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Abstract

High-precision IGBT chopper type power supplies were developed for the bending electromagnets and quadrupole
electromagnets of SAGA HIMAT. And the influences of electromagnet wiring in a current ripple were studied. The
current ripple was less than =2 10, and the tracking error was less than +2X< 107,
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Figure 2: Analysis model of electromagnets wiring.
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Figure 4: Waveforms of a current source.
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Figure 3: Typical current pattern.
Table 1: Load constant
Electromagnet Cable wiring between power supply
and electromagnet
Lm 44.7TmH Ls 2.10uH
Rm 39.6mQ Rs 4.05mQ
Cm 24.5nF Cs 46.2nF
Wiring between electromagnets
Bus bar wiring Cable wiring

Lc 0.9uH Lc 2.05puH

Rc 0.081mQ Rc 3.85mQ

Cc 16.95nF Cc 44 3nF
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Figure 5: Simulation analysis waveform.
(Bus bar wiring, without Rp)
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Figure6: Simulation analysis waveform.
(Cable wiring, without Rp)
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Figure7: Simulation analysis waveform.
(Bus bar wiring, with Rp)
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Figure 8: FFT of current tracking errors with flat
top. (BP, P gain: 0.8)
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Figure 9: FFT of current tracking errors with flat
top. (BP, P gain: 0.2)
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Table 2: Basic Specifications of quadrupole
electromagnets power supply

Reference 2220A
current QFP QDP
(1100A/div)  _tra—i194A - Maximum 780A 415A
Output output current
current 0 == - Maximum 160V 80V
(1387.5A/div) _outputvoltage |
A . Maximum 125kW 33.2kW
Current 0 i ! output power
Tracki
(lrfflz)r?%dfvrmr Electromagnets | 6.3mH-20mQ, 42mH-16mQ,
1722200\ S I I 1 5 ) B 6 units in series | 6 units in series
Ouput | Cfl}oppif IGBT 1200V-600A (2-in-1 type)
conriguration [ [T
voltage - g (1S-2P-4A)  (I1S-2P-4A)
(500V/div) X4 inparallel, | X2 in parallel,
Water cooling | Water cooling
Time(0.25s/div) P e
Switching 20kHz
Figure 10: Waveforms of patterned operation. frequency
(BP, P gain: 0.8)
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Figure 11: Waveforms of patterned operation. Pigurel2: — Basic  configuration of  quadrupole

(BP, P gain: 0.2)
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Figure 13: Waveforms of patterned operation. (QFP)
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Figure 14: Waveforms of patterned operation. (QDP)
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Figure 15: FFT of current tracking errors with flat top.
(QFP)
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Figure 16: FFT of current tracking errors with flat top.
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