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THE COMPUTER SIMULATION OF THE RESONANT NETWORK 
FOR THE B-FACTORY MODEL POWER SUPPLY 

W. Zhou and K. Endo 

National Laboratory for High Energy Physics (KEK) 
1-1 Oho,Tsukuba-shi. Ibaraki-ken 305, Japan 

ABSTRACT 

A high repetition model power supply ') and the 
resonant magnet network are simulated with the 
computer in order to check and improve the design of 
the power supply for the B-factory booster. We put 
our key point on a transient behavior of the power 
supply and the resonant magnet network. The results 
of the simulation are given. 

INTRODUCTION 

As we know, there are several ten sets of the 
magnet in a synchrotron. These magnets are usually 
grouped into many small symmetric strings in order 
to reduce voltage across the windings of the 
magnets. Each string is connected to the resonant 
capacitor and the secondary winding of the choke 
transformer to form a resonant magnet network. All 
resonant networks are connected in series to assure 
the same current flowing through the windings of the 
magnets. The resonant magnet network structure is 
used in the electric energy feeding of the synchrotron 
magnet since it is efficient for the energy transfer at 
high repetition. For acceleration of electron or 
positron, only increasing portion of the sinusoidal 
current is used. So the dc bias current is added to the 
magnet windings to make a full use of the ac current 
rising portion. One of the secondary winding of the 
choke transformer is splitted into two identical halves 
for the insertion of the dc bias power supply, and the 
network is earthed at this point for the symmetry. 
Because of this split this resonant network becomes 
more complex and important than other networks. 
We study this portion of the magnet network through 
the computer simulation for a model magnet network 
and power supply and like to pay more attention on 
this pan of the resonant network. 

The synchrotron magnetic field shown in Figure 1 
is composed of both ac and dc field. It is 

expressed as: 

* On leave absence from the Institute of Modern 
Phvsics. PRC. 

B =Bdc+Bacsincut ..(1) 

where BdC is the dc magnetic field and B a c the 
amplitude of the ac magnetic field, u) is the angular 
frequency of the ac magnetic field. 

Figure 1 Synchrotron magnetic field. 

The beam bunch is injected and gains its maximum 
energy at the bottom and the top of the sinusoidal 
magnetic field, respectively. The compensation of the 
magnetic energy is just done during the descending 
portion of the magnetic field. A typical resonant 
magnet network is shown in Figure 2. Since the 
energy storage capacitor is introduced in the 
resonant network, the reduction of the electric energy 
feeding is realized in the work of the magnet system. 

Figure 2 Resonant network. 

In Figure 2, Liii Li2 and L21, L22 are the 
inductance of the primary and the secondary winding 
of the choke transformer. L m is the inductance of the 
magnet winding. C2i,C22 and C m are the resonant 
capacitors which match with L21, L22 and L m j 

respectively, for the resonant condition of the' 
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network. When the resistance of the circuit is 
negligible, there is no mutual inductance between 
l-l I. 1-12. L2i.anti I—22- If L21 = L22 = Lch a n t l 
^2i =C22 =Qh, lhc resonant frequency is determined 
by the equation (2) . 

/ = 
2k,+ L, 1 

2n\2LhL„(CcJ2 + Cm) 
.(2) 

The losses in the resonant network are compen
sated by the pulse power supply for every cycle. The 
pulse power supply is excited by either resonance 
signal from the magnet current or the external 
oscillator. This arrangement is very convenient for 
the operation of the magnet network. 

The width of the preferable excitation pulse 
corresponds to the pulse frequency 150 H z which is 
determined by the following formula. 

./.. = ' .13) 
2x\'-rC, 

where In is the discharge frequency in the pulse 
circuit, Lp the inductance and Cr the energy storage 
capacitor in the circuit of the rectifier. 

During the resonant operation the total stored 
energy in the network is constant and the energy is 
moved between the inductance L m , L c n and the 
capacitor C m , C c n . 

Till- SIMULATION FOR THE DYNAMIC 
BEHAVIOR 

The pulse power supply and the resonant magnet 
network are shown in Figure 3. The pulse is 
generated by the thyristor SCR which is replaced 
with the voltage control switch, Svs in Figure 3. The 
action of Svs is determined bv the parameter of the 
SCR as follow. 

Ron=(V l rm-o.7)/I l n l, 
Rcifl=V-drm/VimIh. 

..(4) 

..(5) 

where R o n is the resistance when the switch on, 
Roll' is the resistance when the switch off, 
T o n is the turn on time of the switch (about 
l()^s), and 

T0ff is the turn off time of the switch 
(about I (% s ) . 

SCR is CR150MD-36 type, products of Mitsu
bishi Electric Corp.. It has following parameters: 

V l m=1.75v,m a x the forward voltage for the 
normal current. 

l [m=175a, RMS. the forward on-state current. 
V{jrm=1800v, the repetitive off-state peak 

voltage. 
Ih =100ma, the holding current. 
V o n= 5v, the trigger voltage. 
V0rr =1.5v, the off trigger voltage. 

Figure 3 Pulse power supply and resonant network. 

Rp and L p are the resistance and the inductance in 
the pulse generation circuit, respectively. Rf, Lr and 
Cr are the resistance, filter inductance and capacitor 
of the output circuit of the rectifier, respectively. R c 

is the equivalent load resistance of the ac losses (such 
as hysteresis and eddy current loss) in the iron core 
of the choke transformer and the magnet and the 
losses of the medium and the leakage in the resonant 
capacitors. The circuit in Figure 3 is simulated using 
PSPICE53 program. The simulation parameters are 
listed in an appendix. The modeling dynamic 
behaviors of the magnet network is shown in Figure 
4. Where l(L m ) is the currents in the magnet 
winding. HL21) a n d HLp) are the currents in the 
secondary winding of the choke transformer and the 
inductance of the pulse circuit, respectively. V(99) 
and I(Cf) are the voltage across the Cf and the 
current through the Cf, respectively. 

We see from Figure 4 that the electric energy 
compensation for the resonant network occurs in the 
descending portion of the magnet current. When the 
network is in the resonant condition, the pulse 
current is symmetry around the zero point of the 
descending portion of the magnet current. Of course 
the network will consume the least electric energy at 
this time. If the pulse current is given either in 
advance or delay at this phase position, it shows that 
the capacitor value in the resonant network is bigger 
or smaller and the practical frequency is higher or 
lower than the resonant one. 
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Figure 4 Dynamic behaviors of the magnet network. 

RESONANT CAPACITOR CALCULATION 
A simplified circuit of Figure 3 is shown in 

Figure 5. 
]—innrm 

& Ce^: Re Rq 

Figure 5 Simplified circuit. 

The admittance of the parallel resonant circuit 
composed of C m and L m in Figure 3 is calculated by 
the equation (6).When this circuit is resonant, 
equations (7) and (8) are obtained. 

Y.=-
1 

R. - + j(coCm—, t " S , ) m R2+co2L2 

G . = • 
R. 

RL+a>lLL 

..(6) 

..(7) 

...(8) 

The resonant C m is determined by the equation 
(8), if the parameters of the magnet and the resonant 
frequency are given. An inverse of G m is the 
effective impedance (it is expressed as Rq in Figure 
5 ) of the magnet network . The parallel impedance 
of R c and Rq in Figure 5 is expressed as: 

1 G = — + Gm R. 

.(9) RmRt + R2„+ a2L2

m 

R,(R2

m + co2L2J 

where R c is 44 ohm corresponding to 28 kW of the 
iron loss and the capacitor loss. The equivalent 
impedance of the circuit shown in Figure 5 is 
determined by the equation (10). 

Z = R + jooL, + ^ \ „ (10) 
G + jwC, 

C = .(U) 

Where R is the resistance of the secondary winding 
of the choke transformer. Le is the inductance of the 
secondary winding of the choke transformer. 
L e=L2i+L22. R=R2l+R22- When the circuit is 
resonant, we get the equation(12) as below: 

L.=-
G2 + o>lC; 

..(12) 

The capacitor Q is calculated by equation( 11 ).The 
capacitance of the capacitors C21.C22 are twice 
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the capacitance of Ce when C2i=C22-The calculated Kb L12 L22 0.98 
values of C21,C22 and C m coincide with practical R02 0 106 lOmeg 
ones. 

.Model relay V s wi t ch(ron=4m r0ff=18meg v o n 
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APPENDIX 

The simulation parameters of the pulse power 
supply and model magnet network: 
*description of parameter 

*netlist 
Rf 97 98 0.50 
Lf 98 99 0.268 
Rp 99 100 16m 
Lp 100 101 1.86m 
Cf 99 106 0.6m 
Rll 101 102 32m 
L)i 102 103 4.80m 
Rl2 101 104 32m 
L12 104 103 4.80m 

Svs 103 106 108 109 relay 
V o n 108 109 pulse(0 5 lu lOu lOOu 3.223m 20m) 
Vj n 97 106 dc 600 
R01 109 0 lOmeg 

C21 1 3 1.725m 
L21 1 2 4.80m 
R21 2 3 6.42m 
C m 3 5 2.251m 
R e 3 5 44 
L m 3 4 4.311m 
R m 4 5 6.3m 
C22 5 0 1.725m 
L22 5 6 4.80m 
R22 6 0 6.42m 
Cd 0 1 5 
Id 0 1 dc 1000 
K a L n L21 0.982) 
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