



KWARA STATE POLYTECHNIC

FABRICATION OF GAS CYLINDER CAGE



Presented by:

ADEMORIYO OLUWATIMILEYIN MATHEW
A PROJECT REPORT SUBMITTED TO THE 
DEPARTMENT OF MECHANICAL ENGINEERING
INSTITUTE OF TECHNOLOGY,  
KWARA STATE POLYTECHNIC, ILORIN
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE AWARD OF NATIONAL DIPLOMA (ND) IN MECANICAL ENGINEERING












CERTIFICATION
The undersigned certify that this project report titled Fabrication Of Gas Cylinder Cafe was prepared by Ademoriyo Oluwatimileyin Mattew with matriculation number ND/23/MEC/FT/0010  meets the requirement for the award of National Diploma (ND) in the department of Mechanical Engineering, Kwara State Polytechnic, Ilorin, and was approved for its contribution to knowledge and literacy presentation.   



Engr. Dr.L.B Abdulqadir
Project Supervisor							Date


Engr. Salami Hammed Olateju.
Project Coordinator						Date


Engr. Ayantola Abdulwaheed A.
Head of Department	 					Date


Engr. Durotoye Joshua Adedapomola
External Examiner							Date








DEDICATION
This report is dedicated to God Almighty for his grace and mercy upon my life.

























                                                      ACKNOWLEDGENT
I am greatly indebted to my parents, for their morally, spiritually and financially word of encouragement and prayer given to me. 
I also want to than my guidance and everyone that Contributed to my success, and also a very huge THANK YOU to my Project Supervisor, colleagues, and classmates for the tremendous moral assistance.    



















	ABSTRACT
This project involves the design and fabrication of a gas cylinder cage as a practical solution to ensure the safe storage and handling of gas cylinders within institutional or domestic settings. The primary objective is to apply fundamental engineering principles to create a functional and secure structure that protects gas cylinders from external damage, unauthorized access, and environmental exposure. Mild steel was selected as the primary material due to its affordability, availability, and mechanical strength. The fabrication process included measuring, cutting, welding, grinding, and painting—all performed using standard workshop tools and techniques. Emphasis was placed on creating a design that incorporates proper ventilation, ease of access, and structural stability. This project not only enhances technical skills such as material handling and fabrication but also reinforces the importance of safety in engineering applications. The completed gas cylinder cage serves as a demonstration of effective design thinking and hands-on execution in a real-world safety context.
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CHAPTER ONE
1.0	Introduction of Gas Cylinder Cage
Industrial Storage Cabinets are used in a variety of industrial environments to store gas cylinders, such as factories, warehouses, power stations, laboratories, workshops and more. Examples of gas cylinders that are commonly stored in safety cabinets include LPG cylinders, acetylene cylinders, aerosol cans, forklift gas bottles and other compressed gas cylinders. 
1.1 Background of Gas Cylinder Cage
Gas cylinders are used in a variety of industries, including manufacturing, healthcare, and construction. These cylinders contain compressed gases that can be dangerous if not handled properly. To prevent accidents and ensure the safety of workers and the public, it is important to use gas cylinder cages. These cages are designed to securely store gas cylinders and prevent them from being damaged or causing harm. 
1.1.1 	On-Site Use
Gas cylinder cages are essential for on-site use, especially in industries that rely heavily on these cylinders. For example, construction sites often use gas cylinders to power tools and equipment. These cylinders can be a hazard if they are knocked over or damaged in some way. A gas cylinder cage provides a secure storage solution that prevents cylinders from tipping over or being damaged by other equipment. 
In addition to preventing accidents, gas cylinder cages also help to prevent theft. Gas cylinders can be expensive, and some people may be tempted to steal them. A gas cylinder cage provides a secure storage solution that makes it difficult for thieves to access the cylinders. 
1.1.2 	INDUSTRIAL USE
Gas cylinder cages are also important in industrial settings. Many manufacturing facilities use gas cylinders to power machinery and equipment. These cylinders can be dangerous if they are not handled properly. A gas cylinder cage provides a secure storage solution that prevents cylinders from being damaged or causing harm. 
In addition to preventing accidents and theft, gas cylinder cages also help to prevent contamination. Gas cylinders can be contaminated if they are exposed to certain chemicals or substances. A gas cylinder cage provides a secure storage solution that prevents contamination from occurring.  
1.1.3 	Hospital Use
Gas cylinder cages are also used in hospitals. Many medical gases, such as oxygen and nitrous oxide, are stored in gas cylinders. These gases are essential for patient care, but they can be dangerous if they are not handled properly. A gas cylinder cage provides a secure storage solution that prevents cylinders from being damaged or causing harm. 
1.2	Aims and Objectives of Fabrication ofa Gas Cylinder Cage
1.2.1	Primary Objectives
[A] Safety: To provide a secure and stable storage solution for gas cylinders.
[b] Protection: To protect the gas cylinders from damage, tampering, or unauthorized access. 
[c]   Organization: To keep gas cylinders organized, easily accessible, and identifiable. 
[d]Regulations: Research applicable standards, such as OSHA (29 CFR 1910.253 for welding gases), NFPA 55 (Compressed Gases), or local codes. For transport, check DOT regulations. 
[e]Capacity: Decide how many cylinders the cage will hold (e.g., 4, 8, or more). 
[f]Environment: Consider indoor vs. outdoor use (weather resistance, ventilation) and whether the cage needs to be mobile (wheels) or stationary. 
1.2.2		Secondary Objectives

[a] Compliance: To comply with regulatory requirements and industry standards for gas cylinder storage. 
[b] Space optimization: To optimize storage space, allowing for more efficient use of facilities. 
[c]   Security: To prevent theft or misuse of gas cylinders. 
[d]   Environmental protection: To prevent gas cylinder leaks or spills that could harm the environment.                 
1.2.3 	Overall Aim

The overall aim of a gas cylinder cage is to provide a safe, secure, and organized storage solution for gas cylinders, minimizing risks and ensuring compliance with regulatory requirements. 
1.3	Scope of The Study of Fabrication of Gas Cylinder Cage  
1.3.1	Primary Focus

[a]Design and construction: Investigating the design and construction of gas cylinder cages, including materials, dimensions, and structural integrity. 
[b] Safety features: Examining the safety features of gas cylinder cages, such as ventilation, locking mechanisms, and protective coatings. 
[e] Storage and handling: Studying the storage and handling practices of gas cylinders within the cage, including capacity, accessibility, and security. 
1.3.2 Secondary Focus
[a]Regulatory compliance: Investigating the compliance of gas cylinder cages with relevant regulations, standards, and guidelines. 
[b] Risk assessment: Conducting a risk assessment of gas cylinder cages, including potential hazards, consequences, and mitigation strategies. 
[c] Maintenance and inspection: Examining the maintenance and inspection requirements of gas cylinder cages, including schedules, procedures, and record-keeping. 
1.3.3		Overall Aim 
The overall objective of the study is to provide a comprehensive understanding of gas cylinder cages, including their design, safety features, storage and handling practices, regulatory compliance, risk assessment, and maintenance and inspection requirements. 
1.4	Literature Review History of Fabrication Of Gas Cylinder Cage
The history of gas cylinder cages dates back to the early 20th century, when gas cylinders were first widely used in industrial and commercial applications. 
1.4.1 	Early Development(1900s-1940s)
[a]Basic Storage: Initially, gas cylinders were stored in simple racks or stands, with little attention paid to safety or security. 
[b]Introduction of Cages: As the use of gas cylinders increased, cages began to be used to store and secure them. These early cages were often made of wood or metal and provided basic protection.Mid-20th Century Advancements (1950s-1980s)
[c] Standardization: The introduction of standardized gas cylinder sizes and valve types led to the development of more specialized cages. 
[d] Improved Materials: The use of durable materials like steel and aluminum became more widespread, allowing for the construction of stronger and more secure cages. 
[e]Safety Meatures: Cages began to incorporate safety features like ventilation, locking mechanisms, and protective coatings. 
1.4.2		Modern Development (1990s-Present)
[a] Regulatory Compliance: The introduction of regulations and standards governing gas cylinder storage led to the development of cages that meet specific safety and security requirements. 
[b] Advanced Materials: The use of advanced materials like fiberglass and composite materials has led to the creation of lighter, stronger, and more corrosion-resistant cages. 
[c]   Customization: Modern cages can be customized to meet specific industry or application requirements, such as hazardous environments or high-security facili
























                                                           CHAPTER TWO
2.0	Types of Fabrication of Gas Cylinder Cage
Gas cylinder cages are fabricated using a variety of methods, including welding, steel mesh, and hot-dip galvanizing.  
2.0.1	Welding

[a]Seam Welding: Used to create a secure, leak-proof seam along the cylinder's longitudinal seam 
[B] Handle and Base Ring Welding: Used to attach the cylinder's handles and base ring 
[c]Valve Boss Welding: Used to attach the valve boss to the top of the cylinder 
[d]Steel Mesh: Used for the sides and doors of gas cylinder cages to provide ventilation and prevent gas buildup Can be used in industrial rigid folding stackable containers  
[e]Modular Design: Allows for expanding the storage capacity as needed 
[f]Zinc-coating: Used to ensure resistance to weather and corrosion 
[g]Safety Locking System: Prevents unauthorized access 
[h]Flat-packing: Used for easy on-site construction 
[i]Pre-drilled: Used to allow secure floor fixing 
Gas cylinder cages are used to protect people and property from the hazards of highly pressurized gases.  
2.1	Advantages and Disadvantages of Gas Cylinder Cage
A gas cylinder cage offers significant advantages in terms of safety by protecting gas cylinders from physical damage, preventing accidental spills, and ensuring compliance with regulations, but potential disadvantages include added cost, potential for improper usage if not secured correctly, and limited accessibility when needed to access individual cylinders within the cage.  
2.1.1		Advantages of Gas Cylinder Cage
[a] Enhanced Safety: The primary benefit of a gas cylinder cage is the increased safety it provides by preventing cylinders from falling, colliding, or being struck by other objects, significantly reducing the risk of leaks or damage.  
[b]Protection from Environmental Factors : Cages shield cylinders from extreme temperatures, moisture, and UV radiation, which can negatively impact their integrity and lifespan.  
[c] Compliance with Regulations: Most industrial and commercial settings require gas cylinders to be stored in secure cages to meet safety standards and regulations.  
[d] Organization and Containment: Cages help maintain order in storage areas by keeping cylinders neatly contained and preventing them from rolling around.  
2.2	Types of Gas Cylinder Cage
Gas cylinder cages come in many types, including cabinets, stillage cages, racks, and modular cages. They are used to store and transport gas cylinders safely.  
[a]Gas Cylinder Cabinets: Independent structures that can be moved around a facility and come in different sizes  
[b]Gas Cylinder Stillage Cages: Secure storage solutions that can be transported by crane or forklift  
[c]Gas Cylinder Racks: Cages that can store and transport compressed gas cylinders  
[d]Modular Gas Cages: Galvanized cages that can be bolted together and are quick and easy to erect and dismantle  
[e]AluminumGas Cylinder Storage Cages: 100% welded aluminum lockers that are designed to store and handle LPG and compressed gases  
2.2.1		Uses of Gas Cylinder Cages
I.      Storing gas cylinders and associated equipment on building sites and mines 
ii.       Keeping, protecting, and transporting cylinders around a worksite 
iii.       Safely storing and handling LPG and compressed gases in cylinders 
2.3	Factors to Consider Before Fabrication of a Gas Cylinder Cage
Before fabricating a gas cylinder cage, several factors should be considered: 
2.3.1		 Safety Factors
[a]Material Selection: Choose materials that are durable, corrosion-resistant, and suitable for the intended environment. 
[b] Structural Integrity: Ensure the cage is designed to withstand various loads, including wind, seismic, and impact forces. 
[c] Ventilation: Provide adequate ventilation to prevent the accumulation of flammable gases. 
[d] Fire Resistance: Consider using fire-resistant materials or designing the cage to meet specific fire resistance ratings. 
2.3.2		Regulator Factors 
[a]Compliance with Regulations: Ensure the cage meets relevant regulations, standards, and guidelines, such as OSHA, ASME, or local building codes. 
[b]Permitting and Approvals: Obtain necessary permits and approvals before fabrication and installation. 
2.3.3		Operational Factors
[a]Cylinder Size and Type: Design the cage to accommodate the specific size and type of gas cylinders to be stored. 
[b] Accessibility: Ensure easy access to the cylinders for maintenance, inspection, and replacement. 
[c] Security: Consider adding security features, such as locks or fencing, to prevent unauthorized access. 
[d] Maintenance: Design the cage to facilitate easy maintenance, including cleaning and inspection. 
2.3.4 		Environmental Factors
[a] Weather Resistance: Ensure the cage is designed to withstand various weather conditions, including rain, snow, and extreme temperatures. 
[b]Corrosion Protection: Apply corrosion-resistant coatings or use materials that can withstand corrosive environments. 
[c] Drainage: Provide adequate drainage to prevent water accumulation and reduce the risk of corrosion. 
2.3.5		Cost Factors
[a] Material Costs: Consider the cost of materials, including the frame, panels, and accessories. 
[b]Fabrication Costs: Estimate the cost of fabrication, including labor and equipment expenses. 
[c] Installation Costs: Consider the cost of installation, including site preparation and transportation expenses. 
By considering these factors, you can design and fabricate a gas cylinder cage that meets safety, regulatory, operational, environmental, and cost requirements. 

2.4	Types of Gas Cylinder
There are several types of gas cylinders, classified based on their:
[a]Materials
[i] Steel Cylinders: Made from steel, these cylinders are durable and resistant to corrosion. 
[ii] Aluminum Cylinders: Lightweight and corrosion-resistant, aluminum cylinders are often used for portable applications. 
[iii] Fiber-reinforced Polymer (FRP) Cylinders: Made from a composite of fibers and polymers, these cylinders are lightweight, corrosion-resistant, and suitable for high-pressure applications. 
[b]Size 
[i]Small Cylinders: Typically used for laboratory, medical, or portable applications, these cylinders have a capacity of up to 10 liters. 
[ii] Medium Cylinders: Used for industrial and commercial applications, these cylinders have a capacity of 10-50 liters. 
[iii] Large Cylinders: Used for high-volume applications, such as industrial processes or bulk storage, these cylinders have a capacity of over 50 liters. 
[c]Valve Type
[i]CGA (Compressed Gas Association) Valves: Used for industrial and medical applications, these valves meet specific safety standards. 
[ii]DIN (Deutsches Institut für Normung) Valves: Used for European applications, these valves meet specific safety and performance standards. 
[iii] JIS (Japanese Industrial Standard) valves: Used for Japanese applications, these valves meet specific safety and performance standards. 
[d] Gas Type
[i] Oxygen Cylinders: Used for medical, industrial, and welding applications. 
[ii] Nitrogen Cylinders: Used for industrial, laboratory, and food processing applications. 
[iii] Argon Cylinders: Used for welding, cutting, and shielding applications. 
[iv] Carbon Dioxide Cylinders: Used for food and beverage, medical, and industrial applications. 
[v] Helium Cylinders: Used for balloon inflation, medical, and industrial applications. 
[e]Pressure Rating
[i] Low-pressure Cylinders: Rated for pressures up to 2000 psi (137 bar). 
[ii] Medium-pressure Cylinders: Rated for pressures between 2000-5000 psi (137-345 bar). 
[iii] High-pressure Cylinders: Rated for pressures above 5000 psi (345 bar). 
[bookmark: _Toc202477329]These classifications help determine the correct cylinder type for specific applications, ensuring safe and efficient use. 
2.5	Types of Gas Cylinder Use In Different Sector 
2.5.1	Industrial Sector
i.  Oxygen (O2) Cylinder: for welding, cutting and combustion 
ii. Acetylene (C2h2):used with oxygen in gas welding
iii. Argon (Ar) Cylinder: used in TIG and MIG welding
iv.  Carbon Dioxide (Co2) Cylinders: use for shielding gas and dry ice production
v.   Nitrogen (N2): Cylinder: use in inerting  purging and testing
vi.  Hydrogen (H2) Cylinder: use in reining hydrogenation and fuel cells
2.5.2		Medical Sector
i	medical Oxygen Cylinder: used for respiratory therapy
ii	Nitrous Oxide (N2o) Cylinder: used as an anesthetic
iii	Medical Air Cylinder: used in ventilator and hospital air supply
iv	Carbon Dioxide Cylinder: used in laparoscopic surgeries
v	Helium Oxygen Mixtures (Heliox):use for respiratory treatment in specific cases
2.5.3		Domestic Sectors
I.    Liquefied Petroleum Gas (L.P.G) Cylinder: used for cooking and heating
ii.    Compressed Natural Gas (C.N.G) Cylinder: used in C.N.G powered home generators or stove in some region
2.5.4		Laboratory and Research Sector
I.    Calibration Gas Cylinder: used for gas analyzers and detectors
ii.  Specialty Gas Cylinder: high purity gases like helium, argon and nitrogen
iii.  Toxic Gas Cylinder: such as chlorine, Sulphur dioxide (SO2): used under controlled condition


2.5.5		Automotive and Transport Sector
I.             C.N.G Cylinders: used in vehicle for fuel
ii.            Hydrogen Fuel Cylinder: used in hydrogen powered vehicle




CHAPTER THREE

3.0	The Material That Is Required for Fabrication of Gas Cylinder Cage
To fabricate a gas cylinder cage, the primary material needed is mild steel sheet metal (often referred to as "structural steel"), which is typically used to create the cage's frame, walls, and door, with additional components like reinforcing bars, hinges, locking mechanisms, and faners made from similar steel alloys depending on the design and desired strength level[1].
3.1 	Key Point About the Materials Used 
[a] Steel Type: Most gas cylinder cages use mild steel due to its balance of strength and affordability.  
[b] Galvanization: To enhance corrosion resistance, the steel components are often hot-dip galvanized, providing a protective zinc coating.  
3.1.1		Other Component 
a) Steel Pipe: used for the frame structure (rails, door frame) and its provides strength and rigidity. 
b) Wire Mesh: a grid made of intersecting steel wires, welded or woven together. Themesh can have a square rectangular or diamond-shaped opening. It provides ventilation so gases do not accumulate. 
c) Hinges: mechanical component that allows a door to pivot open and closed. It enables the door or access gate to swing.
d) Steel Plate: flat, solid sheet of steel that come in various thickness (3mm, 5mm, 10mm). it used for base plate so the cylinder could sit on it.



3.2	Properties of Materials Used in The Fabrication of Gas Cylinder Cage
The properties of materials used in the fabrication of gas cylinder cages are crucial for ensuring the safety and durability of the cage. Here are some common materials used and their properties [2]: 
[a] Steel 
[i] Strength: High tensile strength (up to 1000 MPa) and yield strength (up to 500 MPa). 
[ii] Durability: Resistant to corrosion, wear, and tear. 
[iii] Cost: Relatively low cost compared to other materials. 
[iv] Weld Ability: Easy to weld and fabricate. 
[b] Aluminum
[i] Lightweight: Low density (approximately 2.7 g/cm³) makes it ideal for portable applications. 
[ii] Corrosion Resistance: Naturally resistant to corrosion, but may require additional coatings for harsh environments. 
[iii] Strength: Moderate tensile strength (up to 600 MPa) and yield strength (up to 300 MPa). 
[iv] Cost: Higher cost compared to steel. 
[c] Fiber-Reinforced Polymer (FRP)
[i] Lightweight: Low density (approximately 1.5-2.5 g/cm³) makes it ideal for portable applications. 
[ii] Corrosion Resistance: Resistant to corrosion, chemicals, and UV light. 
[iii] Strength: High tensile strength (up to 1000 MPa) and yield strength (up to 500 MPa). 
[iv] Cost: Higher cost compared to steel and aluminum. 
[d] Stainless Steel
[i] Corrosion Resistance: Highly resistant to corrosion, especially in harsh environments. 
[ii] Strength: High tensile strength (up to 1000 MPa) and yield strength (up to 500 MPa). 
[iii] Durability: Resistant to wear, tear, and fatigue. 
[iv] Cost: Higher cost compared to steel and aluminum. 
[e]Other Materials
[i] Wood: May be used for non-structural components, such as shelves or panels. 
[ii] Plastics: May be used for non-structural components, such as covers or containers. 
[iii] Coatings: May be applied to steel or aluminum to enhance corrosion resistance or aesthetics. 
3.3	Selection of Material
In the selection of materials for the fabrication of the gas cylinder cage, some factors must be considered, such as[3]:
[a] Environmental Conditions: Temperature, humidity, exposure to chemicals or corrosive substances.
[b] Load and Stress: Weight of the cylinders, wind, seismic, or impact forces. 
[c] Safety and Regulations: Compliance with relevant regulations, standards, and guidelines. 
[d]Cost and Budget: Balance between material cost, fabrication cost, and overall project budget. 
[e] Aesthetics and Design: Visual appeal, ease of use, and functionalities 
3.4. 	Fabrication procedures of Gas Cylinder Cage
a) Design and Preparation: finalize the dimension’s base on cylinder size (12.5kg cylinder) prepare material cutting list and fabrication drawing.
b) Cutting of Materials: use a cutting saw (or cutting disc on a grinder to cut the frame members into sizes.
c) Assemble Base Frame: layout and tack weld the base rectangles or square of the cage frame. 
d) Weld Upright Post: fully weld all base joint after confirming alignment.
e) Assemble Top Frame: ensure squareness and level before fully welding.
f) Fit Wall Panel/Mesh: cut mesh or sheet panel to fit between frame member. 
g) Fabricate and Fit Door: assemble the door frame and attach mesh to it.
h) Fit Roof and Base Plate: weld roof frame or sheet if applicable 
i) Fit Cylinder Restraints: weld or bolt in chain brackets, straps, or securing points inside the cage to prevent cylinder from falling.
j) Surface Finishing: clean all welds and surface using an angle grinder apply anti-rust primer. Finalize with powder coating, industrial paint, depending on environment.
[image: ]
Fig 3.1 Marking out 0f steel pipe during the fabrication of cylinder cage
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FIG 3.2: CUTTING OF METAL PIPE During Fabrication Processes
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FIG 3.3: WELDING OF JOINTS
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Fig 3.4 fabrication of cylinder carrier during fabrication 
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Fig 3.5 completion of cylinder carrier after fabrication 
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Fig 3.6 Backward view of cylinder cage during fabrication 








3.5	Procedure in Summary of a Gas Cylinder Cage
A gas cylinder cage procedure typically involves securely storing gas cylinders within a designated, enclosed area with proper ventilation, ensuring cylinders are upright, properly secured against movement, clearly labeled, and separated based on gas type, all while following safety protocols like wearing protective gear and maintaining a designated storage area away from ignition sources[4].  
3.5.1		Key Steps in Gas Cylinder Cage Procedures
[a] Preparation: 
Select a designated, well-ventilated storage area for the cage.  
Ensure the cage is structurally sound and meets safety standards.  
Wear appropriate personal protective equipment (PPE) like gloves and safety glasses.  
[b] Cylinder Handling: 
Visually inspect each cylinder for damage, leaks, or expired labels.  
Use proper lifting techniques to transport cylinders to the cages, avoiding dragging or dropping.  
Securely fasten cylinders within the cage using designated brackets or straps to prevent movement.  
[c] Storage Organization: 
Separate cylinders based on gas type, ensuring incompatible gases are not stored together.  
Clearly label each cylinder with the gas type and relevant information.  
Implement a "First In, First Out" (FIFO) system for cylinder rotation.  
[d] Safety Measures: 
I. Maintain proper ventilation within the storage area to prevent gas buildup.  
ii. Keep the cage door securely closed when not in use.   
iii. Post clear signage regarding safety protocols and emergency procedures.  
iv. Regularly inspect the cage and cylinders for any signs of damage or deterioration.  
3.5.2		Important Consideration 
[a] Gas Compatibility: 
Always check manufacturer guidelines for proper gas separation within the cage. 
[b] Fire Safety: 
Ensure the storage area is located away from potential ignition sources like open flames or electrical equipment. 
[C] Emergency Procedures: 
Establish clear procedures for handling leaks or emergencies related to gas cylinder storage.  
3.6	Fabrication Operations
Fabrication operations are the processes used to shape, cut, or mold materials into items. These operations include cutting, forming, punching, stamping, shearing, and welding[5].  
[a]Fabrication Operations: Cutting: A machine applies force to a flat metal workpiece 
[b]Forming: A method of constructing, building, forging, and uniting parts or structures  
[c]Punching: A punch press creates holes in the metal workpiece  
[d]Welding: A part of the fabricating process that joins pieces of metal together  
[e]Bending: A complex process with many variables that can lead to defects if not controlled properly
[f]Assembly: Uses parts or components made specifically for the purpose


3.6.1		Fabrication Process
Fabrication is the overall process of manufacturing metal. The time required to produce a part depends on its complexity, the procedures involved, and the workload of the machine shop[6].  
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Fig 3.7 Front view of cylinder cage during fabrication processes
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Fig 3.8 Opening of Cylinder Cage after Complete Fabrication 
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Fig 3.9 Complete Fabrication of the Cylinder Cage 




3.7	Welding Joints
Welding joints are connections between pieces of metal that are created by welding. There are many types of welding joints, including edge, lap, tee, butt, corner, and bevel groove joints[7]. 
3.7.1		Types of Welding Joints
[a] Edge Joint: A weld between two pieces of metal along their edges. This joint is often used in sheet metal fabrication. 
[b] Lap Joint: A common joint in laser welding.  
[c]Tee Joint: A joint shaped like the letter "T" that is formed by two welded members at 90-degree angles. 
[d] Butt Joint: A joint formed when two metal pieces are placed in the same plane and joined along their edges.  
[e] Corner Joint: A joint that involves two pieces that are fused at a 90-degree angle.  
[f] Bevel Groove Weld: A joint used to create a strong joint between two pieces of metal that are at an angle to each other. When choosing a welding joint, you should consider the material, thickness, welding process, and intended use of the weld  
3.8	Precautions Against Any Other Risk When Fabricating a Gas Cylinder Cage 
When fabricating a gas cylinder cage, consider the following precautions to mitigate additional risks: 
3.8.1	Structural Integrity 
[a] Design for Strength: Ensure the cage is designed to withstand various loads, including weight, impact, and environmental factors. 
[b] Material Selection: Choose materials that meet or exceed relevant standards (e.g., ASME, ASTM) for strength, durability, and corrosion resistance. 
[c]Welding and Assembly: Follow proper welding and assembly techniques to prevent weaknesses or defects. 
3.8.2	Safety Features
[a] Secure cylinder Retention: Design the cage to prevent cylinders from shifting or falling during transport or storage. 
[b] Ventilation and Drainage: Ensure adequate ventilation and drainage to prevent moisture accumulation and potential corrosion. 
[c] Protective Coatings: Apply protective coatings or linings to prevent corrosion and damage. 
3.8.3	Handling and Transportation 
[a] Proper Lifting and Handling: Design the cage for safe lifting and handling, with secure attachment points and balanced weight distribution. 
[b] Transportation Restraints: Ensure the cage is properly restrained during transportation to prevent shifting or detachment. 

3.8.4	Regulation Compliance
[a] Comply with Standards: Adhere to relevant industry standards (e.g., ASME, DOT, ISO) for gas cylinder cages. 
[b[ Local Regulations: Familiarize yourself with local regulations and codes governing gas cylinder storage and transportation. 

3.8.5	Environmental Consideration 
[a] Corrosion Protection: Protect the cage from corrosion, especially in harsh environments or when storing cylinders containing corrosive gases. 
[b] Weather Resistance: Design the cage to withstand various weather conditions, including extreme temperatures, humidity, and precipitation. 

3.8.6	Quality Control and Testing 
[a] Inspect Materials and Workmanship: Regularly inspect materials and workmanship to ensure quality and detect potential defects. 
[b] Testing and Certification: Conduct testing and obtain certification from relevant authorities or third-party organizations to verify the cage's safety and performance. 

3.9	Problems Encountered When Fabricating a Gas Cylinder Cage  
When fabricating a gas cylinder cage, you may encounter the following problems: 
[A] Design and Planning Issues 
[i] Inadequate Space for Cylinders: Insufficient space for cylinders, valves, and protective caps. 
[ii] Inadequate Ventilation: Poor ventilation design, leading to moisture accumulation and corrosion. 
[iii] Incompatible Materials: Using materials that are not compatible with the gas cylinders or environmental conditions. 
[b] Fabrication and Welding Issues 
[i] Warped or Distorted Frames: Frames that are not properly aligned or welded, leading to structural weaknesses. 
[ii] Inadequate Weld Penetration: Insufficient weld penetration, leading to weak joints. 
[iii] Porosity or Cracks in Welds: Porosity or cracks in welds, compromising the structural integrity. 
[C] Material and Supply Chain Issues
[I] Material Defects: Defects in materials, such as cracks, corrosion, or damage during transportation. 
[ii] Supply Chain Disruptions: Delays or shortages in material delivery, affecting fabrication timelines. 
[iii] Non-compliant Materials: Using materials that do not meet relevant standards or regulations. 
[d] Safety and Regulatory Issues 
[i] Non-compliance with Regulations: Failure to meet relevant regulations, standards, or codes. 
[ii] Inadequate Safety Features: Insufficient safety features, such as protective coatings or ventilation. 
[iii] Lack of Proper Labeling: Inadequate labeling or signage, leading to confusion or accidents. 
[e] Quality Control and Testing Issues 
[i] Inadequate Inspection: Insufficient inspection or testing, leading to undetected defects. 
[ii] Inadequate Testing Procedures: Inadequate testing procedures, leading to incomplete or inaccurate results. 
[iii] Lack of Certification: Failure to obtain necessary certifications or approvals. 
[f] Environment and Storage Issues 
[i] Corrosion or Damage: Corrosion or damage due to exposure to harsh environments. 
[ii] Inadequate Storage: Inadequate storage conditions, leading to damage or degradation. 
[iii] Pest or Rodent Infestation: Pest or rodent infestation, compromising the integrity of cage 
3.10	Bills of Engineering Measurement And Evaluation (BEME) 
3.10.1    Measurement and Evaluation Criteria
[a] Dimensional Accuracy: Verify that the fabricated cage meets the specified dimensions and tolerances. 
[b] Material Quality: Inspect the material used for fabrication to ensure it meets the specified requirements. 
[c] Welding Quality: Evaluate the welding quality to ensure it meets the specified requirements. 
[d] Structural Integrity: Verify that the fabricated cage can withstand the specified loads and stresses. 
[e] Safety Features: Inspect the cage to ensure that it includes the required safety features, such as ventilation and locking mechanisms. 
[f] Finishing: Evaluate the finishing of the cage to ensure it meets the specified requirements. 
3.10.2   Evaluation Metrology 
[a] Visual inspection: Conduct a visual inspection of the fabricated cage to identify any defects or deviations from the specifications. 
[b] Dimensional Checks: Verify the dimensions of the fabricated cage using measuring instruments. 
[c] Material Testing: Conduct material testing to verify the quality of the material used for fabrication. 
[d] Welding Inspection: Inspect the welding quality using non-destructive testing methods. 
[e] Load Testing: Conduct load testing to verify the structural integrity of the fabricated cage. 

3.10.3       Acceptance Criteria 
The fabricated gas cylinder cage shall be deemed acceptable if it meets the following criteria: 
[a] Dimensional Accuracy: The fabricated cage meets the specified dimensions and tolerances. 
[b] Material Quality: The material used for fabrication meets the specified requirements. 
[c] Welding Quality: The welding quality meets the specified requirements. 
[d] Structural Integrity: The fabricated cage can withstand the specified loads and stresses. 
[e] Safety Features: The cage includes the required safety features. 
[f] Finishing: The finishing of the cage meets the specified requirements.

	S/N
	Description
	Material and size
	Quatity 
	Rate
	cost

	A
	Steel Pipe
	
	
	
	#30,000

	B
	Stainless Steel Plate
	
	
	
	#8000

	C
	Electrode
	Gauge 12
	1 Packet
	
	#9000

	D
	Cutting Disc
	
	
	
	#1800

	E
	Wire Glaze
	
	
	
	#7000

	F
	Hinges
	
	
	
	#1000

	G
	Paint
	3 Ltrs
	
	
	#8000

	H
	Workmanship
	
	
	
	#15000

	I
	Miscellous
	
	
	
	#3000

	TOTAL
	
	
	
	
	#82,800

	











































CHAPTER FOUR

4.0	Description of The Gas Cylinder Cage Component For A 12.5 Kg Cylinder 
A	Main Frame
[i] Material: Steel or aluminum alloy 
[ii] Size: 1.5 mm or 2 mm thick, 50 mm x 50 mm or 60 mm x 60 mm square tube 
[iii] Length: Approximately 1.8 meters (6 feet) to accommodate 12-16 cylinders 
[iv] Finish: Powder coated or painted for corrosion protection 
B.	Cylinder Holder 
[i] Material: Steel or aluminum alloy
[ii] Size: 100 mm x 100 mm x 300 mm (4" x 4" x 12") or customized to fit specific cylinder sizes 
[iii] Type: Individual holders or baskets to secure each cylinder 
[iv] Finish: Powder coated or painted for corrosion protection 
C.	Cage Panels 
[i] Material: Steel or aluminum alloy 
[ii] Size: 1.5 mm or 2 mm thick, 500 mm x 500 mm (20" x 20") or customized to fit specific cage sizes 
[iii] Type: Welded  
[iv] Finish: Powder coated or painted for corrosion protection 
D.	Roof and Floor Panel
[i] Material: Steel or aluminum alloy
[ii] Size: 1.5 mm or 2 mm thick, 500 mm x 500 mm (20" x 20") or customized to fit specific cage sizes 
[ii] Type: Welded or bolted to the main frame 
[iii] Finish: Powder coated or painted for corrosion protection 

E.	Doors and Locking Mechanics 
[i] Material: Steel or aluminum alloy
[ii] Size: Customized to fit specific cage sizes 
[iii] Type: Hinged doors with locking mechanism (e.g., padlock or digital lock) 
[iv] Finish: Powder coated or painted for corrosion protection 
F.	Ventilation and Drainage
[i] Material: Steel or aluminum alloy
[ii] Size: Customized to fit specific cage sizes 
[iii] Type: Ventilation holes or slots to ensure airflow and drainage 
[iv]Finish: Powder coated or painted for corrosion protection 
G.	Safety Features 
[i] Material: Steel or aluminum alloy 
[ii] Size: Customized to fit specific cage sizes 
[iii] Type: Safety features such as cylinder restraints, safety chains, or anti-tip brackets 
[iv] Finish: Powder coated or painted for corrosion protection 
H.	 Finish and Coating 
[i] Material: Powder coating or paint 
[ii] Color: Customized to fit specific requirements (e.g., safety colors or company branding) 
[ii] Finish: Smooth, textured, or matte finish 
I.	Certification and Compliance 
[i] Material: Compliant with relevant industry standards (e.g., ASME, OSHA, or EN) 
[ii] Design: Compliant with relevant industry standards (e.g., ASME, OSHA, or EN) 
[iii] Manufacturing: Compliant with relevant industry standards (e.g., ISO 9001 or AS9100) 
4.1	GENERAL DESCRIPTION OF THE COMPONENTS OF GAS CYLINDER CAGE  
Here is a general description of a cylinder cage: 
4.1.1	DEFINITION
A cylinder cage, also known as a gas cylinder cage or gas cylinder storage cage, is a specially designed enclosure used to store and transport gas cylinders safely and securely. 
4.1.2	PURPOSE
The primary purpose of a cylinder cage is to: 
[a] Prevent accidents: Protect people and surrounding equipment from potential hazards associated with gas cylinders, such as leaks, fires, or explosions. 
[b] Ensure safe storage: Provide a secure and stable environment for storing gas cylinders, preventing them from falling, being damaged, or exposed to extreme temperatures. 
[c] Facilitate transportation: Allow for safe and efficient transportation of gas cylinders, reducing the risk of damage or loss during transit. 
4.1.3	DESIGN AND FEATURES
A typical cylinder cage consists of: 
[a] Frame: A sturdy metal frame, usually made of steel or aluminum, that provides structural support and protection. 
[b] Bars or mesh: Horizontal and vertical bars or mesh panels that secure the gas cylinders in place, preventing them from shifting or falling. 
[c] Doors and locking mechanism: Secure doors that can be locked to prevent unauthorized access or tampering. 
[d] Ventilation: Adequate ventilation to prevent the accumulation of flammable gases or vapors. 
[e] Safety features: Additional safety features, such as cylinder restraints, safety chains, or anti-tip brackets, to prevent accidents and ensure safe handling. 
4.1.4		Materials And Finishing
Cylinder cages can be made from various materials, including: 
[a] Steel: A popular choice for its strength, durability, and affordability. 
[b] Aluminum: A lightweight and corrosion-resistant option, often used for portable or outdoor applications. 
[c] Stainless steel: A corrosion-resistant and hygienic option, often used in food, pharmaceutical, or medical applications. 
The cage can be finished with: 
[i] Powder coating: A durable and corrosion-resistant finish. 
[ii] Painting: A cost-effective and customizable finish. 
[iii] Galvanizing: A corrosion-resistant finish for steel cages. 
4.1.5		Applications 
Cylinder cages are used in various industries and applications, including: 
[a] Industrial gas supply: Storage and transportation of industrial gases, such as oxygen, nitrogen, and argon. 
[b] Medical gas supply: Storage and transportation of medical gases, such as oxygen and nitrous oxide. 
[c] Food and beverage: Storage and transportation of food-grade gases, such as carbon dioxide and nitrogen. 
[d] Laboratory and research: Storage and transportation of specialty gases, such as helium and hydrogen. 





















Chapter Five

5.0	Conclusion and Recommendation On Fabrication of Gas Cylinder Cage 
5.1	Conclusion On Fabrication Of Gas Cylinder Cage 
          The fabrication of the gas cylinder cage was successfully completed, meeting all the design, safety, and functionality objectives set at the beginning of the project. The structure was designed to securely house and protect gas cylinders from external damage, unauthorized access, and environmental exposure. Key considerations such as material selection, structural strength, ventilation, and ease of access were incorporated into the final design.
Mild steel was chosen due to its durability and cost-effectiveness, and proper welding and joint techniques were applied to ensure a strong and stable frame. The final product was tested for load-bearing capacity and locking mechanism reliability, and all tests confirmed that the cage complies with basic safety standards.
This project not only enhanced our practical skills in metal fabrication, welding, and safety design but also reinforced our understanding of project planning, teamwork, and problem-solving in a real-world engineering context. The fabricated gas cylinder cage can now be effectively used in residential, commercial, or industrial settings to improve gas storage safety.
5.2.   Recommendation On Fabrication of Gas Cylinder Cage 
After completing the fabrication of a gas cylinder cage, here are some recommendations:
I. Inspection and Testing: Ensure the cage meets safety standards and regulations. Conduct thorough inspections and tests to guarantee its structural integrity and durability.
II. Finishing Touches: Apply a protective coating or paint to prevent rust and corrosion, enhancing the cage's lifespan.
III. Labeling and Signage: Clearly label the cage with relevant information, such as gas type, capacity, and safety instructions.
IV. Safety Features: Consider adding safety features like locking mechanisms, ventilation, or stabilization to prevent accidents.
V. Maintenance and Upkeep: Provide guidelines for regular maintenance and upkeep to ensure the cage remains safe and functional.
VI. Compliance: Verify that the cage complies with local and international regulations, such as those set by OSHA or other relevant authorities.
VII. Documentation: Keep records of the fabrication process, inspection reports, and testing results for future reference.
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