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An introduction to extrusion process
 Inventing around 1800 in England (consisting of the first 

hydraulic press for extruding lead pipes)
 Coming from the Latin extrudere, meaning “to force out” 
 A compression forming process in which the work metal is 

forced to flow through a die opening to produce a desired 
cross-sectional shape

 Take placing large deformations without fracture as a result 
of high triaxial compression during extrusion

 Semifinished parts with a wide variety of solid or hollow 
cross-sections 

 Constant cross-sections parts throughout the extruded 
lengths
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An introduction to extrusion process
 A Semi-continuous process
 Economical for large production runs as well as for short 

ones
 Typical products:railings for sliding doors, window frames, 

tubing having cross-sections, aluminum ladders, and 
numerous structural and architectural

 Commonly extruded materials are aluminum, copper, steel, 
magnesium, and lead

 Fairly close tolerances are possible, especially in cold 
extrusion

 Enhancing grain structure and strength properties in cold and 
warm extrusion
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Extrusions and products made from 
extrusions

Extrusions and examples of products 
made by sectioning off extrusions.  
Source: Courtesy of Kaiser Aluminum.
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Types of extrusion
 Types by physical configuration:

1. Direct or forward extrusion
2. Indirect or backward extrusion
3. Lateral (or side) extrusion

 Types by working temperature: 
1. Cold extrusion
2. Warm extrusion
3. Hot extrusion

 Types by product:
1. Continuous 
2. Discrete
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Direct-extrusion

Schematic illustration of the direct-extrusion process.
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Direct-extrusion
 Movement of the tool and extruded material in same direction
 A metal billet is loaded into a container, and a ram 

compresses the material, forcing it to flow through a die 
opening

 Butt: the small portion of the billet that cannot be extruded
 Significant friction between the work surface and the wall of 

container
 Aggravation of friction problem in hot extrusion by the presence of an 

oxide layer on the surface of the billet 
 Addressing by dummy block

 The starting billet is usually round in cross-section; for hallow 
sections the billet is prepared with a hole parallel to its axis
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Types of extrusion

Types of extrusion: 

(a) indirect; 

(b) hydrostatic;

(c) lateral;
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Indirect-extrusion
In backward extrusion:
 The die moves toward the un-extruded billet
 No friction at the container walls because the billet is 

stationary with respect to the container
 A metal billet is loaded into a container, and a ram 

compresses the material, forcing it to flow through a die 
opening

 Butt: the small portion of the billet that cannot be extruded 
and remains as an extra part to be separated  

 Limitations: the lower rigidity of the hollow ram and the 
difficulty in supporting the extruded product as it exits the die
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Other types of extrusion
Hydrostatic extrusion:
 The billet smaller in diameter than the chamber (which is 

filled with fluid)
 The pressure is transmitted to the billet by a ram
 There is no friction to overcome along the container walls

Lateral extrusion:
 The material flow direction makes an angle with the punch 

direction
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Process variables in direct extrusion

Process variables in direct extrusion: The die angle, reduction in cross-section, 
extrusion speed, billet temperature, and lubrication all affect the extrusion 
pressure.
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Extrusion force

Extrusion constant k for various 
metals at different temperatures.  
Source:  After P. Loewenstein

Extrusion force,  ln o
o

f

AF A k
A

   
 

0

0

0

extrusion ratio,  

ideal strain, ln

ideal pressure, ln

true strain,  = ln

indirect pressure,  

2direct pressure, 

ram force, 

x
f

x

f x

x x

f x

f x

Ar
A

r

p Y r

a b r

p Y

Lp Y
D

F pA



















 
  

 


12



Production techniques_extrusion

Mohsen Badrossamay 7

Dep. of Mech. Eng.

Metal flow in extrusion
 The metal flow pattern is important because of its influence 

on the quality and mechanical properties of the products

 The pattern is determined by the basic principle that energy is 
minimized in any such process

 The material flows longitudinally; thus, elongated grain 
structure

 Dead-metal zone: the area that the metal is stationary
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Types of metal flow in extrusion with 
square dies

(a) Flow pattern obtained at low friction or in indirect extrusion.

(b) Pattern obtained with high friction at the billet-chamber interfaces. 

(c) Pattern obtained at high friction or with coiling of the outer regions of the 
billet in the chamber.  This type of pattern, observed in metals whose 
strength increases rapidly with decreasing temperature, leads to a defect 
known as pipe (or extrusion) defect. 14
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Process parameters in extrusion
 Extrusion ratios usually range from 10 to 100; may be higher 

for special applications or lower for less ductile materials; and 
at least 4 to deform the material plastically through the bulk of 
the workpiece

 Extruded length less than 7.5 m because of the difficulty in 
handling greater lengths, but can be as long as 30 m

 Ram speeds range up to 0.5 m/s
 Lower speeds for aluminum, magnesium, and copper
 Higher speeds for steels, titanium, and refractory alloys
 Dimensional tolerances are in the range ±0.25 – 2.5 mm
 Most extruded products generally require straightening and 

twisting 
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Hot extrusion temperature ranges
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Extrusion-die configurations

(a) die for nonferrous metals; 

(b) die for ferrous metals;

(c) die for a T-shaped extrusion made of hot-work die steel and used 
with molten glass as a lubricant.  Source:  (c) Courtesy of LTV Steel 
Company. 17
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Design of extruded cross-sections

Poor and good examples of cross-sections to be extruded.  Note the 
importance of eliminating sharp corners and of keeping section 
thicknesses uniform.  Source:  J.G. Bralla (ed)
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Extrusion of heat sinks

(a) Aluminum extrusion used as a heat 
sink for a printed circuit board.

(b) Die and resulting heat sink profiles.  
Source:  Courtesy of Aluminum 
Extruders Council.
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Cold extrusion examples

Two examples of cold extrusion.  Thin arrows indicate 
the direction of metal flow during extrusion.
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Cold-extruded spark plug

Production steps for a cold-
extruded spark plug.  Source:
Courtesy of National Machinery 
Company.

A cross-section of the metal part in 
Fig 15.12 showing the grain-flow 
pattern.  Source:  Courtesy of 
National Machinery Company.
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Impact-extrusion process

Schematic illustration of the impact-extrusion process.  The extruded 
parts are stripped by use of a stripper plate, because they tend to 
stick to the punch.

22



Production techniques_extrusion

Mohsen Badrossamay 12

Dep. of Mech. Eng.

Impact extrusion 

(a)  Impact extrusion of a collapsible tube by the Hooker process.  
(b)  and (c)  Two examples of products made by impact extrusion.  
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Chevron cracking

(a) Chevron cracking (central burst) in extruded round steel bars. This defect 
can also develop in the drawing of rod, of wire, and of tubes. 

(b) Schematic illustration of rigid and plastic zones in extrusion.  The 
tendency toward chevron cracking increases if the two plastic zones do 
not meet.  Note that the plastic zone can be made larger either by 
decreasing the die angle or by increasing the reduction in cross-section 
(or both).  Source:  After B. Avitzur.
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9-MN (1000-ton) hydraulic-extrusion 
press

General view of a 9-MN (1000-ton) hydraulic-extrusion press.  
Source:  Courtesy of Jones & Laughlin Steel Corporation.
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Hollow sections
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Drawing process 
 Reducing or changing cross-section of a long rod or wire by 

pulling it through a die called a draw die
 Deformation as a result of combined tension and 

compression
 Typical applications include rods for power transmission 

shafts, machine and structural components, cables, springs, 
electrical wiring, musical instruments 

 Bar drawing: drawing large diameter bar and rod stock
 Generally as a single-draft operation
 Raw material as straight cylindrical piece 
 Limitation on the length of the work that can be drawn

 Wire drawing: applies to small diameter stock
 Drawn from coils
 Drawing through a series of draw dies
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Process variables in wire drawing

Process variables in wire drawing:

The die angle, the reduction in cross-sectional area per pass, the 
speed of drawing, the temperature, and the friction along the die-
workpiece interfaces
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Drawing force
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 Required energy for drawing includes ideal work, friction work 
and redundant work for the deformation
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Drawing considerations
 Drawing force increases as reduction increases
 The ideally maximum area reduction  per pass is 63%
 The area reduction per pass range up to 45%; fine wires are 

drawn at 15 to 25% reduction per pass and larger sizes at 20 to 
45%

 Reduction higher than 45% may result in lubricant breakdown, 
leading to surface-finish deterioration

 Sizing pass improves surface finish and dimensional accuracy, 
but leaving nonuniform deformation of the material and its 
microstructure

 There is an optimum die angle at which the drawing force is a 
minimum for a certain area reduction and a certain friction  
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Drawing considerations
 Die angle usually range from 6° to 15°
 A set of dies for profile drawing
 Tool steels and carbides as die materials; cost-steel dies for hot 

drawing; diamond dies for fine wires (dia. From 2µm to 1.5mm)
 Usually at room temperature, but large solid or hollow sections 

can be done at elevated temperatures
 Drawing speeds depend on the material and the area reduction; 

usually range from 1 to 2.5 m/s for heavy sections to as much 
as 50 m/s for very fine wire

 Intermediate annealing between passes may be necessary 
 Lubrication is essential in order to improve die life and product 

surface; methods: wet drawing, dry drawing, metal coating and 
ultrasonic vibration
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Tube-drawing operations

Examples of tube-drawing operations, with and without an internal 
mandrel.  Note that a variety of diameters and wall thicknesses can be 
produced from the same initial tube stock (which has been made by other 
processes).
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Drawing dies

Terminology of a typical 
die used for drawing a 
round rod or wire.

Tungsten-carbide die insert 
in a steel casing.  Diamond 
dies used in drawing thin 
wire are encased in a similar 
manner.
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Extruded channel on a draw bench

Cold drawing of an extruded channel on a draw bench to reduce its 
cross-section.  Individual lengths of straight rods or of cross-
sections are drawn by this method.  Source:  Courtesy of The 
Babcock and Wilcox Company, Tubular Products Division.
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Multistage wire-drawing machine

A multistage wire-drawing machine that typically is used in the making of 
copper wire for electrical wiring.  Source: After H. Auerswald
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