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Burst 1 Burst 2 | Thruster [ Geometry [ Cap. (uF) [ L” (nH/cm) ||

mass pulse PT5 Co-axial 130 ~ 2.8

—l L PT6a Co-axial 63 ~ 1.3

% dscharge pulses PT6b P-Plate 63 ~ 4.9

PTS8 P-Plate 63 ~ 6.3

PT9a P-Plate 130 2.83

ropeln PT9b P-Plate 130 5.68

injection

Table 1: Thruster electrode configuration, capac-

Figure 1: Schematic drawing of the high-repetition
pulse sequence in SRL-GFPPTs and the injected pro-
pellant mass distribution just before a pulse. The
time between pulses, 7,, is typically between 100-
500 us with the accelerated mass much greater than
the non-accelerated mass, Mygeq > Miost.

trode geometry (co-axial or parallel-plate) is better
for overall performance.

The paper begins by describing the four different
GFPPTs used in performance testing. The follow-
ing section defines the propellant utilization efficiency
and derives a theoretical relation for the dependence
of performance on capacitance and inductance-per-
unit-length. Next, performance measurements are
presented and trends in the data are used to dis-
cuss the effects of inductanee-per-unit-length. Fi-
nally, there is a discussion of other factors such as wall
losses and non-uniform current sheet profiles which
could influence the debate on which electrode geom-
etry is better.

2 The SRL Family of GFPPTs

The SRL family of GFPPTs has been described be-
fore in refs. [1, 2] and will only be summarized here.
SRL-GFPPTSs use modern pulse forming technology
to create a series of high-repetition rate pulses that
are grouped in bursts. During one burst of pulses,
propellant flows at a constant rate filling the dis-
charge volume just before the next pulse occurs. If
the the time between pulses, 7,, is too long or the
electrode length, £, is too short, a slight amount of
propellant mass may be lost as described in more de-
tail in Section 3.1 and shown schematically in Fig. 1.
The overall performance of GFPPTs is related to the
driving capacitance, electrode configuration, propel-
lant loading, and many other parameters that have

been explored through the creation of many genera-
tions of GFPPT designs[1, 2].

itance, and inductance-per-unit-length.  Because
PT5, 6, and 8 have slightly flared electrodes the
inductance-per-unit-length value, L', shown here is
the average value.

All the relevant parameters of the designs tested
in this study are illustrated in Table 1. Of these
thrusters, only PT8 and PT9 have not been intro-
duced in the literature and a more detailed descrip-
tion of them follows.

2.1 PTS8

PT8 is a slightly flared! parallel-plate GFPPT that
belongs to the group of GFPPTs including PT6 and
PT7 called the “quad thrusters” which are explained
in more detail in ref. [2]. Compared to the first
quad designs, PT8 has three major modifications:
it uses a new lower-energy RF system to initiate
the discharge, it uses a non-axial propellant injec-
tion scheme to reduce the axial cold gas velocity and
improve propellant utilization, and it has a set of fer-
rite blocks around the electrodes to reduced magnetic
field fringing effects and increase the inductance-per-
unit length. Although the magnetic field of PT8
has yet to be measured, it is assumed that the fer-
rite blocks will remove the fringing effects of the fi-
nite parallel-plate geometry and provide a uniform
magnetic field with an L' value of approximately
6.3 nH/cm. PT8 has the highest value of L' out of
all the thrusters used in this study.

2.2 PT9

PT9 uses the capacitors and thruster casing from PT5
(see ref. [1]) with a modular set of parallel-plate elec-
trodes for testing various values of inductance-per-
unit-length. All the electrodes are made from 1/8”
thick 70% tungsten 30% copper plates with dimen-
sions of 1”7 x 4” (width x length) or 1/2” x 4”. There

! Although PT6b and PT8 have slightly flared electrodes with
expansion angles of < 10°, they will be classified here using the
conventional term “parallel-plate”.





















	Volume2

