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Abstract - The group of pulsed plasma thrusters (PPTs) covers a wide scope of devices, propulsion execution, and level of
advancement. A few devices have flown on spacecraft and others are still in the research facility in their improvement stage.
All PPT work by ionizing a small amount of the propellent to make a current-conducting plasma. This paper will be
investigating 4 kinds of pulsed plasma thrusters and specify the significant or governing factors that influence the choice of
PPT's. PPTs use vitality stockpiling to work at a pulsed power level commonly higher than the normal power to the thruster.
Plasma thrusters are electromagnetic space devices that make an enormous zone of plasma in transmitting a short arc that is
removed to produce energy. Variable character and reliance on yield properties will be shown. PPTs were chosen since they
lend themselves well to small satellites because of their solid-state nature. The PPT likewise offers an extremely high specific
impulse contrasted with other candidate micro thrusters. The essentials of the PPT propulsion system are depicted and a

primer format of the idea is explained.
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1. Introduction

An intense explosion of electrical current is produced by
devices called pulsed electromagnetic accelerators to
create a supercharged jet of plasma. Being a plasma
source, its application can be seen in various types of
basic plasma science experiments and specifically in a
class of electric space propulsion devices called the
pulsed plasma thruster (PPT)[1]. Pulsed plasma
thrusters use vitality stockpiling to work at a pulse
power level commonly higher than the normal capacity
of the engine. The essential idea incorporates a prime
force source such as a sun-powered cluster a power
processing unit (PPU) a vitality the capacity unit for
example capacitors an engine with charge feed
framework transmission lines interfacing the engine to
the wvitality stockpiling unit and a switch for
monotonously shutting the circuit to start the pulse.
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Figure 1:Schematic drawing of pulsed plasma thruster.

In the pulsed activity the power source and PPU
persistently feed vitality to the capacity unit. At the point
when the vitality comes to the foreordained level Eq after
a period tc the switch is stimulated furthermore the
vitality Eo is moved to the thruster in a pulse time t,
conveying a mediocre pulse power of Eo/t, to the

thruster. After consequent stockpiling charging process
durations t. the cycle rehashes culminating a mediocre
power Eo/tc in a thruster. The time proportion of pulse
length to charging time t,/t. is known as the duty cycle. A
variety of the pulsed mode utilized with some pulsed
devices is the blasted mode for which the vitality Eo is
conveyed in an accelerated array of pulses alternative to
a solitary pulse[2].

2. Types of Pulsed Plasma Thrusters
2.1. Pulsed Inductive Thruster:

The Northrop Grumman Space Technology Pulsed
Inductive Thruster (PIT) is another, adaptable kind of
space electric impetus able to do high and autonomously
variable thrust and specific impulse (Isp). Right now,
creating an ostensible 0.1 N-s impulse per shots at 5000
sec Isp, the engine can be throttled somewhere in the
range of 2500 and 8500 sec Isp, at roughly half by and
large proficiency, by differing infused propellent mass.
Advantages of the PIT additionally incorporate inductive
coupling of vitality into the plasma, eradicating electrode
erosion, and the utilization of economical and promptly
accessible propellants - for example ammonia,
hydrazine, argon, carbon dioxide, or water instead of
xenon[3]. The Pulsed Inductive Thruster (PIT) was
concocted at TRW (presently NGST) in the early 1960's.
Improvement proceeded sporadically all through the
years, with diversified redundancy, up to and including
the Mark V single shot tests disclosed in 1993. Unlike
magnetoplasmadynamic (MPD) engines, the PIT
accelerates propellent by producing plasma inductively,
i.e, without electrodes. The nonappearance of
electrodes, and the inherent erosion related with them,
is one of the most alluring highlights of the PIT. The PIT
is fundamentally huge, i.e., one meter in diameter,
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because of the nature puff technology. The PIT is
intrinsically massive because of its high voltage pulsed
operation and the capacitors that administer the pulsed
power. As an outcome of its size and weight, the engine
is most appropriate for high force interplanetary
missions[4].

2.1.1. Operations:

The PIT works by magnetically accelerating rings of
plasma. The operational succession is as per the
following. Initial, a gaseous propellant is accumulated in
the plenum of a poppet valve at about half an
atmospheric pressure. A valve driver circuit gives an
electrical pulse to the coil on the valve poppet, which
pulls the poppet and diaphragm down off the O-ring seal
of the plenum. This activity is like the operation of an
amplifier. The valve opens completely in around 200 ps,
stays open for 600 ps, and closes again in 200 ps. While
the valve is open, gas from the plenum grows radially
and supersonically outward through the valve, and
afterward is coordinated by another supersonic
expansion nozzle descending onto the coil face (Fig. 2).
The valve closes off gas stream rapidly enough that the
trailing edge of the gas pulse arrives at the coil face
before the main edge has had the opportunity to escape.
Ostensibly, around 2 mg of gas is infused per pulse,
however this can be differed by changing the plenum
pressure and valve backpressure. At the moment that the
gas is distributed most uniformly and condensed on the
coil face, the bank of capacitors behind the coil is
discharged at the same time through triggered spark
gaps (Mk VI) or through thyristor switches (Mk
VID[3][4].

[
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Figure 2:Schematic design of operational Pulsed Inductive
Thruster.

Ostensible bank voltage and capacitance are 15 kV and
36 uF, respectively, for a charge vitality of 4 k]. The coil
geometry makes current stream counter clockwise
inbound on the facade of the coil, and counter clockwise
outward on the back side. This leaves no net outspread
current, however just a simply azimuthal current. This
coil flow ascends to a top as the capacitor bank voltage
tumbles to zero, producing a rising radial magnetic field
and comparing azimuthal electric field. The electric field,
at around 10 kV/m, separates and ionizes the ammonia

within tenth fraction of nanoseconds of discharge. The
gas layer on the coil is presently a layer of conductive
plasma, and as the coil magnetic field keeps on rising, an
electric flow inverse to that in the coil is induced in the
plasma ring. The magnetic fields of the coil and the
plasma at that point repulse one another, and the plasma
is accelerated away from the coil. Accelerating up is
basically finished when the plasma is 10 cm away from
the coil, around 5-6 ps after the start of capacitor
discharge. The impulse delivered to the PIT, normally 0.1
N-s per shot, is computed with a sensitive thrust
balance.[3]

2.1.2. PIT MARK VI:

After a long pause for many years, work started again
with a notional plan for Mk VI (Fig. 3), which would be
electrically indistinguishable from Mk V, with a couple of
changes. The Mk VI valve uses an electromagnet instead
of a permanent magnet, and another, intricated
diaphragm for the poppet, planned to give longer life.
The valve is mounted on a taller arch before the coil,
which is anticipated to give better gas dissemination.

Figure 3: Front View of Mark VI PIT.

The Mk VI coil utilizes hollow copper tubes rather than
flat strips. This coil configuration will permit cooling
liquid to go through it, as outlined for future models that
will be constantly burned for longer time. At last, the
frame and capacitor plate of Mk VI are bigger. This
bigger capacitor plate likewise is of a similar size as that
for Mk VII, which will require bigger capacitors
appraised for up to 1010 shots, ordinary life for a
Jupiter-type excursion. Subsequently, the bigger
capacitor plate on Mk VI permits the capacitor charging
unit and spark gap trigger unit to be mounted on the
thruster. For Mk V, these parts were kept outside the
vacuum chamber. The objectives for Mk VI are to repeat
the information acquired with Mk V and to exhibit
execution of the new valve structure. Since Mk VI is
being examined in a bigger chamber than Mk V, there is
less potential for the vicinity of chamber walls to
influence performance data[3][4].
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2.1.3. PIT MARK VII:

The successor to Mk VI, preparatorily assigned Mk VI],
will be of a similar geometry, with these changes:
Thyristor semiconductor switches will be fill in for the
spark gaps on the capacitors, as required for long life.
Capacitors will be supplanted with bigger renditions
evaluated for longer life; and the parts of the thruster
that require it - coil, switches, valve, and pylon - will be
liquid cooled for long-term firing[3].

2.2, Teflon pulsed plasma thruster:

The electron prearrangement of the Pulsed Plasma
Thruster is either comparable or concentric and is
rushing the propellent by j x B electromagnetic
dynamism. Pulsed Plasma thrusters or PPT's can work in
two modes: explosion or deflagration [2]. It was
uncovered that a piece of the ablated Teflon is ionized
and hastened magnetically to pretty much 40,000m/sec
and the unexpended impartial gas dynamically uprooted
off the Teflon face at a speed pretty much 3000m/sec,
the average tucker steerageway [5]. The plan of ablation-
fed pulse plasma thruster with the utilization of a Teflon
surface had been effectively structured and brought into
the aerospace industry. With the achievement of space
application, further improvement work was started to
comprehend the physics of the PPT, to figure out plasma
and circuit parameters, to break down the exhibition
under configuration changes, and to do unwavering
quality and life tests. So as to foresee the performance of
thruster, the one-dimensional electromechanical PPT
model for parallel plate PPTs is introduced by American
Worchester Polytechnic Institute. The PPT activity
process is considered as an electromechanical device
with an electrical circuit interfacing with a dynamical
system. The electric circuit is hypothetically glorified in
the both models as an LCR circuit with discrete, albeit
moveable, components. The physical law which is
utilized to depict the dynamics of the circuit is
Kirchhoff's voltage law which is itself derived from
Maxwell's charge coherence equation for the circuit. In
general, the inductance and current are functions of time
with every other parameter, including resistance,
remaining consistent over the acceleration process. The
dynamical framework is admired as an initial mass of
plasma being accelerated by a Lorentz jxB force out of
the thruster [6][7].

2.3.Vacuum Arc Thruster:

Vacuum arcs, or discharges in burning metal vapor freed
from the cathode into an interelectrode gap first at
vacuum, produce high-velocity exceptionally ionized
plasma streams which can be exploited for propulsion
applications. These plasmas can be utilized in a few
distinct kinds of propulsion devices[8]. The plasma crest
formed in cathode spots are exceptionally directional

and can be utilized to create thrust legitimately. Vacuum
arcs may likewise be utilized as plasma sources in
electrostatic accelerating agents, for example, ion or Hall
thrusters. The one of a kind states of being accomplished
in vacuum arcs offer various potential advantages in
these devices. A profoundly ionized plasma is produced
proficiently in cathode spot activity. Since the ionization
procedure occurs within tens of micrometres of the
emission site, the plasma source is characteristically
adaptable to exceptionally little sizes for micro-
propulsion applications. No magnetic field is required for
a proficient discharge, unlike electron bombardment ion
engine. Vacuum arc discharge can be operated in pulse
with no penance in plasma creation effectiveness, so the
duty cycle can be varied to coordinate the engine power
to that accessible from the spacecraft. This can empower
the utilization of high explicit impulse electric thrusters
for power-compelled micro-spacecraft. At last, in light of
the fact that the propellent is given by the consumable
cathode, no gas feed framework is necessary. This has
the potential not exclusively to decrease mass and
volume yet in addition to wipe out the requirement for
low leak rate valves. It is extremely hard to accomplish
low leak rates in microfabricated valves, so this is a huge
bit of leeway over conventional gas-fed ion engines for
micro-spacecraft applications. In any case, a vacuum
curve plasma source must incorporate a few methods for
feeding the solid cathode into the discharged chamber as
it is devoured[9].

2.4. Micro-PPT (nPPT):

Model generates a Lorentz force which can be linked to
Newton'’s Second law through

2 [m() == Fuwy = [If j x B av — (1)

Lorentz force simplifies to -

Fut) = {3 1y~ P + RI©BL(D} X, - (2)

Therefore, the rate of change in momentum imparted to
the p-PPT due to the Lorentz Force is related to
geometric and material properties through

Lm0 2] = £ 4o 2 1) + h(©)B4(0)} -(3)

dat

The resulting relationship shown in above equation has
been validated by Laperriere et al. using parameters
relevant to the Lincoln Experimental Satellite-6 (LES-6)
and the LES-8/9 PPT.3

The p-PPT is built for lightweight and high performance.
For this purpose, began the discrimination of the same
plates with the spring-loaded Teflon®. The electrode
characteristics and size affect the performance as
described earlier. Therefore, the proper combination of
mechanical and electrical components will determine the
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effectiveness of the p-PPT. In addition, the design of the
building requires tolerance for the vibration loading
performed during the launch as determined by NASA in
the General Environmental Verification Standard (GEVS)
document[10].

3. Governing factors:
3.1. Thrust efficiency:

Similarly, as specific impulse can be composed for low
AV missions, in specific circumstances low thrust
productivity can be endured. In situations where the
force necessity of the propulsion system is a little part of
absolute satellite power, low thrust effectiveness doesn't
have a large effect on satellite mass. The thruster
efficiency of electromagnetic thrusters can be disclosed
in terms of resistive and dynamic impedance as
Zp

Zp+Zext+ZR

n.EM = ~(4)

Since Zp = G) L'U, is typically not as much as Zg + Zexs,

and L’ is governed by the electrode geometry, high
efficiency is accomplished by operating at high U, by
being cautious to

the outer circuit to reduce Zex, and by working at high
discharge vitality to reduce Zg[2].

3.2. Simplicity of propulsion system:

With some pulsed plasma system, the thruster is not
restricting factor to determine the system life. The 1964
Soviet Zond 2 mission utilized a PPT with a proficiency
under 10%. Assistant parts, for example, a switch,
neutralizer, or igniter plug can be first to fail before
mission culmination. Long missions’ advance with
simpler propulsion systems with some ancillary
components, impacting decision of propulsion type.

3.3. Mission AV:

For some smaller than expected satellite missions, the
AV can be low, which infers that the mass of a
miniaturized scale  propulsion systems can't
administered by the mass of the fuel. For such systems
the particular motivation can be low without in a general
sense raising the propulsion systems mass. The systems
mass is then overpowered by various parts, for instance,
the PPU or the propellent tank.

3.4. Thrust noise:

Pulsed systems naturally induce vibrations in the
satellite structure, and this can be unacceptable for
satellites with instrumentation feeble to vibrations. In
these situations, systems cannot be used.

3.5. Minimum impulse bit:

A few uses of PPTs require amazingly little energy
change per pulse, as when the satellite area must be
known to a small amount of a millimetre. The minimum
impulse bit capacity of the thruster can be a central
factor in thruster selection.

4. APPLICATION TO ATTITUDE

CONTROL OF SATELLITES:

Table 1: Pulsed Plasma Thruster for attitude control systems
(ACS).

Satellite Thruster Flight Application
Zond - 2 Teflon Yes ACS
coaxial
PPT
EO-1 Teflon Yes
parallel
plate PPT
ION-1 Vacuum @ Failed @ ACS- 3 axes
Arc launch
Thruster
(VAT)
Techsat- Micro- No
21 PPT

ACS -1 axis

ACS - 3 axes

Satellite altitude control is one of the most widely
recognized applications of PPTs. Table 1 gives a few
examples of models. The Russian Zond 2 Mars mission
used a solid propellant PPT to stay away from fuel
spillage. EO-1 showed utilization of PPT pitch control on
an earth satellite. Ion-1 was a 1 kg CubeSat satellite with
PPT altitude control[11].

5. BASICS OF PULSED THRUST PRODUCTION:

The pulsed thruster is structured so that each pulse
debilitates a propellant mass m at high velocity Ue,
creating an augmentation of exhaust momentum mUe,
called the impulse bit. The exhaust velocity is frequently
expressed in terms of the specific impulse, where Isp
=Ue/g. The total impulse is then the impulse bit times
the number of pulses N, which can go from a couple of
pulses up to N=109 pulses, contingent upon the
application. For a pulsed engine with a pulse rate v (Hz),
the normal push is Tave =mUev (N). For electromagnetic
accelerators the prompt thrust is given by (1/2) L’ 12,
where L’ is the inclination of the inductance toward the
thrust and I is the current [7]. The impulse bit is the time
integral over a pulse, or:

1 2 1,
Ibz:=f5L’ dt=5LlP ------ (5)

Where ¥ = [ I2dt.
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6. Conclusion:

PPTs have proven to be a variable additive in the
propulsion space agent. Despite their relatively low
efficiency and relatively low input compared to solid
thrust propulsion services such as ion and Hall thrusters,
they are useful for applications such as satellite image
control and the admixture of microsatellites and
nanosatellites, which is reliable, efficient, easy to
program , as well as power consumption at power levels
below 10 W may be more important than high efficiency.
With satellites with large beads in the Earth orbit, PPTs
can be expected to play an important role.
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