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Chair of Fluid-Mechatronic Systems (Fluidtronics)

Physical-technical

Fundamentals / Fluids Hydraslic Components

Valve Actuators / Solenoids

Pneumatic ) )
Components and Systems Stationary Hydraulic Systems Mobile Hydraulic Systems
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Research activities on Hydraulic Deep Drawing Presses
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Motivation

Production of deep drawing tools on the example of a car body side wall

Distribution of working time

detailed tool

design casting

DFE models

data

preparation casting

8 month ool
die face 10 month processing

enginerring

(DFE) 1.tryout/correction

16 month 2.tryout/correction
3.tryout/correction
prototyping 21 month 4.tryout

approval and shipping

inspection and approval
on the production press
(homeline tryout)

component 17 month 19 month concept
test
feasebility
design quip

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

Allocation of costs
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Motivation - properties influencing the drawing quality

elasto-static behaviour
of the tool

» deflection of die, punch _ . .
tribology and blankholder glastosstatic behaviour

of the press

» friction » deflection of slide, press table and

« lubrication the die cushion‘s pressure box

+ tilting elasticity of the slide
and the die cushion

dynamic performance
of the press

material behaviour

* flow—stress curve « stiffness of the drives

* anisotropy « control performance

+ performance of electric
and hydraulic components
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Deep Drawing Press and Tool - Video
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Technology application - rectangular pan with draw beads

Eccentric position of the tool

Slide ‘
elastic tilting press table
‘ die cushion ‘
@® LA QO pin
””” ©® T y O die cushion cylinder
tool
blankholder
pins

- slide tilting

- uneven pin loads

- unsymmetrical part

- unsymmetrical thinning
and flange draw-in

press table

-15 0 20
!l

thinning [%]
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Technology application - rectangular pan with draw beads

Eccentric position of the tool

Slide ‘
elastic tilting press table
‘ die cushion ‘
@ | Opin
,,,,, (3 Ay . : .
tool ; O die cushion cylinder
tool
MP3 MP2 MP1
blankholder
pins MP4 MP6
MP5 MP15
MP6 MP14
press table
MP7 MP13
MP8 MP12
MP9 MP10
-15 0 20
bt MP... measuring point
thinning [%]
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Model of the press (SimulationX)

System simulation model (schematic)

VZvor position input

f% hydraulic spring

slide Mg,
————————————————— rigid stop
frame drawing- tool elasticity
process
[
______________ o ‘Fu forming force
My
JNEN) N cushion
+ 4 4 actuator model
cushion S
1 o
4—
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Process-model and implementations of machine behavior

FE base model

Advanced FE model

Co-Simulation

Sl

I 1

mechanical press @
components '

e
N

2, N -

~ |Fs &5
1 Vst .

-y

_.—-—'—'_"_'_._._._.-\_.' ;

; it
i : # |!1, Faxpe ’j_T
LU | Mz hr v
blankholder Vi Faca {] Vaxe
Vzrv
punch J—u fl -ﬂf;ﬁ,_”
=l ]l=] controller
Licy lah) [ 1
. . pin L oPO | |
die cushion o
pressure box hydraulic drive
components
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Standard process model with rigid tool (34 party tool)

FE base model

blank . die Flow stress curve
= elastic-plastic " rigid 800
* anisotrop \_— : :
4N &~ = fixedin 600
< ) space R
Ly eeo -;‘;‘_“o'.—' _____
6_5 400 ...::‘:.—..- _____
blankholder = 55T Scoa
* rigid b 200 —
« DOF.2 | T DCO6
punch 0 . .
" rigid
= DOF: Z € [_]
contact | R
2,5 -
type penalty based 5
Friction law Coulomb 1,5 -
0,5 - —
Hpcoartool 0.155 0 -
Hpcositool 20 avg. strain ratio planar
anisotropy
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Advanced forming process model with elastic press and tool properties (39 party tool)

Advanced FE model Drawing simulation
I

. 30
slide structure ]
" rigid -

= elastic |
<

bearing
> 10
T

tool mounting
plate

= elastic

_ >
tool (die, punch,
blankholder)
ins = elastic
= nonlinear
i ég%ngesrs press table - deflection of die, punch and
\ = elastic blankholder
» deflection of slide, press table and
F pressure box - L
|:cy|_2 cyl.3 = elastic the die cushion‘s pressure box
= shell * tilting elasticity of the slide

elements and the die cushion

£ N
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Over-all-System-Model and coupled simulation

Co-Simulation

press- < |
frame %EI"

slide

slide
" drive
J § =% coupling
< T T aiertece
it eIa%tic

-

Vzi,h | Fzkw

i
Fz [} coupling
VZ.lTr Tz interface (4)

VzKur

hydraulic
system

| controller

Data transfer scheme

machine model
(SimulationX) Solver

TCP/IP

shared memory

| 1

read write

user-defined
material

solver
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User interface of the coupling program

K| Koppelalgarithrnus
Datei  Modalanalyse  Modell-Code-Migration  Extras

Solver Hardware

= Bl =

rEulvervarmnte: #Anzahl der Prozessorkerne:

Port: 1400

G
() Restart-File
Solverversion: zugewiesener Arbeitsspeicher:

Keyword dffnen (Notepad)

Keyword dffnen (PrePast)
Ergebnisse in LS-PrePast

Zeitmessungen

\ 5.1.1-ShaMe ™ D 6,0 @ Shared Memory
) integriert
T
fw Startnummer anzahl
Stobel £0000001 = = 1 Zwischenergebnisse
[T Tisch 61000001 S = 1 Tevg [T restart
Ausgabe: (] messag
Tiehkissen 62000001 % z 4 ] dahsp
Modell d3plot Ausgabeintervall:

Dimension jede 100te behalken >
L T—

simulierte =] 10,000000 5
Zeit

s5_Rechteckwanne_rasumlichi75%:70704040/es026_header_141105_kop.k Datei auswahlen

Ve

Simulation X

06:58:56:824

10:44:43:830
Kopplung

00:52:27: 266

Aufnahmeinkeryal

type of FE-solver

hardware

interface for
communication
between process-

~ 05s

Simulation stoppen

ket K rnnlnn

1.5539% 1e-0g [} [ [} [}

a o a o 41260.8 41264.6
1.9539¢ 1e-0g [z} o

a o a o 41257.1 41260.8
1.95397 1e-08 [z} o

a a o 41253.5 41257.1
1.33338 le-0% o L]

o o i} o 41250.1 41253.5
1.33332 le-0% o L]

o 0 o o 41246.3 41250.1
2 le-0% o L]

o 0 o i} 41243.8 41246.9

Output L5-DYNA

0 renumbered
0 renumbered

master surface has 3532 segments,
slave surface has 1130% segments,
arient uniform normal for s1iding interface 3

master surface has 15736 segments, 0 renumbered
slave surface has 1130% segments, 0 renumbered

Memory reguired to begin solution 15425718

-407EE8 -407E5E -~
?407560 -407EEE
-407EE2 -407EE0
-407565 -407562
Liorser -407565
5407569 -4075er [

and machine model

number of
coupling nodes

time
measurement

- easy handling of coupled simulation models

- different types of FE-solver possible

- communication over shared memory reduces
simulation time for the over-all system modell

Additional dynamically allocated memory: 3657388
19083106

Total:
399800 t 1.9990E+00 dt 5.00E-06 Tlush ifo buffers 01/12/15 04:55:00

initialization completed

Ausgabe lischen

N
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Use case - grading of optimized control parameters for the die cushion cylinders

Operating point dependence
of the control parameters

round cup

rectangular pan

S 5 /\~0riginal
S original S
c c optimized
Q o /
5 l ptlmlze“d‘m <
! |
0 0.5 s1 0 0.5 s 1
time time

Influence of the control parameters
on the part quality

original control parameter optimized control parameter

100 100
[0} ()
S kN AN 2 kN
8 / \ 8
@ 50 @ 50
© o Xm_
£ 30 £ 30 |
3 @)
0 rectangular pan 0 rectangular pan
1 S 2 0 M S 2
time time
thinning [%]
20]
material: ;]
DC04 0
slide speed:
30 mm/s
-15°
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Co-simulation: rectangular pan with draw beads - required cylinder forces

Drawing part

(experiment)

material:
FE-Simulation result DCO06
blank thinning -25 0 25 .
slide speed:
(3rd party tool) - P
- 30 mm/s
thinning [%]
§1k0[\? /\ 3100 [\\
System Simulation result ke . S kN
die cushion-cylinder forces 3 S
. . [ .E
(SimulationX) = =
(@] 0 (@] 0
0 1 s 2 0 1 s 2
time time
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Co-simulation: rectangular pan with draw beads - results

original control parameter 3 2 A
4 \/ ‘\

8 \‘sa'/ 2

Drawing part

(experiment)

material:
DCO06

slide speed:
30 mm/s

MP10

MP... measuring point

FE-Simulation result

blank thinning
(3rd party tool)

-10 -4 2 8 14 20
| I
thinning [%]
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The effect of the model depth on the prediction quality
4 N

Simulation Experiments

| Co-Simulation |

Optimized
control

Locally adjusted
cylinder force

| Standard FEM |

Cushion
cylinder force

. /

10 mm/s Slide velocity 30 mm/s
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Invitation

12" International Fluid Power Conference
October 12-14, 2020

(1) NLINE

Technische Universitat Dresden | Institute of Mechatronic Engineering
Chair of Fluid-Mechatronic Systems
Prof. Dr.-Ing. J. Weber | Tel. +49351- 463 33559 | fluidtronik@mailbox.tu-dresden.de
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