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Research aim L')

Improve the dynamic performance of a compact size CNC
machine
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Research objectives
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e Reduce the effect of machine frame resonances

* |Improve the servo bandwidth (improve machining)
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Simplified linear motion system of the p4 L'
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Dynamic mechanisms limiting servo control L'
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System identification — frame resonance (1)
experimental modal analysis
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System identification — frame resonance (2)
experimental modal analysis L'
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System identification — frame resonance (3)
experimental modal analysis Ll
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Frame is distorted — reference point is distorted
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Flexible frame resonance in a servo plant
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Servo plant compensation techniques
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* Filtering : Notch filter, Bi-quad filter, » * Phase lag
and Low pass filter * Not robust for changes
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Machine frame concepts
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Metrology frame in a machine tool
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Shore P. et al. Big OptiX ultra precision grinding/measuring system. www.cranfieldprecision.com
Proc. SPIE. 2005

OAGM 2500 - Off Axis Grinding Machine
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Balancing mass & metrology frame
in @ machine tool

EPSRC Centre for innovative
manufacturing in ultra precision

Long Stroke

y
Balance
Mass | .

o~ -

Air Feet

Level Sensor
and Alignment

Mirror Block
= — [ )

Sz Xy Z

Zz Xy z
- -' ' Balance Mass .
Air Feet Base Frame

www.asml.com Butler H. Position control in lithographic equipment. |IEEE control
magazine. 2011.

ASML TWINSCAN — Lithograph

platform
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Virtual Metrology Frame concept —
controller
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Requirements of frame displacement sensor '
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No reference point — “virtual metrology frame”
* Low delay

* Low noise — compared to the encoder

j j a(t)dt? =d(t)

* Measure dynamic displacement of machine frame
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Frame displacement sensor -
estimator (filter) design
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Displacement (nm)
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Validation of the estimator — long term

L ' EPSRC Centre for innovative
manufacturmg in ultra precision

100 ——

80 f

60 |

40 F

2o |

0

1|
il
Ity i

M 1 '

it

o0

Time (s)
Crcmﬁeld EPSRC
UNIVERSITY oo e research
and skills

100 150 200 250 300 350 400 450 500 550 600

% CAMBRIDGE

Jonathan Abir
j.h.abir@cranfield.ac.uk

18



Validation of the estimator - setup
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Validation of the estimator - results
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Results of plant transfer function
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Virtual Metrology Frame time delay
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Open loop Bode graph
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Sensitivity graph
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Summary:
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* Dynamic displacement sensor using accelerometer
o=30nm

* Servo plant compensation technique :
* Robust
* No instability
* No phase delay

* Improved the servo bandwidth by 40% :
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* Dynamic displacement sensor using accelerometer
o=30nm

* Servo plant compensation technique :
* Robust
* No instability
* No phase delay

* Improved the servo bandwidth by 40%
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