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Reduction

Forward (direct) extrusion

— parts
— profiles

Backward (indirect) exirusion

Combined extrusion

Ironing



Reduction of cross section by pushing through a conical die.
Possible diameter change is around 10 %.
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Reduction stress:
Pred = Ofm

Max pressure:
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1 — Coulomb friction coefficient
a — half cone angel (radian)

Orm — Mean flow sfress

Reduction force:
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Products made by sectioning off extruded profiles :




Forward exirusion — die design

Extrusion direction Extrusion direction

(b)
for nonferrous metals for ferrous metals

Chamber Billet Die
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Forward extrusion of seamless tubes and hollow cross sections

Mandrel Container

Tube

using an internal mandrel

Billet

Mandrel pie Container

using a spider die  ——-1{

Billet
Mandrel



Metal flow in right angle exiruding dies

,die angle” is formed on the interface
of dead zones and flowing metal

Dead Dead
zone zone

low friction in
direct extrusion

high friction and/or

high fricti
gh rction cooling from outside
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1 top plate

2 pressure plate

3 punch

4 die

5 retaining ring (shrink fit)
6 workpiece

/ distance plate

8 base plate

9 pressure plate

10 ejector
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Surface cracking Stick-slip — bamboo defect

Internal cracking

Die
Rigid product

Central burst

Plastic
deformation zone
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Extrusion pressure:
4uL

Per = (UfO + p'red)eT — Ofo

Ofo — initial flow stress
Dreqd — reduction stress (see there)

u — Coulomb friction coefficient

Lo =0 Extrusion force:
o D?m
0
F=g P

P = Pred

Max. pressure on recipient:
4uL
Qmax = (UfO + pred)e D
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Mechanical work:

W =F Sw X X —process factor (use x=1)

Sw = ho—-hyqg S, —active stroke (displacement)

— blank height

r \ hhd — head height

W

Fil

i :

5..
Approximate calculation: |/ = Yo Uf;;ﬂ Pequ
f
Vy — blank volume Peqv — €QUivalent strain

Orm — Mean flow sfress 1y — forming efficiency (0.6-0.8)
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Cold backward extrusion process

~ «+— Punch

Stripper

Stripper plate

B plate
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Blank k&t

Die
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Extrusion of a collapsible tube

Before

Y

Punch Workpiece

Knockout
(ejector)
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die plate

clamp nut for punch
punch

tension ring for the die
die

retaining ring
(reinforcement)
counter-punch
ejector

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

Cracks on the inner and outer surface
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Extrusion pressure on punch:
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u — Coulomb friction coefficient

=3l 5)
W=s\rt+ 3
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D Backward extrusion force:

I Pressure on recipient:

| pbe % d?

Hy,

Y " Amax = Pbe D2
v Q)
7 /mV///////, |
A
Mechanical work: W =F s, x x-processfactor (use x=1)
Sw = Hp — h Sy — active stroke (displacement) Hy— blank height
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Combination of forward and backward extrusion :

Limifer 222

Limiter (ejector)

The material flows forward and backward as well — one of them
should be limited to get identical workpieces.
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retaining ring
die

conical fit (1°)

Simplified calculation

The die is a thick-walled fube.
Assumptions:
1. The axial deformation is constant;

2. The material is isofropic and homogeneous;
3. The wall thickness is constant;
4. The pressure acts along the whole length;

5. The pressure distribution is homogeneous.

22



Radial stresses

Effect
of inner —
pressure

Effect of
retaining
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Summarized
— stresses

The inner surface is the critical.
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Oeqv — €quivalent sfress

r /r Even the unlimited 7, is useless.
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Reinforcing (outer) ring Recipient (inner) ring

............................................................................
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Gy 5> 0 (steel) Pi>DP, Cpp b= 0 (carbide)

2
_a +1
p i permissible 2612 + p 0 p o p i 2a2 ’ p i permissible

=k

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

Calculate \

The manual for using the file is available as well.

Szédmol
Ry:| 107,997 amin:| 3,60 D1may:| 1047,5
n ki Ei IJ'I i'-.li Rbi SI
1500 210000 0,3 1,930 30
1400 210000 0,3 1,865 57,910 | 0,2751
210000 0,3
210000 0,3
210000 0,3
p,:| 2817 O.:| 770,1 Pyrit: | 13440,9

Another Excel file is available for carbide-steel solution.




Material Assembly | Used for R.
hardness
Name No. HRC Punch | Die Rein- Ejector N/mm?
forcement
S 6-5-2(M 2) 1.3343 | 62 to 64 X X wH %% 2100
S5 18-0-1 (B 18) |1.3355|59to 62 3 X 2100
S6-5-3(M4) 1.3344 | 62 to 64 3 2200
X 165 CrMoV 12 [ 1.2762 | 60 to 62 X X - 2000
o~
.T;f X 40 CrMoV 51 |[1.2344 |50 to 56 X % X x 1200 — 1400
E 42 CrMo 4 1.7225 | 30 to 34 X X b 700 — 900
‘;; G 40 1100 HV x X
E G50 1000 HV X
.-'T'a; Go60 950 HV X X X
x — suitable; x ¥ —used most commonly:; elastic modulus of steel = 210,000 N/mm?
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Cold extrusion - for steel

E Range in mm Mass in kg
% over over over over over

< Jupto10|10to 16 16 to 25 25 to 40 40 to 63 63 to 100

. 0.05 0.06 0.06 0.07 0.08 up to 0.1
g 0.08 0.09 0.10 0.11 0.12 0.14 -0.5

_Z; 0.10 0.11 0.12 0.14 0.16 0.18 -4.0

= 0.12 0.14 0.16 0.18 0.20 0.22 - 25

s | 0.09 0.11 0.14 0.18 0.22 0.28 up to 0.1
E 0.14 0.18 0.22 0.28 0.35 0.45 -0.5

-’j;i 0.18 0.22 0.28 0.35 0.45 0.56 -4.0

° o2 |08 0.35 0.45 0.56 0.71 -5
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Wall thickness tolerances for backward (impact) extrusion

Wall thickness in mm Tolerance in mm
0.3t00.6 +0.05
- 0.6to 1.0 +0.075
1.0to 2.5 +0.1
>2.5 +0.2

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
R,=5to 10 um
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Bulk forming process where the wall is deformed.

Limit: IDo_
If the stress in the formed cup wall exceeds Fso"‘ -
the tensile strength of the cup material, A /\@
the cup base splits off. /J\/
/ e—_=|d, —»
‘ LR P R i
[+ 8
\7/}
Flanged hollow parts and
hollow parts with inner tapering \ / 2
can also be produced. £ & /
A| \/’
o J
1 // /]
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D -d? D} -d?

=In—=1In = In
= D2 -d?  D?-a?

A, —ring area before forming

A, —ring area after forming

D, — external diameter before forming
d,— inside diameter before forming
D, — external diameter after forming

d, —inside diameter after forming
(usually d,=d,)

@, — principal strain
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Limited diameter, if d, = d, = const.

D2 — d?2

_ 0 0 2

S + 1 ™
% \/ efP 4

Permissible deformation in one step

Material Ppperm
A199.8; A199.5; Al Mg 1; Al MgSi 1; Al Cu Mg | 0.35
Cu Zn 37(Ms 63) 0.45
Ck 10-Ck 15,Cq 22 -Cq 35 0.45
Cq45; 16 Mn Cr 5: 42 Cr Mo 4 0.35

£ S
Y

/]
- D1
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Number of ironing operations required: Ao
(In —} - 100
.\\\\\\‘ 1 N = q)p — An
2 Pp perm qoppcrm
7 & 7 n — number of ironing operations required
y/ A, — cross-sectional area

\\\\\1' ;L\\ before ’rhe first operation
///,, | ,’/ A, - cross-sectional area

after the last (n™) operation
Py perm — PEMMIssible deformation per step
@y — principal strain.

Tandem drawing

Limit: F<A;04,,< A; R,
If F> A, 0,,,. afurther, undesired deformation happens
If F> A, R, : then the cup splits off near the base
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Thank you for your attention!
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