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SUPPLY BASED ON EXISTING DC ELECTROMAGNET POWER SUPPLIES
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Abstract

The X-ray Free Electron Laser (XFEL) facility "SACLA" utilizes its linear accelerator for XFEL experiments as well
as an injector for the storage ring of the large synchrotron radiation facility "SPring-8". 60 Hz electron beam bunches
accelerated in the linear accelerator are allocated to BL2, BL3, and SPring-8. While the beam energy for the injection to
SPring-8 is fixed at 8GeV, the beam energies for BL2 and BL3 vary depending on the wavelengths of the laser light used
for user experiments. The electron beam energy alters from bunch to bunch. As a result, it is necessary to switch RF
parameters and focusing magnet strengths for each beam path to provide the optimal acceleration condition of the electron
beam. In this study, a new pulse-driven magnet power supply was developed based on an existing unipolar power source,
that can change output currents at 60 Hz with a required stability for XFEL. We present an overview of the development.
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Figure 1: Block diagram of an existing DC power supply.
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(a) Original circuit.

(b) Circuit with additional damping resistor.
Figure 2: Block diagram of a flyback circuit. In (a), the
current on descent continues to flow through the flyback
diode and therefore decays slowly. In (b), a damping
resistor is added and the current rapidly decays.
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Figure 3: Stepwise analysis of damping resistance values.
As shown in (a), the current drop rate improves as the
resistance increases. As shown in (b) and (c), the loss of
the damping resistor decreases and the transistor loss
increases as the resistance is increased.
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Figure 4: Simulation model and results. The left-hand side
shows the circuit used for the simulation and the right-hand
side shows the results of the simulation, which reproduces
the actual output waveforms well.
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Figure 5: Block diagram for loop gain measurement using
a frequency response analyzer.
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Figure 6: Bode diagram of the open-loop gain at a 10 A
output after tuning.
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Figure 7: Setup for stability measurement. the FRA is
connected and used when necessary. A DCCT, placed
between the electromagnet and the power supply, is
connected to the oscilloscope through an offset amplifier
for stability assessment.
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Figure 8: Output current, voltage measured for a drive
waveform of 15.5 A and 19.4 A outputs. A quadrupole
magnet is connected as a load. It is confirmed that the
current changing speed is controlled at 0.75 A/ms, and the
reverse voltage during reflux is maintained at 10 V.
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Figure 9: Pattern output currents of 15.5 A and 19.4 A are
superimposed for 1000 shots to assess stability. (a) shows
the waveforms at 19.4 A and (b) depicts the waveforms at
15.5 A. Stabilities of both waveforms are within 60 ppm
satisfying the target of 200 ppm.
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