Finite Element Method FEM

Dr Ing. Markus Thurneysen

Numerical simulation of a lathe

Calibration of the numerical eigenfrequency model using experimental
measurement

Source : Tornos SA

Rue Industrielle 111
2740 Moutier

REHAssist

Suisse

Markus Thurneysen, EPFL, 2022 1



Swiss type lathe Tornos DECO 20s

4 ROBOBAR SBF-532 2

Turning parts
Length up to10x the diameter
- Medical
. Lathe Tornos DECO 20s Bar feeder Robobar SBF-532 Autormotive
ﬁ Bar diameter max 20mm Length of bars 3m Connectors
= Watchmaking (not this machine)
o
Source : Tornos SA
Markus Thurneysen, EPFL, 2022 2

oo EPFL



The latheTornos DECO 20s

Main tool system
Part output

Tool system for back operations o
Main spindle
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Counter spindle

Guide bush '
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Kinematics of the Tornos DECO 20s

Tornos DECO 20s

Back operation

Tool system /'/
X2 I I X1
Y2 Y1

Main tool system Top view

C2 C1
“ > Bar stock to be machined
Z2 Z1
Counter spindle Guide bush Main spindle
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Working principle

Tornos DECO 20s
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Machining in back operations Machining in main operations, a new part is crafted
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Working principle

Tornos DECO 20s
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Output of finished part Machining in main operations
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Working principle

Tornos DECO 20s
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Move forward of counter spindle  Machining in main operations

<

Output of finished part
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Principe de fonctionnement

Tornos DECO 20s

Clamping part with Opening chuck
counter spindle main spindle
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Principe de fonctionnement

Tornos DECO 20s

Move forward cutter  Move backwards main spindle
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Principe de fonctionnement

Tornos DECO 20s

Cutting Closing chuck
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Principe de fonctionnement

Tornos DECO 20s

A

Move backwards counter spindle Starting machining new
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Principe de fonctionnement

Tornos DECO 20s

A

Machining in back operations
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Machining in main operations, the cycle restarts
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Numerical simulation

* Reduction of the developement time of new machines

 Numerical analysis from the beginning of the design phasis

* Optimisation of the parts geometrie in regard of the machine stiffness
* Eigenfrequency analysis of the complete machine

* Dimensioning of the de critical purchased parts
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Constraints for the simulation model

 Machine components with high geometrical complexity

* Big number of mechanical parts (> 5000 parts)

=P Huge numerical model

 Keep only the for the simulation relevant parts

o Simplify their geonometry (no small holes, no chamfers, ...)

 Determine the for the simulation critical parts and adjust their properties
as close to the reality as possible

REHAssist
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Determinations of the critical elements

Ball screws

Linear guideways

Machine feet
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Source : Tornos SA
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Ball screws

Machine feet

Free Z motion between the slider and the rail

Source : Tornos SA
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Numerical model fo the simplified machine

168’446 nodes
51’752 elements
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Source : Tornos SA
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Eigenfrequency analysis

17éme mode 2 00e dans la olage ( 78,3778 4z )
Man: 4.154e+000
Min: 0.000e+000
2006/10/3 17:17

4.154
I 2000

L 1,500

B 1.000

0.500

ID
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Concordance between simulation and reality?

Source : Tornos SA
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Experimental verification
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Prototype DECO 20 Sigma

Source : Tornos SA
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Measurement equipment

DECO 20s

Interferometer
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Source : Tornos SA
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Scan with the interferometer

Pors
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Comparison calibrated model - reality

Solid mode

le- mode o-oo-e dans la olage ( 16.1872 4z )
Max: 1.465e+000

Wi 0.000e+000
2006/10/9 17:22
1465
Dromain: FFT 2 /Y Band 1 16.00Hz
Sig: FRF Angle o
Inist. Wal % 5 _
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25 L 25

16 Hz
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16,2 Hz

Source : Tornos SA
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Comparison calibrated model - reality

First eigenfrequency of the machine

11érme mode 200e dans la slage (526099 2 )
Max: 4,805e+000

vin' 0.000e+000
2006/10/9 17:12

4.805
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53 Hz
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52,6 Hz

Source : Tornos SA
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Comparison calibrated model - reality

17éme mode 2-027e dans la olage ( 78.3778 -z )
Yax: 4.154e+000

! 0.000e+000
2006/10/9 17:17
4,154
2,000
1.500
1,000

0.500

a
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78,4 Hz

Eigenfrequency of the machine

75 Hz

Source : Tornos SA
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Comparison calibrated model - reality

Local frequency of the counter spindle

28&me mode 27007 dans la olage ( 130,544 -z )
Max: 4.377e+000

Min: 0.000e+000
2006/10/9 17:19
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132 Hz

REHAssist

130,5 Hz

Source : Tornos SA
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Comparison calibrated model - reality
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Local frequency of the back-operation tool-system

161.4 Hz 156 Hz

Source : Tornos SA
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Synthesis

*  Numerical model validated

 Large simplification of the geometrie of the mechanical parts

« Keep only the for the simulation relevant parts

 Calibrated model for the critical parts

« Match between calibrated simulation and measurements better than 90%

« Reduced calculation time, less than 2 houres
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Source : Tornos SA
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