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Kicker availability

• How reliable are our kickers?

• What metric can be used to determine reliability?

• What can be done to improve reliability?

• How do you approach this topic?
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Tracking- and error list
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Evaluation from 2009 to 2022

• Error categories sorted by a component structure (based on DESY quality management)

• Specific errors grouped to simplify analysis

• No. of pulser installations (january 2023)

• 26 pulser installations in the PETRAIII complex (102 in all machines)

• 24 error categories

• e.g. ~ 180 error entries in the logbook for the PETRA3 complex since 2009

type component serial no. descriptionlocation

logbook
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PETRA III error statistics
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pulser (HV-semiconductor) HV power supply (hardware controls) (fan, power supply) (control system) magnet

PETRA 3 failures sorted by component groups
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PETRA III error statistics
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PETRA 3 failures sorted by component groups

• pulser

• (HV-semiconductor) semiconductor switch, thyratron, thyristor box

• HV power supply

• (hardware controls) timer pcb, temperature control, polarity 

reversal, trigger control, trigger amplification, 

trigger module, control unit, rack, fuse …

• (fan, power supply) fan, power supply 5V, 24V …

• (control system) control system, trigger modules, 

current pulse measurement …

• magnet

pulser (HV-semiconductor) HV power supply (hardware controls) (fan, power supply) (control system) magnet
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several „spontaneous“ triggers

defective BEHLKE switches

PETRA III error statistics

PETRA 3 failures sorted by component groups

pulser (HV-semiconductor) HV power supply (hardware controls) (fan, power supply) (control system) magnet
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PETRA III error statistics

PETRA 3 failures sorted by locations

inj. kicker 1 inj. kicker 2 inj. kicker 3 inj. septum exitation kicker dump kicker
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PETRA III error statistics

PETRA 3 failures sorted by locations

multiple spontaneous triggers

inj. septum exitation kicker dump kickerinj. kicker 1 inj. kicker 2 inj. kicker 3

not careful enough with thyristor commutated turn off time
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PETRA III error statistics

PETRA 3 failures sorted by locations

multiple spontaneous triggers 

radiation 30*xradiation 1*x

radiation 1*x

inj. septum exitation kicker dump kickerinj. kicker 1 inj. kicker 2 inj. kicker 3
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injection kicker 3

PETRA III error statistics

PETRA 3 failures sorted by component groups

pulser(HV-semiconductor) HV power supply (hardware control)(control system) magnet
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PETRA III failure statistics

PETRA 3 failures sorted by component groups

pulser(HV-semiconductor) HV power supply (control system) magnet

multiple spontaneous triggers due to radiation 

injection kicker 3

(hardware control)
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PETRA III failure statistics

• maschine point of view: 

• number of error events

• corresponding down time

• only events that lead to down time are tracked
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DESY II
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dump kicker 16P

injection kicker 2+ and 2- Kicker 46H PETRA ejection kicker 40E

DORIS ejection kicker 24R
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DESY II failure statistics
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loose contact turned off the HV power supply

DESY 2 failures sorted by component groups

pulser (HV-semiconductor) HV power supply (hardware control) (fan, power supply) (control system) magnet

mostly broken BEHLKE switches and trigger units
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New BEHLKE trigger module
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Frequently broken BEHLKE thyristor switches

400ns 500V 46A 

IGBT-Spannung

DCDC 12V

DCDC 500V

5V input

trigger

pulse capacitor

IGBT

delay chip gate driver

• frequently broken BEHLKE switches

• root cause radiation

• old switches had trigger module integrated in HV-module

• we ordered seperate trigger and HV-modules

• 90% of the time the trigger unit failed

• our own trigger module design never failed to this day

• disadvantages: 

• some pulsers need changes to use new trigger module

• not applicable with old switches with integrated trigger module

• BEHLKE has apparently fixed the problem with the 12kV 

switches

• we prefer to buy the trigger modules:

• saves time

• actually cheaper to buy from BEHLKE

old switch with integrated trigger module

prototype of a trigger module developed by reverse engineering

HTS 120-500-SCR

HTS 120-500-SCR

12kV 5000A
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XFEL failure statistics

stripline 30ns 5kV 

4.5 MHz Dump

20kV BEHLKE intra bunch train correction darc current 1ms 600A rectangle

beam distribution

not installed removed

defective BEHLKE 

trigger modules
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XFEL failure statistics

pulser(HV-semiconductor) HV power supply Raspberry(control system) magnetFPGA absorber water(hardware control)
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XFEL maschine view
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• depending on the operator we are

• „magnets“

• „beam_distribution_or_dumps“

• sometimes statistics aren´t conclusive up to 36 hours due to single events
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Summary

• With an increasing demand for availibility and reliability we started to do more statistics

• The high number of components demands good documentation

• What can be done to improve reliability?

• How do you approach this topic?
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Kontakt

Deutsches 

Elektronen-Synchrotron

www.desy.de

Frank Obier

Kicker & Septa Laboratory

Machine Injection Group MIN

frank.obier@desy.de

Tel. +49 8998 – 3050

Thank you for
your

attention!

Jan Lukas Teichgräber

Kicker & Septa Laboratory

Machine Injection Group MIN

jan.lukas.teichgraeber@desy.de

Tel. +49 8998 - 2308

Data extracted from our log book by Ralph Keute and graphical representation by Jens Wortmann


