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Powder 
Metallurgy 

Powder Metallurgy–Engineering and technology of producing metal powders and making finished / semifinished objects 

from mixed or alloyed powders with or without the addition of nonmetallic constituents 

Basic Processes In Powder Metallurgy: 
Powder production, Compaction, Sintering, & Secondary operations 

Powder production: 

Raw materials: Powder 
Powders can be pure elements, pre-alloyed powders. 
Methods for making powders – 

 Atomization: Produces powders of both ferrous and non-ferrous powders like stainless steel, superalloys, Ti alloy 
powders. 

 Reduction of compounds: Production of iron, Cu, tungsten, molybdenum 

 Electrolysis: for making Cu, iron, silver powders. 
Powders along with additives are mixed using mixers. Lubricants are added prior to mixing to facilitate easy ejection of 
compact and to minimize wear of tools; Waxes, metallic stearates, graphite etc. 

Powder characterization – 
size, flow, density, compressibility tests. 

Compaction: 
compaction is performed using dies machined to close tolerances.Dies are made of cemented carbide, die/tool steel; pressed 
usinghydraulic or mechanical presses.The basic purpose of compaction is to obtain a green compact with sufficient strength to 
withstand further handling operations.The green compact is then taken for sintering 
Hot extrusion, hot pressing, hot isostaticpressing - consolidation at high temperatures 

Sintering: 
Performed at controlled atmosphere to bond atoms metallurgically; Bonding occurs by diffusion of atoms; done at 70% of abs. 

melting point of materials. It serves to consolidate the mechanically bonded powders into a coherent body having desired on 
service behavior.Densification occurs during the process and improvement in physical and mechanical properties are seen. 



 

 

 

 

Furnaces –mesh belt furnaces (up to 1200C), walking beam, pusher type furnace, batch type furnaces are also used 
Protective atmosphere: Nitrogen 

Secondary operations: 
Operations include repressing, grinding, plating can be done; They are used to ensure close dimensional tolerances, good 
surface finish, increase density, corrosion resistance etc. 

 

 

 

Flow Chart For Making P/M Components 



 

 

 

 

Advantages & Limitations 
•Efficient material utilization 
•Enables close dimensional tolerances –near net shape possible 
•Good surface finish 
•Manufacture of complex shapes possible 
•Hard materials used to make components that are difficult to machine can be readily made –tungsten wires for incandescent 
lamps 
•Environment friendly, energy efficient 
•Suited for moderate to high volume component production 
•Powders of uniform chemical composition - reflected in the finished part 
•wide variety of materials - miscible, immiscible systems; refractory metals 
•Parts with controlled porosity can be made 
•High cost of powder material & tooling 
•Less strong parts than wrought ones 
•Less well known process 

Production of powders 



 

 

 

 

•Metal powders - Main constituent of a P/M product; final properties of the finished P/M part depends on size, shape, and 
surface area of powder particles 
•Single powder production method is not sufficient for all applications 
Powder production methods: 1. Mechanical methods, 2. Physical methods, 3. Chemical methods 
1.Mechanical methods- Cheapest of the powder production methods; These methods involve using mechanical forces such as 
compressive forces, shear or impact to facilitate particle size reduction of bulk materials; 
Eg.:Milling-illing:During milling, impact, attrition, shear and compression forcesare acted upon particles. During impact, 

striking of one powder particle against another occurs. Attritionrefers to the production of wear debris due to the rubbing 
action between two particles. Shearrefers to cutting of particles resulting in fracture. The particles are broken into fine 
particles by squeezing action in compression force type. 
Main objective of milling:Particle size reduction (main purpose),Particle size growth, shape change, agglomeration (joining of 
particles together), solid state alloying, mechanical or solid state mixing, modification of material properties 

Mechanism of milling: Changes in the morphology of powder particles during milling results in the following events. 

1.Microforging, 2. Fracture, 3. Agglomeration, 4. Deagglomeration 
Microforging- Individual particles or group of particles are impacted repeatedly so that they flatten with very less change in 
mass 
Fracture- Individual particles deform and cracks initiate and propagate resulting in fracture 
Agglomeration - Mechanical interlocking due to atomic bonding or vandeWaals forces 
Deagglomeration- Breaking of agglomerates 

 

The different powder characteristics influenced by milling are shape, size, texture, particle size distribution, crystalline size, 
chemical composition, hardness, density, flowability, compressibility, sinterability, sintered density 

 

Milling equipment:The equipments are generally classified as crushers & mills 
Crushing- for making ceramic materials such as oxides of metals; 
Grinding- for reactive metals such as titanium, zirconium, niobium, tantalum 

Ball mills: 
•This contains cylindrical vessel rotating horizontally along the axis. Length of the cylinder is more or less equal to diameter. 
The vessel is charged with the grinding media. The grinding media may be made of hardened steel, or tungsten carbide, 
ceramics like agate, porcelain, alumina, zirconia. During rolling of vessel, the grinding media & powder particles roll from some 
height. This process grinds the powder materials by impact/collision & attrition. 
•Milling can be dry milling or wet milling. In dry milling, about 25 vol% of powder is added along with about 1 wt% of a 
lubricant such as stearicor oleic acid. For wet milling, 30-40 vol% of powder with 1 wt% of dispersing agent such as water, 
alcohol or hexane is employed. 
•Optimum diameter of the mill for grinding powders is about 250 mm 



 

 

 

 

Vibratory ball mill: 
•Finer powder particles need longer periods for grinding 
•In this case, vibratory ball mill is better - here high amount of energy is imparted to the particles and milling is accelerated by 
vibrating the container 
•This mill contains an electric motor connected to the shaft of the drum by an elastic coupling. The drum is usually lined with 
wear resistant material. During operation, 80% of the container is filled with grinding bodies and the starting material. Here 
vibratory motion is obtained by an eccentric shaft that is mounted on a frame inside the mill. The rotation of eccentric shaft 
causes the drum of the vibrating mill to oscillate. 
•In general, vibration frequency is equal to 1500 to 3000 oscillations/min.The amplitude of oscillations is 2 to 3 mm. The 
grinding bodies is made of steel or carbide balls, that are 10-20 mm in diameter.The mass of the balls is 8-10 times the charged 
particles.Final particle size is of the order of 5-100 microns 

Attrition mill: In this case, the charge is ground to fine size by the action of a vertical shaft with side arms attached to it. 

The ball to charge ratio may be 5:1, 10:1, 15:1. This method is more efficient in achieving fine particle size. 

Rod mills:Horizontal rods are used instead of balls to grind. Granularityof the discharge material is 40-10 mm. The mill speed 



 

 

 

 

varies from 12 to 30 rpm. 

Planetary mill:High energy mill widely used for producing metal, alloy, and composite powders. 

Fluid energy grinding or Jet milling: 
The basic principle of fluid energy mill is to induce particles to collide against each other at high velocity, causing them to 
fracture into fine particles 
•Multiple collisions enhance the reduction process and therefore, multiple jet arrangements are normally incorporated in the 
mill design. The fluid used is either air about 0.7 MPa or stream at 2 MPa. In the case of volatile materials, protective 
atmosphere of nitrogen and carbon-di-oxide is used. 
•The pressurized fluid is introduced into the grinding zone through specially designed nozzles which convert the applied 
pressure to kinetic energy. Also materials to be powdered are introduced simultaneously into the turbulent zone. 
•The velocity of fluid coming out from the nozzles is directly proportional to the square root of the absolute temperature of 
the fluid entering the nozzle. Hence it is preferable to raise the temperature of fluid to the maximum possible level without 
affecting the feed material. 
•If further powdering is required, large size particles are separated from the rest centrifugal forces and re-circulated into the 
turbulent zone for size reduction. Fine particles are taken to the exit by viscous drag of the exhaust gases to be carried away 
for collection. 
•This Jet millingprocess can create powders of average particle size less than 5 µm 

 

Machining:Mg, Be, Ag, solder, dental alloy are specifically made by machining; Turning and chips thus formed during 

machining are subsequently crushed or ground into powders 

Shotting:Fine stream of molten metal is poured through a vibratory screen into air or protective gas medium. When the 

molten metals falls through screen, it disintegrates and solidifies as spherical particles. These particles get oxidized. The 
particles thus obtained depends on pore size of screen, temperature, gas used, frequency of vibration. Metal produced by the 
method are Cu, Brass, Al, Zn, Sn, Pb, Ni. (this method is like making Boondhi) 

Graining:Same as shottingexcept that the falling material through sieve is collected in water; Powders of cadmium, Bismuth, 

antimony are produced. 

2. Physical methods 
Electrolytic deposition 
•In this method, the processing conditions are so chosen that metals of high purity are precipitated from aqueous solution on 
the cathode of an electrolytic cell. This method is mainly used for producing copper, iron powders. This method is also used for 
producing zinc, tin, nickel, cadmium, antimony, silver,lead, beryllium powders. 
•Copper powder Solution containing copper sulphateand sulphuricacid; crude copper as anode 
•Reaction: at anode: Cu --> Cu++ e-; at cathode: Cu++ e-->Cu 
•Iron powder- Anode is low carbon steel; cathode is stainless steel. The iron powder deposits are subsequently pulverized by 
milling in hammermill. The milled powders are annealed in hydrogen atmosphere to make them soft 
•Mg powder-Electrodeposition from a purified magnesium sulphateelectrolyte using insoluble lead anodes and stainless steel 
cathodes 
•Powders of thorium, tantalum, vanadium - fused salt electrolysis is carried out at a temperature below melting point of the 
metal. Here deposition will occur in the form of small crystals with dendriticshape 



 

 

 

 

Atomization 
This uses high pressure fluid jets to break up a molten metal stream into very fine droplets, which then solidify into fine 
particles 
High quality powders of Al, brass, iron, stainless steel, tool steel, superalloysare produced commercially 
Types: 

water atomization, gas atomization, soluble gas or vacuum atomization, centrifugal atomization, rotating disk 
atomization, ultrarapidsolidification process, ultrasonic atomization 

Mechanism of atomization: 
In conventional (gas or water) atomization, a liquid metal is produced by pouring molten metal through a tundishwith a nozzle 
at its base. The stream of liquid is then broken into droplets by the impingement of high pressure gas or water. This 
disintegration of liquid stream is shown in fig. This has five stages 



 

 

 

 

i) Formation of wavy surface of the liquid due to small disturbances 
ii) Wave fragmentation and ligament formation 
iii)Disintegration of ligament into fine droplets 
iv)Further breakdown of fragments into fine particles 
v)Collision and coalescence of particles 

 

•The interaction between jets and liquid metal stream begins with the creation of small disturbances at liquid surfaces, which 
grow into shearing forces that fragment the liquid into ligaments. The broken ligaments are further madeto fine particles 
because of high energy in impacting jet. 
•Lower surface tension of molten metal, high cooling rate - formation of irregular surface : like in water atomization 
•High surface tension, low cooling rates - spherical shape formation : like in inert gas atomization 
•The liquid metal stream velocity, v = A [2g (Pi–Pg)ρ]0.5 
where Pi–injection pressure of the liquid, Pg –pressure of atomizing medium, ρ–density of the liquid 

 

Powder treatment & Handling 
In powder conditioning, the powders prepared by various methodsare subjected to a variety of treatments to improve or 
modify their physical, chemical characteristics 
Powder treatments 
Powders manufactured for P/M applications can be classified into–elemental powders, and pre-alloyed powders 
Elemental powders- powdersof single metallic element; eg.: iron for magnetic applications 
Pre-alloyed powders- more than one element; made by alloying elemental powders during manufacturing process itself; IN 
this case, all the particles have same nominal composition and each particle is equivalent to small ingot 
Majority of powders undergo heat treatmentsprior to compaction like, 
i) Drying to remove moisture, ii) grinding/crushing to obtain fine sizes, iii) particle size classification to obtain the desired 
particle size distribution, iv) annealing, v) mixing and blending of powders, vi) lubricant addition for powder compaction, vii) 
powder coating 



 

 

 

 

a)Cleaning of Powders: 
•Refers to the removal of contaminants, solid or gaseous, from the powder particles 
•Solid contaminants- come from several sources like nozzles or crucible linings. They interfere during compaction and sintering 
preventing propermechanical bonding 
•Most of these contaminants are non-reactive, but they act as sites for crack nucleation and reduce the dynamic properties of 
the sintered part; Non-metallic solid impurities can be removed from superalloypowders by particle separators, electrostatic 



 

 

 

 

separation techniques 
•Gaseous impurities like hydrogen and oxygen get into powders during processing, storage or handling if proper care is not 
taken. Finer the powders, contamination will be more because of large powder surface area. 
•These gaseous impurities can form undesirable oxides during processing at relatively high temperatureor gets trapped inside 
the material as pores, reducing the in situ performance of the P/M part; Degassing techniques like cold, hotstatic or dynamic 
degassing methods are used to remove adsorbed gases from the powders 
•Lubricants added to the powders for better compaction has to be removed for desirable final P/M part 

b) Grinding: 
Similar to the mechanical methods seen earlier; Milling is widely used for reducing the aggregates of powder; Milling time, 
speed, type canbe selected for getting required degree of grinding 

c) Powder classification & screening: 
Powder size and shape, size distribution varied within specified range is required for better behavior of P/M parts; In this 
method, the desired particle size distributions with particle sizes within specific limits can be obtained; These variation 
depends on lot also. 

d) Blending & mixing:Blending– 
Process in which powders of the same nominal composition but having different particle sizes are intermingled. This is done to 
(i) obtain a uniform distribution of particle sizes, i.e. powders consisting of different particle sizes are often blended to reduce 
porosity, (ii) for intermingling of lubricant with powders to modify metal to powder interaction during compaction 

 

Mixing–Process of combining powders of different chemistries such as elemental powder mixes (Cu-Sn) or metal-nonmetal 
powders. This may be done in dry or wet condition. Liquid medium like alcohol, acetone, benzene or distilled water are used 
as milling medium in wet milling. Ball mills or rod mills are employed for mixing hard metals such as carbides 

Mixing methods 
The various types of mixing methods are, (i) convective mixing: transfer of one group of particles from one location to another, 
(ii) diffusive mixing: movement of particles on to newly formed surface, (iii) shear mixing: deformation & formation of planes 
within the powders 
Depending on the extent of mixing, mixing can be classified as (i) perfectly mixed or uniform mixing, (ii) random mixed, & (iii) 
totally un-mixed. The mixing should be stopped when random mixture is achieved. Overmixingleads to reduced flow 
characteristics of the mix 

Heat Treatment Of Powders 
Heat treatment is generally carried out before mixing or blending the metal powders. Some of the important objectives are, 
i)Improving the purity of powder:Reduction of surface oxides from powders by annealing in hydrogen or other reducing 
atmosphere. Dissolved gases like hydrogen and oxygen, other impurities are removed by annealing of powders. Lowering 
impurities like carbon results in lower hardness of thepowder and hence lower compaction pressures & lower die wear during 
compaction. For eg., atomized powders having a combined carbon and oxygen content as high as 1% can be reduced after 
annealing to about 0.01% carbon and 0.2% oxygen. Heat treatment is done at protective atmosphere like hydrogen, vacuum. 
ii)Improving the powder softness:Aim is to reduce the work hardening effect of powders that has be crushed to obtain fine 
powders; while many powders are made by milling, crushing or grinding of bulk materials. Powder particles are annealed 
under reducing atmosphere like hydrogen. The annealing temperature is kept low to avoid fusion of the particles. 
iii)Modification of powder characteristics: The apparent density of the powders can be modified to a higher or lower value by 
changing the temperature of treatment. 



 

 

 

 

Toxicity Of Powders 
•Toxicity leads to undesirable health effects like eye, skin irritation, vomiting, respiratory problems, 
blood poisoning etc. 
•powder like lead, nickel are highly toxic & Al, iron are less toxic 
•Precautions: Use of protective gloves, respiratory masks, protective clothing etc.; use of well 
ventilated storage, workplace; careful handling, disposal of wastes 
•flammability & reactivity data is required 

•Health effects: Inhalation –disturbs the respiratory track; remedial measures include moving the 
person to fresh air. Artificial breathing is requiredif patient not breathing properly. 



 

 

 

 

Skin, eyes –Brushing, washing skin and eyes with water and soap. Clean eyeswith fresh water for 15 mts. 
Compaction of Metal Powders 

•Compaction is an important step in powder processing as it enables the forming of loose metal powders into required 

shapes with sufficient strength to withstand till sintering is completed. 

•In general, compaction is done without the application of heat.Loose powders are converted into required shape with 

sufficient strength to withstand ejection from the tools and subsequent sintering process. IN cases like cemented carbide, hot 

compaction is done followed by sintering. 

One can not call this as compaction strictly, as sintering is also involved in this. 

Powder Compaction Methods Powder 

compaction techniques can be classified as, 

1. Methods without application of pressure–i) loose powder sintering in mould, ii) vibratory 

compaction, iii) slip casting, iv) slurry casting, v) injection moulding 

2. Methods with applied pressure–i) cold die compaction (single action pressing, double action 

pressing, floating die pressing), ii) isostaticpressing, iii) powder rolling, iv) powder extrusion, 

v) explosive compaction 

Pressurelesscompaction techniques 
-Used for the production of simple and low density parts such as filters, other parts that are porous in nature; these techniques 

involve no external force and depend upon gravity for powder packing 

I) Loose powder sintering:-Also known as loose powder shaping, gravity sintering, 

pressurelesssintering. In this method, the metal powder is vibrated mechanically into the mould, 

which is the negative impression of the product and heated to sintering temperature.This is the 

simplest method and involve low cost equipment. Themain reasons for not using this method for 

part production are, difficulty of part removal from the mould after sintering, & considerable 

shrinkage during sintering. 
-Applications:Amount of porosity ranges from 40 vol% to as high as 90 vol%; Highly porous filter materials made of 

bronze, stainless steel, and monel, porous nickel membrane for use as electrodes in alkaline storage batteries andfuel cells 

are typical examples. 
II) Slip casting:-Used for compacting metal and ceramic powders to make large & complex shapes 

for limited production runs 
-A slip is a suspensionof metal or ceramic powder (finer than 5 µm) in water or other soluble liquid which is pored into a 

mould, dried and further sintered. 
-Slip is usually made of, 1) a dispersion agentto stabilize the powder against colloidal forces, 2) a solventto control the slip 

viscosity and facilitate casting, 3) a binderfor giving green strength to the cast shape, 4) plasticizerto modify the properties of 

the binder 

-For successful slip casting, formation of appropriate and a consistent slip is important. This is achieved by proper control 

of particle size, size distribution, order of component addition, their mixing time, addition of proper deflocculant-to 

prevent the settling and aggregation of powders and maintains the desirable viscosity of the slip. 

-Mostly water is used as suspending medium, but absolute alcoholor other organic liquids may also be employed. Additives 

like alginates –ammonium and sodium salts of alginic acids, serve three fold functions of deflocculant, suspension agent & 

binding agent to improve green strength of the compact. 



 

 

 

 

-The slip to be cast is obtained in a form of suspension of powder in a suspending medium. The slip should have low viscosity 

& low rate of setting so thatit can be readily poured. The slip cast should be readily removable from the mould. Low shrinkage 

and high strength after drying is expected. 

-To obtain these properties, 5 µm powder particles should be used. In the case of fine molybdenum powders, a slip can be 

prepared by suspending the powder in 5% aqueous polyvinyl alcohol with a minimum viscosity, at a pH value of 7. 

• For coarser, spherical stainless steel powder, a mixer of 80.7%metal powder, 19% water, 0.3% of 

sodium alginate as deflocculanthaving a pH value of 10 can be used. 
•Steps in slip casting:i) Preparing assembled plaster mould, ii) filling the mould, iii) absorption of water from the slip into the 

porous mould, iv) removal of part from the mould, v) trimming of finished parts from the mould 

•Sometimes mould release agents like oil, graphite can be used. 

•Hollow and multiple parts can be produced 

• Advantages of slip casting:Products that can not be produced by pressing operation can be made, 

no expensive equipment is required, works best with finest powder particles 

• Disadvantage:slow process, limited commercial applications 

• Applications:tubes, boats, crucibles, cones, turbine blades, rocket guidancefins; Also products with 

excellent surface finish like basins, water closets. 

III) Slurry casting: This process is similar to slip casting except that a slurry of metal 

powders with suitable liquids, various additives, and binders is poured into a mould and dried. 

The solvent is removed either by absorption into the POP or by evaporation. Very high porous 

sheet for use as electrodes in fuel cells and nickelcadmium rechargeable batteries are produced by 

this method. 

IV) Tape casting (doctor blade casting):-This is a variation of slurry casting process and is 

used to produce thin flat sheets. 
-This process involves preparing a dispersion of metal or ceramicpowder in a suitable solvent with the addition of dispersion 

agent (to improve the dispersion of the particles). Then a binder is added and fed to a reservoir. Whole mixture is fed on to a 

moving carrier film from the bottom of the reservoir. 
-This slurry layer is deposited on the film by the shearing action of a blade. The slurry should be free of air bubbles, otherwise 

result in porosity. During sintering, the binder is burnt off first and densification of material occurs. 

-In present days, endless stainless steel belt is used instead of carrier tape. This process can be used for making very thin tapes 

between 50 to 1000 µm thickness. This method is used for making electronic substrates, dielectrics for capacitors and 

piezoelectric actuators. 



 

 

 

 

 
 

V) Vibratory compaction:- 
Vibratory compaction uses vibration energy to compact the powder mass. During this process, smaller voids can be filled with 

particles of still smaller size and this sequence is carried out till a high packing density of powder is achieved even before 

consolidation. Mechanical vibration facilitates the formation of nearly closed packed powder by settling particles in the voids 

present in the powder agglomerate. During vibration, small pneumatic pressure is usually superimposed on the powder mass. 

-Brittle powders can be compacted by this method as they developcrack if done by pressure compaction 

-This method is generally used when, 1) powders have irregular shape, 2) use of plasticizers for forming is not desirable, 3) 

sintered density is required to be very close theoretical density 

-Important variables in vibratory compaction: 

1. inertia of system:larger the system, more the energy required for packing 

2. friction force between particles:more friction results in need of more KE for compaction 

3. particle size distribution:more frequency required if more large particles are present. Vibration cycle is important and not 

period of vibration. 

 

 

Pressure compaction techniques 
•These techniques involve application of external pressure to compact the loose powder particles; Pressure applied can be 

unidirectional, bidirectional or hydrostatic in nature. 

• Die compaction: 

In this process, loose powder is shaped in a die using a mechanical or hydraulic press giving rise to densification. The 

mechanisms of densification depend on the material and structural characteristics of powder particles. 

•Unidirectional and bidirectional compaction involves same number of stages and are described in this figure. They are, i) 

charging the powder mix, ii) applying load using a punch (uni-) or double punch (bi-) to compact powders, iii) removal of 



 

 

 

 

load by retracting the punch, iv) ejection of green compact. The table gives compaction pressure ranges for metals and 

ceramics. 



 

 

 

 

 
 

 



 

 

 

 

 
 



 

 

 

 

 
 

 



 

 

 

 

-HIP presses are available in diameters up to 2m with pressures ranges from 40 to 300 MPawith temperature range from 500 to 
2200 °C. The processing time can last up to 4 hours depending on the material and size of the part. 

-during HIP, the pores are closed by flow of matter by diffusionand creep, but also bonded across the interface to form a 

continuous material. 



 

 

 

 

-Commonly used heating elements:Kanthalheating element –up to 1200 °C; Molybdenum heating element –1200 to 1700 °C; 

Graphite heating element –2000 to 2600 °C 
 

 
 



 

 

 

 

 
 

 

 

 



 

 

 

 

Driving force for sintering 
•The main driving force is excess surface free energy in solid state sintering. The surface energy can be reduced by 

transporting material from different areas by various material transport mechanisms so as to eliminate pores. 

•material transport during solid state sintering occurs mainly by surface transport, grain boundary transportation. This surface 



 

 

 

 

transport can be through adhesion, surface diffusion. Many models available to describe sintering process –like viscous flow, 

plastic flow, grain boundary and volume diffusion models. These models will be briefly described here. 

 

 

 

 

 

 



 

 

 

 

 
 

 



 

 

 

 

 

Selected Application Of Powder Metallurgy 
P/M porous filters: porous filters made by P/M route can be classified into four types based on their applications like filtration, 

flow control, distribution, porosity. Filtration is the separation process involving the removal of gas, liquid or solid from another 

gas or liquid. Flow control involves regulation of fluid flow in a system with controlled pressure drop. Distribution involves 

providing a uniform flow over a wide area. 

Production of porous metal filters: Typical filter shapes that can be produced from the powder include discs, cups, bushings, 

sheets, tubes. The major advantages of porous filters include high temperature resistance, good mechanical strength, 

corrosion, long service life. 



 

 

 

 

Made by Gravity sintering:-Bronze filters are produced by this method. This sintering, as discussed earlier, involves pouring of 

graded powders in to a mould prior to sintering operation. Then sintering is performed and metallurgical bonding is achieved 

by diffusion. 

-Bronze filters are made by gravity sintering using either atomized spherical bronze powder or from spherical Cu powder 



 

 

 

 

coated with Snlayer. The powders are sintered in graphite or stainless steel moulds at 

temperatures near the solidus temperature of the bronze composition. Porosities of the range 

40 to 50 % can be formed 

 

-Porous nickel filtersare made in the same fashion. Hollow, cylindrical stainless steel filterswith thin wall 

thickness can be fabricated by cold extrusion ofthe plasticized mixture. These products are available in 

corrosion resistant alloys like stainless steel, Ti, Ni, and nickel base alloys. Desired porosity is obtained by 

using specific particles size and shape. Compaction and sintering is performed under controlled atmosphere 

to obtain good green compact part. 
Made by powder rolling: porous strips of Ni, Ti, Cu, bronze and Ti alloys are prepared by powder rolling. 
Strips having thickness from 0.25 to 3 mm and length of several meters can be successfully made by this 
technique. 

Made by die compaction & sintering: porous filter parts can also be made by die compaction, but with only 

low compaction pressures. Once achieving the green compact, the parts are heated to the desired 

temperature under protective atmosphere to promote bonding between atoms. Porous parts from bronze, 

nickel, stainless steel, titanium powders can be produced by this method. 

Made by powder spraying: spraying of metal powders on a substrate under controlled conditions can be 

used to produce porous material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

PRESS WORK 

INTRODUCTION 
 

 

Metal forming is one of the manufacturing processes which are almost chipless. 

These operations are mainly carried out by the help of presses and press tools. These 

operations include deformation of metal work pieces to the desired size and size by 

applying pressure or force. Presses and press tools facilitate mass production work. 

These are considered fastest and most efficient way to form a sheet metal into 

finished products. 

Objectives 

After studying this unit, you should be able to understand 

 introduction of press tool, 

 major components of press working system, 

 different criteria of classification of presses, 

 different types of presses, 

 description of important parts of a press, 

 specifications of a press, 

 other press working tools, like punch and die, 

 components of press working system, 

 different types of die sets, and 

 design considerations for die set design. 
 

PRESS 
 

 

A press is a sheet metal working tool with a stationary bed and a powered ram can be 

driven towards the bed or away from the bed to apply force or required pressure for 

various metal forming operations. A line diagram of a typical pres is explained in the 

Figure 2.1 hydraulic system. The relative positions of bed and ram in the press are 
decided by the structure of its frame. The punch is generally gripped into the punch 33 



 holder and punch holder is attached to ram. A balster steel plate is attached to the 

bed of 

 

 

 

the press and die is mounted on the balster steel plate. 
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Figure 3.1 : Line Diagram of a Typical Press 

Presses are available in a variety of capacities, power systems and frame type. 

Meaning of capacity of press is its capability to apply the required force to complete 

the operation. 

Power and Drive System 

Power systems on presses are either hydraulic presses use a large piston and 

cylinder to drive the ram. This system is capable to provide longer ram strokes 

than mechanical dries. It gives a consistent applied load. Its working is 

comparatively slower. These presses can be single action or double action or 

so on. Number of actions depends on the number of slides operating 

independently. 

Mechanical presses are used several types of drive mechanisms. These drives 

includes eccentric, crankshaft, knuckle joint, etc. These drives are used to 

convert rotational motion given by a motor into linear motion of the ram. A fly 

wheel is generally used as reservoir of energy for forging operations. These 

presses are recommended for blanking and punching operations as the involved 

drives are capable to achieve very high forces at the end of their strokes. 

Press working is used in large number of industries like automobile industry, 

aircraft industry, telecommunication electrical appliance, utensils making 

industry are major examples. 
 

TYPES OF PRESSES  
 

There are different criteria of classification of presses into different categories. These 

criteria, related classifications and their descriptions are discussed below. 

According to the Power Source 

These power source are categorized as : 

Manually Operated or Power Driven 

These presses are used to process thin sheet metal working operations 

where less pressure or force is required. These are operated by manual 

power. Most of manually operated presses are hand press, ball press or 

fly press. 

Power Presses 

Power presses are normally driven by mechanical mechanism or hydraulic 

system. Power source of these presses may be electric motor or engine. 



 holder and punch holder is attached to ram. A balster steel plate is attached to the 

bed of 

 

 

 

According to the Type and Design of Frame 

The type and design of frame depending on the design of frame these are 

classified as inclinable, straight side, adjustable bed, gap frame, horning and 

open 

 end. 
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Its frame is called inclinable due to its capability to tilt back upto 

some angle. It can be locked into nay of its inclined position as 

shown in Figure 3.2. Its back is open to exit the scrap so it is also 

called open back inclinable press. 
  Adjustable 

 
 
 
 
 

 

Base 

 

 
 

Gap Frame Press 

Figure 3.2 : Inclinable Frame Press 

These presses have larger frame openings, that means a wide gap 

between its base and ram to accommodate larger workpieces. It also has 

longer beds, as shown in Figure 3.3. 

Line Diagram of a Gap Frame Press 

Straight Side Press 

These presses have straight side type frame which is preferred for 

presses having larger bed area and high tonnage. This offers greater 

rigidity and capable of longer strokes. The frame consists of vertical and 

straight sides so it is called straight side press. 

Adjustable Bed Type Press 

It is also called column and knee type press because it has a knee type 

bed supported on its column shaped frame. Its bed (knee) can be 

adjusted at any desirable height by moving it vertically up or down with 

the help of power screws. In this structure there is slight lack of rigidity 

as compared to other structures. It is shown in Figure 3.4. 
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Power screw 

Adjustable Bed Type Press  
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It has a solid type of vertical frame with all sides open. Driving 

mechanism is housed at the back and ram controlling mechanism at the 

front. It is easily to accommodate workpiece and dies in this type of 

structure. Its is identified as light duty machine. 

Horning Press 

It consist of a vertical frame, top of which over hangs towards the front. 

The over hanging portion serves for housing for driving mechanism and 

ram control. The frame consists of a front face as a work table called horn. 

According to the Position of Frame 

Presses can also be categorized by the position of frame as described below. 

Inclinable Frame 

Already described. 

Vertical Frame 

Vertical frame type of press is already been discussed, it cannot be 

adjusted like inclinable frame. Gap, adjustable bed, straight side, open 

end and honing presses are the example of vertical frames. 

Horizontal Frame 

It has a fixed frame in horizontal position. It provides the facility of auto 

ejection of produced part and scrap due to gravity. 

Inclined Frame 

Like inclinable frame, inclined frame press has an inclined frame but 

fixed, it cannot be adjusted to any other angle. 

According to the Actions 

According to the number of actions it can be categorized as single action, double 

action or triple action press. Here number of actions is same as the number of 

rams on the press. 

According to Mechanism Used to Transmit Power to Ram 

Crank Press 

It consists of crankshaft driven by a flywheel, rotary motion of the 

crankshaft is converted into reciprocating motion with the help of a 

connecting rod connected to ram. 

Cam Driven Press 

In this press, a cam is used to press the ram down words and suitably 

located springs restore the original position of ram when pressure 

applied is removed. This mechanism has a limitation of size of the press. 

Eccentric Press 

In this press, the driving shaft carries an eccentric integral with it. One 

end of the connecting rod carried an attachment of revolving eccentric 

and its other end is connected to ram. As the eccentric shaft revolves, the 

offset between the eccentric centre and the centre of rotation of the shaft 

provides the required movement. 

Knuckle Press 

This press is driven with the help of knuckle joint mechanism. The main 

advantage of this press is partial back thrust is transferred to crankshaft, its 

 
major portion is transferred to back crown which is capable to hear. This 



Press and Press Tools enables the application of this press for heavier jobs with high 

intensity of 

 

 

 

blows. These presses are recommended for coining, squeezing, 

extruding and embossing. They have a limitation of shorter stroke 

lengths. 

Toggle Press 

These presses work on toggle mechanism and used for double and triple 

action presses for driving the outer rams. However, crankshaft drive is 

used for the inner ram. These are used for large draw dies, in which this 

mechanism actuates the blank holder whereas the punch is operated by 

the crank driven inner ram. 

Screw Press 

This is known as power screw or percussion press. There is a vertical are 

like frame, its job forms a nut. There is a flywheel at the top of and 

engages the ram at its bottom. The flywheel is driven by a friction disc 

and the rotating screw lowers and raises the ram. The flywheel is 

accelerated by friction drive. Its total energy is expanded in striking the 

work, bringing it to a halt. The intensity of blow can be regulated by 

adjusting the height of the die. Higher the position of the die, lesser the 

speed of the flywheel and hence lower the intensity of blow. These 

presses have a limitation that the ram movement is slow so these are 

recommended for sheet metal work only. 

Hydraulic Press 

These presses have a piller type construction or carry the hydraulic 

cylinder at the top of the crown. These presses provide longer stroke 

than mechanical presses with adjustable intensity of blow. Their stroke 

length can also be adjusted with full tonnage. These are recommended 

for deep drawing, extruding and plastic moulding. 

Rack and Pinion Press 

Rack and pinion driven presses are called rack and pinion presses meant 

for long strokes. Major advantage is faster operation of this press due to 

involvement of quick return motion. There are some limitations of this 

press. Load bearing capability of rack and pinion mechanism is very low 

so these are light duty machines. Ram movement is slightly slower. 

These presses have very limited use now-a-days. 

According to Number of Drive Gears 

Number of drive gears means number of gears attached at the ends of 

crankshaft, used to drive it. Smaller presses have single drive and larger 

presses may be double drive crankshafts. Very large presses with longer beds, 

carry long crankshafts. They have risk of twisting. These crankshafts are 

provided with one driving gear at each ends, these presses are named as twine 

drive presses. If a press carries two crankshafts each having a twin drive, such 

presses are called quadruple drive presses. 

According to Number of Crankshaft in a Press 

According to the number of crankshafts used in a press, these are directly 

classified as single crank (having one crankshaft) double crank (having two 

crankshafts). 

Method of transmission of power from Motor to Crankshaft 

The method used for transmission of power from motor to crankshaft 

categorized presses into following categories : 

Direct Drive Press 
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In this case, power is directly transferred through gears pair. Smaller 

gear is mounted on the motor shaft, called pinion, its mating gear which 

is larger, 

mounted on the crankshaft. The larger gear also acts as flywheel. The 37 



Manufacturing Processes-III flywheel is attached to the crankshaft through clutch and equipped with 

the 

 

 

 

facility of disengaging it as per the need. Such presses have shorter 

strokes and these are light duty presses. 

Flywheel Driven Presses 

These presses consists no gears so also called “No geared presses”. For 

the transmission of power motor pulley is connected to flywheel driven 

crankshaft by Vee belt and pulley system. A clutch is used to engage or 

disengage the flywheel with the crankshaft. These presses are light duty 

presses providing shorter and quicker strokes. 

Single Geared Drive Presses 

This press consists of a counter shaft between motor shaft and 

crankshaft. Flywheel is mounted on the countershaft. Power is 

transferred from motor to flywheel (countershaft) through „Vee‟ belt 

drive and then from counter shaft to crankshaft through pinion and gear. 

Clutch is mounted between pinion and flywheel to disengaged the 

power transmission as per the requirements. In these presses there are 

two steps for rpm reduction and torque enhancement so these are heavy 

duty mechanics with longer strokes. 

Double Geared Drive Presses 

In these type of presses an additional shaft named as intermediate shaft 

is introduced between the countershaft mounted flywheel and the 

crankshaft of a single geared drive. Twin drive is possible in this case by 

having similar gear train on other sides of two shafts. This provides 

slow stroke with larger power. 

According to the Purpose of Use 

Some of the operations require low stroke strength and some lager stroke 

strength. In the same way requirements of stroke length is different for different 

operations. So depending on power and stroke length presses are classified as 

given below depending on their suitability of performing different operations. 

(a) Shearing press 

(b) Seaming press 

(c) Straightening press 

(d) Punching press 

(e) Extruding press 

(f) Caining press 

(g) Forging press 

(h) Rolling press 

(i) Bending press. 
 

MAIN PARTS OF A TYPICAL POWER PRESS  
 

Different types of presses have almost common types of main parts. These parts are 

described below. 

Base 

The all machine tool, base is the one of the parts of a press. It is main 

supporting member for workpiece holding dies and different controlling 

mechanisms of press. Size of the table limits the size of workpiece that can be 

processed on a press. In case of some special presses the base carries 

mechanism for tilting the frame in any desirable inclined position too. 



Frame 
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Frame constitute main body of the press located at one edge of its base. It 

houses support for ram, driving mechanism and control mechanisms. Some of 

the press have column shaped frame. 

 
 

This is main operating part of the press which works directly during 

processing of a workpiece. Ram reciprocates to and fro within its guideways 

with prescribed stroke length and power. The stroke length and power 

transferred can be adjusted as per the requirements. Ram at its bottom end 

carries punch to process the workpiece. 

Pitman 

It is the part which connects the ram and crankshaft or ram eccentric. 

Driving Mechanism 

Different types of driving mechanisms are used in different types of presses 

like cylinder and piston arrangement in hydraulic press, crankshaft and 

eccentric mechanisms in mechanical press, etc. these mechanisms are used to 

drive ram by transferring power from motor to ram. 

Controlling Mechanisms 

Controlling mechanisms are used to operate a press under predetermined 

controlled conditions. Normally two parameters are adjusted by controlling 

mechanisms length of stroke of ram and power of stroke. Transfer of power 

can be disengaged with the help of clutch provided with driving mechanisms as 

per need. In most of the presses controlling mechanisms is in built with the 

driving mechanisms. Now-a-days compute controlled presses are being used in 

which controlling is guided by microprocessor. These presses provides reliable 

and accurate control with automation. 

Flywheel 

In most of the presses driven gear or driven pulley is made of the shape of 

flywheel, which is used for storing the energy reserve wire of energy) for 

maintaining constant speed of ram when punch is pressed against the 

workpiece. Flywheel is placed in the driving mechanism just before the clutch 

is sequence of power transmission. 

Brakes 

Brakes are very urgent in any mobile system. Generally two types of brakes are 

used normal brake, which can bring the driven shaft to rest quickly after 

disengaging it from flywheel. Other is emergency brakes which are provided as 

foot brake to any machine. These brakes include power off switch along with 

normal stronger braking to bring all motions to rest quickly. 

Balster Plate 

It is a thick plate attached to the bed or base of the press. It is used to clamp 

the die assembly rigidly to support the workpiece. The die used in press 

working may have more than one part that is why the phrase die assembly is 

being used at the place of die. 
 

SPECIFICATIONS OF A PRESS  
 

Expressing size of a machine (press) includes expressing each of the parameters 

pertaining to it quantitatively in appropriate units. Expressing size in the above 

mentioned way is the specifications of press. The following parameters are 
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expressed as 

specifications of a press.  



(a) Maximum Force : Maximum force that its ram can exert on the workpiece, 
 

 

 

this is expressed in tones and called tonnage. It varies from 5 to 4000 

tonnes for mechanical press. It may be up to 50,000 tonnes by hydraulic 

press. 

(b) Maximum Stroke Length : Maximum distance traveled by the ram from 

its top most position to extreme down position. It is expressed in mm. the 

stroke length is adjustable so different values that can be obtained between 

minimum and maximum of stroke length, these are also the part of 

specifications. 

(c) Die Space : Total (maximum) surface area, along with (b  d), of bed, base, 

ram base. This the area in which die can be maintained. 

(d) Shut Height : Total opening between the ram and base when ram is at its 

extreme down position. This is the minimum height of the processed 

workpiece. 

(e) Press Adjustments : Different stroke lengths (already covered in point 

number 2). Different tonnage that can be set as per the requirement. 

(f) Ram Speed : It is expressed as number of strokes per minute. Generally it 

can be 5 to 5000 strokes per minute. 
 

PRESS TOOL  
 

Commonly used tools which are major components of press working are punches 

and dies. Punch is an important part of the system which is fastened to the ram and 

forced into the die where workpiece to be processed is supported. Die is a work 

holding device, designed specifically for a particular design of a product. Die is 

rigidly held on the base of the press. Die carries an opening which  is perfectly 

aligned with the punch and its movement. Both die and punch work together as a 

unit and this is called a die set. Punch and die both are made of high speed steel. Die 

is the part where strength and wear resistant both properties are required. So 

normally working surface of the die is made of satellite or cemented carbide. Details 

of the die set are described below. 

Punch 

Lower end of the ram holds punch holder which is equipped with the punch 

plate. Punch plate is generally made of stainless steel or HSS. The punch plate 

holds the punch rigidly and accurately. Different ways of holding the punch are 

described below : 

(a) Punch can be fastened by forcing it to punch plate, top end of the 

punch is flattened to fit in the countersunk recess as shown in 

Figure 3.5. 

(b) Punch can be clamped to the punch plate by a set screw. The correct 

position of the punch is located by cutting a slot into the punch plate 

as shown in Figure 3.5. 

(c) Shank of the punch is forced into the punch plate top end of the 

punch is made flat to fit into the countersunk recess as shown in 

Figure 3.5. 

(d) Punch can be tightly secured to the punch plate with the help of grubs 

screws as shown in Figure 3.5. 

(e) Set screws are used to fastened the punch to the punch plate as shown 

in Figure 3.5. 

(f) Fastening of punch with the help of a set screw and it is located 

during fastening with the help of two dowel pins shown in Figure 3.5. 

(g) Flange end of the punch is secured to the punch plate by set screws 



(a) Maximum Force : Maximum force that its ram can exert on the workpiece, 
 

 

 

 from the punch end as shown in Figure 3.5. 
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Figure 3.5 : Different Ways of Holding a Punch 

 

DIE SET AND ITS DETAILS  
 

The complete die set consists of a punch, die and some other accessories which are 

described in this section later. Perfect alignment of punch and die is most important 

for satisfactory working of punch. Accessories of die set provides the require 

alignment and rigidity to the system and improves accuracy of the system 

performance. These accessories are the finished parts, removal of waste. The die 

accessories are shown in Figure 3.6. These are described as below. 
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Figure 3.6 : Die Accessories 

It is also known by its other name upper shoe of die set. Punch holder is 

clamped to the ram of press. It holds the punch below it. 

Punch 

It is the main tool of die assembly which directly comes in contact of workpiece 
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during its processing, its detail have already been described.  
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Stops 

It is also called die shoe. Its work as a support for the die block and it is rigidly 

fastened to the balster plate of the press. 

 
 

Stops are used for maintaining correct spacing of the sheet metal when it is fed 

below the punch to maintain the quality of output. These restrict the feed of 

stock (workpiece) to a pre-determined length each time without doing any 

precise measurements. Normally two types of stops are used bottom stop and 

lever stop as described below. 

Bottom Top 

Bottom stop is a tape of mechanical mechanism. This mechanism stops the 

movement of punch after end of each cut. A button is located in such a 

manner when fresh stock is fed to die, the button is pressed due to the impact 

of the fed stock, indicating feeding of true length of the stock. This way the 

mechanism also acts as a fixture. Pressing of button enables the system ready 

for next cutting action. The button stop is used in hand presses and in slow 

acting power presses. 

Lever Stop 

This mechanism operates with the help of a lever. After the completion of one 

cut, the stop mechanism stops the downwards movement of punch for next cut 

when fresh stock is fed it is stopped by a lever after feeding it up to certain 

length. The lever also enables the punch to move for cut. 

Pilots 

Pilot is used for correct location of blank when it is fed by mechanical means. 

The pilot enters into the previously pierced hole and moves the blank to the 

correct position to be finally spaced by the stops. Normally pilots are fitted to the 

punch holders. 

Strippers 

Stripper is used to discard the workpiece out side the press after the completion 

of cutting or forming operation. After the cutting when punch follows upward 

stroke the blank is stripped off from the punch cutting edge and prevents it 

from being lifted along with the punch. This action of prevention is performed 

by the stripper. 

Knockouts 

Knockout is also a type of stripper which is used generally in case of invarted 

dies. After the completion of cutting action, the blank is ejected by the knockout 

plate out of cutting edge. 

Pressure Pads 

Pressure pads are plates which grip the workpiece very tightly at the ends when 

it plastically flows between the punch and the die. This tight griping eliminates 

the chances of wrinkling in the process of metal forming. A spring loaded 

plunger acting on the bottom of workpiece plate also serve the same function. 

The pressure pads do a type of ironing on the sheet metal workpiece. 

Guide Posts 

Accurate alignment between die opening and punch movement is very 

important. Guide posts are used for correct alignment of punch and die shoe. 
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Punch Plate 

Punch plate is also known as punch retainer. This is fixed to the punch holder. 

Punch plate serves as a guide way to hold the punch in right position and 

properly aligned. This makes the replacement of punch quick and correct. 



  

 

 

Backing plate is used to distribute pressure uniformly over the whole area 

(maintains uniform stress), it prevents the stress concentration on any portion 

of punch holder. This is generally made of hardened steel inserted between the 

punch and punch holder. 

Die Retainer 

The purpose of die retainer is same that is of punch plate and punch holder. 

Die retainer is fixed to the bed (base) of the press to hold the die block in 

correct alignment with the movement of punch. In some specific cases die 

shoe itself works as a die retainer. 
 

METHODS OF DIE SUPPORTING  
 

Die is normally held in die holder which is clamped to the balster plate mounted on 

the table or base of the press. Three different methods of securing die blocks to the 

die holder are discussed here. 

Method 1 

The die block is secured to the die holder by four set screws shown in Figure 

3.7. Here only one screw is shown. The position of the die is correctly located 

by dowel pin. 

Method 2 

The die block is secured by the set screws at the bottom of the die holders 

shown in Figure 3.7. 

Method 3 

Die block is secured by an wedge which is clamped to the die holder by 

set screws, shown in Figure 3.7. 
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Figure 3.7 : Different Methods of Die Supporting 

 
 

CLASSIFICATION OF DIES  
 

There is a broader classification of single operation dies and multi-operation dies. 

(a) Single operation dies are designed to perform only a single operation in 

each stroke of ram. 

(b) Multi operation dies are designed to perform more than one operation in 

each stroke of ram. 

Single operation dies are further classified as described below. 

Cutting Dies 

These dies are meant to cut sheet metal into blanks. The operation performed 

so is named as blanking operation. These dies and concerned punches are given 

specific angles to their edges. These are used for operation based on cutting of 

Dowe 

Set screw 



  

 

 

metal by 

shearing action. 43 



  

 

 

These dies are used to change two shape of workpiece material by 

deforming action. No cutting takes place in these dies. These dies are used 

to change the shape and size related configuration of metal blanks. 

As there is a classification of single operation dies, multi-operation dies are can 

also be classified (further) as described below. 

Compound Dies 

In these dies two or more cutting actions (operations) can be executed in a single 

stroke of the ram. 

Combination Dies 

As indicated by their names these dies are meant to do combination of two or 

more operations simultaneously. This may be cutting action followed by 

forming operation. All the operations are done in a single action of ram. 

Progressing Dies 

These dies are able to do progressive actions (operations) on the workpiece 

like one operation followed by another operation and so on. An operation is 

performed at one point and then workpiece is shifted to another working point 

in each stroke of ram. 

Another classification of dies is also possible on the basis of specific operations that 

can be performed on them. This classification is described below. 

Shearing Operations 

These belong to the category of cutting dies. These are used for operations 

involving shearing action on the workpiece material like blanking, punching, 

perforating, notch making, slitting, etc. 

Drawing Operations 

All dies designed for flanging, embossing, bulging and cupping operations fall 

in the category of drawing operation dies. 

Bending Operations 

Some of the dies designed for angle bending, curling, forming, folding, 

plunging, etc. operations fall in the category of dies based on bending 

operations. 

Squeezing Operations 

Another category of dies based on squeezing operations are capable to do 

operations like flattening, planishing, swaging, coining, sizing, extruding and 

pressing operations. 

On the basis of construction, dies can be classified in the following ways : 

Cut-off Die 

The die designed for cutting off operation is called cut-off die. It provides a 

vertical surface along which punch slides to cut-off the workpiece by shearing 

action. 

Drop through Die 

As indicated by their names, these dies are made hollow where blank fall 

down after being cut-off. 



  

 

 

Return Type Die 

In these dies a knockout plate is incorporated, by which the cut blank returns 

back to the position at which it was cut before it ejected



 

  

 

These are two different dies, simple dies are those dies, used for single exclusive operation in 

each stroke of ram. These dies have already been discussed in earlier section. In compound 

dies two or more operations can be done at a single working point. Initial cost of such dies is 

more due their complicated design and difficult manufacturing. Their low operating cost 

makes these very economical as a single compound die is equivalent to two or three simple 

dies. 

There is also reduction of cost of using of two or three presses because multiple 

operations are accomplished in a single press by a single operator. 

Continental Dies 

These are similar to other dies but the conceptual difference is, these are meant to do 

research and development work. These cannot do mass production as they may not 

be very robust. 

Sub-press Die 

These are designed by incorporating two punch shoe in the die which is actuated by 

springs to its starting position. 

Follow Die 

This is designed to do two operations, one followed by other operation. It is like a 

progressive die which have already been discussed earlier in this unit. 

Transfer Die 

It is also like a progressive die having more then one working points. It is different 

form progressive die as it has feeding fingers in the die which transfer the workpiece 

from one work station to other. In some cases feeding fingers are attached to press, 

then the press is called transfer press. 

Shuttle Die 

This is also a type of progressive die having bars in the die just below the workpiece 

position at each workstation. After the completion of one operation, lift to bear shifts 

the workpiece from one station to another.  

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

Fixtures, being used in machine shop, are strong and rigid mechanical devices which 

enable easy, quick and consistently accurate locating, supporting and clamping, blanks 

against cutting tool(s) and result faster and accurate machining with consistent quality, 

functional ability and interchangeability. 

Jig is a fixture with an additional feature of tool guidance. 

 

(i) Purpose Of Using Fixtures And Jigs 

For a machining work, like drilling a through hole of given diameter eccentrically in a 

premachined mild steel disk as shown in Fig. 8.1.1 in a 
 

be made 

 

 

 

 

 

 

 

 

 

 

 

 
A through hole has to be drilled in a pre-machined mild steel disc. 

hole to 



 

  

 

conventional drilling machine without using any fixture or jig, the following elementary 

steps are to be sequentially followed 

 

 cleaning and deburring the blank (disc) 

 marking on the blank showing the location of the hole and its axis on the 

blank 

 punch the centre at the desired location and prick punch the periphery of 

the hole to be made in the disc 

 mount the blank in a drilling vice using parallel block, a small Vee block 

etc. to provide support and clamp the blank firmly 

 position the vice along with the marked blank to bring the hole axis in 

alignment with the drill axis by 

 either adjusting the vise position w.r.t. the fixed drill axis 

 or moving the drilling machine table and then locking the table 
position 

 or moving the radial arm and the drilling head, if it is a radial 

drilling machine 

 after fixing the blank, vise and the table, alignment is checked again 

 if error, like eccentricity, is found to occur then readjustment of location of 

the hole – axis is to be done before and even after starting drilling 

 drilling is accomplished. 

 

Therefore it appears that so many operations are needed to be carried out carefully and 

skilfully by the machinist or operator for such a simple job. Even after that there may be 

inaccuracies in machining. Such tedious and time consuming manual work are eliminated 

or drastically reduced in mass production by automatic or special purpose machine tools. 

But such machine tools are quite expensive and hence are economically justified for 

only huge or mass production and not viable for small lot or batch production. For batch 

production proper design and use of simple but effective jigs and fixtures are appropriate 

and economically justified. This is schematically illustrated in Fig. 8.1.2. 

The basic purposes of developing and using suitable jigs and fixtures for batch 

production in machine shops are : 

 to eliminate marking, punching, positioning, alignments etc. 

 easy, quick and consistently accurate locating, supporting and clamping 

the blank in alignment of the cutting tool 

 guidance to the cutting tool like drill, reamer etc. 

 increase in productivity and maintain product quality consistently 

 to reduce operator’s labour and skill – requirement 

 to reduce measurement and its cost 

 enhancing technological capacity of the machine tools 

 reduction of overall machining cost and also increase in 

interchangeability. 
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(ii) Design Considerations For Jigs And Fixtures 

Jigs and fixtures are manually or partially power operated devices. To fulfil their basic 

purposes, jigs and fixtures are comprised of several elements (as indicated in Fig. 8.1.3) : 

 base and body or frame with clamping features 

 locating elements for proper positioning and orientation of the blank 

 supporting surfaces and base 

 clamping elements 

 tool guiding frame and bushes (for jig) 

 indexing plates or systems, if necessary 

 auxiliary elements 

 fastening parts 
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 Major elements of jig and fixtures. 

 
 

Therefore keeping in view increase in productivity, product quality, repeatability i.e. 

interchangeability and overall economy in batch production by machining, the following 

factors are essentially considered during design, fabrication and assembly of jigs and 

fixtures : 

 

 easy, quick and consistently accurate locating of the blank in the jig or 

fixture in reference to the cutting tool 

 providing strong, rigid and stable support to the blank 

 quick, strong and rigid clamping of the blank in the jig or fixture 

without interrupting any other operations 

 tool guidance for slender cutting tools like drills and reamers 

 easy and quick loading and unloading the job to and from the jig or fixture 

 use of minimum number of parts for making the jig or fixture 

 use of standard parts as much as possible 

 reasonable amount of flexibility or adjustability, if feasible, to 
accommodate slight variation in the job - dimensions. 

 prevention of jamming of chips, i.e. wide chips-space and easy chip 

disposal 

 easy, quick and accurate indexing system if required. 

 easy and safe handling and moving the jig or fixture on the machine table, 

i.e., their shape, size, weight and sharp edges and corners 

 easy and quick removal and replacement of small parts 

 manufacturability i.e. ease of manufacture 

 durability and maintainability 

 service life and overall expenses 
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(iii) Principles And Methods Of Locating, Supporting And Clamping 
Blanks And Tool Guidance In Jigs And 

Fixtures 

It is already emphasized that the main functions of the jigs and fixtures are : 

(a) easily, quickly, firmly and consistently accurately 

 locating 

 supporting and 

 clamping 

the blank (in the jig or fixture) in respect to the cutting tool(s) 

(b) providing guidance to the slender cutting tools using proper bushes There are 

and can be several methods of locating, supporting and clamping depending upon 

the size, shape and material of the job, cutting tool and the machining work 

required. But some basic principles or rules are usually followed while designing for 

locating, supporting and clamping of blank in fixtures. 
 

(a) Locating, Supporting and Clamping of jobs in jigs and fixtures 
 

 Locating – principles and methods 
 

 Principles or rules of locating in jigs and fixtures 
For accurate machining, the workpiece is to be placed and held in correct position and 

orientation in the fixture (or jig) which is again appropriately located and fixed with 

respect to the cutting tool and the machine tool. It has to be assured that the blank, once 

fixed or clamped, does not move at all. 

Any solid body may have maximum twelve degrees of freedom as indicated in Fig. 8.1.4. 

By properly locating, supporting and clamping the blank its all degrees of freedom are to 

be arrested as typically shown in Fig. 8.1.5. 
 

Possible degrees of freedom of a solid body. 
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supporting pins 
 

 

 

Arresting all degrees of freedom of a blank in a fixture. 
 

The three adjacent locating surfaces of the blank (workpiece) are resting against 3, 2 and 

1 pins respectively, which prevent 9 degrees of freedom. The rest three degrees of freedom 

are arrested by three external forces usually provided directly by clamping. Some of such 

forces may be attained by friction. 

Some basic principles or rules need to be followed while planning for 
locating blanks in fixtures, such as; 

 

 One or more surfaces (preferably machined) and / or drilled / bored hole(s) 

are to be taken for reference 

 The reference surfaces should be significant and important 

feature(s) based on which most of the dimensions are laid down 

 Locating should be easy, quick and accurate 

 In case of locating by pin, the pins and their mounting and contact points 

should be strong, rigid and hard 

 A minimum of three point must be used to locate a horizontal flat 

surface 

 The locating pins should be as far apart as feasible 

 Vee block and cones should be used for self-locating solid and hollow 

cylindrical jobs as typically shown in Fig 

 Sight location is applicable to first – operation location of blank with 

irregular surfaces produced by casting, forging etc. as indicated in Fig. 
when the bracket is first located on two edges to machine the bottom 

surface which will be used for subsequent locating. 



 

  

 

 Adjustable locating pin(s) as indicated in Fig. 8.1.3 is to be used to 
accommodate limited part size variation 

 

 
 

Locating by Vee block and cone. 
 

 For locating large jobs by rough bottom surface one of the three pins may be 

replaced by a pivoted arm as indicated in Fig. 8.1.7. The pivoted arm provides 

wo contact points. 
 

 

 

 

 

 

 

 

 

 

 

(b) pivoted arm with two points 

 
 (a) Sight location and (b) location by pivoted points (equalizer) 

job (bracket) 

    rough bottom surface to be 

machined 

(a) sight location 



 

  

 

 General methods of locating 
 

 Locating blanks for machining in lathes 
 

In lathes, where the job rotates, the blanks are located by 

 fitting into self centering chuck 

 fitting into 4 – independent jaw chuck and dead centre 

 in self – centering collets 

 in between live and dead centres 

 by using mandrel fitted into the head stock – spindle 

 fitting in a separate fixture which is properly clamped on a driving plate 

which is coaxially fitted into the lathe spindle. 

 

 Locating for machining in other than lathes 
 

In machine tools like drilling machine, boring machine, milling machine, planing 

machine, broaching machine and surface grinding machine the job remains fixed on the 

bed or work table of those machine tools. 

Fixtures are mostly used in the aforesaid machine tools and jig specially for drilling, 

reaming etc. for batch production. 

For machining in those jigs and fixtures, the blank is located in several ways which 

include the followings : 

 

 Locating by flat surfaces 
 

Fig. 8.1.8 typically shows locating jobs by their flat surfaces using various 

types of flat ended pins and buttons. 
 

 

 

 

 

 

 

 

 
 

(a) 
 

(b) 

 Locating by (a) flat surfaces and (b) types of pins used for that. 



 

  

 

 Locating by holes 
 

In several cases, workpieces are located by premachined (drilled, bored or 

pierced) holes, such as; 

 Locating by two holes as shown in Fig. 8.1.9 (a) where one of the 

pins has to be diamond shaped to accommodate tolerance on the 

distance between the holes and their diameters 

 Locating by one hole and an external pin which presents rotation of the 
blank around the inner pin as indicated in Fig. 8.1.9 (b) 

 Locating by one hole and one Vee-block as shown in Fig. 8.1.10 
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(a) locating by two holes 
(b) locating by one hole 

 Locating by holes. 

plug/pin    job     
V – block

 

 

 

 

 

 Locating by a pin and Vee block. 

 
 

 Locating on mandrel or plug 
 

Ring or disc type workpieces are conveniently located on mandrel or single 

plug as shown in Fig. 8.1.11. 



 

  

 

However, there may be several other ways of locating depending upon the machining 

conditions and requirements. 
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Locating by mandrel or plug. 

 
 

 Supporting – principles and methods 
 

A workpiece has to be properly placed in the jig or fixture not only for desired positioning 

and orientation but also on strong and rigid support such that the blank does not 

elastically deflect or deform under the actions of the clamping forces, cutting forces and 

even its own weight. 

 

 Basic principles or rules to be followed while designing 
or planning for supporting 
 supporting should be provided at least at three points 

 supporting elements and system have to be enough strong and rigid 
to prevent deformation due to clamping and cutting forces 

 unsupported span should not be large to cause sagging as indicated 

in fig. 8.1.12 

 supporting should keep the blank in stable condition under the forces 

as indicated in fig. 8.1.13 

 for supporting large flat area proper recess is to be provided, as 

indicated in fig. 8.1.14, for better and stable support. 

 round or cylindrical workpieces should be supported (along with 

locating) on strong vee block of suitable size 

 heavy workpieces with pre-machined bottom surface should be 

supported on wide flat areas, otherwise on flat ended strong pins or 
plugs. 

 if more than three pins are required for supporting large workpieces 

then the additional supporting pins are to be spring loaded or 

adjustable 

mandrel workpiece 



 

  

 

force 
force 

workpiece 

workpiece 

bearing area 

 additional adjustable supporting pins need to be provided 

 to compensate part size variation 

 when the supporting surface is large and irregular 

 when clamping and cutting forces are large 

 ring or disc type jobs, specially requiring indexing should be 

supported (and located) in mandrel 

force 

Deflection due to force(s) for wide gap in between supports. 
 
 
 
 
 
 
 
 
 

 

(a) not correct (unstable) (b) correct (stable) 

 Stability in supporting. 

 

Recess in long span supporting. 
 

 Common methods of supporting job in fixtures 

 

 supporting on vices 

 supporting on flat surfaces / blocks  

 supporting by fixed pins  

 additional supporting by adjustable pins and plugs or jack screws as 

shown in fig.  

 supporting (and locating) on vee blocks and mandrels 

Job Job 

recess    
supporting 

recess 



 

  

 

workpiece 
 

 

 

 

 

 

 

 

 

 
(a) 

 

(b)  

 

Supporting (a) by flat surface  

 

 

 
 

Adjustable supporting pins. 



 

  

 

 Clamping of workpiece in fixtures 
 

In jigs and fixtures the workpiece or blank has to be strongly and rigidly clamped against 

the supporting surfaces and also the locating features so that the blank does not get 

displaced at all under the cutting forces during machining. 

 

 While designing for clamping the following factors essentially 
need to be considered : 

 clamping need to be strong and rigid enough to hold the blank firmly 

during machining 

 clamping should be easy, quick and consistently adequate 

 clamping should be such that it is not affected by vibration, chatter or 

heavy pressure 

 the way of clamping and unclamping should not hinder loading and 

unloading the blank in the jig or fixture 

 the clamp and clamping force must not damage or deform the 

workpiece 

 clamping operation should be very simple and quick acting when the jig 

or fixture is to be used more frequently and for large volume of work 

 clamps, which move by slide or slip or tend to do so during applying 

clamping forces, should be avoided 

 clamping system should comprise of less number of parts for ease of 

design, operation and maintenance 

 the wearing parts should be hard or hardened and also be easily 

replaceable 

 clamping force should act on heavy part(s) and against supporting and 

locating surfaces 

 clamping force should be away from the machining thrust forces 

 clamping method should be fool proof and safe 

 clamping must be reliable but also inexpensive 

 

 Various methods of clamping 
 

Clamping method and system are basically of two categories : 

(a) general type without much consideration on speed of clamping operations 

(b) quick acting types 
 

(a) General clamping methods of common use : 
 

 Screw operated strap clamps as typically shown in Fig. 8.1.17. The clamping 
end of the strap is pressed against a spring which enables quick unclamping 



 

  

 

 
 

  
 

Common strap type clamping. 
 

 Clamping from side for unobstructed through machining (like milling, 
planing and broaching) of the top surface. Some commonly used such 

clamping are shown in Fig. 8.1.18 
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 Clamping by swing plates 
 

Such clamping, typically shown in Fig. 8.1.19, are simple and relatively quick in 

operation but is suitable for jobs of relatively smaller size, simpler shape and requiring 

lesser clamping forces. 
 

 
 

 Other conventional clamping methods include : 

 Vices like drilling and milling vices 

 Magnetic chucks 

 Chucks and collets for lathe work 
 

 Quick clamping methods and systems 
 

 

 Cam clamping 
Quick clamping by cam is very effective and very simple in operation. 

Some popular methods and systems of clamping by cam are shown in Fig. 

8.1.21 

The cam and screw type clamping system is used for clamping through 

some interior parts where other simple system will not have access. 

 

(a) clamping by cam 

workpiece 

 

 

 

 

 

 

 

 

 

 

(b) screw and cam clamping from distance 
 



 

  

 

 Quick clamping by cams. 
 

 Quick multiple clamping by pivoted clamps in series and parallel. This method 

shown in Fig. 8.1.22 is capable to simultaneously clamp number of rods even with 

slight diameter variation 

 Quick clamping by hydraulic and pneumatic force for strong and light clamping 

respectively 

 Light but quick clamping by bayonet type clamp as indicated in Fig. 



 

  

 

workpiece 

 

 

 
 

Fig. 8.1.22 Quick multiple locating and clamping of cylindrical jobs. 

 

 

Fig. 8.1.23 Quick acting screw (bayonet type) clamping. 

 
 

(b) Drill – jig bushing 
 

Slender and cantelever type cutting tools, mainly drills, usually suffer from run 

– out due to possible errors in the drill, sockets and drilling machine spindle and 

finally in the overall alignment. Such run out causes over sizing, out of roundness and 

surface roughening of the drilled holes. Such run out aggravates further with the 

increase in drill speed (rpm) and the thrust force, specially if the drill is not 

geometrically symmetrical. This often leads to, in addition to poor product quality, 

breakage of the drill by bending and / or buckling. To reduce such problems, bushes 

are used in the jigs to guide the drill bits as indicated in Fig. 8.1.3. 
 

 The factors to be considered while designing for jig – bushing, are : 
o The bushes, used to guide and properly locate drills, reamers etc. are 

generally made of carbon or alloy steel and made wear resistive by 
hardening to RC 60 and above. Often bushes are also made from grey 
cast iron for antifriction and protection of the tools. 



 

  

 

o The hardened jig bushes are finished outside by grinding and inside 
by grinding and lapping if high precision is insisted. 

o The bush’s length should be sufficient ( twice drill diameter) 
and its diameter should be slightly larger than the drill diameter 

o Design and construction should enable easy and quick proper fitting 
and removal or replacement of the bushes 

o Bushes should not come out from its seat along with the drill 
during its return. 

 

 Types of jig bushes 
 

Depending upon nature of fitting, quick mounting and replacement, job requirement etc. 

jig bushes are classified into several types. 

 Bushes may be 

 Press fitted type 

 Slip type 

 Screwed type 

 

Press fitted thin sleeve type bushes are generally used for shorter runs and are not 

renewable. Renewable type slip bushes are used with liner. But screw bushes, though 

renewable may be used without or with liner. 

 

 Bushes may be 

 Without head 

 With head 

 With a flange being screwed on the bracket Fig. 

8.1.24 shows such various bushes 
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Fig. 8.1.24 Bushes (a) without head, (b) with head and (c) flange. 



 

  

 

 Frequently replaceable bushes are provided with some 

locking system as shown in Fig. 8.1.25 

Fig. 8.1.25 Locking of frequently replaceable bushes. 
 

 Some special jig bushings are often designed and used 

as and when required as indicated in Fig. 8.1.26 

(a) two close holes – in one bush (b) two very close holes – using 

eccentric bush 
 

(c) two close holes – by two adjacent modified bushes 

 Special jig – bushes for critical requirements. 

 
 

Many other types are possible and made depending upon the working 

situation and critical requirements. 
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