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Main Subjects - What do we do?

optical beamline design – SLS, SwissFEL, SLS 2
quality assurance of optical elements – metrology lab, optics
beamline
planning – installation, survey and alignment strategies
beamline commissioning and maintenance
performance measurements, wavefront metrology
beamline setup and commissioning at SwissFEL
vibration monitoring and measurements at SLS and SwissFEL
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SLS Metrology Laboratory – Instruments

3d profiler Zygo NewView 5010

LTP-1400

SLS optics beamline X05DA

Fizeau Interferometer Zygo Verifire ATZ
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SLS Beamline – example: X07M[AB]
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SwissFEL Beamline – example: ARAMIS
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Vibrations – theoretical Approach

the harmonic oscillator

F= m r
..

Masse m0

r

F= − k r
Federkonstante k m~̈r = ~F = −k~r

~̈r +
k
m
~r = 0

~̈r + ω2~r = 0

~r(t) = A cos(ωt − ϕ)

Note
a) The system needs energy (from outside) to excite vibrations!
b) The ratio k/m determines ω!
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Basics of Spectral Analysis

http://numerical.recipes/
chapter 12 and 13

The (fast) Fourier Transformation (FFT): h(t)⇐⇒ H(f )

Energy conservation, Parseval’s Theorem

W ≡
∞∫
−∞

|h(t)|2 dt =

∞∫
−∞

|H(f )|2 df

(one sided) power spectral density PSD of a real function

Ph(f ) = 2|H(f )|2 0 ≤ f ≤ ∞

Note
The integral of the PSD is equivalent to the mean square amplitude
rms2!
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Typical Problems

artifacts of the discrete Fourier Transformation – aliasing, leakage,
windowing.

The variance of one point of a ’raw’ PSD (periodogram) is 100%. Faster
sampling or longer time window does not help. solutions: FFT of the auto
correlation (Blackman Tukey) or smoothing/ averaging/ rebinning of the
periodogram.

Normalizing of the PSD. Is the PSD a continues function or a discrete
function defined just at discrete points? Solution: Plot the running PSD
integral (the CSD). (it is usual to start at high frequencies towards the low
frequencies).

use correct units, sometimes we see dB without any reference, not clear if
power or amplitude...
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Vibration Levels, VC– Lines
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empirical levels for vibration
velocity density

terz (1/3 octave) =⇒ variable band
width

=⇒ log-log scale

C. G. Gordon, SPIE Vol. 1619, (1991), 71–85
VDI Richtlinie 2038 (VDI guideline), Düsseldorf, 2013.
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SLS Vibration Monitoring System

4 stations around SLS tunnel
Sensor: PCB SN 7894,
acceleration, 10 V/g, 0.1...200 Hz,
(1d vertical)
ADC 16 bit, VME, 500 Hz, 1 s,
update rate 2 s
"real time" evaluation in EPICS,
alarm generation, archiving of
statistics (short term and long
term)
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SLS Vibration Monitoring System GUI
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SLS Vibration Monitoring System GUI Movie

U. Flechsig (PSI) Vibrations PSI, DENIM meeting, 18 Sep 2018 17 / 22



SwissFEL Vibration Monitoring System

1 station with seismometer hooked up to a
NAM server (Network Access Module)
Sensor: Guralp CMG-6TD, velocity,
2400 V/(m/s), 3d, 24 bit ADC
200 Hz 3d streams recorded and
permanently stored
real time gcf streaming to Android apps or
SCREAM clients (unicast and/or multicast),
no EPICS so far
default evaluation: 1 minute slices, once a
month a monthly overview of rms and max
and a detailed evaluation on every 15th,
since 2013.
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SwissFEL monthly overview
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Summary/ Outlook

Note

avoid excitations, lower the excitation energy
design goal: high k/m ratio i.e. high Young’s modulus and low mass
(for large scale facilities)
vibration monitoring does not solve the vibration problem but helps
to live with unavoidable vibrations

future trends? noise/vibrations canceling techniques based on fast
feedbacks, piezo tables...
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