
Metal Forming – BSc 2024/25-1

Extrusion, ironing



• Forward (direct) extrusion 

– parts

– profiles

• Backward (indirect) extrusion 

• Combined extrusion

• Ironing
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Forward extrusion

Extrusion
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Backward extrusion

Combined extrusion

Extruded parts



Forward extrusion
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Products made by sectioning off extruded profiles :

Forward extrusion
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Forward extrusion – die design

Forward extrusion

for nonferrous metals for ferrous metals
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Forward extrusion of seamless tubes and hollow cross sections 

Forward extrusion

using an internal mandrel 

using a spider die
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Forward extrusion

Metal flow in right angle extruding dies

low friction in 

direct extrusion
high friction high friction and/or

cooling from outside

„die angle” is formed on the interface 

of dead zones and flowing metal

8



Forward extrusion - parts

1 top plate

2 pressure plate

3 punch

4 die

5 retaining ring (shrink fit)

6 workpiece

7 distance plate

8 base plate

9 pressure plate

10 ejector
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Forward extrusion – defects

Surface cracking Stick-slip – bamboo defect

Pipe (fishtail) defect Internal cracking
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Forward extrusion – calculation
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��
ηF = 0.6–0.8

Mechanical  work :

Force:

�� = ℎ�–ℎ��

W  = � �� � (may use x=1)

���
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(active stroke)

Stress – on punch :  
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– on recipient :  (hydrostatic case
is supposed)  



Backward extrusion

Cold backward extrusion process
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Backward extrusion

Extrusion of a collapsible tube
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Backward extrusion – tooling

1 die plate

2 clamp nut for punch

3 punch

4 tension ring for the die

5 die

6 retaining ring 

(reinforcement)

7 counter-punch

8 ejector

9 stripper
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Backward extrusion - defects

Cracks on the inner and outer surface

(as in the case of forward extrusion)
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Surface cracking Stick-slip – bamboo defect



Backward extrusion – calculation
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Mechanical work:

� =  
�� ��� 	


��
ηF = 0.5–0.7

Force for thick-walled parts – Do/s ≤ 10 :

Force for thin-walled parts – Do/s ≥ 10 :
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�
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�� =  ℎ� – ℎ,

W  = � �� � (may use x=1)

Stress – on punch :  
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��

– on recipient :  



Combined extrusion

Combination of forward and backward extrusion :
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The material flows forward and backward as well – one of them 
should be limited to get identical workpieces. 

Limiter (ejector) Limiter ???



Reinforced die

retaining ring

di

Simplified calculation

The die is a thick-walled tube.

Assumptions:

1. The axial deformation is constant;

2. The material is isotropic and homogeneous;

3. The wall thickness is constant;

4. The pressure acts along the whole length;

5. The pressure distribution is homogeneous.
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d0

die

D

L

conical fit (1o)



Reinforced die

19

σrr
σφφ

Equivalent 
stress

Radial stresses

Summarized 
stresses

Effect of 
retaining 

Effect 
of inner 
pressure 
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The inner surface is the critical.



Reinforced die
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ro / ri Even the unlimited     is useless.ro



Reinforced die
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Mohr yield theory:
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Always the inner surface is the critical.
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pi > po

Reinforced die
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σφφ b= 0  (carbide)
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po

pi

Dimensioning in Excel is available on the web page.



Reinforced die
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The file contains using manual as well.

Dimensioning in Excel is available on the web page (steel-steel)

Calculate

Another Excel file is available for carbide-steel solution.
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Die materials for extrusion



Achievable precision

Cold extrusion - for steel
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Achievable precision

Wall thickness tolerances for backward (impact) extrusion

Surface quality

High surface quality, if :

a) the surface quality of the dies is good,

b) the lubricant and its application have been made correctly,

c) the deformation remains within the permissible limits. 

It is possible to achieve surface roughness in the region of

Rt = 5 to 10 µm
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Ironing (wall ironing)

Bulk forming process where the wall is deformed.

Limit:

If the stress in the formed cup wall exceeds 

the tensile strength of the cup material, 

the cup base splits off.

Flanged hollow parts and

hollow parts with inner tapering 

can also be produced.
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Ironing - calculation

A0 – ring area before forming

A1 – ring area after forming

D0 – external diameter before forming

d0 – inside diameter before forming

D1 – external diameter after forming

d1 – inside diameter after forming 

(usually d0 = d1)

-p – principal strain
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Ironing - calculation

Limited diameter, if d0 = d1 = const.

Permissible deformation in one step
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Ironing - calculation

Number of ironing operations required:

n – number of ironing operations required

A0 – cross-sectional area 

before the first operation

An – cross-sectional area 

after the last (nth) operation

-p perm – permissible deformation per step

-p – principal strain.

Limit: F < A1 σflow <  A1 Rm

If F > A1 σflow : a further, undesired deformation happens

If F > A1 Rm : then the cup splits off near the base
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Forward extrusion
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Thank you for your attention!


