CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeR- und Materialtechnik - ‘

30 Years of FEM in bulk metal forming

on the example of “eesy-simulation”

“From the idea in university to latest developments
and applications” ‘

Dr. Gerhard H. Arfmann, Dr. Michael Twickler
CPM GmbH, Herzogenrath

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 1
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeR- und Materialtechnik - ‘

30 Years of FEM in bulk metal forming

1. Introduction

2. Developments

3. Applications

4. Application Tool Design
5. Future

6. Acknowledgements

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 2
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil




ProzeR- und Materialtechnik -

CPM Gesellschaft fir Computeranwendung, (‘p

Introduction

History
Since the 1980°s CPM develops simulation systems.

1981 IBM PC

Typical work
environment
of an engineer

The ,CA“engineer
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Introduction
Histc
Since lops simlation systems.
1981
b s air
Development of a ,simple to use*

simulation system
to simulated metal forming and tool

layout on personal computers

The ,CA“engineer
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Developments

Basic Developments FEA (2D)

Element Types

Contact Algorithm

Solver for equation systems
Meshing Methodes

Material Laws and Data

Simple User Interface
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Vergleich
Corei7,
. . ., 3,47 GHz, 83,2 GFLOPS
Development environment in the 1980 s 6 Kerne
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Developments

First Prototype of an FEA System to be used on PC
CAPS-Finel V1.0 (1989)

2D Axis-symmetric, 2D plane
Integrated Modelling, Simulation and Post-processing in a single System
Simple interaction by a “question and answer” dialog

Rigid-plastic material law
Thermal — mechanical simulation

Automatic Meshing
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CAPS - FINEL / Vsrsinp\ﬁﬁﬂx / Lizenz: ORIG22
HANDEINGARE
EINLESEN
LISTEM
LBSFEICHERN
GRAFIK
ERKIEUG EBEWEGEN
NETZ WEWDEN
LOCHEN
SIMULATION
Improvement of technological modules AT DER RECHNUNG
STEPEL-BETRIEB
SPRACHE
SYSTEMPARAMET ER
PROGRAMM BEENDEN

Developments

Next Steps

Development of a graphical interface

Development project with German Fastener Companies

Simple handling of Multi-station processes

Elastic tooling

Microstructure

Material Data
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Developments

Next steps -2-

New friction laws

Failure analysis

3D Applications

3D Toolbox

New ,eesy" Windows Design
(eesy-2-form, eesy-form)
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Developments
Automatic simulation of multi station processes
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Developments

Next steps -3-

Push of 3D Simulation using

- Automatic meshing and
re-meshing of Hexahedral elements

- Elastic-plastic Material law

- Interfacing with CAD
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Developments

Next steps -4-

More and better technological modules |:
Contact, ;
Friction,
Folding,
)

Additional System eesy-DieOpt for
Design and optimization of tooling systems

Local Description of friction

Additional analysis of
local surface properties -> Tribo-system
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Developments
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Applications

Rough surface and crack at a retainer

Surface enlargement Tangential Stress Retainer with failure
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Applications

Example of complex cold forging operations

. 4
Hydraulic pivot element
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Applications

Damage analysis

Ik
o eesy-2-form V1.43x(ZD-AXTAT-SYMN.) ~LIZ.NR. ORTG36 29.10.2000 22.47
200 de: Teil:
- IOR. 1000 (1000} 20s. VERKZ. i  54.84
o e327y2le. fin
o1 e
2 ) (ma )
-
5 154.0000
3 em) Shiso
L -26.0000
8 g ~86.0000
8 ~146.0000
L) ~206.0000 |
g . e |
. -326.0000 |
«
© s
e
Cracks in a screw made from aluminum
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Applications

Damage analysis
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Crack in a screw (material failure)
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Applications

Example of complex cold forging operations

Slchleifringe

(Claw pole motor — Wikipedia)

Claw
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Applications

Example of complex cold forging operations

To avoid a ,flower shape
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| | 3o1awe | sosc i [[aowheewp |
Show Tesls stan | swan

X ¥ 2

Visw Paint] -0 1 -1 018 & T \Upper slem

Versed[ T [0 [ "R o rEmae | sase | hie| e

Swp 10 | Defedi[a q Timew|o plot plot
valuss globats

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 23
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeR- und Materialtechnik »

N
Applications
$35,6 20,7
(919,05} =4
(#22) p33,15 201
@ : (935,5) ;
> ! R ! ; 1 ;
< | < i at : o8 [
i I Nl e— & !
' MKN 300 - 2 stoges
1
HEAT
Valve tappet
(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 24

35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

12



CPM Gesellschaft fir Computeranwendung,
ProzeB- und Materialtechnik

n

N

Applications

Valve tappet
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Applications
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Applications

This was a small overview
about what can be done in
simulation today.

But besides the forming
sequence the

tool design

is decisive for a good

productivity.
In the following is shown
how
Simulation can help with
Tool design
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Spark Plug

Design by Nedschroef, Belgium)

The idea how to make the tool design may be known in general.
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Spark Plug

L H

How to do in detail ? Procedure will be explained in principle using similar examples
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Application Tool Design

1. Analysis of punches
2. Analysis of a die insert (Carbide)
3. Design of an extrusion die

4. Example of a practical applications
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Application Tool Design

Examples of punch failure
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Application Tool Design

768
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330

270 380 290 400
st in mm

Analysis
Pressure on the surface
Alternating axial
stresses in the punch

and explanation
Loss of contact

[ during forming
(no oil or air enclosure)
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Application Tool Design

276.099
[

279471

Alternating Stresses Failure due to fatigue
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Application Tool Design

Fatal failure of a punch
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Stress concentration at the point of crack initiation (Sig xx)
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rotecting tube

Positive tangential stress below the contact point
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Application Tool Design
Punch failure during
production of spark plug
Picture from a similar case({ ICFG group
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Tool Design Task — Analysis of punches

Failure of punch during extrusion

Punch failure during
production of spark plug
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Application Tool Design

Failure of punch during extrusion

Punch failure during
production of spark plug

—————————— |

High local positive radial stress -> punch failure
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Application Tool Design

Failure of punch during extrusion

Punch failure during
production of spark plug

—————————— |

No concentration of positive radial stress after

Changing the radius -> no failure

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

41

CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeR- und Materialtechnik ‘

Application Tool Design

1. Analysis of punches
2. Analysis of a die insert (Carbide)
3. Design of an extrusion die

4. Example of a practical applications
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Application Tool Design

Die design
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Application Tool Design
Horizontal split
(breakage)
due
to axial stresses
44
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Application Tool Design

Fatal cracking
due to

overloading

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

45

CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeB- und Materialtechnik - ‘

Tangential Stress to be compensated
by pre-stressing

Axial stress to be avoided by split
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Application Tool Design

1. Analysis of punches
2. Analysis of a die insert (Carbide)
3. Design of an extrusion die

4. Example of a practical applications
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Application Tool Design

NS S NN

Design of an extrusion die
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Application Tool Design

Simulation of an
extrusion
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Application Tool Design
» Avoiding of
failures (elastic
analysis of the
insert with FEM)
Splitting of the die
due to high axial
stresses
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Application Tool Design

Tool design

Positive stress in
the die without
pre-stressing
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Application Tool Design

Procedure

After the FEM analysis of the part an optimal design layout
is calculated with the die-design system

The results (diameters, interferences etc) are provided to
the FEM code with integrated die-design software
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Application Tool Design

System to calculate and optimize the pre-straining

in a die

(<]

‘eesy-DieOpt Vers. 204

License for: 11-CPM GmbH, Herzogenrath, Germany

|

File

2-RING-SYSTEM (cold) 2-RING-SYSTEM (warm) 3-RING-SYSTEM 4-RING-

SVSTEM

Language System EXIT

3-RING-SYSTEM

License for: 11-CPM GmbH, Herzogenrath, Germany
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Tool Preloading
[~ Type of tool assembly T
€ Insert + Casing i !
@ Irsett + Sleeve + Casing [ outside > inside ) 7o :
1 Inert + Sleeve + Casing [inside > outside ) =5 i
 Insert+ 2 Slesves + Casing [ outside > inside | soe) i
Interface © Inseit+2Sleeves + Casing [ inside > oulside ) wo] !
" Insett + 2 Sleeves + Casing [(142] > (3+4] ) o :
. Function i tacl assembly- i
a i
EESY-DieOpt | & oot |
1. Sleeve / Cating eesy-DieOpt i
€ 2. Sleeve / Casing ol Lo i
EESY-2-form oo T . 2 % P T
Inier Diameter Fittirug Diameter D1 Fitting Diameter D2 Outer Diameter
given 23.00 mm 42.000 mm F0.00 mm
Interference 51 Interference 52 r
0183 rm 0155 o ~

Matsriak [ess [ [x40cmovs ~] [ =1 [x40CMovst ~|
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Application Tool Design

In this case the result is ok.

Otherwise the engineer
has to make changes in
the design again.
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Application Tool Design

Final design:

inner dia: 12.83 mm

. outer dia:  70.00 mm
fitting dia:  23.00 mm

interf.: 0.169 mm

fitting dia 2: 42.00 mm

|— interf: 0.168 mm

Mat insert: G55
Mat sleeve: SKD61 HRC 54
Mat body: SHD61 HRC 50
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Application Tool Design

1. Analysis of punches
2. Analysis of a die insert (Carbide)
3. Design of an extrusion die

4. Example of a practical applications
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Application Tool Design

9501

< Even complex design could be realised
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Application Tool Design

Conventional design

1

form V4.

oos-2

INFOT:  RUAO-BEIQI

INCR. 00 (500)  POS TOOL 1 100
rtainer1c5to.in

S75(20 axisymmetr) LICNO. ORIG36 03122012 0040
INFo2:

SIGUA-PHI
Cnea )

849,000
-1001.0000

18105359

X-caordinsta in mm s tool 4 S

Optimized design

ocsy-2-form V4 57x(20 axisymmetr) LICNO. ORIGIS 03122012 00:56

INFOT:  RUAD-BEIGI INF
INCR. 500 ( 500)  POS.TOOL 1. 100
retainar-e-1es1afin

SiGMA-PHI
(weA )

728,000
796.0000

10 MINMAX

704 8037
| 15009147
B a0 5 0 5 w0 s
X-coordinate in mm st tool 1
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5 station
cold forging

process

Location of the
problem in the
tooling
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5 station
cold forging

process

Premature failure
of the die

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 61
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil
CPM Gesellschaft fir Computeranwendung, Z ‘
ProzeR- und Materialtechnik ‘
N
Application Tool Design
Irytlgl deS|gn. of the 5 station
die in operation 4
LI .

. cold forgin
(Carbide — &l ging
pre-s.tressed by process
one ring)

A
o~ Te:
5
f |
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JO

e .

e 5 station
cold forging
process

[

Positive stress in the carbide - failure
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Application Tool Design
5 station
cold forging
process
Prove of the failure in practical test
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Final design ‘ 95 5 station

of the @61

die in operation 4 I3e cold forging
@37

(disc made out of ! rocess

ASP 30, . L' s P

Carbide split — l

pre-stressed by

two rings)
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H 5 station
cold forging
process
Hngribigrauti g oo b modfestee goecks e |
Stresses are compressive now
Tool life could be improved from 1000 pieces to 250 00 pieces
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5 5 (6) station
x cold forging
process

Meanwhile the tool life
could be improved to
120000 pieces by
introducing a further
station before # 4.
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Application Tool Design
Pre-stressed punch to form
a TORX® recess
After optimization
a tool life of 2,5 Mio
was reached
(stable for more than
10 years now )
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30 Years of FEM in bulk metal forming

1. Introduction

2. Developments

3. Applications

4. Application Tool Design
5. Future

6. Acknowledgements
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Future

Future developments

* Integration of the simulation in the entire
production chain

* Completion of the material data needed

* Development of further technological modules

* Reducing the simulation systems to very specialized
systems for industry sectors Qv
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Jttention

Customers are happy to work on their daily tasks
with “eesy” simulation

(c) 2015 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
35t Senafor, 07-09.10.2015, Porto Alegre, RS, Brazil

74

37



