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Research activities on Hydraulic Deep Drawing Presses

Drive structure

M

M

e st uctu e

G

U

Energy consumption

-29 %

Thermal analysis

System Identification

Real system

System model

Parameter 
estimation

systeminput
systemoutput

output
error

System Model

Control

0 1-0,5 Time t in s
0

50

100

150

C
yl

in
de

rf
or

ce
in

 k
N

Valve ControlPump Control
Die cushion



Co-Simulation of Machine and Process
T. Schulze - Institute of Mechatronic Engineering slide 5

Motivation

die face 
enginerring

(DFE)

data
preparation

prototyping

process 
design

process 
optimization

detailed tool 
designDFE

cast

casting
models

1.tryout/correction
tooling

tool
processing

casting

2.tryout/correction
3.tryout/correction
4.tryout
approval and shipping

inspection and approval 
on the production press
(homeline tryout)

press
equipment

concept

production of 
mechanical equipment

component-
development

component
design

feasebility
tests

component
test

12 month

10 month

16 month

8 month

21 month

17 month 19 month

Production of drawing tools on the of a car side wall

source: Umformtechnische Herstellung komplexer Karosserieteile, Birkert et.al., Springer, 2013

0

5

10

15

20

25

30

35

to
ol

-
de

ve
lo

pm
en

t

to
ol

 b
as

is
to

ol
m

an
uf

ac
tu

rin
g

tr
yo

ut

%

material

basic
tooling

purchase
parts

cast
model build-up

and
assembly

form
processing

finishing

initial
tryout

1.
correction

2.
correction

3.
correction

homeline
tryout

Distribution of working time

Allocation of costs



Co-Simulation of Machine and Process
T. Schulze - Institute of Mechatronic Engineering slide 6

Motivation - properties influencing the drawing quality

elasto-static behaviour
of the press

dynamic performance
of the press
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• deflection of die, punch
and blankholder
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• deflection of slide, press table and
the die cushion‘s pressure box

• tilting elasticity of the slide
and the die cushion
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Deep Drawing Press and Tool - Video
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Model of the press (SimulationX)
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Process-model and implementations of machine behavior
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Standard process model with rigid tool (3rd party tool)

blankholder
rigid
DOF: Z

die
rigid
fixed in 
space

vpunch
punch

rigid
DOF: Z

blank
elastic-plastic
anisotrop

FBH

0

200

400

600

800

0 0,5 1

[M
Pa

]

[-]

DC04
DC06

0
0,5

1
1,5

2
2,5

3

avg. strain ratio planar 
anisotropy

D
C

04

D
C

06

Flow stress curve

Anisotropy
contact
type penalty based
Friction law Coulomb
FR FN

DC04/tool 0.155

DC06/tool 0.100

FE base model



Co-Simulation of Machine and Process
T. Schulze - Institute of Mechatronic Engineering slide

Advanced forming process model with elastic press and tool properties (3rd party tool)
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Over-all-System-Model and coupled simulation
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User interface of the coupling program
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Use case – grading of optimized control parameters for the die cushion cylinders
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Co-simulation: rectangular pan with draw beads – required cylinder forces
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Co-simulation: rectangular pan with draw beads - results
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The effect of the model depth on the prediction quality

ExperimentsSimulation

10 mm/s 30 mm/s

Standard FEM

Cushion
cylinder force

Locally adjusted
cylinder force

Advanced FEM

Optimized
control

Co-Simulation

Slide velocity



Co-Simulation of Machine and Process
T. Schulze - Institute of Mechatronic Engineering slide

Technische Universität Dresden | Institute of Mechatronic Engineering
Chair of Fluid-Mechatronic Systems

Prof. Dr.- - -dresden.de

Invitation



Co-Simulation of Machine and Process
T. Schulze - Institute of Mechatronic Engineering slide

Acknowledgement

Dipl.-Ing. Christer Schenke
Tel: 0351 4772 2616
Mail: Christer-Clifford.Schenke@iwu.fraunhofer.de

Europäische Forschungsgesellschaft 
für Blechverarbeitung e.V., Hannover

The project “Simulation based parameterization of hydraulic die cushions” Ref.-No. AiF 17002BR was financed and supervised by
the European Research Association for Sheet Metal Working (EFB). In the scope of the program to promote Industrial Collective
Research it was funded by the German Federation of Industrial Research Associations (AiF) with means of the Federal Ministry of
Economic Affairs and Energy on the basis of a decision by the German Bundestag

Dr.-Ing. Lars Penter
Tel: 0351 463-42361
Mail: Lars.Penter@tu-dresden.de

Dipl.-Ing. Tobias Schulze
Tel: 0351 463-42603
Mail: tobias.schulze2@tu-dresden.de

Contact:

TU Dresden
Institute of Mechatronic Engineering
Chair of Fluid-Mechatronic Systems

TU Dresden
Institute of Mechatronic Engineering
Chair of Machine Tools Development 
and Adaptive Controls

Fraunhofer Institute for Machine Tools 
and Forming Technology IWU
Department of Cyber-Physical 
Production Systems (CPPS)


