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1. Introduction
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Introduction
• Typical forged products are such as gears, 
connecting rods, bolts 
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Landing-gear components for the C5A and 
C5B transport aircraft, made by forging

Steps involved in forging a bevel gear 
with a shaft.
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2. Outline of Forging and Related 
Operations
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Forging Operations
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Forging Operations
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Forging Operations
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3. Classifications of forging processes

• By equipment
– Forging hammer or drop hammer

– Press forging

• By process
– Open die forging

– Closed die forging– Closed die forging
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Forging machines
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Hammer and press forging 
processes

• Forging hammers
– Board hammer

– Power hammer

• Forging presses
– Mechanical press

– Hydraulic press– Hydraulic press
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Board hammer – forging hammer
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Forging hammer or drop hammer
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• Example of forging 
hammer or drop 
hammer

• The energy• The energy 
supplied by the 
blow is equal to 
the potential 
energy due to the 
weight of the ram 
and the height of 
the fall
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Power hammer
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Hydraulic press forging

• Using a hydraulic press or 
mechanical press to forge themechanical press to forge the 
metal, therefore, gives continuous 
forming at a slower rate.

• Provides deeper penetration

• Better properties (more 
homogeneous)homogeneous)

• Equipment is expensive
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A general view of a 445 
MN (50,000 ton) 
hydraulic press.  Source: 
Wyman-Gordon 
Company.
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Mechanical press machine
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Mechanical press with an eccentric drive; 
the eccentric shaft can be replaced by a 
crankshaft to give the up-and-down motion 
to the ram
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Principles of Various Forging Machines (cont.)
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Schematic illustration of the principles of various forging machines.  
(c) Knuckle-joint press.  (d) Screw press.  (e) Gravity drop hammer.

Typical values of velocity for various forging 
machines
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4. Closed and open die forging 
processes
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Open die forging
• Open die forging is carried 
out between flat dies or 
dies of very simple shapes

• The process is used for 
mostly large objects or 
when the number of parts 
produced is small

• Open die forging is often 
used to pre‐form the 
workpiece for closed die 
forging
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Upsetting
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Figure 14.4  (a) Solid cylindrical billet upset between two flat dies.  (b) Uniform deformation of the 
billet without friction.  (c) Deformation with friction.  Note barreling of the billet caused by friction 
forces at the billet-die interfaces.

Cogging

Figure 14.5  Two 
views of a cogging 
operation on aoperation on a 
rectangular bar.  
Blacksmiths use this 
process to reduce the 
thickness of bars by 
hammering the part 
on an anvil.  Note the 
barreling of the 
workpiece.
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Impression‐Die & Closed‐Die Forging

• Fullering & edging are used to distribute the g g g
material
– Fullering – material is distributed away from an 
area

– Edging – material is gathered into an area

Bl ki h h i f th t• Blocking – rough shaping of the part

• Impression dies – give the part its final shape
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Closed die forging (impression die forging)
• The workpiece is deformed 

between two die halves which carry 
the impressions of the desired finalthe impressions of the desired final 
shape.

• The workpiece is deformed under 
high pressure in a closed cavity

• Normally used for smaller 
components

• The process provide precision 
forging with close dimensional 
tolerance

• Closed dies are expensive
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5. Effect of forging on microstructure
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6. Other forging related process -
Coining

• Closed-die forging process
• Used for minting coins, medallions, & jewelry
• Lubricants can not be used in coining• Lubricants can not be used in coining
• Can be used to improve surface finish
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Other forging related process  -
Heading/Upset Forging
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(a) Heading operation, to form heads on fasteners such as nails and 
rivets.  (b) Sequence of operations to produce a bolt head by heading.
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Other forging related process –
Roll‐Forging
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Two examples of the roll-forging operation, also known as cross-
rolling.  Tapered leaf springs and knives can be made by this process..

Other forging related process -
Production of Bearing Blanks
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(a) Production of steel balls by the skew-rolling process.  (b) 
Production of steel balls by upsetting a cylindrical blank.  Note 
the formation of flash.  The balls made by these processes are 
subsequently ground and polished for use in ball bearings (see 
Sections 25.6 and 25.10).
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Other forging related process -
Swaging

(a) Schematic 
illustration of theillustration of the 
rotary-swaging 
process.  (b) 
Forming internal 
profiles on a tubular 
workpiece by 
swaging.  (c) A die-
closing type 
swaging machine, 
h i f i f
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showing forming of 
a stepped shaft.  (d) 
Typical parts made 
by swaging.

Swaging of Tubes With and Without a 
Mandrel
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(a) Swaging of tubes without a mandrel; not the increase in wall thickness in 
the die gap.  (b) Swaging with a mandrel; note that the final wall thickness of 
the tube depends on the mandrel diameter.  (c) Examples of cross-sections of 
tubes produced by swaging on shaped mandrels.  Rifling (spiral grooves) in 
small gun barrels can be made by this process.
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Classification of Metals in Decreasing Order 
of Forgeablilty

TABLE 14.3
Metal or alloy Approximate range of hot

forging temperature (°C)forging temperature ( C)
Aluminum alloys
Magnesium alloys
Copper alloys
Carbon and low–alloy steels
Martensitic stainless steels
Austenitic stainless steels
Titanium alloys
Iron-base superalloys

400–550
250–350
600–900

850–1150
1100–1250
1100–1250

700–950
1050–1180
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Cobalt-base superalloys
Tantalum alloys
Molybdenum alloys
Nickel-base superalloys
Tungsten alloys

1180–1250
1050–1350
1150–1350
1050–1200
1200–1300

7. Defects in Forged Parts
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Examples of defects in forged parts.  (a) Labs formed by web buckling during 
forging; web thickness should be increased to avoid this problem.  (b) Internal 
defects caused by oversized billet; die cavities are filled prematurely, and the 
material at the center flows past the filled regions as the dies close.
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Relative Unit Costs of a Small Connecting 
Rod

Relative unit costs of a 
small connecting rod 
made by various forging 
and casting processes.  
Note that, for large 
quantities, forging is 
more economical.  Sand 
casting is the more 
economical process for 
fewer than about 20 000
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fewer than about 20,000 
pieces.


