mild Steel Plate
	2mm thickness
	Door panel – strength and rigidity

	Square Pipe (2x3 inch)
	Mild Steel
	Frame – structural support

	Square Pipe (1x1 inch)
	Mild Steel
	Internal reinforcements

	Flat Bar
	3mm thickness
	Edge finishing and structural support

	Rod
	12mm diameter
	Locking system fabrication

	Hinges
	Stainless Steel
	Door movement support

	Handle & Lock
	Brass/Steel
	Security and user interaction


(Callister & Rethwisch, 2018)





3.1.1 Material Estimation – Frame and Reinforcements
Outer Frame Perimeter:	
2 × (1219 mm + 2134 mm) = 6706 mm ≈ 6.71 m
Adding 10% for waste:	
6.71 m × 1.10 = 7.38 m
Internal Reinforcements:	
3 × 2134 mm + 2 × 1219 mm = 8840 mm = 8.84 m











3.2 Design Process
The design process forms the foundation of the entire fabrication work. It ensures that all technical and functional aspects are clearly defined and executed. For this project, SolidWorks software was used to develop a detailed 3D model of the 4ft x 7ft metal door, allowing for simulations and precise dimensioning before fabrication.
3.2.1 Steps in the Design Process
Conceptualization:
The door concept was developed based on functionality, aesthetics, and security. Key features like frame strength, hinge placement, and locking mechanisms were prioritized (Dieter & Schmidt, 2013).
3D Modeling with SolidWorks:
A full-scale 3D representation was created, including the frame, panels, hinges, and lock mechanisms. This model was also subjected to stress analysis using SolidWorks simulation tools to ensure durability (Planchard, 2021).
The finalized model was transformed into 2D technical drawings. These drawings detailed all critical dimensions and specifications required during fabrication (Madsen & Madsen, 2016).






3.3 Tools and Equipment Used
Table 3.2: Tools and Equipment Used in the Fabrication of the Metal Door
	Tool/Equipment
	Function

	Laptop computer: model with SolidWorks software installed
	3D modeling and drafting

	Welding Machine
	Joins metal components

	Angle Grinder
	Metal cutting and edge preparation

	Measuring Tape & T-Square
	Precision measurement

	Grinding Machine
	Finishing of welds and sharp edges

	Welding Electrodes/Wire
	Consumables for joining metals

	Clamps
	Holds parts in place during welding


(Groover, 2013)

3.3.1 Welding Machine Power Consumption
Power = I × V …………………………..Equation (1) (Groover, M. P. (2013). 
Power = 220 V × 200 A = 44,000 W = 44 kW
Estimated Daily Usage = 44 kW×3 hrs/day = 132 kWh
For three days,
The power consumption = 3×132kWh = 396 kWh


3.4 Design Equations
In engineering design, several standard formulas are applied to evaluate the dimensions, strength, and performance of a fabricated structure. These equations help estimate stress, weight, structural load, and deflection. Below are the core equations used for the design and analysis of the metal door.
3.4.1 Area of the Door Panel
To calculate the surface area of the metal door panel:
A = L × W……………….Equation (2) (Callister, W. D., & Rethwisch, D. G. (2018). 
Where:
A = Area (m²)
L = Height of the door (m)
W = Width of the door (m)

3.4.2 Volume of Metal Used
The volume is obtained by multiplying the area by the thickness of the metal plate:
V = A × t ………………………….Equation (3) (Callister, W. D., & Rethwisch, D. G. (2018). 
Where:
V = Volume (m³)
t = Thickness of metal sheet (m)
3.4.3 Mass of the Door Panel
The mass is calculated using the density of mild steel:
m = ρ × V………………………...Equation (4) (Callister, W. D., & Rethwisch, D. G. (2018). 
Where:
m = Mass (kg)
ρ = Density of mild steel = 7850 kg/m³

3.4.4 Weight of the Door
The weight of the door is derived using the acceleration due to gravity:
W= m × g ……………………….Equation (5) (Gere, J. M., & Goodno, B. J. (2012). 
Where:	
W = Weight (N)
g = 9.81 m/s² (gravitational constant)




3.4.5 Stress on Hinges
Stress is calculated as force per unit area:
σ = …………………………..Equation (6) (Gere, J. M., & Goodno, B. J. (2012). 
Where:
σ = Stress (Pa)
F = Force acting (N)
A = Hinge contact area (m²)

3.4.6 Bending Moment on the Hinge Side
Assuming the door acts as a cantilever beam (fixed at hinges), the bending moment is:
M =  ……………………….Equation (7) (Gere, J. M., & Goodno, B. J. (2012). 
Where:
M = Maximum bending moment (Nm)
L = Horizontal width of the door leaf from hinge to far edge


3.4.7 Heat Input During Welding
The heat input affects warping and penetration:
Q =   ……………………….Equation (8) (Pahl, G., Beitz, W., Feldhusen, J., & Grote, K.-H. (2007). 
Where:
QQQ = Heat input (kJ/mm)
VVV = Voltage (V)
III = Current (A)
SSS = Welding speed (mm/min)

3.4.8 Paint Quantity Estimate

Paint Volume (L) =   ……………………….Equation (9) (Groover, M. P. (2013). 





3.5 Design Calculations
3.5.1 Calculating the Area of the Door
From equation (2)  the SolidWorks design, the double door assembly measures:
Height L = 2.20 m
Width W = 1.36 m
    A = L × W = 2.20 m × 1.36 m = 2.992 

3.5.2 Volume of Metal Plate Used
From equation (3) Using standard mild steel plate thickness of 2 mm = 0.002 m:
         V = A × t = 2.992  × 0.002 m = 0.005984 
3.5.3 Mass of the Door Panel
From equation (4) Using mild steel density ρ=7850 kg/
m = ρ × V = 7850 × 0.005984 = 46.96 kg

3.5.4 Weight of the Door Panel
From equation (5)
W = m×g = 46.96×9.81 = 460.8 N



3.5.5 Load Per Hinge and Stress
From equation (6) Using 6 hinges total (3 per leaf):
Load per hinge:
F =  = = 76.8 N
Hinge	contact area:	
 A = 25 mm × 75 mm = 1875 mm² = 0.001875m²
Stress on each hinge:
σ = = 40,960 Pa = 40.96 kPa
This stress is within the acceptable range for mild steel (yield strength ≈ 250 MPa).

3.5.6 Bending Moment
From equation (7)
Width of one door leaf = 1.36 m / 2 = 0.68 m
M == = 156.6 Nm

3.5.7 Welding Heat Input
From equation (8) Using:
Voltage V = 220 
Current I = 180 A
Speed S = 200 mm/min
Q= = 11.88 kJ/mm

Note: Higher heat input may cause distortion. Thus, clamps and controlled passes were used during welding.

3.5.8 Weld Length Estimate
Outer frame weld length ≈ perimeter = 2 × (2.20 + 1.36) = 7.12 m
Reinforcements and attachments ≈ 1.2 m
Total weld length ≈ 8.3m
3.5.9 Paint Quantity Estimate
From equation (9)
Front + Back = 2 × 2.992 = 5.98 m²
Edges and sides = approx. 0.4 m²
Total area ≈ 6.4 m²
Paint coverage ≈ 8 m²/L
Paint Needed= = 0.8 L ⇒ Rounded to 1 litre

3.6 Fabrication Process
The fabrication of the 4ft by 7ft metal door was carried out using a systematic and sequential approach to ensure structural precision, durability, and ease of assembly. Each phase of the process followed standard metalworking practices that align with established manufacturing procedures, as outlined by Amstead, Ostwald, and Begeman (1987). The process was guided by detailed SolidWorks drawings, which ensured accuracy in dimensioning and part alignment (Planchard, 2021).
3.6.1 Step-by-Step Fabrication Procedure
Material Preparation
The fabrication process began with material preparation. The 2×3 inch mild steel square pipes were cut to specified lengths using an angle grinder, ensuring clean and straight edges for precise fitting (Groover, 2013). Similarly, the mild steel plate used for the door panel was marked and trimmed with care. The panel edges were checked and straightened to allow proper fitting within the door frame.
Frame Construction
The cut square pipes were laid out according to the engineering drawing and joined together using arc welding techniques. Shielded Metal Arc Welding (SMAW) was employed due to its effectiveness for structural welds in steel fabrication (Okoro et al., 2021). Reinforcements using 1×1 inch mild steel pipes were then installed horizontally and vertically to provide internal support and improve the overall rigidity of the frame.
Door Panel Attachment
Once the frame was completed, the steel plate was inserted and aligned within the frame. Spot welding was applied at intervals to avoid thermal deformation. This method was chosen to balance strength with minimal warping due to heat concentration (Chen & Wang, 2020). Continuous welds were applied selectively to secure the panel permanently in place.

Hinge Installation
Two stainless steel hinges were aligned and tack welded to the vertical side of the frame. Their positions were chosen to balance the weight of the door and to ensure proper swing functionality. After final welding, the hinge operation was tested for smoothness and alignment through repeated manual opening and closing (Harrison, 2019).
Locking Mechanism Fabrication
A 12 mm steel rod was cut and welded vertically to serve as a simple internal locking mechanism for the passive door leaf. For the active leaf, a commercially manufactured handle and lock system made from brass and steel were installed. These components were chosen for their durability, resistance to tampering, and ease of use (Davis, 2021).
Surface Finishing
Upon completing the assembly, the entire door surface was ground using an electric grinding tool to remove sharp edges and welding burrs (Richardson, 2021). A primer coat was then applied to protect the steel from corrosion, followed by a weather-resistant paint to improve the aesthetic appearance and further enhance the door’s resistance to environmental exposure (Peterson, 2019).
3.7  Testing and Quality Assurance
Before installation, the fabricated 4ft × 7ft metal door underwent a series of tests to ensure it met all design, structural, and functional specifications. These evaluations were necessary to validate that the final product aligned with the original engineering drawing and satisfied standard quality benchmarks.
3.7.1 Testing Parameters and Methods
Dimensional Accuracy
To ensure the door matched the approved design dimensions, key measurements were verified using a tape rule and a T-square. Particular attention was given to the height, width, frame alignment, and hinge placements. Tolerances were kept within ±2 mm, which is acceptable for manually fabricated structures (ISO 2768-1: General Tolerances for Linear Dimensions).
Structural Integrity
To assess the strength and load-bearing capacity of the door, stress simulations were conducted using SolidWorks Finite Element Analysis (FEA). The simulation helped determine the performance of the door panel and frame under weight and pressure conditions. This virtual validation ensured the design would not experience failure under regular operational loads (Planchard, 2021).
Hinge Alignment
The door hinges were tested by repeatedly opening and closing the door. This manual motion test helped confirm proper alignment, smooth swing operation, and hinge strength. Any signs of misalignment or friction were adjusted before proceeding to the next stage (Harrison, 2019).
Lock Functionality
The lock and handle mechanisms were checked for proper operation. This involved repeatedly engaging and disengaging the lock to ensure smooth key turning, bolt movement, and secure locking. The durability of the locking system was essential for meeting the project's security requirements (Davis, 2021).
Corrosion Resistance
To test the door’s resistance to moisture, a basic surface exposure test was conducted. The fabricated door was left exposed to a humid environment for 48 hours. After this period, the surface was inspected for signs of rust or oxidation. Thanks to the application of primer and weather-resistant paint, the door retained its finish and showed no visible corrosion, indicating proper surface protection (Peterson, 2019).

3.8 Safety Considerations
During the fabrication of the metal door, adherence to safety protocols was paramount to prevent workplace injuries and ensure smooth project execution. Both personal and environmental safety measures were observed throughout the process, in compliance with international standards such as OSHA (2020) and the Health and Safety Executive (HSE, 2019).
3.8.1 Personal Protective Equipment (PPE) Used
All fabrication activities were performed using appropriate personal protective equipment. Welding gloves were worn to protect the hands from heat, sparks, and accidental contact with hot metal. Safety glasses were used to shield the eyes from flying metal particles and sparks generated during cutting and grinding. In addition, a face shield was worn during welding to reduce the inhalation of harmful fumes and to protect the face from radiant heat. Steel-toe boots were also worn to safeguard the feet from falling objects such as steel rods or pipe segments. These safety practices are recommended by OSHA (2020) as part of standard workshop procedures.
3.9 Limitations of the Fabrication Process
Despite the successful completion of the metal door fabrication, several limitations were encountered during the process. These challenges impacted certain stages of production but were managed effectively using practical engineering solutions.
Material Warping
One of the primary issues encountered was the warping of the steel plate caused by excessive heat during welding. This deformation is a common problem in metal fabrication when high localized heat input is not controlled. To minimize distortion, clamps were used to hold components in position, and intermittent welding techniques were adopted to allow the material to cool between weld passes. These measures helped maintain the flatness and structural alignment of the door panel.

Power Supply Issues
Another notable limitation was the unstable electricity supply, which occasionally interrupted the welding process. This inconsistency led to delays and affected the continuity of the welds. To address this, a backup generator was employed to ensure a stable and uninterrupted power supply during critical welding operations, particularly when performing continuous or full-length welds.
Fabrication Time Constraints
Some stages, especially grinding and surface finishing, took longer than initially anticipated. The need for a smooth, professional finish required extra attention to detail, which extended the fabrication time. To overcome this, additional grinding and polishing tools were employed, enabling faster yet accurate finishing operations. These adjustments were based on design and production workflow principles as described by Pahl et al. (2007), emphasizing flexibility and adaptability in manufacturing systems.







 CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Computer-Aided Design
Computer-Aided Design (CAD) played a vital role in the execution of this project, allowing for the visualization, simulation, and generation of precise technical documentation prior to fabrication. SolidWorks software was used due to its powerful suite of tools that support 3D modelling, dimensional detailing, and performance analysis (Planchard, 2021). Through the use of CAD, the design of the 4ft × 7ft metal door was optimized to ensure both structural integrity and fabrication efficiency, minimizing material waste and improving accuracy (Madsen & Madsen, 2016).

4.1.1 Concept design 3D sketches
[image: ][image: ]Figure 4.1 Front view CAD Model                                                       Figure 4.2  Side view CAD Model
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                                 Figure 4.3 Orthographic projection CAD Model
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Figure 4.5 Orthographic projection CAD Model
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                           Fig 4.6. Fabricated 4ft by 7ft metal door after painting
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Fig 4.7. back view after painting



4.2 RESULTS
4.2.1 Finite Element Analysis Results
To further evaluate the structural performance of the fabricated door, a theoretical Finite Element Analysis (FEA) was conducted based on the design calculations and expected service loads. The door was modeled as a mild steel structure subjected to gravitational forces, with fixed support conditions at the hinge zones.
The summarized FEA results are presented in Table 4.1:
	
Table 4.2.1: Finite Element Analysis Results of the Fabricated Door

	Part/Region
	Max Stress (MPa)
	Max Displacement (mm)
	Factor of Safety
	Comments

	Top Beam of Frame
	58.4
	0.10
	4.3
	Safe

	Side Beams of Frame
	51.7
	0.08
	4.8
	Safe

	Door Panel Center
	74.2
	0.42
	3.3
	Acceptable, minor bending

	Hinge Connection Area
	89.1
	0.06
	2.8
	Critical stress area, strong welds needed






4.2.2 Comparison with Design Calculations
A key part of this project was comparing the theoretical design calculations with the actual fabrication outcomes to determine accuracy and validate assumptions.
Table 4.2.2: Comparison Between Design and Actual measurement
	Parameter
	Estimated (Design)
	Actual (Measured)
	Deviation

	Door Height
	2.20 m
	2.19 m
	-1 cm

	Door Width
	1.36 m
	1.35 m
	-1 cm

	Door Area
	2.992 m²
	~2.96 m²
	Slight variation

	Door Mass
	46.96 kg
	~47.2 kg
	+0.24 kg

	Total Weld Length
	8.3 m
	~8.4 m
	+0.1 m

	Paint Quantity Used
	0.8 L
	1.0 L
	+0.2 L

	Stress on Hinge
	40.96 kPa
	Within expected range
	Acceptable

	Bending Moment
	156.6 Nm
	Matches simulation
	None










4.3 DISCUSSIONS
4.3.1 Discussion of Test Results
Figure 4.1, 4,2, 4.3, showed the design CAD model as presented while figure 4.4 and 4.5 showed the orthographic projection CAD model. Figure 4.6 and 4.7 showed the front and back view of the fabricated 4ft × 7ft metal door after painting.
4.3.2 Discussion of Performance Evaluation Test Results
The performance evaluation of the fabricated metal door was based on both visual inspections and functional tests, as guided by standard quality assurance principles. The goal was to verify how well the final product aligned with the initial CAD design, engineering expectations, and functional requirements (ISO 9001:2015).
Measurements taken after fabrication confirmed that the overall height and width of the door were within a ±2 mm tolerance of the design dimensions. This result demonstrated the effectiveness of the SolidWorks technical drawings and the precision cutting techniques used during fabrication (Madsen & Madsen, 2016).
Stress simulation in SolidWorks was used to predict performance under load, and no visible deformation or bending was observed during real-world testing. The internal reinforcements provided sufficient rigidity, validating the reinforcement layout and material thickness used in the design (Planchard, 2021).
Repeated opening and closing cycles were conducted to test hinge smoothness and alignment. The door operated without creaking or sticking, showing that the hinge placement and welding were correctly executed in accordance with proper workshop practice (Harrison, 2019).
The handle and lock mechanism engaged and disengaged smoothly. No jamming or misalignment occurred, even after repeated use, confirming the quality of fitting and installation (Davis, 2021).
The fabricated door was exposed to a humid environment for 72 hours. After inspection, no visible signs of rust or oxidation were present, proving the effectiveness of the applied primer and weather-resistant paint, as recommended by Peterson (2019) for surface protection.
These results affirm that the fabricated door met the project’s intended performance criteria, with minimal deviation from the digital model.
4.3.3 Discussion of Finite Element Analysis Results of the Fabricated Door
From the simulation, the maximum stress of approximately 89.1 MPa was recorded at the hinge connection area. This value remains well below the yield strength of mild steel (250 MPa), ensuring a factor of safety (FOS) of 2.8, which is acceptable for structural applications. The displacement observed across the door frame and panel was minimal, with the maximum deflection occurring at the center of the door panel, estimated at 0.42 mm. Overall, the reinforced door structure demonstrates sufficient strength, rigidity, and safety under expected loading conditions.
4.3.4 Discussion of Comparison Between Design and Actual measurement
From the table above, it's evident that the actual measurements closely aligned with the design calculations. Slight deviations in weight and dimension were well within tolerable limits for hand-fabricated components. The simulation-based stress and moment estimates were validated through field observations during testing.
4.3.5 General Interpretation of Findings
The overall performance of the fabricated metal door validated the effectiveness of both the design process and the fabrication methodology. The close match between theoretical calculations and actual measurements confirmed the reliability of SolidWorks simulations and the engineering assumptions used during design. In particular, the accurate prediction of weight, dimensions, and hinge stress highlighted the strength of the applied methodology. Furthermore, the successful testing of functionality and corrosion resistance demonstrates that when CAD tools are combined with precise fabrication techniques, they can produce durable and reliable engineering solutions.
 	    CHAPTER FIVE
5.0 Conclusion and Recommendations
5.1 Conclusion
This project has demonstrated that design and fabrication of  a functional 4ft × 7ft metal door using Solidworks CAD software and locally available materials, has been successfully achieved.
From the project the following conclusion were drawn:
1. The designed and fabricated metal door met the necessary structural and functional requirements. This demonstrated the effectiveness of the solidworks CAD design and the precision cutting techniques used during fabrication.
2. The result of the Finite Element Analysis recorded 89.1Mpa maximum stress at the hinge area with a maximum displacement of 0.06mm this value remain below the yield strength of mild steel.
3. On the exposure of the fabricated metal door to humid environment for 72 hours after inspection there was no visible sign of rust, proving the effectiveness of the coating.
4. The fabricated door produced is aesthetically acceptable and suitable for residential or commercial use.
5.2 Recommendations
1. It is recommended that future work should include automated cutting or CNC-assisted processes to further improve dimensional accuracy and reduce human error.
2. Stainless steel or powder-coated finishes may be used in future work to improve long-term corrosion resistance in highly humid or coastal environments.
3. Further studies are encouraged on alternative locking systems and hinge mechanisms that offer enhanced security and user comfort.
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 APPENDICES
Fabrication Process
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           A1 door panel and frame                                                                                        A2 Joining of the door panel and pipes
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                              A3 Frame settings                                                                                                                    A4 welding process
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    A5  welding process                                                                                       A6  welding process
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                                  A7  welding process                                                                                                          A8  welding process
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                                        A9.  Grinding process
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                                                     A10.  Grinding process
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                         A11. Fabricated 4ft by 7ft metal door before painting
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                         A12. Fabricated 4ft by 7ft metal door after painting
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