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Research on switching devices simplification of multistage
XRAM pulse power supply

Zhang Yuchen'?,  DaiLing'?,  Fan Shengting'?,  Feng Yongjie'”,  Lin Fuchang'?
(1. State Key Laboratory of Advanced Electromagnetic Technology (Huazhong University of Science and Technology), Wuhan 430074, China,
2. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The ability of electromagnetic emission mainly depends on the pulse power supply system, and the
optimization of pulse power supply is one of the key technologies to make further breakthroughs in electromagnetic
emission technology. Inductive energy storage type pulse power supply has great advantages in energy density and has
far-reaching development potential. The XRAM pulse power supply based on series charging and parallel discharge
has the advantages of simple structure and strong expandability. In this paper, the working principle of diode devices
in multilevel XRAM power supply topology is analyzed, and a scheme is proposed to simplify the number of diode
devices based on function classification. A simulation model is established for a 30-stage XRAM pulse power supply
with a railgun load using ICCOS. Each power module consists of five stages, resulting in a total energy storage
capacity of 365 kJ for the system, with an emission efficiency of nearly 20%. By comparing the simulation results of
model performance indexes before and after simplification, it is proved that the simplified lower arm diode of the first
stage is unfavorable to the operation of the multistage power supply. Simplifying the final countercurrent capacitor
series diode in the multistage topology, and the antiparallel diode of charging thyristor under the premise of optimizing
the countercurrent capacitor parameters, have no obvious effect on the discharge current of the power module.
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Fig. 5 Calculation block diagram of railgun load model
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Table 1 Selection of system simulation parameters

symbol quantity value
Uy voltage of single module charging capacitor 2440V
L single stage energy storage inductance 75 uH
Ry single stage energy storage resistance 3 mQ
C countercurrent capacitance 100 pH
Uc recharge voltage of countercurrent capacitor 3500V
Ly initial rail inductance 0.1 pH
Ry initial rail resistance 0.1 mQ
L’ rail inductance gradient 0.5 pH/m
R/ rail resistance gradient 0.1 mQ/m
Ryc velocity skin effect contact resistance constant 10°* Q/(m/s) *?
My static friction coefficient 0.05
Mg limit value of dynamic friction coefficient 0.45
c formula constant of sliding friction coefficient 0.03
Se contact area between armature and rail 5.5%x107° m?
A cross-sectional area of projectile 6.25x10* m*
ky ratio of radial stress to axial stress 0.025
P density of dry air 1.293 g/L
Co air drag coefficient 0.5
4.57 ms, LA 18KA, RFIKE N 3 m, fHEHGEH 800 2000 3.6
SR TUEIE AL o IR RS x IR 6 B ) projecie veloety 1 300 1
TR L, L B A ] R 7.441 ms, R EE R 1532 mis. 500 |- load current 11250 _ 134
DA Ik ) 5 o U B R A A SR A PR 000 [
iF 250, 0603 B WA 1, W RKTE 7, % M BRE 200 s =1
RS R GEPERE AR bR R R BTROR n, TTRIR N 1007 projectile js0 10
0 displacement 10 10.0
E my> “100b— L 1950
N=—=—™0__ (9) 323.64.0444852566.064 6872
Wo anlg +nCU é time/ms
T, E, Shy gL HE R B Y B K BN RE, W, B LR R SR 1) Fig. 6 Simulated waveform in Simulink
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Table 2 Comparison of simulation results

simulation peak load 50%~50% pulse projectile exit emission efficiency emission efficiency without
type current /, /kA width 7,,/ms velocity v,,/(m/s) n/% countercurrent capacitance 7y/%
initial model 540.4 1.820 1532 18.39 19.32
remove Ds; 540.8 1.820 1534 18.44 19.37
remove Dy, 513.2 1.772 1540 18.57 19.51
remove Ds3 and Dy, 513.2 1.774 1541 18.62 19.55
remove D;~Ds 540.7 1.819 1532 18.39 19.32

025002-5



weOoW s 5 Ol TR

T 7 3% H) TE 2 1) P Lt AL T AT 7R 520 L D, e 5 R o TR 19 e T T PR O 9919V, 390 O AR A A R R 1)
JE9-1842 V, 24 XHE /N T 58 AL A BT Uy, 0 JT S8 A8 15 A9 08 B DA KGR 3 TAR IR 2= As g i o (HR R BR
Dy, Jri, W5 A B 00 280 P 7 140 08 0B/ IOk S i/l FL MK 1) S S8 R A S R AT 4R T, X — PR Y T B
PRI 2 S s 0 L o 2 B 97 0 R A U I B 1 B — B A 2R e (46T 1000 KA ), 5 BRI 7 BT /) v, U0 48 L ik
i B 0T B B R U (R AR L 5 R AR T L R PR AR LR, MR A AL M B RR 5
iy, AT SE PR TR R A, B LA Z:BR Doy 2 RN B TARPERE, SRR T 1 £ F
32 ZERAEREEBESH

FERL A R SO AR Dy~ D AR 35 B 080/ 50 H il A1 e B0 S 1) L e o S i) B 4 A R
AHIPFE A AR IRIK R o TE5BR Dy ~Ds BT OU T, PR45 A S8 PF AN AL, 07 75 30 50 v it ) A5 o v s 45 390 0
P i O AT R 2 DAY O AR TN 3 s

®3 RRFAERBETL
Table 3 Voltage change of charging thyristor

recharge voltage of countercurrent T, maximum reverse T, maximum reverse T, maximum forward T, maximum forward
capacitance U, /V voltage U, /V voltage U,,»/V voltage Ug,/V voltage Up,/V
3500 —1388 —1389 991.2 392.6
3700 -1602 -1603 993.8 395.8
4100 —2304 —2305 999.3 400.7
4300 —2761 -2762 1002.0 403.4
4700 —3486 —3487 1008.0 409.0
4900 -3559 -3560 1011.0 412.0
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Table 4 Relationship between simplification degree and series of power modules

power supply total number of switching devices total number of switching devices quantity proportion of
stages before simplification after simplification simplification/%
2 11 8 27.3
3 16 12 25.0
4 21 16 23.8
5 26 20 23.1
6 31 24 22.6
7 36 28 222
8 41 32 22.0
9 46 36 21.7
10 51 40 21.6
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