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Fig. 1. Equivalent circuit schematic of primary PPT elec-

tromechanical model.
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Fig. 2. Circuit schematic of the improved electromechanical

model with 2D thin current sheet.
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Fig. 3. Schematic of PPT experimental setup.
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Fig. 4. A typical current waveform and its numerical filter-

ing and fitting: (a) Measured and filtered waveforms; (b) cu-

rrent waveform fittings with different scheme.
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Fig. 5. Segmentation and the simulation outcome of PPT
waveform: (a) Fitting segments; (b) segmental fitted wave-

form; (c) simulated waveform.
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Fig. 6. Temporal variance of PPT circuit inductance during discharge: (a) Inductive data for 6 PPT discharges; (b) resistance data

for 6 PPT discharges; (c) inductive fitting with a quadratic function; (d) resistance fitting with a quadratic function.
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Fig. 7. Electromagnetic kinetic energy calculated with the

improved PPT electromechanical model.
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Fig. 9. Typical waveforms of PPT discharge voltage, cur-

rent, power and energy deposition ( Eq, quick deposition

energy; Fs , slow deposition energy).
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position energy; (b) ratio of slow deposition energy.
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Abstract

The primary electro-mechanical model is developed for the acceleration kinetics of electromagnetic railguns.
Pulsed plasma thrusters (PPTs), whose operation principle is similar to that of electromagnetic railguns,
generate thrust via electromagnetic acceleration of plasma. Therefore, the electro-mechanical model serves as a
valuable analytical tool to explore the mechanisms of energy conversion and thrust generation of PPTs. In fact,
a PPT initiates discharge at its propellant surface and then ejects the discharged channel away to form
accelerated plume. During the acceleration, the plasma channel assumes a curved shape, which is different from
the flat sheet shape. The curved geometric shape of PPT discharge channel makes the flat current sheet model
currently used in the electro-mechanical models inherently flawed. In this paper, a two-dimensional (2D) curved
current sheet model is proposed to improve the PPT electro-mechanical model, by referring to the curved
morphology of PPT discharge plasma channels. No matter what is the real geometry of the 2D current sheet,
the Ampere force on discharge plasma channels and corresponding kinetics can be derived to obtain final kinetic

energy of discharge plasma channels. As a result, the relation between the kinetic energy and the inductance of

. N . ed - 2dLeq (1) . .
PPT discharge circuit is obtained and expressed as Ekx = i(t) Tdt' To determine the inductance as a
0

temporal function, an algorithm for the inductance is proposed in which time-segment fitting of PPT discharge
waveforms is adopted. Moreover, based on the temporal function of the inductance, PPT discharge waveforms
can be simulated by using the ODE45 solver of MATLAB with high fitting goodness. So far, a calculation
scheme for the kinetic energy of PPT plumes and simulation code for PPT discharge waveforms have set up
based on the improved electro-mechanical model. To verify the improved model and the corresponding
calculation scheme, the PPT prototype is used to evaluate its energy conversion efficiency. The results show
that the model enables elucidating the low PPT electro-mechanical efficiency, which is attributed to the
partition limitation of PPT energy to electromagnetic acceleration process. Accordingly, a possible exploration

routine for elevating PPT electro-mechanical efficiency is suggested.

Keywords: pulsed plasma thruster, improved electro-mechanical model, electro-mechanical efficiency, plume

kinetic energy
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