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Abstract:

This paper describes an engineering model development of a pulsed plasma thruster, which is capable of an

impulse bit of 20uNs and a specific impulse of 800s. The solid fuel which is Teflon allows for a self-contained, inert and stable

propellant system. And, the PPT technology makes it possible to consider a revolutionary attitude control system (ACS)

concept providing stabilization and pointing accuracies previously obtainable only with reaction wheels, with reduced mass and

power requirements.
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1. Introduction
This paper describes an engineering model development of a
pulsed plasma thruster, which is capable of an impulse bit of
20uNs and a specific impulse of 800s. An engineering model
PPT for STSAT-2 was designed for attitude control and mo-
mentum unloading. The number of PPTs in STSAT-2 is
only one, and the attitude of STSAT-2 is mainly controlled
by reaction wheel assemblies (RWAs), the magnitude of Mo-
ment of Inertia (MOI) using them depends on the number
of turns of RWAs, and takes effect to the center of mass.
The most important thing in the satellite development is
dry mass and power consumption because of a limited re-
source in the space. RWAs have such a disadvantage in dry

Fig. 1. The Overall STSAT-2

mass and power consumption that the PPT is mainly fo-
cused on main theme in the field of satellite attitude control.
The PPT in STSAT-2, consisting of power processing unit
(PPU), capacitor bank which is around 2uF and head which
produces thruster and consists of feeding spring and nozzle,
is currently developed in satellite technology research center
(SaTReC) with +28V power source. Normally, the power
source of satellite comes from the solar flux in the space and
the solar flux is converted into the electrical energy around
428V, then it goes to PPU to generate a high voltage around

+1500V. And its electrical energy is charged in capacitor
bank within the specified time of 20ms. The propellant used
for the PPT in STSAT-2 is Teflon, which is made of TPFE.
The performance of the PPT is that the specific impulse and
the impulse bit are 800s and 20ulNs, respectively. Compared
to a chemical propulsion system, the impulse bit for electri-
cal thruster including STSAT-2 PPT is too low, but it means
that precise attitude control is available for satellite. In ad-
dition to the impulse bit, the specific impulse is higher than
the chemical propulsion system, it means the efficiency of
propellant used for the PPT is more higher than the chem-
ical propulsion system, on the other hands, the life time is
longer than chemical ones. Due to its efficient fuel consump-
tion and low power requirements, the PPT for STSAT-2 can
enhance its attitude and maneuvering capabilities.

2. Attitude Control Systems

General speaking, the subsystems for satellite attitude con-
trol mainly consists of sensors and actuators. Firstly, there
are four types of sensor such as star sensor, Earth sensor,
Sun sensor, Earth horizon sensor and magnetic sensor form
Earth also including gyro. Secondly, the actuators will in-
clude reaction wheel assembly, magnetic torque bar, boom
deployment and pulsed plasma thruster as shown figure 2
given below.
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Fig. 2. Configuration of Attitude Control

As you imagined, one of the actuators is the pulsed plasma



thruster which is the part of actuator.

3. Pulsed Plasma Thruster
3.1. Power Processing Unit
As mentioned in the previous section, PPU stands for the
power processing unit which is generating electrical power
to initiate plasma in the vacuum with Teflon. To initiate
plasma, the required power for PPT is around +1500V in
case of STSAT-2.
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Fig. 3. Configuration of PPU

Capacitor

From figure 3, +28V power from the electrical power subsys-
tem is generated and goes to the PPU to produce an appro-
priate power for PPT around 4+1500V. The PPU is equipped
with pulse width modulator which modulates an signal de-
pending on the width to make high voltage by using trans-
former and voltage doubler circuits. Unless we design the
PPT with voltage doubler circuits, the power transformer is
much more bigger than those of doubler circuits. Normally,
the smaller we design electrical board, the more benefit the
PPT has reliability in case of satellite. We can also see an
ignition circuit to initiate plasma between electrodes. Upon
the command from the command processing unit such as
TCU in figure 2, the igniter responds to it.

Fig. 4. Power Processing Unit

In STSAT-2, there are two NPN transistors in the igni-
tion circuits to amplify current in the second transformer
as shown figure 4. The NPN transistor which has a 500 of
amplification hy.. Then, it goes to the between electrodes to
initiate plasma. It is the most important thing that we have
to control and bypass an overcharging because of too much

current flow in the main power. Therefore, we proposed the
feedback circuit as shown in figure 3 and figure 4 to protect
the over charge voltage.

3.2. Head and Feed Systems

The engine of STSAT-2 PPT consists of the two major parts
such as heads and feeder of propellant including Teflon. The
figure 5 shows the entire PPT system.

Fig. 5. Engine : Head and Feeder in the Rear Side View

As shown in figure 5, the head and feed systems have nozzle
to avoid plume contamination with +45degree of plasma out
angle. When working the PPT in vacuum, the high voltage
is applied to between electrodes and those have a possibility
of electrical path vicinity the whole system. Owing to those
problem, the structure of the head and feed systems includ-
ing nozzle consists of insulation materials such as PL-PEM
but not outgassed. In addition, it should be considered to
minimize the thermal transfer from the honey comb panel
to head and feed systems by using bracket. The main rea-
son of bracket use is ease mount on the honey comb panel.
Moreover, it is so ease to attach or detach the head and feed
systems form the honey comb panel considering using the
bracket.

3.3. Capacitor

The capacitor used in STSAT-2 has a dimension of 94mm x
96mm x 32mm as shown in figure 6. The STSAT-2 requires
amount of 2.0uF" to produce an appropriate torque to the
spacecraft, also around 4.2J in electrical energy is stored in
this capacitor.

Fig. 6. Capacitor

During the operation, a number of changing and discharging
electrical energy took place on the capacitor, then it has
much thermal energy. Due to the problem, it is necessary
to widen the area of capacitor to dissipate thermal energy
along the capacitor body.



4. The PPT Attachment

It is necessary that a spacecraft need six PPTs at each axis
such as yaw, roll and pitch at least. Nevertheless, there is a
only one PPT on pitch axis for unloading the momentum in
STSAT-2. We can go over the following subsections regard-
ing PPT location.

4.1. Definition of Torque

As learned from college, the definition for torque is as follows

T=rXxF (1)

, where r is the vector from body’s center of mass to PPT
and F is force generated by thrust.

4.2. Body Fixed Coordinates

Normally, the coordinates for spacecraft are depending on
case by case of designer. In STSAT-2, it is represented by
the following figure 7. Roll-Axis is the ram direction of space-
craft, Yaw-Axis is the azimuth and finally rest one is perpen-
dicular to the those ones. Also, figure 7 shows the location for
PPT to produce torque to the center of mass as mentioned
the previous subsection. According to Physics, torque will
be represented by the length and force, respectively.

Fig. 7. Coordinates

STSAT-2 has a battery on the bottom, which weighs around
7K g. In accordance with the battery, the center of mass for
STSAT-2 is near the bottom, therefore the PPT must be
located on the bottom like figure 7. In this case, the PPT
for pitch axis will be replaced to compensate the momentum
energy.

5. On-Orbit Validation Plan
The PPT experiment will be performed after some instru-
ments have fulfilled its minimum mission requirements. It
is desirable, but not required, to verify the operation of the
PPT during the initial on-orbit check-out phase of the space-
craft. After the some instruments have achieved their fun-
damental objectives, the PPT experiment will be performed.
The baseline on-orbit validation plan of PPT experimental
is given as follows. There are four RWAs (Reaction Wheel

Assembly) in the STSAT-2. Each one has a its own axis to
produce angular momentum.
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Fig. 8. Flow Chart on Validation Plan

6. Experimental Result
6.1. Impulse Bit and Specific Impulse
In this section we will look over the performance of STSAT-
2’s PPT according to a specific impulse! and an impulse bit?.
When testing and experimenting the PPT, we used to some
parameters as seen below.
- Charge Voltage : +1500V
- Capacitance : 1.6uF
- Operation Frequency : 1Hz
Before going into the specific impulse, we have to figure out
a dynamic equation in satellite. So, it is represented by the
following term in terms of mass and velocity.

and

F =p=rwv+mb (3)

To get a impulse bit from the thrust, we are going to use
the following equations in terms of displacement, discharge
current and permeability.

1 h,2
F==p 4
SHo i (4)

, where the parameters in po, h and d, are given from a mea-
surement pendulum. And we have to only measure current
i to obtain impulse bit by using a probe.

Upon the calculation of thrust, then impulse bit is summa-
rized as following. It is represented by integral because of
pulsed operation in PPT. In other hands, the entire torque
generated by thrust should be integrated at every shot.

1Speciﬁc impulse means Isp

2Also7 impulse bit means Ib



I, = /Ot Fdt (5)

Finally, a specific impulse I, obtained as below, in here we
used to impulse bit I, and mass per shot ms.

I
Ip = —2— (6)
mpg

Therefore, we obtained the performance with 13ug in mass
per shot, 25uNs in impulse bit and around 800s in specific
impulse.

6.2. High Voltage Charge and Discharge

From the above result, we obtained the following signal wave-
forms including ignition signal from the transistor of PPU.
Figure 9 represents the charge and discharge of capacitor
through pulse width modulation and figure 10 shows the
level of noise when charging voltage by PPU. From the fig-
ures, the spark level of noise is within 400mV. To reduce
the spark noise in the PPU, we must consider EMI filter al-
locating at the input and output. As long as the EMI filter
is placed at those points, unwanted signal does not interfere
with the systems in the point of view of electronics, but not
mechanics.
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Fig. 9. Voltage Control

7. Conclusions
In this study, we obtained that the PPT has a lot of ad-
vantages such as power and mass in design of spacecraft
compared to other chemical propulsion systems. In case of
STSAT-2, the mass and power for the PPT are described in
the previous sections. Therefore, advantages for STSAT-2
PPT are summarized as follows
- No valves and energy storage tanks
- Simple mechanical structure (Simple fuel feeding system)
So, light weight and small size for u-satellite
- Low impulse bit and high specific impulse
- High reliability and performance
As a result of STSAT-2 PPT’s development, we obtained
that the angular momentum is around 9mNm and the size
of structure is as below.
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Fig. 10. The Magnitude of Noise Level

- PPU : 230mm x 180mm x 30mm
- Capacitor : 94mm x 96mm x 32mm
- Head and Feed Systems : 60mm x 50mm x 50mm
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