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As an important extreme experimental condition, high magnetic field The operation process of pulse generator power supply in 100T experiment triggering errors will cause commutation failure. So, the suitable To verity the validity of the designed operation strategy of the pulse generator
olays an irreplaceable role in the frontier scientific research. To obtain [[ is shown in Fig. 3. The process mainly includes rectifier stage, inverter exit, transition speed is needed. The relation between the trigger angle | POWer system, a test experiment aimed at generating 60T has been completed. The
higher magnetic field, a non-destructive magnet aimed at generating 100 | | de-excitation and freewheeling. 100T change speed and the phase locking error is expressed as the | combined power supply discharges the outer coil first to generate background
T, which is made up of three coils nested coaxially, is designed at the i equation (1): 1, do magnetic filed. Then the m_|ddle coil and the nner coll are dlscha_rged in turn. Three
Wuhan National High Magnetic Field Center. The outer coil will be | Aa=2.723x10 A (1) colls would generate the highest peak magnetic field when the discharge sequence
oowered by battery bank and a pulse generator power. Due to the power | - 0 4 | | | of the_ thr_ee coils is arranged reasonably. The coil magnetic field waveforms are
limitation of the pulse generator, the generator current has reached the i Here Aa Is trigger error, so the final trigger angle afinal is g§given in Fig. 9.
maximum value after achievement of 100T. At the same time. the i i expressed as the equation (2): The experimental parameters of the pulse generator power supply iIs as follows :
decrease of the peak magnetic field will lead to the rise of the outer coil A Oltina = Olusa=/\ O (2) thek0UtphUt voltage of IPU|She generatordis 4-2|5V, the maximum cgrren/t of oute/r coil I1s
current because of induced voltage. This poses a challenge to the safet A LI . . . . . . . - 13KA, the trigger angle change speed Is 3 degrees per second, Io / Eo=13 / 4.2=3.
of the coils and power supplies. ) P ) g i I amem According to the safe area of the inverter shown in Fig. 7 and formula (1) and (2), the

In this paper, the main operation stages of pulse generator are studied. if"?fniflgnfoj i | T _ maximum invert angle is set to 117° . The results are given on the Fig. 10-11.

Then a proper operation strategy of pulse generator power supply Is put ime delay for ivertet l _ // it ot _ nr—— T T T |
forward from the point of power demand of load and safe operation of the | Eimede,ay fore-oxcaton H \Tﬁ ] 60 |- - Fig. 10  shows  the
pulse generator. Lastly the simulation and experimental results verify the ; | i i —- 2o - ol |  waveform of trigger angle
validity of this strategy. i | i RN | g ] c and de-excitation signal. It
t1 2 t3 t4 1516 t7 t8 ” 2 40T - indicates that in the
_ I?;attery pulse ge_nerator M!ddle coil Ir_mer coil _Start De-excitation Ereewheeling N | § 20| ] rectifier stage, the firing
11 100T Implementing Method D e o ool i 2 ol | angle is 15° . After 06s
' | - 3 s s 1 : the firing angle is

Considering that the outer coil has large radius and energy storage, and || A. The combined power supply of battery bank and Fig. 5 Waveform of generator output voltage and rectifier output current 101 ¢ —]  Increased from 15" to
requires more energy for its power supply, a combined power supply of the pulse generator _.unaer freewheeling exit mode. | | | 0 = . g‘gw----‘(‘)‘gf—‘io—‘f— = 117" . The system s
battery bank and a _100-MVA/185-MJ pulse gene_rator power Is designed to A proper procedure is needed when the combined power energizes the el veniaoe() _ | | | | | | Tin;e(S) | | | :ra_n sfortmed from rectifier
power the ou_ter coil. The ghsc_harge sequence Is _rea_sonably arranged so {1l o ter coil. The battery bank discharges first through thyristor switch K1, e} | Fig. 9 Coil magnetic field waveforms. O Inverner
that the maximum magnetic field of the three colls Is superposed at the I} ynyristor crowbars CS1-CS1 and the outer coil, then the two 12-pulse power o} : _
same time. The schematic of the_ POWET suppl_les and th_e magnetic I -onverter modules get triggered after a few milliseconds when the current in % s000|- : | : Fig. 11 gives waveforms of
waveforms of the magnet are shown in Fig. 1 and Fig. 2 respectively. the loop is higher than latching current of thyristor. Two 12-pulse converter = s | e anele /7 the generator  output

VB _ : modules will be connected in the circuit of outer coil naturally. As a result, the B | N overshoot voines : < o teexeitation simal | & _ voltage, rectifier output
oy AC Cabe Charger For Forii?fﬂﬁ For Tgtﬁ/ru thyristors in power converter modules and in thyristor switch of battery bank ! - 2 e \ _' voltage and rectifier output
@ Chank ek will suffer no possible overvoltage at start of the operation. The current path ok ] = _- current in whole operative
6.9 kV Bus Battery Capacitor Capacitor during operation is shown in Fig. 4. 1000} ¥ i | - process. The generator
TZ2-1 | Tz2-2 TZ1-1 | TZ1-2 Bank bank bank , , , , , , or 7 output voltage shows the
() (& & (A ‘ T { | B jZ jZ 7 Time ok |1 designed operation
) ) ) T T T T | A Fig. 6 Waveform of generator output voltage and rectifier output current | o o | strategy can effectively
RE2 RE1 ey CoE | _:TIQ_IL under inverter exit mode. Fig. 10 Waveform of trigger angle and de-excitation signal. solve the voltage
jz p% jz p% £ < < 'E_C/SZ_IF > 38 | T T T M T overs}hoot profblem. 'I;he
K1 Rl = 4 ” ” ﬁ ” " ” waveform  of  rectifier
["_rk}__’. If"_rk}"_’, 4—% A Y K e e %50 Eo MWMMM m % ” MMMMMWM Mw ” ' output current shows that
=1 ' L s 40 g after achievement of 100T,
- - = : = I HHHWWHWHHHHWWWHM the rectifier will enter the
S 30 §_8 ' e Inverter state so that the
P 6 - 1 Magnet current drops and
| Fig. 4 Schematic of current path during operation. g 20} 4 | Rectifier output voltage — the .magnet overcurrent IS
Outer Middle coil InnercoilQ B Inverter exit I B S . : S, | Y 12§ avoided. The output
100 T Non-destructive magnet . 5 10 : : '! '! ié? i 8 g VOItage y\.laveform Of a set
To prevent the outer colil from overcurrent, the battery switch K1 is forced to | : i j i J =01 - s of rectifier shows The
Fig. 1 Schematic of 100T-ND magnet power supplies. turn off and the rectifier is started to invert after achievement of 100T. Fig. 5 % 20 40 60 80 100 120 140 160 180 2T rectitier output current *  output voltage is almost
100 ' ' ' ' ' ' ' and Fig. 6 give the experimental waveforms of generator output voltage and Trigger angle{deg) e - T (')70 constant during
ool oal rectifier output current under two different exit modes. It shows inverter exit is Fig. 7 Schematic of the safe area of the inverter. Herey, a, Io and Eo | | " rimets) | | | rectification, which
iddle more optimal because of no overshoot voltage. 'S the overlap angle, a is the trigger angle of rectifier; is current in outer Fig. 11 Waveform of generator output voltage, rectifier indicates that the forced
| mner ] Because of the serious voltage distortion of the pulse generator and large coll; o Is the generator output voltage. : output voltage and rectifier output current. excitation Is effective.
70t load current, the commutation failure of the rectifier iIs prone to occur. C. De-exmtatlon and freeWheelmg :
= ol Commutation failure may cause damage to switching device and magnet. The schematic of generator . * IV Conclusion
3 Therefore, the parameters of inverter operation should be selected reasonably. E)_(Cltztlozﬂsystﬁm clls sho_\;vr;_ n T — L g G\ Eﬁ _
E N 1. The maximum mvers.lon angle Silg,:,a|' is erreceeivede e>l<30y| atlﬁg g TV In this paper, the operation strategy of the pulse generator power system which
R Based on the analysis of the pulse generator model, the safe area of the generator excitation system energizes the outer coil of magnet made up of three coils nested coaxially to
2ol inverter is obtained. As shown in Fig. 7, the left side of the red dotted line Is "o ooy in the rotor coil o AVR generate the background magnetic field is studied. From the point of multiple power
the safe area. From the intersection of the red dotted line with the curve, the i\ ted back to the power g - ermatic of . 1) system coordination and safe operation of the pulse generator power system, an
Bl maximum Inversion angle amax can be obtained easlly. grid by inverting, thereby ;IgteSmSC ematic of generafor excraton operation strategy consisting of rectification, inverter, de-excitation and freewheeling
1o} 2. Trigger angle change speed eliminating the stored energy in the geﬁerator rotor and achieving || iS designed. The designed operation strategy can effectively solve the voltage
g | | . | , ; When the system is shifted from_ rectlf.ler to Inverter, the. pha§e of the the effect of protection. After a period of time, the-rectmer blockg_ overshoot pro!:)lem and prevent the outer cqll qf the magnet from overcurrer_lt._LastIy,
A oy S S generator output voltage changes rapidly with the change of triggering angle, the trigger pulse and trigger the freewheeling thyristor. The rectifier || the test experment generating 60T magnetic field has been completed, verifying the
Fig. 2 Magnetic waveforms of the magnet. which will result in larger errors in phase-locked systems. At last, excessive is cut off from the generator. validity of this strategy.
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