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Abstract: Pulsed plasma thruster (PPT) is regarded as an electric propulsion device for some propulsion mission of
micro-spacecraft for its small thrust, light weight and low power. However, it has been criticized for its inefficien-
cy. In view of this situation, adopting polytetrafluoroethylene (PTFE) as the propellant, PTFE is doped with 2. 5
(6), 10 and 15 percent C or Cu to make two new types of propellant as the research object. The discharge voltage
and current waveform were recorded, the ablation mass weighted under three different discharge energies (1],
1.44J, 2.25)), and the impulse bit, specific impulse, efficiency of PPT were estimated based on the results. The
species, characteristics of plasma were also detected and diagnosed with the emissive optical spectrometer. The re-
search results show that the ablation mass increases with the increase of the doping amount; the impulse bit increa-
ses with the increase of the C dopant, and the PTFE-Cu-10% impulse bit is the largest, which is 56.47 (uN « s);
PTFE-C-2% and PTFE-Cu-10% have the best performance in all C and Cu dopant PTFE specimens, and they pro-
mote the ionization process to some extent, thereby improving the thruster efficiency.
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Tab.2 Ablation mass (pg)

THE/] 1 1. 44 2.25
PTFE 3. 04 4. 86 7.47
PTFE-C-2% 3.30 4. 64 6.01
PTFE-C-6% 2.88 3.55 6.95
PTFE-Cu-2% 3.12 4. 62 6. 26
PTFE-Cu-5% 3.19 5.03 6.91
PTFE-Cu-10% 2. 86 5.32 7. 69
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Fig. 1 The discharge voltage waveforms with different propellants
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Fig. 3 The ablation mass in different propellants
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Tab.3 Plasma parameters in different propellants
T HEE /eV BB /em 3 LR
PTFE 1. 10 1. 70X 10" 16. 03
PTFE-C-2% 0. 89 2.00X 10" 18. 68
PTFE-C-6% 0.92 2. 27 X107 16. 68
PTFE-Cu-2% 0. 87 2.02X10"7 16. 65
PTFE-Cu-10% 0. 89 2.17 X107 17. 25
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W, B ORI T DL 2, R
PPT ML B 2 .

I Bl & B A 5 Bon . #E PPT B H fiE
HONEAE R, B RN H T BOR B S R T
BRI TR HE I SRR, PTFE-C-
2% F1 PTFE-Cu-10% () T #E J1 %% 3% % 4 5 |
1. 2% 3] 14% M 15.1%., X—258 %W, 7
PTFE 48 A — € & [ 5 30 ik fE /2 i#F PPT heihi iy
BIEZE T, e TR R, NS
TR HE T AR R,

4 & i

AHESEEEXT PPT AR BB si, XF PPT
R E R T SR AT TR A BT A SE . DU [ L
BRT R AV, 80 Ml b, 3%
98 T HAE N R R TAERE, T8 A9 M g A0
FETIRRES B A, 45T .

()7 1500V LB & T, PTFE-C #l PTFE-
Cu By T 1 Bl 45 J% & & 09 35 0 1 3 fm s PTFE-
C Mkeil i S Ik T PTFE AU b B & Y &4 &
KT 9% B, PTFE-Cu A4 1 Bt i (I F PTFE 4
B it M AR ST 9 R, PTFE-Cu ke
MR T PTFE (48 i

(2) PTFE-C (2%. 6%) # PTFE-Cu
(10%) M 17 PPT MR, A P& T
JoT HL B R

() FEWCHL HL JE 2l 1500V BF, PTFE-C-2% By

PPT MaE & 4F, H LA 654s (PTFE) #2 5 3|
T 758s, BUERM 1. 2% BT 14%; PTFE-
Cu-10% 1) PPT PERE A 4f, b op M\ 654s (PTFE)
BEET 704s, BCEMN 1L 2% &R T 15.1%,

JE S TAET e TR MK Har il 5, JF Xt
H e g0 3 4 AT BUE 07 R E, DL g e T
JB 58 ok 2 THT ) ik Ak ) R

2 &k (References)

[1] MEGHNA S. Breakthrough of the Year: The top 10
scientific achievements of 2014 [OL] . (2014-12-18). ht-
tp: //news. sciencemag. org/scientific-community/2014/12/
breakthrough-year-top-10-scientific-achievements-2014.

[27] RICHARDSON R G. Elon Musk unveils new plan for global
satellite internet [OL] . (2015-01-29) . http: //news.
ecombiz. biz/2015/01/29/elon-musk-unveils-new-plan-for-
global-satellite-internet.

[37 ks . sANTARKILNT [M] . dbat. A RHEH 1R
#t, 2008.

ZHANG G X. Modern small satellites and applications [ M].
Beijing: Posts and Telecom Press, 2008 (in Chinese) .

L4l 2=, M, skl . kol Jy B 22 80T 556 M 4 5 Bk

Rk (0] . RIS, 2019, 2 (O 26-36.
LI B, ZHENG W, ZHANG H B. Description and solution of
orbit interception accessibility with impulse thrust [J] .
Flight Control and Detection, 2019, 2 (4): 26-36 (in
Chinese) .

[5] DAN L, ROGER M, KRISTINA M, et al. The
technological and commercial expansion of electric propulsion
in the past 24 years [C] //Proceedings of the 35th Interna-
tional Electric Propulsion Conference. Atlanta: IEPC, 2017
10-12.

[67] CIARALLIS, COLETTI M, GABRIEL S B. Results of the
qualification test campaign of a Pulsed Plasma Thruster for
Cubesat Propulsion (PPTCUP) [J] . Acta Astronautica,
2016, 121. 314-322.

[77] LAU M. HERDRICH G. Pulsed plasma thruster-subsystem
engineering at IRS [C] //Proceedings of the 34th Interna-
tional Electric Propulsion Conference. Kobe: TEPC, 2015:
2-4.

[8] EMR, WA, KR, . Gk e @6 I 85

MR A e R L] . b E s e R R, 2017, 37
(5): 24-32.
WANG S M, TIAN L C, ZHANG ] L, et al. Elementary
study on the discharge process and performance of micro-
pulsed plasma thruster [J] . Chinese Space Science and
Technology, 2017, 37 (5): 24-32 (in Chinese) .

[9] VONDRA RJ. Analysis of solid Teflon pulsed plasma thrust
[J1 . J. Spacecraft, 1970, 7 (12): 1402-1406.



o531 W

G5 ST R IR Rk e A MR AR ) A8 18R T 5 47

[10]

[11]

[12]

[13]

[14]

[15]

[16]

PALUMBO D, GUMAN W. Continuing development of the
short-pulsed ablative space propulsion system [C] // 8th
Joint Propulsion Specialist Conference. New Orleans:
ATAA, 1972.

LEIWEKE R. TURCHI P, KAMHAWI H. et al. Experi-
ments with multi-material propellants in ablation-fed pulsed
plasma thrusters [ C] //31st Joint Propulsion Conference
and Exhibit. San Diego: AIAA, 1995.

PENCIL E J, KAMHAWI H. Evaluation of alternate pro-
pellant for pulsed plasma thruster [C] //27th International
Electric Propulsion Conference. Pasadena, 2001.
SCHONHERR T, ABE Y, ARAKAWA Y. Pulsed plasma
thruster performance using compound polytetrafluoroe-
thylene [J] . Journal of Propulsion & Power, 2015, 31
(3): 965-967.

P . kol A B T AR O B AR BB AN SE g Y [D.
Kb EPTREEOR KRS, 2007.

YANG L. Theoretical and experimental study on the
working process of pulsed plasma thruster [D] . Changsha:
National University of Defense 2007 (in
Chinese) .

GREGORY G S, MCFALL K A, GUL-CZINSKI F S, et al.

Technology,

Investigation of propellant inefficiencies in a pulsed plasma
thruster [C] //Proceedings of 32nd AIAA/ ASME/ SAE/
ASEE Joint Propulsion Conference. Lake Buena Vista:
ATAA, 1996 5-9.

WANG W, LIU F, WANG X, et al. Study on electron tem-
perature in an ablative pulsed plasma thruster by optical e-

mission spectroscopy [J] . Europhysics Letters, 2013, 101
(5): 55001.

[17]

(18]

[19]

[20]

[21]

[22]

MARTIN W C, WIESE W L, MUSGROVE A, et al
NIST atomic spectra database [J] . Memorie Della Societa
Astronomica Italiana Supplementi, 2005, 8 (1). 96.
BT 2% , XHk o, AEBURG . TR ST O % I R EOL 5 B i
R FRESBETFHEE [J] . BF50FWEEMm, 1994,
11 (2). 120-128.

LU T X, ZHAO X Z, CUI Z F. Measurement of electron
temperature and electron density of laser plasma by emission
spectrum [ J] . Journal Atomic and Molecular Physics,
1994, 11 (2): 120-128 (in Chinese) .

BRE, wmWIF, kAW, & SRR KRS F
W F RN (1] . RF 50 FoEER, 2008,
25 (3): 651-655.

RAN J X, DONG L F, ZHANG S P, et al. Effect of instru-
ment widening on electron density measurement of atmos-
pheric pressure plasma [J] . Journal Atomic and Molecular
Physics, 2008, 25 (3): 651-655 (in Chinese) .

LIU F, NIE Z, XU X, et al. Measurement of electron den-
sity by Stark broadening in an ablative pulsed plasma
thruster [ J ] Applied Physics 2008, 93
(11): 716.

HUDDLESTONE R H, LEONARD S L., FURTH H P.

Letters,

Plasma diagnostic techniques [M] . New York: Academic
Press, 1965.

ZeE T Tk A B R A O % A B T AR PR T O M Re A
HAP5E [D] . dbnt: LBk, 2016.

ZUO G Y. Study on calculation of plasma characteristic and
performance simulation in pulsed plasma thruster [D]. Bei-

jing: Beijing Institute of Technology, 2016.



