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XFEL | Piezo effect
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XFEL ] Old Piezo Driver
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“*Old” piezo driver

used in FLASH

" based on PA58, full
bridge

= 2 separate
amplifiers on single
euro PCB

" low gain (40V/V)
not allowing to use

SIMCON to drive
the piezo amplifier
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XFEL | Piezo driver - schematic diagram

Half Eridge Power Amplifier
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XFEL ] Piezo control for LFD compensation

Sinusoidal excitation 4
with adjustable

— Frequency

— Pulse number
— Amplitude

— Time position
— DC pedestal

Piezo start

Detuning

RF Field

Piezo pulse
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Tuning of cav. 1 at ACC6

Lorentz force detuning
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0.3190Hz static detuning: -1.1760Hz, curvature: 0.1774 a.u. (linear and quadratic
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e ﬁHELMHOLTZ

WPO02 Collaboration meeting, Warsaw, 14-16.12.2011 E) 7 seeniian



European
XFEL ] Automatic tuning of cav. 2 ACC7
The rms values for last 15 minutes of the e

L waveformare: Dyn.det=2.6Hz, Stat.det=4.4Hz, -
Curv=4a.u. (pulse parameters were regulated
around amp=30.4V, del=16.3ms, DC=-18.3V)
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XFEL ]I November 2010 Piezo Event

Piezo failure at FLASH during tests on
21.11.2010

The purpose of the piezo tests was to scan the
static detuning versus DC offset voltage applied to
the piezo. The range of the voltage applied to the
piezo was from maximum negative (-70 V)
voltage up to maximum positive (+70 V) voltage
with single step of 5V

The scan procedure has been repeated by
execution of the Matlab script several times for
different settings of loaded Q without any noticed
problems

At the end of the shift (14.33 p.m.) the cavities in
ACC7 have been moved back to the initial loaded
Q values and the last piezo DC offset voltage

response of the cavity 1 to the

piezo voltage change Resistance [Q] 4.57 >10e6
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XFEL ] Actions performed

Piezo operation at FLASH has been stopped

After analysis of tests conditions the suspicions focused on piezo reloading process from +70V to -70V
between scans (in single step)

Simulation of the tests conditions has been performed

Measurements in lab has been performed using capacitor instead of real piezo
Common conclusion from simulation and measurements

= the piezo current limited by the piezo driver to ~1.5A

= no voltage spikes observed

= the slew rate of the current during the reloading few tens higher than in normal operating conditions
(sinusoidal excitation of the piezo)

The procedures preventing fast reloading of the piezo implemented in software (DOOCS server)
The destructive tests in horizontal cryostat performed.

= ~3 weeks of tests in February 2011, 2 piezos installed in the cavity. Mostly focused on piezo no.1, for
piezo no.2 the same tests but for short time.

» Goal: to learn on piezo damage mechanizm.

= Bipolar mode 0,+70V, 10/200Hz, single pulse.

= Simulation of scan tests (failure reason?).

= Bipolar mode 0,+120V, 10Hz, rectangular waveform.
= DC £300V for few minutes.

» Piezos survived all tests

WPO02 Collaboration meeting, Warsaw, 14-16.12.2011 ) #romo



Voltage breakout

Overcurrent (including
to high slewrate)

Overheating
Repolarization
Mechanical damage

Mested Displacement Loops

Angstroms

""""""""""""""""""""""" : Repolarization cannot be a
""""""""""""""""""""""" Ys 7 source of piezo shortcut...
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XFEL

Measured performance at Chechia
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XFEL | Discussion with Pl engineers

Was piezo broken by overcurrent? Overvoltage? Bipolar
operation?
None seems to be the reason

We need for LFD compensation the peak-to-peak voltage. For
unipolar operation the maximum piezo voltage is ~2x higher than
for bipolar mode.

This can be a limiting factor — go bipolar for cryho
temperatures

We need DC voltage on piezo to tune cavities. Is it safe for

piezos to drive them with several tens of Volts for the long time?
This is not an issue but remember M
about voltage dependency.

Sample

hverages

Comment: limit the current slewrate. — \/_

CH2 500 1 1.00r0s Ext .7 G0.0mY
CH3 500md4 13-Mar=17 2257 <10Hz
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XFEL ] Conclusion

Unipolar and bipolar mode of piezo operation provides
comparable performance

For cryho temperatures operation the bipolar mode of
piezo operation promises longer piezo lifetime... but

" We should have still possibility to run both mode of
operation

" The cryho OK signal is necessary to prevent driving
hot piezos

Thanks for the attention
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