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Stability Islands: ;
Performance Revolution in Machinirjggee resee counst

Why HIL?
Hardwareln-the-Loop (HIL) is an experimental
method that accelerates th& R phase of new
machines and technologies
A A certain part of the machine is kept physically

other parts are emulated by digitally controlled
actuators based on the simulation of math moc
A Similar terminology: suistructuring
AHigh Speed Nling (HSM) can use it for near
reality modal tests and/or
development of new milling tool geometries
A But: extreme challenges occur duehigh speed

Stability islandg can we reach them?
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Why Hardwarein-the-Loop (HIL) for HSM?
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Chatter in milling
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Chatter in milling Stability islandd can we reach them?
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Outline Practice: critical points in modelling
- Why Hardwarein-the-Loop (HIL) for HSM? wpz S
- Stability islands can we reach/use them? @;( o

- Uncertainties in lobe diagrams:practice&theory
- Testing HIL to reproduchistablezones: stickslip _ _
- Hopf bifurcation, stable and unstable liritcles Sip comove modeling

- Stability, CM, secondariiopf bifurcation in HIL E’m
distributed element

Tool/tool-holder contact

rolling
contact

- Bistability in High-SpeedMilling (HSM)
- Experimental setup for HIL in HSM

- Outlook Result: large uncertainties in the lobe structure
high sensitivity for perturbations
Theory: uncertainty for perturbations Machine tool vibration Preliminaries
. . . . . . Classical experiment(Tobias, Shi, 1984)
Cutting force nonlinearity against chip thickness Acutting process is sensitive large perturbatios
Cutting f Fy Asel f excited vibrations
utting foree AFx Aimportant effect of chip thicknesm size of unsafe zone
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Face milling case study with IDEKO

Wavelet, timehistory and bifurcations
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Stability chartbistability and bifurcations
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- Why Hardwarein-the-Loop (HIL) for HSM?

- Stability islandg can we reach/use them?

- Uncertainties of lobe diagrams: pract&eheory
- Testing HIL to reproduce bistability : stick-slip
- Hopf bifurcation, stable and unstable liritcles
- Stability, CM, secondaridopf bifurcation in HIL
- Bistability in High-SpeedMilling (HSM)

- Experimental setup for HIL in HSM

- Outlook




Stick-slip experiment

Simplest nonlinear mechanical model
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Simplest nonlinear mechanical model
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high DoF modelsby Wiercigroch Awrejcewicz2
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- Why Hardwarein-the-Loop (HIL) for HSM?

- Stability islandg can we reach/use them?

- Uncertainties of lobe diagrams: pract&eheory

- Testing HIL to reproduchbistablezones: stickslip
- Hopf bifuncation,, stable & unstable limit cycles
- Stability, CM, secondaridopf bifurcation in HIL

- Bistability in High-SpeedMilling (HSM)

- Experimental setup for HIL in HSM

- Outlook



Stability andHopf bifurcation
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Stability andHopf bifurcation
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Bifurcation diagram
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Bifurcation diagram

maxg Z/‘ Vs .

Stable periodie motion P

/
7 Hopf bif

Stable

Unstable equilibrium

0 ! /T

o — C 4
Ver.0 = l In ((‘ ﬁ) vt = — (1. —4 /1= c"\.'t‘Ci.‘U/Z)
Cy Cy

Y20 wnm

Bifurcation diagram

max; &/,
*

Vir 0

rd
periodic motion 7’
s # Unstable
1F N 4
4

periodic motion
¥ Hopf bifurcation

Unsfable equilibrinm Stable equilibrium

0 +
0 1 v/t

1 Cy—C 4
Vo = — Inn ((\”—) vt = — ('l — /1= ("\-i'cr‘U/Z)
Cy 2C,wym Cy

Stick-slip at low speed
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- Why Hardwarein-the-Loop (HIL) for HSM?

- Stability islandg can we reach/use them?

- Uncertainties of lobe diagrams: pract&eheory
- Testing HIL to reproduchistablezones: sticlslip
- Hopf bifurcation, stable and unstable liritcles

- Stability, CM,, secondary Hopf in HIL

- Bistability in High-SpeedMilling (HSM)

- Experimental setup for HIL in HSM

- Outlook

Modeling the sampling effect
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Hardwarein-the-loop experiment

mij(t) +by(t) +ky(t) = Fou(y(t;—7)iv)  t; =47
telt,t;+7), j=12,...

Modeling the sampling effect

With the help of the pieewise closed form solution:

For negligible system damping

Stability chart

belt speed ~ frequency ratic
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