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Design and Manufacturing a Laboratory
Example of Pulsed Plasma Thruster
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Although Pulsed Plasma Thruster (PPT) has first been utilized in a space mission in
1964 but after more than four decades, it is still a space rated technology which has
performed various propulsion tasks from stationkeeping tasks to three-axis attitude
control for a variety of former missions. With respect to the rapid growth in the small
satellite community and the growing interest for smaller satellites in recent years, PPT is
one of the promising electric propulsion devices for small satellites (e.g. CubeSats) as the
following advantages: simplicity, lightweight, robustness, low power consumptions, low
production costs and small dimensions. In spite of the fact that the issues relating to uPPT
scaling have been investigated to a certain degree in recent years, it is felt that for an
application on CubeSats this topic has to be investigated in greater detail for even
smaller dimensions and better performance. Therefore a laboratory benchmark
rectangular breech-fed pulsed plasma thruster (PPT) was designed, developed and
successfully tested in a bell-type vacuum chamber at 10° mbar for the first time in west
Asia (Iran). The PPT has been tested while the main capacitor, which is a 35 uF’, 2.5 kV
oil-filled capacitor, has been charged with a wide range of voltage, ranging from 250 V to
1750 V making the system stored energy range from less than 1 J to 60 J, producing the
impulse bit varying from 30 uN-s to 1.3 mN-s. This work initiated a research program in
Iran for working on PPTs and miniaturization of PPTs while increasing the performance
parameters. The present paper reviews the PPT design and the development briefly.

Keywords: Pulsed Plasma Thruster, laboratory example, design and manufacturing

1. M.Sc.
2. M.Sc.
3. Professor (Corresponding Athour)



JSST

3l 3 gyl sl < pali halsbend

YWY e

WKl y DKo )T digod Clw g 21 b
Slowdl b

oy

(T 38 doxo g Y‘:ls))‘é‘ S0 “L“‘:l"é) P KV

By i o DRSNS (L2dlgd  awige 23SUiGI Y o)
Olplle olad polio 29,5 -Y o)

eIl *
farshchi@sharif.ir

ooy lplog S 61 sl ygolo (ol Aol 405 S Slpie 4 PPT) (lowdly ully JSiiy
329 O is 5SS 5 Ol 525 555 5 ol ilie clasioll sy 4 (3l B g ] 2 pkao
PPT by (obj jlowws (sloyioll ool (p8islojl 03,08 colisins diajl g990 (] 50 45 2yl
S opdeSlleni 5 Sl o5 Kl gl 1 28 o] diges S daunsT S ot S0 s )
dolos Ky sl pSlas gy ypliio dp ilisto (cloyiolily oy (Sl p)Y piey Sl cuo LS L))
2 ol 3Slas 5 Casl 0ds a5l 5 (b Kl ol 1 AL digei S qpolis] o gy A
10+ 5 VKD« iy o g 15 foj FA/Y 5 VIV el (elo ol o )b o )7 L8 1o S5 alsdons
Al A 5 VD Josasto diys g 4l — 3iads s Sao V) 5 ANV labi) dpps 5 Cunl 0 Cund g
i A2lgS g s0 do M o ) (K] ] Cand g Sl o SIb Wigy Wlio gl po Cunl 0 (43S 05101
ilisto (clasiol)l oy 5 50 5 SKly oy dnaosd sibes Jolyo Hlokdo oy il ol Codfse ploxil
el 02,8 w81y |y (5l diged drgi Culgp )3 5 3 Klas Clario gy i Se

5l g b Il ges alowdly Gl Sl 158 Slboly

L’...Nozzle Inductance Gradient
t...Time

V...Capacitor Voltage
w...Electrode Width
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Ho...Magnetic Permeability
E...Discharge Energy
F...Thrust

Freq...Working Frequency
h...Distance Between Electrodes
i...Current

Lpi. .. Impulse bit

L. .. Specific Impulse
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9. Discreet Impulse bit

10. Field Emission Electric Propulsion
11. Colloid

12. Slewing
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4. CubeSat

5. Reaction Wheel

6. Satellite inspection

7. Pulsed Plasma Thruster (PPT)
8. Fail-Safe
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17. Power Processing Unit
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Geometries Feeding methods

Rectangular Breech-fed
Coaxial Side-fed
Z-pinch
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13. Zond-2

14. Stationkeeping

15. Breech-fed

16. Polytetrafluoroethylene
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21. Polytetrafluoroethylene
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18. Vane-Type
19. Plexiglass
20. Feedthrough



vy / ibad gygld g psle dmgly — el dalilad
WAL e 9 30l /¥ o ¥ 5)leds / Y als

Sl (g5 ol a5 el jolatony adyl clawdly 255
I¥ 5 0] cwl Bile (S S

Sily onl St Sl (S Olped B W sl
1ly 015 plos] oL 5 [B] ol 0 Cans 5 il (ol
e olyis 4 g Slodd 3l o1 53 48> Mg s 9 PPU
50 9 )3 |y s ol il 0ad 4l 5 (b e
oS (0 o pdS

$Wa a4y 5 295 o0 iy o)leale 5l (39)9 g bl ¢ ol Lyisw
De-dc Boost converter S lawgs )5yl b o (ol cdg &+
B 659 Lges g [0] oad ale g Slb o] 5 diges SO &S
2 B gt i 9 0 35S e ol 033
Sy 1y g Ve =00 e olezds ojls

Boost Converter jl 9,5 g 0+ Uy ped Lyicu 5

O b 58 bl oS @B g jlae 53 3290 2ylg Sie V (515
oloj cl) 455 oo 5L SIS (S e ol 3 3513 15Uy
FE s ()5 5 4 25 b g yle RC @ aituly
290 gmge i L3 LS 3 Al 51 ey canl ol
o ) o Jg dg oad CBl SCR il ) gosw £9)
€9 ol ol ool asldl )5 a5 IGBT (cblje Jdoas o yida
WS (oo Jog o 4 ]) 5B w93 (13 Ol Siomngw ()
G b (381 (s (il 5 Al e 3 (3518 B 295 00 o
Jlis 3 IGBT S gyl cledy 00 adss VY il38l
ool A 55090 Jro (o35, 4 o oS bl iz
5 w5,k IGBT (sblja

b gl sl

Ko p gl ¥

YU 3y (gl odlitl s ¥

ol oy ol gl e 53 )18 A5 Gl e L
oS 90 bl gl 3 )5 5)50 (Sling 9 Sy V0 5Ly L
b g Jlol 05 48> SO 2 4By Sbol (sl louiite
S byl 1y Hlass g0 48 >

5oL 58U &l Jo3 <NV B ol &S5 (55
sl g Do b 3llbg o ) 5l

2 SN &y Jesl 5y 0as; dis SN s
JLid e b B> 5y 9 D (gpSojlul il (g)lid Lyl
)5 )5 addllae 590 o3 yLid 5l M8 dlaisen

oty Gl iy alEtlef] Bige cils y slb

ol o3

il OLJ g S i calw (Saly cpl o eolawl dyge 3l
by cdy Voo 5y b 55l bl el gy o g5
o b g dib o OLL Hlus a5 Cowl al)lé”i,,c ¥oocudl
ol 5l 3y 5 cd )bl oud ang ol 5l aiges gl
Ol G yos 5 el Rzl 3,Skos 3 S sl )l 5l 55
5O Cal )i:;sl) d)Lf oS 34.:.2539»:5 Jal}c R )‘l e
g o odalia il cul g (0) JSC5

SSatily )3 oolizul 3,90 ol 35 g —0 JSWS

oGy 4By Sy

L SW gy 5l PPT Rily o oolatwl 5y90 5055 48,5 SN,
- Y

Sy soide ¥ g5 29yl kb ! sepd (sladg Sl

22. Oil-Filled
23. Coaxial
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