
Prepared by Dr.M .Subramanian  Professor & Head of Aerospace Engineering                   Page 1 of 6 
 

 

 

SNS College of Technology 
[An Autonomous Institution] 

Approved by AICTE, New Delhi, Affiliated to Anna University, Chennai 
Accredited by NAAC-UGC with ‘A++’ Grade (Cycle III) & 

Accredited by NBA (B.E CSE, EEE, ECE, Mech &amp; B.Tech.IT) 
COIMBATORE-641 035, TAMIL NADU 

 

Department of Aerospace Engineering 

19AST202 AIRCRAFT PRODUCTION TECHNOLOGY 

UNIT III POWDER METALLURGY AND UNCONVENTIONAL MACHINING 

1 What is meant by powder metallurgy? 

Powder metallurgy is a manufacturing process that involves the production of metal or 

metallic parts through the blending, compacting, and sintering of metal powders. This 

technique allows for the creation of intricate and complex-shaped components that may 

be difficult or impossible to produce through traditional methods such as casting or 

machining. The process enables the fabrication of parts with precise dimensions, 

tailored properties, and improved performance characteristics, making it a versatile and 

widely used method in various industries, including automotive, aerospace, healthcare, 

and electronics. 
2 State the advantages and limitations of powder metallurgy. 

Advantages of Powder Metallurgy: 

Versatility: Powder metallurgy allows for the production of complex shapes and 

intricate parts that may be difficult or impossible to create through other manufacturing 

processes. 

Material Efficiency: It minimizes material waste as it involves the use of powdered 

metals, leading to reduced material costs and improved resource efficiency. 

Control over Porosity: It offers the ability to control the porosity of the final product, 

making it suitable for applications that require materials with specific levels of porosity 

for enhanced functionality. 

Enhanced Material Properties: Powder metallurgy enables the creation of materials with 

improved mechanical properties, such as high strength, wear resistance, and 

dimensional stability. 

Cost-Effectiveness: It can be a cost-effective manufacturing method, especially for 

mass production of complex parts, as it reduces the need for extensive machining and 

other post-processing steps. 

Limitations of Powder Metallurgy: 

High Equipment Cost: The initial setup cost for powder metallurgy equipment can be 

high, making it a significant investment for companies. 

Limited Size and Shape Options: The process may have limitations in producing large-

sized and complex-shaped components, which can restrict its application in certain 

industries and applications. 

High Tolerances Required: Achieving precise dimensional tolerances can be 

challenging, requiring additional processing steps, which can increase production time 

and costs. 

Limited Material Choices: While powder metallurgy offers a wide range of material 

options, it may not be suitable for all types of materials, limiting its application in 

certain industries and for specific product requirements. 
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Challenges in Achieving Homogeneity: Ensuring uniform distribution of powders and 

achieving consistent material properties throughout the product can be challenging, 

leading to variations in the final product's quality. 
 

3 Mention the metals which are commonly made in powder form. 

Some of the metals commonly used in powder metallurgy processes include: 

Iron and Steel: Iron and steel powders are widely utilized for various applications due to 

their strength, durability, and magnetic properties. 

Aluminum: Aluminum powder is commonly used for its lightweight properties, corrosion 

resistance, and high thermal conductivity, making it suitable for aerospace and 

automotive components. 

Copper: Copper powder is utilized for its excellent electrical and thermal conductivity, 

corrosion resistance, and formability, making it suitable for electrical and electronic 

applications. 

Nickel: Nickel powder is known for its high strength, corrosion resistance, and heat 

resistance, making it suitable for applications in the aerospace, chemical, and electronics 

industries. 

Titanium: Titanium powder is valued for its high strength-to-weight ratio, corrosion 

resistance, and biocompatibility, making it suitable for applications in aerospace, 

medical, and automotive industries. 

Tungsten: Tungsten powder is utilized for its high melting point, density, and hardness, 

making it suitable for applications in aerospace, defense, and industrial sectors. 

These are some of the commonly used metals in powder metallurgy, although other 

metals and alloys can also be processed into powder form for various applications. 
4 List the applications of powder metallurgy. 

Powder metallurgy finds a wide range of applications in various industries due to its 

ability to produce intricate components with tailored properties. Some common 

applications of powder metallurgy include: 

Automotive Industry: Powder metallurgy is used in the production of automotive 

components such as gears, bearings, and structural parts that require high strength, wear 

resistance, and dimensional precision. 

Aerospace Industry: It is employed in manufacturing critical aerospace components such 

as turbine engine parts, structural components, and intricate shapes that demand high 

strength-to-weight ratios, heat resistance, and complex geometries. 

Medical and Dental Industry: Powder metallurgy is used to produce medical implants, 

dental tools, and surgical instruments that require biocompatibility, corrosion resistance, 

and customized shapes for specific medical applications. 

Electrical and Electronics Industry: It is utilized in producing electrical contacts, 

magnetic components, and electronic connectors that require high electrical conductivity, 

magnetic properties, and dimensional accuracy. 

Industrial Machinery: Powder metallurgy is used in producing various industrial 

machinery components such as bushings, sprockets, and camshaft parts that require high 

wear resistance, toughness, and dimensional stability. 

Consumer Goods: It is employed in producing consumer goods such as sporting 

equipment, hand tools, and appliances, where lightweight, durable, and complex 

components are required. 

Defense and Firearms Industry: Powder metallurgy is used in the production of firearms, 

defense equipment, and armor materials that require high strength, wear resistance, and 

precise dimensions to meet stringent industry standards. 
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These applications highlight the versatility and importance of powder metallurgy in 

manufacturing components for diverse industries that demand specific material properties 

and complex shapes. 
 

5 What is the object of pressing or compaction of metal powders ? Explain. 

The main objective of pressing or compaction of metal powders in the powder 

metallurgy process is to create a green compact that has sufficient strength and 

structural integrity to undergo further processing steps, particularly sintering, without 

losing its shape or dimensional accuracy. This step is crucial as it helps in achieving the 

desired shape and density of the final product. The pressing or compaction process 

involves the following objectives: 

 

Shape Formation: The pressing process helps in forming the metal powders into the 

desired shape, allowing the production of intricate and complex components that are not 

easily achievable through conventional manufacturing processes. 

 

Density Control: The compaction process aims to achieve the required density in the 

green compact, ensuring that the final sintered product possesses the necessary strength 

and mechanical properties for its intended application. 

 

Strength Enhancement: Pressing or compaction helps in enhancing the mechanical 

strength of the green compact, enabling it to withstand subsequent handling and 

processing steps, such as sintering and any additional post-processing operations. 

 

Dimensional Precision: The pressing process aids in achieving the desired dimensional 

accuracy and surface finish of the green compact, ensuring that the final product meets 

the specified dimensional tolerances and functional requirements. 
 

 What do you mean by ‘Sintering’ ? Explain briefly. 

Sintering is a key step in the powder metallurgy process that involves heating the 

pressed metal powder compact to a temperature below its melting point. During 

sintering, the metal particles bond together to form a solid, coherent mass. This is 

achieved through a combination of diffusion and plastic flow of the metal particles as 

they are exposed to elevated temperatures. The primary objectives of sintering are to 

increase the strength and density of the compact, while also promoting bonding between 

the metal particles. 

 

During the sintering process, various mechanisms such as surface diffusion, volume 

diffusion, and grain boundary diffusion contribute to the rearrangement of metal 

particles, leading to the elimination of pores and the formation of a strong, 

interconnected structure. The sintering temperature and time are carefully controlled to 

ensure that the metal particles bond sufficiently without reaching their melting point, 

thereby maintaining the integrity of the desired shape and structure of the final product. 

 

Sintering also facilitates the attainment of the desired mechanical properties, such as 

improved strength, hardness, and dimensional stability, making the sintered product 

suitable for a wide range of industrial applications. Additionally, sintering can help to 

achieve a high degree of porosity control, enabling the production of materials with 

specific porosity levels for applications that require enhanced filtration, lubrication, or 

other specialized properties. 
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6 List the factors which control sintering. 

Several factors play a crucial role in controlling the sintering process in powder 

metallurgy. These factors influence the final properties and characteristics of the 

sintered product. Some of the key factors controlling sintering include: 

 

Temperature: Sintering temperature is a critical factor that directly impacts the rate of 

diffusion, the degree of particle bonding, and the final density of the sintered product. 

 

Time: Sintering time refers to the duration for which the material is exposed to the 

sintering temperature. The sintering time influences the degree of particle bonding, 

densification, and the overall microstructure of the sintered product. 

 

Heating Rate: The rate at which the temperature is raised during the sintering process 

affects the microstructural evolution, the uniformity of densification, and the formation 

of any undesirable phases or defects. 

 

Atmosphere: The choice of the sintering atmosphere, which can be vacuum, hydrogen, 

or controlled gas environments, significantly impacts the surface chemistry, cleanliness, 

and overall quality of the sintered product. 

 

Powder Characteristics: The particle size distribution, morphology, and composition of 

the initial metal powders play a vital role in determining the kinetics of sintering, the 

degree of densification, and the final mechanical properties of the sintered material. 

 

Pressure: The application of pressure during sintering, known as hot isostatic pressing 

(HIP), can improve the density and mechanical properties of the sintered product, 

making it suitable for applications that demand high strength and integrity. 

 

Additives: The inclusion of specific additives or alloying elements can modify the 

sintering behavior, controlling grain growth, enhancing densification, and improving 

the mechanical properties of the final product. 
 Explain the procedure of manufacturing parts by powder metallurgy. 

The procedure of manufacturing parts by powder metallurgy typically involves the following steps: 

1. Powder Preparation: The process begins with the preparation of metal or alloy powders, 

which can be achieved through various methods such as atomization, chemical reduction, or 

mechanical comminution. The powders are carefully selected and characterized based on 

their composition, particle size distribution, and morphology. 

2. Powder Blending: In this step, the selected metal powders may be blended with additives or 

alloying elements to achieve the desired material properties and characteristics in the final 

product. The blending process ensures homogeneity and uniform distribution of the 

powders, enhancing the consistency of the final material composition. 

3. Compaction: The blended powders are loaded into a die and subjected to high pressure 

through a pressing or compaction process. This step forms a green compact, which is a 

loosely bonded preform that resembles the final shape of the desired part. The compaction 

process is crucial for achieving the desired shape and density of the green compact. 

4. Sintering: The green compact is then subjected to a controlled heating process in a furnace, 

where the temperature is maintained below the melting point of the metal. During sintering, 

the metal particles bond together, leading to the elimination of porosity and the formation 

of a solid, coherent structure with enhanced mechanical properties. 

5. Secondary Operations: Depending on the specific requirements, the sintered part may 

undergo additional secondary operations such as heat treatment, machining, surface 

finishing, and coating to achieve the desired surface properties, dimensional accuracy, and 

overall functionality. 
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6. Quality Control: Throughout the manufacturing process, quality control measures such as 

dimensional inspection, material testing, and defect analysis are implemented to ensure that 

the final product meets the specified industry standards and customer requirements. 

 

7 Explain briefly ALL methods of production of metal powders: 

(i) Atomising (ii) Gaseous reduction 

(iii) Electrolysis (iv) Carbonyl process 

(v) Granulation (vi) Mechanical alloying. 
 

8 What do you mean by ‘Blending metal powders’ ? Explain briefly. 

Blending metal powders refers to the process of combining different types of metal 

powders or adding additives to achieve specific material properties and compositions 

required for the final product in powder metallurgy. This step is crucial for ensuring 

homogeneity and uniform distribution of the powders, which significantly impacts the 

characteristics and performance of the manufactured parts. 

The blending process involves carefully measuring and mixing the metal powders, which 

may include elemental metals, alloys, or additives, to create a uniform mixture with a 

consistent composition. The goal is to achieve a uniform distribution of the different 

powder particles to ensure that the final product possesses the desired chemical 

composition, microstructure, and properties. 

The blending of metal powders can be carried out using various techniques such as 

mechanical mixing, ball milling, or other specialized blending methods. These techniques 

help in achieving a uniform distribution of the particles, minimizing the formation of 

segregations and ensuring that the final product exhibits the desired mechanical strength, 

dimensional accuracy, and other specific material properties required for the intended 

application. 

9 Explain briefly, a continuous-conveyor-type sintering furnace. 

 
A continuous-conveyor-type sintering furnace is a specialized furnace used in the 

powder metallurgy process for the continuous sintering of metal components. This type 

of furnace is designed to accommodate a continuous conveyor belt or chain system that 

transports the green compacts through the furnace for the sintering process. The furnace 

is typically divided into several temperature-controlled zones that allow for precise 

control of the heating process. 
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The green compacts are loaded onto the conveyor belt or chain at one end of the furnace 

and are then gradually heated as they move through the various temperature zones. The 

temperature is carefully controlled to ensure that the compacts are sintered at the 

appropriate temperature without reaching their melting point, allowing for the bonding 

of metal particles and the elimination of porosity. 

The continuous-conveyor-type sintering furnace is equipped with features such as 

temperature sensors, heating elements, and a controlled atmosphere system to maintain 

the desired sintering conditions throughout the furnace. The controlled atmosphere 

system helps create an environment suitable for the specific materials being sintered, 

preventing oxidation or other undesired reactions during the sintering process. 

This type of furnace is commonly used for high-volume production of small to medium-

sized components in industries such as automotive, aerospace, and manufacturing, 

where a continuous and efficient sintering process is required to meet the demand for 

mass production while maintaining consistent product quality and properties. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


