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Simulation as a tool to help to improve lubrication systems

Abstrakt;

Today simulation is state of the art in the design of cold
forging processes.

The simulation results may be used as well to optimize the
lubrication systems used in cold forging.

This presentation shows how simulation method may be
systematically used to realize and optimize lubrication
systems.

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Simulation as a tool to help to improve lubrication systems

In simulation you consider the lubrication situation by using a friction law.

Coulomb friction law

Coulomb: F,= M*N
Fr

Fr: Friction load
M: Friction factor
N: Normal load

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Max Shear stress law

T=m*Kk
T: Shear stress
m: friction factor

k: max shear stress

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
Umform-Meeting 2013, 02.-03-09-2013, Carl Bechem GmbH, Hagen, Deutschland
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Simulation as a tool to help to improve lubrication systems

Combined friction law
Both friction laws mentioned above have different areas of application.

Therefore some simulation codes use so called combined friction laws.

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
Umform- Meetmd@%@@m@@gﬁ!@l‘ﬂ admaReHRm \dishae! fatskteDeutschland
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Simulation as a tool to help to improve lubrication systems

Influences on friction factors

- local pressure

- local temperature

- enlargement of surface
- relative velocity

- surface quality

- lubrication

- lubricant carrier

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Simulation as a tool to help to improve lubrication systems

Kl and m in practical use

Given “normal” lubrication conditions the factors are not very much variing.

A lot of processes can be simulated very relaiable using standard friction
factors.

It becomes difficult if you come to difficult forming or if you come to technical
limits.

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Simulation as a tool to help to improve lubrication systems

Principle of reduction

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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- /. CPM Gesellschaft fur Computeranwendung, Z] ‘
ERsHp ProzeR- und Materialtechnik »
Simulation as a tool to help to improve lubrication system S
eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:32 eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:32
INFO1: INFO2: INFO1: INFO2:
INCR. 0 (1000) POS. TOOL 1: 21.60 INCR. 1000 (1000) POS. TOOL 1. 10.00
reductione.fin reductione.fin
Tool 1
25| D oo »s DTooI 1
20 lTooI 2 204 lTooI 2
E 15 E 15
£ c
10 ° 4
sl 5 ° 5]
; :
> 0 > 0
]
-5 ‘ -5
10+ ‘ 10
1
25 -20 -15 -10 -5 0 5 10 15 20 25 25 20 -15 -10 -5 0 5 10 15 20 25
X-coordinate in mm X-coordinate in mm

Reduction

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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S

46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:32 eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:32
INFOL: INFO2: INFO1: INFO2:
INCR. 1000 (1000) POS. TOOL 1. 10.00 INCR. 1000 (1000) POS. TOOL 1: 10.00
reductione.fin reductione.fin
Velocy. SIGMA-NN
20 204
(mm/s) (MPA)
154 — 0.7157E+01 154 — 0.1013E+04
~ 0.6507E+01 -~ 0.9208E+03
c 0.5856E+01 c 0.8287E+03
c 10 0.5205E+01 £ 109 0.7366E+03
= ~ 0.4555E+01 < ~— 0.6445E+03
2 5 0.3904E+01 g 54 ~ 0.5525E+03
= 0.3253E+01 < 0.4604E+03
2 6.058 — 0.2603E+01 = - ~ 0.3683E+03
S o] - S o 786.184( -
3 — 0.1952E+01 3 — 0.2762E+03
> — 0.1301E+01 > — 0.1842E+03
-5 — 0.6507E+00 -5+ — 0.9208E+02
— 0.0000E+00 — 0.0000E+00
-107 MIN/MAX -107 \/,J\} MIN/MAX
! 0.7477E+01 i 0.1058E+04
w w w w w ‘ ‘ ‘ * 0.0000E+00 ‘ 0.0000E+00
20 -15 -10 -5 0 5 10 15 20 -20  -15  -10 -5 0 5 10 15 20
X-coordinate in mm X -coordinate in mm
(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 10
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Simulation as a tool to help to improve lubrication system

S

FLOW-
LINES

MIN/MAX
0.0000

0.0000

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:32
INFO1: INFO2:
INCR. 1000 (1000) POS. TOOL 1: 10.00
reductione.fin
20+ ‘
15+
€ 104
€
£
c
5
8 0+
?
>
-5
10+
T T
20 -15  -10 -5 o 5 10 15 20
X-coordinate in mm

Reduction

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Principle of extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:33 eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:33
INFO1: INFO2: INFO1: INFO2:
INCR. 0 (3000) POS. TOOL 1: 24.00 INCR. 3000 (3000) POS. TOOL 1: 10.00
extrusion-grofBe.fin extrusion-grofRe.fin
DTooI 1 DTOOl 1
30 30
ITooI 2 ITooI 2
204 20+
£ £
E 10 E 10
= £
[ (&3
% o [ soc % 0] [] soc
=3 =3
2 2
S -101 S 10
< <
> >
-20 -20
-30 -30
-40 -40
-50 -40 -30 -20 -10 O 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
X-coordinate in mm X-coordinate in mm

Extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Simulation as a tool to help to improve lubrication system

Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.)

INFOL:

404

304

209

10

-10

-20

-30

-404

LIC.NO. ORIG36

INFO2:

INCR. 750 (3000) POS. TOOL 1:
extrusion-groBe.fin

21.08.2013 19:34
20.50

SIGMA-NN
(MPA)

— 0.1387E+04
— 0.1261E+04

0.1135E+04

0.1009E+04
— 0.8827E+03
~ 0.7566E+03

0.6305E+03
— 0.5044E+03
— 0.3783E+03
— 0.2522E+03
0.1261E+03
— 0.0000E+00

MIN/MAX
0.1449E+04

-60

-50

-40 -30 -20 -10 0 10 20 30
X-coordinate in mm

i 0.0000E+00
40

Extrusion

S

Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.)

LIC.NO. ORIG36

21.08.2013 19:34

INFO1: INFO2:
INCR. 2100 (3000) POS. TOOL 1. 14.20
extrusion-grofRe.fin
40 SIGMA-NN
(MPA)
304
— 0.1503E+04
—— 0.1367E+04
204
0.1230E+04
0.1093E+04
10+
—— 0.9567E+03
0 8973 — 0.8200E+03
0.6834E+03
— 0.5467E+03
107 — 0.4100E+03
— 0.2733E+03
-20 —
— 0.1367E+03
— 0.0000E+00
-304
MIN/MAX
-40- 0.1570E+04
T T T T 0.0000E+00
-60 -50 -40 -30 -20 -10 O 10 20 30 40

X-coordinate in mm

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013
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Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:34
INFO1: INFO2:
INCR. 2100 (3000) POS. TOOL 1: 14.20
extrusion-groBe.fin
40 Velocy.
( mm/s)
304
— 0.9055E+03
— 0.8231E+03
204
0.7408E+03
0.6585E+03
10
— 0.5762E+03
240.9564 — 0.4939E+03
0 0.4116E+03
10 — 0.3293E+03
= — 0.2469E+03
— 0.1646E+03
-20 -
— 0.8231E+02
— 0.0000E+00
-3041
MIN/MAX
404 0.9459E+03
T T T T 0.0000E+00
-60 -50 -40 -30 -20 -10 0 10 20 30 40
X-coordinate in mm

Extrusion

ems

Y -coordinate in mm

-10+

-15+

-204

-25

eesy-2-form V4.58x(2D axisymmetr.)

INFO1:

15+

10+

INCR. 2100 (3000)

INFO2:
POS. TOOL 1:
extrusion-grofRe.fin

14.20

LIC.NO. ORIG36 21.08.2013 19:34

-30

-25

-20

T
-15

T T T T T
-10 -5 0 5 10 15 20
X-coordinate in mm

FLOW-
LINES

MIN/MAX
0.0000

0.0000

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:35
INFO1: INFO2:
extrusion-groRe.fin
Load
(kN
250
‘ ‘ ‘ — Load
200 | ~ Fri.-Load
100———————
|
1 ‘ 1
50 IR ]
| | |
| | |
0 M WWVWWWWWW
500 1000 1500 2000 2500 3000
INCREMENT

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Simulation as a tool to help to improve lubrication system S
eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36
INFO1: INFO2:
INCR. 750 (3000) POS. TOOL 1: 20.50
extrusion-grofRRe.fin
40 |
30
20
£
E 10+
©
I oo
5
§ -10+
N
-201
-301
40—+
-60 -50 -40 -30 -20 -10 (0} 10 20 30 40
X -coordinate in mm

SIGMA-NN
(MPA)

— 0.1387E+04
—— 0.1261E+04

0.1135E+04

0.1009E+04
- 0.8827E+03
-~ 0.7566E+03

0.6305E+03
— 0.5044E+03
—— 0.3783E+03
0.2522E+03
— 0.1261E+03
— 0.0000E+00

MIN/MAX
0.1449E+04

0.0000E+0O0

Inner pressure - short part

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013
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eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:35
INFO1: INFO2:
extrusion-grof3e.fin
L oad
( kN )
250
— Load
200 ' ‘ — Fri.-Load
i 1111
150 4 Il
100 el 2L Uik b | W\ i N“H‘ il i" “J' \wm]\w “
. ﬂ ML L )
500 1000 1500 2000 2500 3000
INCREMENT
Load during extrusion — short part
(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 18
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Simulation as a tool to help to improve lubrication system S
eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:36
INFO1: INFO2:
INCR. 900 (3000) POS. TOOL 1: 39.80
extrusion-grof3-longe.fin
SIGMA-NN
60
(MPA)
50
— 0.1557E+04
40 — 0.1416E+04
0.1274E+04
= 0.1133E+04
c 20 ~ 0.9910E+03
% 0.8495E+03
% 10 0.7079E+03
5 — 0.5663E+03
§ 7 — 0.4247E+03
> _104 —— 0.2832E+03
~ 0.1416E+03
-20 — 0.0000E+00
-30+ MIN/MA X
0.1627E+04
-40- ‘ ‘ ‘ ‘ ‘ 0.0000E+00
-60 -40 -20 o} 20 40 60
X -coordinate in mm

Inner pressure - long part

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:37
INFO1: INFO2:
extrusion-groR-longe.fin
Load
300 ( kKN )
250 — Load
) ‘ — Fri.-Load
200 | ( L1y | \I H ~— Load-cor.
IR A
\
N
W 0 A w
50
A L LI ’ |1H r[” WWWWWWWW
500 1000 1500 2000 2500 3000
INCREMENT

Load — long part

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013
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Simulation as a tool to help to improve lubrication system S
eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:38
INFO1: INFO2:
INCR. 900 (3000) POS. TOOL 1: 39.80
extrusion-grof3-long-redreibe.fin
SIGMA-NN
60
(MPA)
507 — 0.1251E+04
404 -~ 0.1137E+04
0.1024E+04
£ 30
£ 0.9099E+03
= ~—— 0.7961E+03
20 -
% 0.6824E+03
% 10 - 0.5687E+03
5 —— 0.4549E+03
g 0 — 0.3412E+03
> _
104 — 0.2275E+03
—— 0.1137E+03
-20 —— 0.0000E+00
-30 MIN/MAX
0.1307E+04
-40 0.0000E+00
-60 -40 -20 o} 20 40 60
X -coordinate in mm

inner pressure — long part — reduced friction

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:39
INFO1: INFO2:
extrusion-grof3-long-redreibe.fin
Load
250 ( kN )
— Load
200
— Fri.-Load
At o
150 i I
| il | ‘! |
100 f EI IR I o [l | il‘f‘i\V""‘» R ‘w wl I\ |
50 /’”
M r T T T 'IIU AL LALY LANLE AL B L A0 L L A 1 ]
0
500 1000 1500 2000 2500 3000
INCREMENT

Load — long part — reduced friction

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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dz
d
S

Backward extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:07

INFO1:

254

20+

15

10+

o
1

o
I

X-coordinate in mm

INFO2:
INCR. 0 (1000) POS. TOOL 1: 10.57
backward_extrusione.fin
-20 -15 -10 -5 0 5 10 15 20

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:07
INFO1: INFO2:
INCR. 950 (1000) POS. TOOL 1: 2.43
backward_extrusione.fin
254
20+
£
£ 15+
£
2
g 104
=
o
8
; 5
>
o
-5
-20 -15 -10 -5 0 5 10 15 20
X-coordinate in mm

D Tool 1
. Tool 2

l 80°C

Backward extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.)
INFO1:
INCR. 950 (1000)

LIC.NO. ORIG36
INFO2:
POS. TOOL 1L

backward_extrusione.fin

i
i
N

)

g
i
|
i
fil
i
%sﬁﬁ

' ,?
i

i

i
i
i
|
i
i
i
i
i
i
i

21.08.2013 19:31
2.43

Velocy.

(mm/s)

— 0.1063E+03
— 0.9666E+02

0.8699E+02

0.7732E+02
— 0.6766E+02
— 0.5799E+02

0.4833E+02
— 0.3866E+02
— 0.2900E+02
— 0.1933E+02
— 0.9666E+01
— 0.0000E+00

MIN/MAX
0.1111E+03

-6 -4 -2 0

2 4

X-coordinate in mm

T 0.0000E+00

S

Y -coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.)

LIC.NO. ORIG36

21.08.2013 19:31

INFO1: INFO2:
INCR. 950 (1000)  POS. TOOL 1. 2.43
backward_extrusione.fin
7 SIGMA-NN
6 (MPA)
5 — 0.1518E+04
~ 0.1380E+04)
4 | 0.1242E+04]
B r 0.1104E+04]
3 =3 = ~ 0.9658E+03
— = —
2] — - 0.8279E+03
0.6899E+03
14 = ~ | 0.5519E+03
o — 0.4139E+03
T ’ T ‘ S ~0.2760E+03
14 — 0.1380E+03
— 0.0000E+00,
_2,
MIN/MAX
-3 0.1585E+04
‘ ‘ ‘ ‘ 0.0000E+00|
-6 4 -2 0 2 4 6

X-coordinate in mm

Backward extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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S

INFO2:
INCR. 950 (1000) POS. TOOL 1: 2.43

Y -coordinate in mm

backward_extrusione.fin
w \
l H

A

&“““HH\““ ;“\“‘w‘w\‘;\“w\u‘m)

-6 -4 -2 0 2 4 6

X-coordinate in mm

eesy-2-form V4.58x(2D axisymmetr.) LIC.NO. ORIG36 21.08.2013 19:31
INFO1:

FLOW-
LINES

MIN/MAX
0.0000

0.0000

Backward extrusion

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
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Research approach to allow a systematic chose of a lubrication system

There are approaches to used sets of results of simulation to systematically
chose an appropriate lubrication system.

One examples of such an approach is the project
Triboanalyser/Triboselektor of Tribotec in co operation with CPM, University
of Darmstadt and further industrial partners.

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler 27
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Tribologisch orientierte
Prozessauslegung

FEM- Analyse

Umform- TRIBO
Analyse analyser

|

Modellversuche
Gleitstauchanlage

Prozessoptimierung

A\ 4

tribologisch optimierte
Serienumformung

—//
tribologische '
Prozesswerte  § TRIBO

selector
geeignete
) Tribosysteme
Verifikation

Principle of the tribologically optimized process design /1/

(c) 2013 Dr. Gerhard H. Arfmann, Dr. Michael Twickler
46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013
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Basis-Informationen ANALYSE-BEREICH 1 (aktiv) Analyse-Bereich2  Analyse-Bereich3  Analyse-Bereich 4 Punktverfolgung Sprache

Basis-Informationen

Konfiguration Werkzeuge/ wWerk stiick Umformkiaft

& 10 12 14 16 18 ‘20
Prozesszeit [msec)

-K oordinate [mm|

- Darstellung

Werk Anal i Abszi fur U

[~ Bereich 1 ' Prozesszeit
¥ Bereich 2 © Werkzeugweg

¥ Bereich 3 mwmmmm  Inkrement

[" Bereich 4 - mm— Kraftverlauf bearbeiten
0 10 i

(Glatten. Toleranzband)

X-Koordinate [mm]

Simulationsmodell: I SPARK-PLUG-TKK11.FIN

EESY-2-FORM YERSION 5.01A Prozessdaten ausgeben
[Export)

--»»> TRIBO-selector

simuliert mit: |

simuliert am: I 30.08.2013 08:13
Umformweg: I 7.001 mm Prozesszeit: 21695 mzec

TRIBO-analyzer

3008.2013 08:44

Cieesy2fKorr-eingedr-Kntn-repositioniert\Neuer Ordner\spark-plug-lkillee2ta |

Example Triboanalyser /1/
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| Datei Basis-Informationen Analyse-Bereichl  ANALYSE-BEREICH 2 (aktiv) Analyse-Bereich3  Analyse-Bereich 4 Punktverfolgung Sprache System  EXIT
¢ || Obersicht

Oberflachenvergrosserung 1.3941 Gleitweg 067331
Delaili s
Filter

Jﬂll

e [mim]

i~ Darstellung
Punktverfolgung

[~ Alle anzeigen

Abszisse
& Prozesszeit Relativgeschwindigkeit 75.368
 Werkzeugweg
" Inkrement i b} !
Detail E Detail
™ nur Prozessfenster z
Filter g Filter l
8
- Bearbeitung-
Prozessfenster
festlegen Werkzeugtemperatur £0.000
Detail | ” Detail |
Filter T e Filter |
2
E =
=
S0
4 1€ 18 20
TRIBO-analyzer
C‘.:e;ylf\l(mr-eingedr-Kntn-repns'rtioniert\l\leuer Ordner\spark-plug-lkklle.e2ta | 130.08.2013 0847

Examplel Triboanalyser /1/
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Analyse-Bereichl Analyse-Bereich 2 | ANALYSE-BEREICH 3 (aktiv) | Analyse-Bereich 4 Punktverfolgung Sprache System  EXIT

l:_lbelflii!:henvelgli:isselung 1-0_359. l_'.i_leitwe_g_ 1 .l].l.].EZ

[ patei Basis-Informatienen

4 || Ubesrsicht

3|

1
¥ R Detail 1 Detail l I
g 5
E 1
> E =
- Filt 1 Filt
i Darstellung X A= i.] g _il
Punktverfolgung g

P

I~ Alle anzeigen

-

o oz 4 =5 1§ 18 20

& 10 3z 14
Frozesszeit [msac]

Kontakinomalspannung i b Relativgeschwindigkeit 143.53

Abszisse

* Prozesszeit

 Werkzeugweg

" Inkrement it Detail Detail |
W 400
I~ nur Prozessfenster E =00
g i Filter Filter l
g-o02
m-:m
- Bearbeitung - -1400

TR
Prozessfenster
festlegen Werkstiicktemperatur 120.00

145 Fo==

140 7
_aas Detail
0 a3
Lo T
F ez Flllell
5
2 s
a 110
s

08

100

I IS C S P

20

TRIBO-analyzer

C:\eésylf\Korr-eingedr-Kntn-repos'rtionier‘t\Neuer Ordner\spark-plug-lkidlee2ta | i ;-.3.0.08.2013 08:47

Beispiel Triboanalyser /1/
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But further influences have to be considered.....

Als Beispiel sei hier ein Fall erwahnt, in dem rostfreies Material mehrfach
reduziert werden sollte. Es war die Frage zu klaren, ob das mit dem Material
gemacht werden kann und spezielle Beschichtungen und/oder Ole
erforderlich sind.

Durchgeflhrte Simulationen zeigten, dass die Prozesse grenzwertig waren
(das Material stauchte wahrend den Reduktionen geringfligig auf, reduzierte
jedoch noch wie gewtinscht). Beratungen mit den Materiallieferanten und
einem Tribospezialisten lie3en hoffen.

Zu Sicherheit wurde beschlossen Tests im Labor durchzufihren, um zu
sehen, ob sich das Material unter Verwendung des gewahlten Tribosystems
wirklich reduzieren lassen wirde.

Und es tat es tatsachlich —im Labor......
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46th ICFG Plenary Meeting 2013, Subgroup of Simulation, Paris 15th-18th September 2013

32



CPM Gesellschaft fur Computeranwendung,
Prozel3- und Materialtechnik

o

Simulation as a tool to help to improve lubrication systems

In der Praxis liel3 sich der Prozess jedoch nicht realisieren und musste
aufgegeben werden.

Der Grund war die Unmoglichkeit die Werkzeuge in der
Produktionsmaschine in der erforderlichen Genauigkeit auszurichten oder
einen ausreichen guten Abschnitt herzustellen. Nach der ersten Reduktion
war das Bauteil ,etwas" krumm.

Das genugte allerdings, um in der folgenden Operation eine korrekte
Reduktion zu verweigern.

Solche Spezialfélle treten in der Praxis immer wieder auf. Deshalb ist es
erforderlich mit ausreichendem Ubersichtswissen an ein Projekt
heranzugehen.
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Study of wrong adjustment in 3D.
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Conclusion

In general simulation is a good tool to provide nec cessay information to
the lubrication specialist to help him to optimize h IS lubrication system.

Basic test have to be performed to find out the inf luences of the
parameters coming form the simulation on the lubric ation systems.
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Trust in “eesy” simulation
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Customers are happy to solve their daily problems
with simulation
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