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Direct Extrusion
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Direct Extrusion
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Indirect Extrusion
(a)
Billet

Dummy block
Container liner

Tool stem Backing disc

Container

; Die
Extrusion



Indirect Extrusion

Container

(jl Metal is forced to flow

through the die in an

aRouiac j / LD.G\L“ oo, OPPOSItE direction to

the ram’s motion.
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y as the work billet
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Hydrostatic Extrusion

(b)

Seals

Pressing stem

Container

Extrusion Die backer




Hydrostatic Extrusion
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Using hydrostatic system to reduce the friction and
lower the power requirement.

Sealing Is the major problem.
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Extrusion-Die Configurations

(@) 1 ) &

Land

(b)

120°

A
|

= Land

Y

Figure 15.8 Typical extrusion-die configurations: (a) die for
nonferrous metals; (b) die for ferrous metals; (c) die for T-shaped
extrusion, made of hot-work die steel and used with molten glass

as a lubricant.



Hydraullc Extrusion Press




Components for Extruding
Hollow Shapes

Inlet ports

Porthole die Spider die Bridge die



Extrusion Processes

Hot extrusion

AT
Lead 200-250
Aluminum and its alloys 375475
Copper and its alloys 650-975
Steels 875—-1300
Refractory alloys 975-2200

Cold extrusion



Cold Extruded Spark Plug

Figure 15.12 Production steps for a
cold extruded spark plug.

Figure 15.13 A cross-section of the metal
partin Fig. 15.12, showing the grain flow

pattern.



Factors Influencing the

BilleIt:orces

Pressure

Chamber
* Friction - Material Properties

* Reduction In Area - Speed
* Temperature - Geometry Of The Die



Extrusion Defects

(a) (b) (c)
a) Centre-burst: internal crack due to excessive tensile

stress at the centre possibly because of high die angle,
low extrusion ratio.

b) Piping: sink hole at the end of billet under direct
extrusion.

c) Surface cracking: High part temperature due to low
extrusion speed and high strain rates.
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Draw Dies Approach angle about 6° to 20°
Back relief angle about 30°

.

Approach
\——|— Back relief

Bearing surface (land)

Approach angle —'-—~> o

7

Bell (angle or radius)
Entering angle
Steel casing
Approach angle
- , Bearing surface (land)
Tungsten - carbide insert (nib) Back relief angle




Die Materials Overview

Tungsten Carbide:

— Lowest cost, shock resistance, ease of production, large sizes
available.

— Lower life expectancy.
Natural Diamonds:

— Wear resistance, gives excellent wire surface, high thermal
conductivity, longer life expectancy

— Susceptible to fractures from shock or wear, limited availability
in required high quality and quantity, constantly escalating price.

Synthetic Single Crystal:

— Consistently uniform material, gives excellent wire surface, high
thermal conductivity, predictable wear schedule, uniform wear
pattern gives longer life expectancy.

— Larger size ranges are still costly at this time.
Polycrystalline Diamond.:

— Excels in life expectancy, wear resistance of diamond, shock
resistance of carbide, high availability, cost effectiveness

— Higher drawing force, smaller fines requires more filtration, may
be damaged by temperatures above 700°C, wire surface
condition less than from natural diamond.



Examples of Tube-Drawing

Operatl% )ns
3 et

Die

(d)

Die Die
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Moving mandrel
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Side view

Top view

Drum-speed Lubricant container Drum
control lever with holder for dies

Figure 15.24 Two views of a multistage wire-drawing machine

that is typically used in the making of copper wire for electrical
wiring. Source: H. Auerswald.



Wire and Bar Drawing

/ Draw die
Starting stock —\ '

:

1

J//()\ e >

Reducing the cross section of a bar, rod or wire by pulling it
through a die.

Bar drawing is generally in a batch mode while the wire
drawing is in general in a continuous mode.

Final work size
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ABN1IHAALANZHS (Methods of Powder Production)
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