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Abstract

The railgun, an electromagnetic launcher, is a powerful weapon that can propel projec-
tiles to very high velocities (Mach 6-7) without the use of any explosive materials. Nowa-
days it is being extensively explored and in use due to these advantages. It requires a very
high pulsed current of the order of hundreds of kA with a rise time of a few milliseconds.

This research work is motivated by the challenges in the design, implementation and
improvements of these high-current pulsed power supplies (PPS). PPS circuits are switched-
RLC circuits. Traditionally, the switches used in PPS are spark-gap switches. Despite
having high voltage and high current ratings, spark-gap switches have a short lifetime.
Comparatively, semiconductor switches are modular, have a longer lifespan, and are now
an attractive alternative to spark-gap switches in PPS design. However, they have lower
ratings. They may have to be stacked in series-parallel due to the very high voltage and
current requirement in railguns. Further, they have to be well-protected with snubbers to
withstand sudden voltage transients, as well as with series and parallel resistors to force
fairly equal sharing of voltages and currents among the stacked switches to prevent any
damage. A 400 kJ capacitive PPS (CPPS) unit is designed that uses off-the-shelf thyristors
and diodes and addresses all these issues. Also, a general methodology is proposed for
designing fully-protected semiconductor switch-stacks suitable for CPPS.

To turn-ON the thyristors in a CPPS, a gate current of high magnitude and high rising-
rate is required, and the gate-drive circuit has to be isolated from the high-power PPS

circuit. Also, all the thyristors used in a switch-stack have to be triggered simultaneously



to avoid transient voltage spikes. A circuit suitable for simultaneously triggering all the
thyristors of the 400 kJ CPPS is designed using load line analysis.

Another class of PPS is the inductive pulsed power supply (IPPS). Current maintain-
able meat grinder (CMMG), a type of IPPS, is suitable for velocity control during railgun
launch. A 400 kJ CMMG is compared with the 400 kJ CPPS using a combination of cir-
cuit simulations and 3-D electromagnetic-mechanical coupled simulations, and it is seen
that for all practical inductance values, the muzzle velocity of the CPPS-driven-railgun is
significantly lesser than the CMMG-driven-railgun.

Although CMMG is suitable for replacing CPPS, there is a substantial wastage of en-
ergy in it due to the residual current, which also results in muzzle arcing. A new topology
of IPPS, the current maintainable meat grinder with energy recovery (CMMGER), is pro-
posed in which this residual current reduces just before the projectile reaches the muzzle,
reducing the possibility of muzzle arc, as well as a substantial portion of the residual energy
is restored to be reused.

To summarize, the major contributions of this thesis work are (i) Electromagnetic- me-
chanical coupled simulation of an electromagnetic railgun along with circuit simulation of
the PPS has been carried out to assess its dynamic performance (ii) A generalized method-
ology has been proposed to design a thyristor switch stack and diode stack (along with all
protection circuits) to replace the spark-gaps used in a PPS (iii) A suitable firing circuit
has been designed for the thyristor stack to fire all the devices in the stack simultaneously

with proper isolation between the power and firing modules (iv) A comparison between an



IPPS and CPPS has been presented that emphasizes the superiority of the IPPS over CPPS,
especially in imparting higher velocities to the projectile. And finally, (v) an IPPS in the
form of a CMMG has been designed with a capability to recover part of the energy so that it
can be reused to improve the overall efficiency of the electromagnetic launcher apart from

reducing arcing considerably when the projectile exits the barrel.
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