AUTOMATION & CONTROL INSTITUTE
‘ INSTITUT FUR AUTOMATISIERUNGS-
& REGELUNGSTECHNIK

Univ.Prof. Dr.sc.techn. Georg Schitter
schitter@acin.tuwien.ac.at

Mechatronic Systems:
Solution of Exercise 4

Course VU 376.050 (4 SWS, 6 ECTS)
Winter semester 2015

Shingo Ito
ito@acin.tuwien.ac.at



Problem (a)(b)-(i) : Transfer functions

m Differential equation
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Problem (a)-(ii): Bode plot

Magnitude (dB)
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Problem (a)-(ii1) (iv): PSD & Resolution

m PSD of x,,
PSDymn(f) = |P,(f)I°PSD,(f) (m?*/Hz)
= [T()I?PSD,(f)
. PSD,(f) = (1nm/VHz)?
= e 1 nm/VHz
E‘E IO_EDF —X ue ton
10 o -”“1.01 o -”“1-02 o -”“1(}3
Frequency (Hz)

m Resolution (standard deviation)

1kHz
Xmn = f PSDymn(f)df = 16.1 nm
1Hz
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Problem (a)-(v) : Resolution due to v;

m PSD of x,
PSDymvf (f) = |Pos ()| PSDyy (f) (m?/Hz)

PSD,(f) = (2(—) /VHZ)?

__Param.| _Description
2 (um/s)/VHz

Frequency (Hz)

m Resolution (standard deviation)

1kHz
Xmuyf = J PSDym ¢ (f) df = 8.45nm
\ 1Hz
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Problem (a)-(vi) : Overall resolution

m Total positioning resolution

Xy = \/xm’nz + Xmpr? = 18.8nm
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Problem (a) -(vii) : Relation with B/W

B Simulated resolution

W, Resolution
xm,n xm,v f Xm

100 Hz 16.1 nm 8.45 nm | 18.8 nm
50 Hz 10.1 nm 42.5 nm | 43.8 nm

By decreeing the control bandwidth, the floor
vibration dominates the overall resolution.
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Problem (a) -(vii) : Relation with B/W
m PSDs

PSDymn(f) = 1P, ()2PSDy, (f), PSDamns(f) = |Por(F)| PSD,, ()

® Transfer functions

Bode Diagram
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B [ncreased control bandwidth

Floor vibrations are better rejected, improving resolution.

Feedback control pick up more sensor noise degrading
resolution.

m) Design trade-off to determine B/W
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