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Introduction to Forging

• Definition: Forging is deforming metals/alloys into shapes by 
repeated hammer blows, usually hot forging.

• Raw Material: Piece slightly larger than final component, allowing 
for scaling and machining allowance.

• Usage: Forged parts used as-is or machined for precise dimension



Classification of Forging

• Hand Forging: Manual hammering by blacksmith on anvil, suitable for small parts and quantities. Hand forging, or 
blacksmithing, is a traditional metal shaping method that involves heating metal in a forge and then using a hammer and 
anvil to shape it.

• Power Hammer Forging: Powered by electricity, steam, or compressed air for larger parts. Power hammer forging uses a 
mechanically powered hammer to strike hot metal, allowing for more efficient and powerful shaping than manual hammering. It 
involves placing heated metal on an anvil and using a foot pedal or lever to control the hammer's strike force and speed

• Hydraulic Press Forging: Uses squeezing action of press, produces superior quality forgings.

• Machine Forging: Special machines for mass production of bolts and nuts.



Hand Forging Operations

• Upsetting: Increase cross-section, decrease length.
• Drawing Down: Increase length, reduce cross-section.
• Cutting: Remove extra metal by hot chisels.
• Bending: Heated and upset area to allow bending without cross-

section reduction.
• Punching & Drifting: Creating rough holes and improving finish of holes.
• Setting Down & Finishing: Removing rounded corners, smoothing 

surfaces.
• Forge Welding: Joining two heated and cleaned metal pieces by 

hammering with flux.



Power Hammers Overview

• Spring Hammer: Obsolete electric motor powered hammer with a 
laminated spring.

• Pneumatic Hammer: Uses compressed air to power piston for 
blows; regulated blow intensity.

• Steam Hammer: Uses steam pressure for stronger blows than 
pneumatic.



Types of Die Forging

• Open Die Forging: Material not fully enclosed; uses flat or V dies.

• Impression Die Forging: Dies have carved impressions; flash 
formed and trimmed.

• Closed Die Forging: Precise material amount; no flash; suitable for 
mass production.



Important Considerations for Quality Forgings

• Correct heating and soaking time for thickness.

• Good forging practice: 40% cross-section reduction.

• Use minimal heats to finish.

• Stop forging at recommended low temperature to avoid grain growth.

• Avoid forging cold material to prevent cracks.



Forging Defects

• Laps, cracks, incomplete forging, mismatched dies, scale pits.

• Overheating and internal cracks.

• Fiber flow disruption due to rapid plastic flow.



Heat Treatment of Forgings

• Purpose: Improve strength, remove stresses, improve 
machinability.

• Common treatment: Normalising.



Cold Forging

• Limited to low-medium carbon steel, wire, thin rods.

• Mechanical press used.

• Products: Nails, rivets, pins, brass bolts.



Rolling Process

• In this process, metals and alloys are plastically deformed into semifinished or finished products by 
being pressed between two rolls which are rotating. The metal is initially pushed into the space 
between two rolls, thereafter once the roll takes a ‘‘bite’’ into the edge of the material, the material gets 
pulled in by the friction between the surfaces of the rolls and the material. The material is subjected to 
high compressive force as it is squeezed (and pulled along) by the rolls. This is a process to deal with 
material in bulk in which the cross-section of material is reduced and its length increased. The final 
cross-section is determined by the impression cut in the roll surface through which the material passes 
and into which it is compressed. The essentials of the rolling process can be understood from the Fig. 
3.1



Hot Rolling

• Hot rolling is carried out above the metal’s recrystallization 
temperature.

• At this temperature, the material is soft and ductile, so 
deformation requires lower forces and large reductions are 
possible in a single pass.

• Grains are usually coarse, dimensional accuracy is moderate, and 
there are almost no residual stresses in the product.



Cold Rolling

• Cold rolling is done below the recrystallization temperature, often 
at room temperature.

• Higher rolling loads are needed, but the process gives better 
dimensional accuracy and surface finish.

• The material work-hardens, so strength and hardness increase, 
but residual stresses are introduced and ductility decreases.















Classification of Rolling 
1 By temperature of rolling:
• Hot rolling: Rolling above recrystallization temperature.
• Cold rolling: Rolling below recrystallization temperature.
• (Sometimes warm rolling is also listed between hot and cold.)
2 By product geometry:
• Flat rolling: Produces plates, sheets, strips, and foils.
• Shape (section) rolling: Produces I-beams, channels, rails, bars, rings, etc.
3  By type of product or stage:
• Semi-finished rolling: Produces blooms, billets, and slabs.
• Finishing rolling: Produces saleable products like plates, sheets, strips, bars, wire, and structural 

sections.
4 By mill arrangement / operation:
• Two-high, three-high, four-high, cluster (Sendzimir) mills.
• Reversing mills, continuous/tandem mills





Types of Rolling 
• Continuous rolling is a metalworking process that involves passing a workpiece through a 

series of rollers to continuously reduce its thickness, and it can be used in both hot and cold 
rolling operations.

Fig Continuous Rolling
Transverse rolling
A short, thick workpiece is rotated between rolls whose axes are parallel to each 
other, so deformation spreads mainly sideways rather than along the length. It is 
commonly used for forming stepped shafts, wheels, or discs.

Transverse Rolling



Types of Rolling
Shaped or section rolling

• Grooved rolls with specific contours are used so the metal emerges as an I-beam, channel, 
angle, rail, or other structural section. The bar is passed through multiple roll passes, each 
gradually bringing it closer to the final profile.

Ring rolling
• A thick ring is placed between a driven roll and an idle roll; as thickness 

decreases, diameter increases. This produces seamless rings for bearings, 
flanges, and gears with good strength.

Fig Shaped Rolling



Powder Rolling
• Powder rolling is a metal forming process in which loose metal powder (instead of a solid slab) is fed between 

rotating rolls, compacted into a thin “green” strip, and then sintered to become a solid sheet or strip.

• In the roll gap, the powder particles are mechanically pressed together under high pressure so they stick and 
form a continuous porous strip.

• After rolling, this green strip is passed through a furnace for sintering, which bonds the particles 
metallurgically, increases density and strength, and can be followed by additional rolling to reach the final 
thickness and properties.

•

https://www.youtube.com/watch?v=C
1Z-Vp4rUl4



continuous casting and hot rolling
• Continuous casting and hot rolling is an integrated steelmaking route in which molten steel is solidified into semifinished shapes and then 

immediately rolled while still hot.

Continuous casting

• Molten steel from the ladle flows through a tundish into a water-cooled copper mould, where it solidifies at the surface and forms a continuous 
strand (slab, bloom, or billet).

• This red-hot strand is continuously withdrawn by rollers, fully solidified by secondary water spray cooling, straightened, and cut to length; these 
products are the feedstock for rolling mills.

• Hot rolling after casting

• Instead of cooling and reheating, the still-hot slabs/billets from the caster are sent directly (or via a short reheating step) to a hot-rolling mill.

• In the hot mill they pass through a series of stands to reduce thickness and shape the steel into plate, strip, bar, or other sections, saving energy 
and improving productivity and surface quality.



Video on continuous casting and hot Rolling



Types of ROLLING
•Thread rolling: Rod rolled between threaded dies to form external threads without cutting.

•Tube rolling: Rolls and mandrel used to form or size hollow tubes with controlled wall thickness



Flat rolling is the rolling process where a thick, flat slab or plate is 
passed between rotating rolls to reduce its thickness and increase 
its length and width, producing plate, sheet, or strip. The contact 
area between rolls and workpiece is approximately rectangular, and 
the final product has a uniform, flat cross-section





Example













Convensional Machining Operation

























Ansys
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