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Performance Analysis of a Double Discharge Pulsed Plasma Thruster by     

varying the Energy Distribution amongst its Two Stages 

 
Luis Francisco Chrispim Marin*, Rodrigo Intini Marques**. 

A Pulsed Plasma Thruster (PPT) is an electric space propulsion device mostly used for spacecraft 

orbit maintenance and attitude control. One of the most common issues with PPTs is the Late Time 

Ablation (LTA) - the sublimation of propellant that occurs after the main electric discharge, reducing 

propellant use efficiency. The Double Discharge PPT (DD-PPT) has two stages: The first stage works 

as a regular PPT and the second stage employs additional electric discharges to accelerate the first dis-

charge plasma and the LTA. This work studied a DD-PPT and analyzed its efficiency and performance 

while varying the levels of energy employed on each of the two stages in order to archive maximum 

performance. A new electric circuit was designed to enable energy levels distribution amongst the two 

stages of the DD-PPT. An oscilloscope and a Rogowski current probe were used to estimate the impulse 

bit and a precision scale was used for measuring propellant mass variation. Inductance gradients were 

calculated using a mathematical model. Thruster tests were performed in a vacuum chamber with pres-

sure of ~10-6 mbar. The results showed a significant increase in specific impulse. The optimum config-

uration of energy distribution occurred when a smaller percentage of the total energy was employed in 

the primary stage (for ablation) and a greater percentage of the total energy was employed in the second 

stage, used for plasma acceleration. 

 

 

Nomenclature 

b  = primary electrode width, m 

𝒄  = propellant exhaust speed with relation to the thruster, m/s 

𝒄𝒉  = primary electrode height, m 

𝒅   = secondary electrode width, m 

𝒅𝒆   = distance between main axis of primary electrodes, m 

𝒅𝟎   = smaller width of secondary electrode, m 

f  = frequency of operation, Hz 

h  = distance between secondary electrodes, m 

h0   = smaller distance between secondary electrodes, m 

𝒍𝒆  = length of secondary electrodes, m 

𝒍𝒙  = maximum length with respect to the X axis of the secondary electrodes, m 

𝐦   = rocket mass, kg 

𝐦̇   = propellant mass flow rate, kg/s 

𝒎𝒑  = propellant mass, kg 
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𝒎̇𝒑  = propellant mass flow rate, kg/s 

𝒗̇   = rocket velocity, m/s2 

𝒙𝒑  = axial distance from start of secondary electrodes, m 

B  = magnetic field, T 

𝑭  = thrust, N  

Fe  = average magnetic thrust, N 

𝑭𝒈   = local gravitational force, N 

𝒈𝟎  = gravitational acceleration at sea level, 9.807 m/s2 

I  = current flowing through the plasma, A 

J  = current density, A/m2 

𝑰𝒃𝒊𝒕  = impulse bit, Ns 

𝑰𝒃𝒊𝒕
∗   = electromagnetic impulse bit, Ns 

𝑰𝒃𝒊𝒕
∗

𝒑
 = electromagnetic impulse bit produced by the primary electrodes, Ns 

𝑰𝒃𝒊𝒕
∗

𝒔
 = electromagnetic impulse bit produced by the secondary electrodes, Ns 

𝑰𝒃𝒊𝒕
∗

𝒕
 = total electromagnetic impulse bit, Ns 

𝑰𝒔𝒑  = specific impulse, s 

𝑰𝒔𝒑
∗   = electromagnetic specific impulse, s 

𝑰𝒔𝒑
∗

𝒑
 = electromagnetic specific impulse (primary electrodes), s 

𝑰𝒔𝒑
∗

𝒔
 = electromagnetic specific impulse (secondary electrodes), s 

𝑰𝒔𝒑
∗

𝒕
 = total electromagnetic specific impulse, s 

𝑳′   = electrode inductance gradient, H/m 

𝑳′
𝒑  = primary electrodes inductance gradient, H/m 

𝑳′
𝒔  = secondary electrodes inductance gradient, H/m 

𝑷𝒊𝒏  = total electric power input, W 

𝑷𝒋𝒆𝒕 = ejected propellant kinetic power, W 

𝜼𝒑  = primary stage efficiency, % 

𝜼𝒑
∗   = primary stage electromagnetic efficiency, % 

𝜼𝒕  = total efficiency, % 

𝜼𝒕
∗  = total electromagnetic efficiency, % 

𝜶  = angle between secondary electrodes, ° 

∆𝑳̅   = average inductance variation, H/m 

∆𝒎  = mass ejected in a full discharge cycle (mass bit), kg 

∆𝒎𝒙  = mass bit for configuration 𝒙 

∆𝒎𝟏−𝟒 = resulting mass bits for configurations 1-4 

∆𝒎𝟓−𝟖 = resulting mass bits for configurations 5-8 

ε  = total energy stored in the capacitors, J 

ε1  = energy stored in the capacitors of the primary stage, J 

ε2  = energy stored in the capacitors of the secondary stage, J 

𝝁   = magnetic permeability in vacuum, 1.2566×10−6 H/m 
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Introduction 

 

1. Electric Propulsion 

Space Propulsion is a means to change the momentum of a body in space. Rocket propulsion is a well-

known type of space propulsion the produces thrust by ejecting propellant (matter stored in the space 

vehicle, also known as working fluid) [1]. Electric propulsion (EP) is a type of rocket propulsion that 

accelerates the propellant by electrical heating and/or by electric and/or magnetic body forces [2]. 

One of the advantages of EP is the possibility of achieving very high propellant exhaust velocity when 

compared to rockets using chemical propellants, allowing for a more efficient use of the working fluid 

[3]. Nowadays, the major disadvantage of EP is low thrust due to the lack of high power sources. Satel-

lites that already provide high power to its subsystems (e.g., GEO telecommunication satellites) are the 

main candidates to employ EP in tasks as orbit transfer and maintenance and attitude control. The expe-

rience gained in near Earth applications of EP has encouraged its application in planetary and interplan-

etary missions [3] . 

2. Pulsed Plasma Thruster (PPT) 

A pulsed plasma thruster is an electric propulsion device that uses electric energy to ionize and electro-

magnetically accelerate the plasma to very high exhaust speeds [4], producing a high specific impulse 

[3] (up to 1200s [5] or more). An electric discharge ablates and ionizes a solid propellant, producing an 

arc plasma and the ions are then accelerated [5] by the Lorentz force. The solid propellant most com-

monly used is the Polytetrafluoroethylene (PTFE), known as TeflonTM [6]. 

The PPT is used as a propulsion device mainly for its intrinsic simplicity and reliability, even though it 

has a low total efficiency (around 10% or less) [7]. The PPT has been used in drag make up, orbit 

maintenance [7] and attitude control [8]. 

In a basic configuration, as shown in Fig. 1, the PPT is comprised of a solid propellant (PTFE), two 

electrodes (anode and cathode); a spring to feed the propellant; a power supply; a capacitor; and a spark 

plug [4]. The discharge between the electrodes occurs when a small amount of plasma produced by the 

spark plug [3] reaches the vicinity of the electrodes and acts as a mechanism that reduces the dielectric 

strength of the propellant. It then causes a breakdown and discharges the PPT capacitor [3] on the pro-

pellant surface in a high current (~kA) short duration (~µs) electric discharge current [4]. A small 

amount of the solid propellant sublimates and is ionized and accelerated electromagnetically [3]. 
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One of the main issues with PPTs is the late time ablation (LTA) that is the propellant ablation that takes 

place after the main discharge is over, due to the propellant still being above the sublimation tempera-

ture. One solution for this problem is a variation of the PPT proposed by Intini-Marques [6], called the 

double discharge pulsed plasma thruster (DD-PPT). 

 

Fig. 1. A PPT diagram [6]  [4]  [3] 

 

Double Discharge Pulsed Plasma Thruster 

The DD-PPT is a way to address the LTA issue. The DD-PPT works by employing a second pair of 

electrodes downstream in order to accelerate the LTA. Another very important effect of employing a 

secondary pair of electrodes is the increase in specific impulse. In the DD-PPT, each pair of electrodes 

is called a stage and so the DD-PPT is comprised of two stages and that is a reason it is also called two-

stage PPT or TS-PPT. Each stage is connected to its own capacitor. The first stage sublimates and ac-

celerates the propellant. The second stage can further accelerate the propellant and/or the late ablation 

[6]. Figure 2 shows a diagram of a TS-PPT.  

 

Fig. 2. A TS-PPT diagram adapted from [6]. 
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The DD-PPT used in these tests was the one developed by Intini-Marques [6]. This DD-PPT has the 

secondary electrodes at an angle of 90 degrees in order to minimize carbon deposition on the surface of 

the structure that holds the electrodes [9]. Figure 3 shows a diagram of the DD-PPT and the built DD-

PPT [10]. Table 1 shows the main design specification of the built DD-PPT. 

 

Fig. 3. DD-PPT – A diagram (left) and the built unit (right), adapted from [10] 

 

DD-PPT parameter             Value 

Total Mass 1.381 kg 

Volume 152.5 x 113 x 128 (mm) 

Maximum Power Consumption 4 W 

Expected impulse for a 10 J total energy discharge 140 µNs 

Maximum energy used in the primary stage 4.67 J 

Maximum energy used in the secondary stage 4.59 J 

Propellant Area exposed to the discharge 16 mm x 7 mm 

Primary electrodes width 8.45 mm 

Primary electrodes height  6 mm 

Distance between primary electrodes mid-point axis 11 mm 

Primary electrodes length 16.95 mm 

Secondary electrodes thickness 7.2 mm 

Angle between secondary electrodes 90° 

Smallest distance between secondary electrodes 14.64 mm 

Smaller width of secondary electrodes 20 mm 

Bigger width of the secondary electrodes 35 mm 

Length of the secondary electrodes 14 mm 

Table 1. Main design specification of the built DD-PPT, adapted from [9] 
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DD-PPT Equations 

Knowing the mass bit ejected in each pulse and analyzing the electric current curves of a PPT allows 

the inference of the electromagnetic impulse bit and electromagnetic specific impulse. The term elec-

tromagnetic is used because in this calculation we do not take into account the impulse produced by 

non-ionized propellant. This calculation method is useful when a thrust balance is not available and can 

give an insight of the performance parameters. The estimation of the impulse can be obtained with the 

following equation  

 
𝑰𝒃𝒊𝒕

∗ =  
𝟏

𝟐
  𝑳′ ∫   𝑰𝟐 𝒅𝒕   

 

[1] 

where 𝑰𝒃𝒊𝒕
∗  is the electromagnetic impulse bit and 𝑳′ is the inductance gradient of the electrodes [11] [6]. 

The inductance gradient depends on the electrode geometry. For the primary stage (parallel, rectangular 

electrodes) the inductance gradient  𝑳′
𝒑 can be easily calculated using the literature [11]: 

 

 

 

 𝑳′
𝒑 = 𝟎, 𝟔 + 𝟎, 𝟒 𝐥𝐧  (  

𝒅𝒆

𝒃 + 𝒄𝒉
  )  

[2] 

Where 𝒃 is the width, 𝒄𝒉 is the thickness [11] and 𝒅𝒆 is the distance between the main axis of the 

electrodes [12]. 

The calculation of 𝑳′ for the secondary electrodes is not as straight forward as they have an angle of 90 

degrees between them and have trapezoidal shape, as shown in Fig. 3. As a starting point to calculate 

the average inductance gradient we used the method described by Schonherr, Herdrich, Roser e Au-

weter-Kurtz [13]: 

∆𝑳̅(𝒙𝒑) =
𝝁

𝟐𝝅𝒅
∫ ∫ ∫

𝟏

𝒅

𝒉

𝟎

𝒅

𝟎

𝒙𝒑

𝟎

{[𝐚𝐫𝐜𝐭𝐚𝐧 (
𝒚

𝒛
) + 𝒂𝒓𝒄𝒕𝒂𝒏(

𝒅 − 𝒚

𝒛
)]

+ [𝐚𝐫𝐜𝐭𝐚𝐧 (
𝒚

𝒉 − 𝒛
) + 𝐚𝐫𝐜𝐭𝐚𝐧 (

𝒅 − 𝒚

𝒉 − 𝒛
)]} 𝒅𝒛𝒅𝒚𝒅𝒙 

[3] 

 

Where 

 

𝒉 = 𝒉(𝒙) = 𝒉𝟎 +  𝟐 𝒙 𝒕𝒂𝒏(
𝜶

𝟐
) 

 

[4] 

 𝒅 = 𝒅(𝒙) = 𝒅𝟎 (𝟏 −
𝒙

𝒍𝒆
) +  𝒅𝒆

𝒙

𝒍𝒆
 [5] 

 

The inductance gradient of the second stage is calculated taking into account the average inductance 

along the length of the electrode: 
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𝐿′
𝑠 =

∆𝑳̅(𝒍𝒙) − ∆𝑳̅(𝟎)

𝒍𝒙
=

∆𝑳̅(𝒍𝒙)

𝒍𝒙
 

 

 

[6] 

The calculated inductance gradients were calculated for the primary and secondary stages resulting in 

0.491 µH/m  for the first stage and 0.509 µH/m for the second stage. 

The average electromagnetic thrust (Fe) represents the electromagnetic portion of the thrust due only to 

the Lorentz force. In order to find the average thrust we need to know the electromagnetic impulse bit 

and the thruster operation frequency (f): 

 𝑭𝒆  =  𝒇𝑰𝒃𝒊𝒕
∗   [7] 

In order to calculate the specific impulse we need the mass bit ∆𝒎, wich is the mass ejected in a single 

discharge. This is obtained by weighting the propellant before and after many shots and then averaging 

the value for a single discharge. The average electromagnetic specific impulse 𝑰𝒔𝒑
∗  can then be calcu-

lated: 

 
𝑰𝒔𝒑

∗  =  
 𝑰𝒃𝒊𝒕

∗

𝒈𝟎∆𝒎
 

[8] 

The total electromagnetic impulse of a single discharge is the sum of the electromagnetic impulse of the 

two stages [6]: 

 𝑰𝒃𝒊𝒕𝒕

∗  =   𝑰𝒃𝒊𝒕𝒑

∗ +  𝑰𝒃𝒊𝒕𝒔

∗  [9] 

Using Equation [8] we can calculate the specific impulses of the primary 𝑰𝒔𝒑𝒑
∗  and secondary 𝑰𝒔𝒑𝒔

∗  stages:  

 𝑰𝒔𝒑𝒑
∗ =  

 𝑰𝒃𝒊𝒕𝒑

∗

𝒈𝟎∆𝒎
 𝑰𝒔𝒑𝒔

∗  =  
 𝑰𝒃𝒊𝒕𝒔

∗

𝒈𝟎∆𝒎
 

[10] 

The total electromagnetic specific impulse 𝑰𝒔𝒑𝒕
∗  of the DD-PPT is then calculated [6]:  

 

 
𝑰𝒔𝒑𝒕

∗   =  
  𝑰𝒃𝒊𝒕𝒑

∗ +   𝑰𝒃𝒊𝒕𝒔

∗  

𝒈𝟎∆𝒎
 =  

𝑰𝒃𝒊𝒕𝒕

∗

𝒈𝟎∆𝒎
 [11] 

The electromagnetic total efficiency 𝛈𝐭
∗ is calculated as [6]:  

 
𝛈𝐩

∗  =  
𝟏

𝟐
  𝐠𝟎 𝐈𝐬𝐩𝐩

∗ (
 𝐈𝐛𝐢𝐭𝒑

∗

𝛆𝟏
) 𝛈𝐭

∗  =  
𝟏

𝟐
  𝐠𝟎 𝐈𝐬𝐩𝐭

∗ (
 𝐈𝐛𝐢𝐭𝐭

∗

𝛆𝟏 +  𝛆𝟐
) 

[12] 

Where 𝛆𝟏 and 𝛆𝟐 are the energy stored in the capacitors of the first and second stage, respectively.  
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Characterisation Method 

The DD-PPT has two capacitor banks, one for each stage. The performance parameters change as the 

energy distribution amongst its two stages varies. Taking into account previous work [6] , different 

energy distribution configurations were defined and experiments were carried out to identify the best 

configuration. The experiment took place in a vacuum chamber at a pressure of 8×10-6 mbar and the 

discharges were monitored with Rogowski coils connected to an oscilloscope. For every configuration 

the DD-PPT discharged around 100 times. At the end of each configuration test the propellant was 

weighted in a precision scale to calculate the average mass bit ejected in every discharge. 

1. Performance Analysis of different energy distribution configurations 

With a voltage divider, it was possible to achieve different levels of energy on each stage by varying the 

voltage on the capacitor bank of each stage. Table 2 shows all the configurations tested. The reference 

energy for all tests is the maximum achievable total energy, which is 9.27 J. Table 2 shows two different 

energy distribution as percentages: one refers to the reference total energy available and another one 

refers to the distribution of the test total energy amongst the stages. 

Confi-

gura-

tion 

num-

ber 

% of the 

maxi- 

mum  

energy 

available 

first  

stage  

% of the 

maxi- 

mum  

energy 

available 

second 

stage 

Energy 

first 

stage  

 

 

 

 

(J) 

Energy 

of  

second 

stage  

 

 

 

(J) 

Total 

energy 

 

 

 

 

 

(J) 

Vol- 

tage 

pri-

mary 

stage 

 

 

(V) 

Vol- 

tage 

secon-

dary 

Stage 

 

 

(V) 

% of the 

Test En-

ergy  

distri-

bution  

in the 

First 

Stage  

% of the 

Test En-

ergy  

Distri-

bution  

in the 

Secon-

dary 

Stage 

1 50 0 4.67  4.67 849  100 0 

2 50 29 4.67 2.70 7.38 849 592 63 37 

3 50 35 4.66 3.27 7.93 848 670 59 41 

4 50 50 4.67 4.59 9.27 849 850 50 50 

5 29 0 2.71  2.71 592  100 0 

6 29 29 2.70 2.70 5.41 592 592 50 50 

7 29 36 2.72 3.35 6.08 594 679 45 55 

8 29 49 2.71 4.57 7.28 592 848 37 63 

Table 2. Energy distribution configuration 

The tests were carried out at LCP - Combustion and Propulsion Laboratory - of INPE – The Brazilian 

National Space Research Institute on the facilities of the LPEL - Electric Propulsion Laboratory - on the 

BTSA - Altitude Simulation Test Bench - building using the equipment and resources listed on Table 3. 

Figure 5 shows the vacuum chamber and vacuum pumps used. 
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Resource Description 

DD-PPT thruster Double discharge PPT built by Dr. Rodrigo Intini Marques 

High precision scale Mettler Toledo AT261 Delta Range Analytical Balance – precision of 10 µg. 

Oscilloscope TEKTRONIX TDS5034B Digital Phosphor Oscilloscope 

Vacuum Chamber 

Vacuum chamber in stainless steel with a volume 36,953 cm3; Turbo-molecular pump 

Leybold TURBOVAC de 50000 rpm pumping capacity of 145 l/s and ultimate pres-

sure of 10-10 mbar with controller Leybold TURBOTRONIX NT 150/360 VH; two-

stage rotary pump TRIVAC B D8B pumping capacity 8 m3/h; Pressure sensor 

BALZERS TP6300; pressure sensor EDWARDS Pirani 501;  

Current Sensors Two PEM CWT Rogowski Current Transducer;  

Support, switching and 

protection systems devel-

oped for this project 

Switching system to charge the capacitors and enable the discharge of the DD-PPT. 

Custom developed high voltage protection system for the DD-PPT power supplies. 

This system was developed with help from the LCP team and the MSc student Paula 

Fin. 

Table 3. Equipment and resources 

 

Fig. 4. Vacuum facility used for tests. 

 

 

2. Vacuum chamber tests 

Overall the DD-PPT discharged a total 975 times in 8 different configurations in a vacuum chamber 

with a pressure of 8.5×10-6 mbar. After testing each configuration the propellant was weighted to meas-
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ure the propellant consumption. In order to calculate the impulse bit two Rogowski coils were surround-

ing the electrodes of both primary and secondary electrodes. The Rogowski coils were connected to 

their respective integrators that, in turn, were connected to a digital oscilloscope to store the current 

waveform that was later transferred to a computer to calculate the impulse bit. As an example, Fig. 6 

shows the data acquired for energy configuration number 2. The output of the Rogowski coils is a volt-

age that must be converted to current, where 100 mV equals 1 kA. 

 

Fig. 5. Electric discharge signal from the integrator of the Rogowski coils. 

From Fig. 5 we can see that the first stage has a peak current of 7.12 kA, as the signal from the integrator 

of the Rogowski coils reaches around 712 mV. After the plasma the reaches the second stage we can 

see that a current is flowing on the second pair of electrodes (oscilloscope channel 2), reaching around 

4.8 kA. The whole event lasts around 8 µs. The discharge currents do not resemble a dumped sinusoidal 

shape [3] [6] as diodes were used to avoid current reversal in order to protect the capacitors. 

3. Results 

The processed data acquired and converted to current measurements are summarized in Table 4 in a way 

that makes it ready for impulse bit calculations. By employing the mass bit averaged for each configu-

ration, the equations shown and the method described, it was possible to calculate performance data, 

shown on Table 5 and visually displayed on Fig. 6. 

Configuration 

number 

% Energia 

Primeiro 

Estágio 

% Energia 

Segundo 

Estágio 

Integral 

𝑰𝟐               
Primeiro 

Estágio 

( A2 ) 

Integral 

𝑰𝟐                      
Segundo 

Estágio 

( A2 ) 
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1 50 0 120.33 0.00 

2 50 29 104.01 52.04 

3 50 35 99.59 61.92 

4 50 50 99.78 90.16 

5 29 0 67.64 0.00 

6 29 29 59.58 49.37 

7 29 36 55.47 70.81 

8 29 49 64.17 92.53 

Table 4. Data acquired converted to current and integrated over the discharge time. 

 

 

Confi-

guration 

Number 

𝐼𝑏𝑖𝑡𝑝

∗    𝐼𝑏𝑖𝑡𝑠

∗    𝐼𝑏𝑖𝑡𝑡

∗    𝐼𝑏𝑖𝑡𝑡

∗ /𝜺 ∆𝒎   𝐼𝒔𝒑𝒑 
∗  𝐼𝒔𝒑𝒔  

∗  𝐼𝒔𝒑𝒕

∗    𝜂𝒑
∗      𝜂𝒕

∗       

 (µNs) (µNs) (µNs) (µNs/J) (µg) (s) (s) (s) (%) (%) 

1 29.5  0.0 29.5 6.32 1.42 2125  2125 6.6 6.6 

2 25.5 13.2 38.8 5.26 1.42 1837 953 2790 4.9 7.2 

3 24.4 15.8 40.2 5.07 1.42 1759 1134 2893 4.5 7.2 

4 24.5 22.9 47.4 5.12 1.42 1762 1651 3413 4.5 8.6 

5 16.6 0.0 16.6 6.13 1.11 1524  1524 4.6 4.6 

6 14.6 12.6 27.2 5.03 1.11 1342 1153 2495 3.6 6.1 

7 13.6 18.0 31.6 5.20 1.11 1250 1654 2903 3.1 7.4 

8 15.7 23.5 39.3 5.40 1.11 1445 2161 3606 4.1 9.5 

Table 5. DD-PPT calculated performance parameters 
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Fig. 6. Performance parameters comparison. 

The mass bit ∆m is not influenced by the second stage as it does not ablate mass [6]. Therefore, in order 

to increase the precision of the mass bit calculation, the averaged mass bit was calculated taking into 

account the energy of the first stage. As the configuration 1-4 had the same first stage energy discharge 

and the configurations 5-8 also had the same first stage energy discharge, it was possible to average the 

mass bit for these two cases, increasing the precision of the mass bit calculation: 

 

 
∆𝒎𝟏−𝟒 =

∑ ∆𝒎𝒙
𝟒
𝒙=𝟏

𝟒
 [13] 

 

 
∆𝒎𝟓−𝟖 =

∑ ∆𝒎𝒙
𝟖
𝒙=𝟓

𝟒
 [14] 

The resulting mass bits for configurations 1-4, ∆𝑚1−4, is 1.42 µg and the resulting mass bit, ∆𝑚5−8, for 

configuration 5-8 is 1.11µg. 

 

Analysis and Conclusion 

In configurations 1 and 5 the DD-PPT works as a regular PPT, as there is no discharge in the second 

stage.  In these configurations, we see that the first stage has a higher impulse bit than when the second 

stage discharges, even when the first stage has the same energy. The hypothesis raised is that due to the 

fact that the second stage produces a magnetic field opposite to the one on the first stage, it is creating a 
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detrimental effect on the first stage. While on a DD-PPT the main function of the first stage is mass 

ablation we would not like to have its performance decreased due to the use of a second stage. Therefore, 

a simple solution would be to invert the polarity of the second stage discharge so that the second stage 

can, instead, reinforce the magnetic field of the first stage discharge and further increase the impulse bit. 

This will be a subject of further investigation. 

Overall, we can see that the impulse bit increases in direct proportion to the total energy employed and, 

with the exception of the configurations 1 and 5, all tests have a similar value of impulse bit produced 

per unit of energy, Ibitt

∗ /ε, given to the thruster, around 5.1 µNs/J. 

The specific impulse increases as the energy on the second stage increases. This is understandable as 

the energy on the second stage is used to further accelerate the plasma, keeping the mass bit constant. 

The configuration number 8 was chosen as the best performing one. This configuration had 37% of the 

test energy applied in the primary stage and 63% in the secondary stage and was the one with the highest 

specific impulse and efficiency and also the 3rd highest total impulse and impulse bit per unit of energy. 

Further investigation on the overall performance of the DD-PPT is needed as the impulse bit per unit of 

energy achieved is below the expected value (10 µNs/J). We currently believe that the capacitor protec-

tion diodes used in this prototype may be dissipating part of the energy that would otherwise be used to 

accelerate the plasma. Further investigation about this issue is necessary. 

Nevertheless, the DD-PPT tested was able to reach a maximum calculated specific impulse around 

3600s, what is considered a significant increase over a regular PPT that would have a typical specific 

impulse of 1000s. 

Future work include direct measurements of the impulse of the DD-PPT in order to take into account 

the thrust produced by the gas-dynamic contribution and also to confirm calculated performance data 

based on current measurements. 
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