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Design and Construction of An Electro-Hydrodynamic Thruster for Use in a Flying

Microrobot
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ABSTRACT: This paper deals with the design and construction of a propeller for use in a flying
micro robot using controlled electro-hydrodynamic current corona discharge. One example of plasma
actuators is corona plasma actuators, which are created by a high-voltage electrode with a small radius
of curvature as the emitter and another electrode as the collector, which are located at a certain distance
from each other. In this research, micro robot-scale aerial vehicles with a weight of less than 100 mg
and a characteristic length of less than 5 cm were investigated using an electro-hydrodynamic actuator
based on corona discharge actuators. In this research, by examining the use of different aluminum metal
alloys (T3, 1100, 2024, 7050, and 7075), an optimal weight for the collector and the optimal weight
and necessary strength (T3 aluminum alloy) for the emitter were obtained. The results of this study
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showed, it is concluded that, in negative corona, increasing the voltage in the single-emitter sample has a

significant effect on reducing the production efficiency compared to the dual-emitter propellant.

Needle-Plate Configuration
Positive Corona Discharge

Negative Corona Discharge

1- Introduction

Aecrospace engineers and scientists are turning to plasma
physics to develop new technologies in the design and
construction of solid-state propulsion systems and flow
control. Today, electro-hydrodynamic, in which electrical
forces accelerate ions in a fluid, is emerging as an alternative
method for propelling next-generation drones, with no
moving parts, no noise, and no waves. Infrared, fuel-free, and
has a high propulsive-to-power ratio, has been proposed.

Controlled corona discharge can create a current called
electrohydrodynamic (EHD) current by charging particles
around the anode and transferring their momentum to neutral
particles farther from the anode. This controlled set of devices
occurs between an electrode with a small radius of curvature
in the form of a wire or needle called the emitter and another
curved surface or plate called the collector electrode, which
can be positively or negatively charged, and the other
electrode, the collector, is usually connected to ground. If the
emitter is positively charged, the flow of electrons will return
to the emitter and, upon impacting it, will be negative.

The first observation of EHD current was made by Hoxby,
who noticed the production of a low-velocity air current
when a voltage was applied between two electrodes, which
was later called “electric wind” [1]. The classical model for
corona discharge in a point-plate configuration was used
by Aten and Adamiak. It was a model with two electrodes
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of different radii with air between them. The pointed
electrode was at a high positive voltage [2]. In 2017, Proud
et al. experimentally investigated two electro-hydrodynamic
forces generated by a wire-cylinder electrode configuration
under high DC voltage. They were able to investigate the
aerodynamic effects of using a corona actuator on the surface
of an ultralight unmanned aircraft and concluded that its use
is feasible and cost-effective, given the changes in the shape
of the actuator and its electrical circuit [3].

In 2023, Baba Safari and colleagues experimentally
investigated the effect of the corona actuator on fluid flow and
radar stealth, using two different corona actuator placement
models. One of the important results obtained in the radar
evasion section was the reduction of radar cross-section by
14.23% with the help of a corona actuator. The results of
this study showed that with increasing voltage, the amount
of power consumed, electric current, and electric propulsion
force increased in the two models [4].

This study investigates the application of corona discharge
as an ion thruster for a flying microrobot. The research
focuses on evaluating thrust force, power consumption,
and efficiency across different voltages in both positive and
negative corona discharges, considering single-emitter and
dual-emitter configurations. The primary innovation of this
work, compared to previous studies, is the implementation
of a two-stage dual-emitter thruster and the examination of
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Fig. 1. Schematic diagram of the collector and emitter

different emitter connection modes in series and parallel.
The results demonstrate the potential for achieving a higher
thrust-to-weight ratio with the dual-emitter configuration, in
contrast to prior works that have primarily been limited to
single-emitter setups.

2- Materials and Methods

The materials used for the plate and the needle base are
made of T3 aluminum with a thickness of 0.2 mm, while
the ground separating bases are crafted from the lightest
available balsa wood. The manufacturing process for these
components involves using a diamond laser cutting machine,
which provides very high precision. The flying micro robot
consists of three parts: collector, emitter, and base. The
diagrams of this propulsion system are shown in Figure 1. The
weight of the sample, an important parameter for the relevant
calculations, was 1.15 milli-newton for the propulsion system
with one emitter series (first sample) and 1.45 milli-newton
for the system with two emitter series (second sample).

3- Results and Discussion

According to the graphs in Figure 7, the operating range
of the single-emitter sample and the rise threshold of this
sample is at a voltage of 14 kV and has a good efficiency in
producing thrust up to 17.5 kV, but in the 2-emitter sample,
the rise threshold is 15 kV and it has a good efficiency in
producing thrust up to 19 kV. Also, in the positive corona,
the operating range of the single-emitter sample and the rise
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Fig. 2. Trust of single and double emitter samples in
positive and negative corona

threshold of this sample are observed at a voltage of 17.5 kV,
and it has a good efficiency in producing thrust up to 19 kV.
But in the 2-emitter sample, the threshold for lifting is 18 kV,
and the negative corona has a lower efficiency, so that in the
2-emitter case, the increase in propulsive force at a voltage of
19.5 kV is 44 percent greater than that of the positive corona.

4- Conclusions

According to laboratory research, in the single-amperage
mode, more propellant is produced at voltages equal to the
negative reduction, which results in a voltage of 19 kV, the
amount of propellant force in the negative reaction being
15% greater than the positive intensity. In the dual-emitter
mode, the increase in thrust in the negative corona is greater
than in the positive corona, so that at a voltage of 19.5 kV, the
thrust in the negative corona is 44 percent greater than in the
positive corona. Also, in the negative corona, the amount of
thrust produced in the micro robot with two series of emitters
in the negative corona mode is 79 percent greater than in the
micro robot with one series of emitters. In positive corona,
the amount of thrust in the micro robot with two emitter
series in the negative corona mode is 73% higher than the
thruster with one emitter series in the same negative corona.
All the above results indicate that the thruster with the second
emitter, despite having more weight than the single emitter
mode, produces significant thrust compared to the single
emitter mode and is a more optimal model.

As the voltage increases, the amount of electric current
and consequently the consumed electric power increase
parabolically. In a single-emitter thruster in the positive
corona mode, the slope of the increase in electric power is
greater, so that the amount of electric power consumed in
the single-emitter mode with positive corona discharge is 23
percent greater than that in the negative corona discharge. In
the two-emitter case, in the positive corona, the amount of
electric power is initially lower than the amount of electric
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power in the negative corona due to the low electric current
up to a voltage of 15 kV. However, from this voltage onwards,
due to the higher current gradient in the positive corona,
the amount of electric power also becomes higher than the
amount in the negative corona.

In this research, by using two series of emitters, we
were able to achieve more thrust and better performance
of the propulsion, which ultimately led to obtaining the
thrust required to lift the micro robot. We also found that
negative corona provides better results for this propulsion.
However, adding each emitter requires longer insulator legs
and connecting these emitters, which reduces the thrust-
to-weight ratio, which can be overcome in future research
by using mechanical locks on the components themselves.
We also found that by continuously reducing the electrode
spacing, the efficiency, i.e., the thrust-to-weight ratio, can be
increased.

569

References

[1] A. P. Chattoch, On the velocity and mass of the ions in
the electric wind in Air, Philosophical Magazine, (2005)
401-420.

[2] K. Adamiak, P. Atten, Simulation of corona discharge in
point—plane configuration, Journal of Electrostatic, 61(2)
(2008) 85-98.

[3]N.  Monrolin, F.  Plouraboune, O. Praud,
Electrohydrodynamic  thrust for in atmosphere
propulsion, ATAA Journal, 55(2) (2017) 4296-4305.

[4] P. Babasafari, R. Khoshkhoo, H. Eshraghi, Experimental
investigation of the effect of different corona plasma
actuator arrangements on the amount of thrust produced

on a flat surface, Journal of Aeronautical Engineering,
25(1) (2023), 144-153. (In Persian).


https://dx.doi.org/10.22060/mej.2025.24284.7853

75 ool SlSo (owigee g pui

OM B 0FY Sltao AF+YF Lo @ ojlasd DY 093 «pusS yuol Sl cwdins 4 puiis
DOI: 10.22060/mej.2025.24284.7853

25 9l y9 50 40 B! Cpa  ( Suoladgyiudg ST ol sl SO Sl g S5

* s dll g b ol doe Jsloud

Ol e 28l o inio olSiily diblen alEtils paine

155915 ddy )b
VEF/YIVY el
VEF/510N 10,555L
VEF Sl
VEF/-SIVY 2 oMl )

10 Clols

bg)S lowdly o
@l 95

Ojgw 9 4o (S4)S
Cute glig)S anlss
site sy S adss

6Ug)S adss 5l ealatl b slag 9,50 b oy clyg e 3 ool caa iy G cdlo (Sl 4 dlie ol taoMS
44 28l oo UgyS slowdly (gl Klos dowsdly (sl jSlas jl diged (o aunl il (Secaliad 940 il G2 0 8
(S )orisS gax gy ;503 395U g (yirel)oriiS gblos lyisds S8 sl glad b YL Sy (sl 29580 S, alewsy
03 b SlgygySee (polide )3 (2lg 0k Jilusg (o) 4 6385l )3 395 o0 Sl eyl )18 SASG Sl (une alols 3 a5
sloylos 455y (e (Seolindg g iUl S oo jl oslisal b o il 0 5l 108 auasiiio Jsbo g )5 (o Voo 5l 3o
oo b3S cnl )3 sl Syt lalad loslitul (19 9 1o g o ey iy S9y0 Hg ol b Bl Uy S
Pl g At (5 9 SIS el it 9 Sa & (VoVO 5 V200 YoV WV e (¥ 5) psivosl 518 iliseo clajll sl oslic
o 350 1 okl Cnd & G g 16 AL (6l 93 Jdo Coles )3 g (6l S5 Jo a0 )3 el s & el s oY
92 b 3 g sl (el STl it 303 VA giie (Uig)S 53 s tel 93 Sl (a5 el 58S B (g

ol site Lg)S' 5> (puizmad bl o Cutte (Ug)yS alss b 1o pd ¥Y ¢ die (GUg S adss )3 (salgd consl 5 ¢yl

D) G piel 93 Gl 4 s sl oy (2Rl )3 (gl 3B s pteel ST diged )3 5Ly

2SI 29 1S lgie 4 S0 (gamiuo S5 L S5 i aw G
098Il g il aily ale b cute Wa Llgi o yiel &S a0 &y
ol 51 3pien Jog eos & Yano (55U5) oS o 03
9 453,5 (o0jl yial Caow d Lagyg pSI Gl il e )l gl oS
Ly (pl 48 S (o 2l Cute sl dop s JgSge 42y b
2 bgg g8 Cuow 3 Kgd oo ol HeSIS Lawgs g 183 el bawys
odnlie (gl 9 g0 LS > el 5 42318 135 Igm (sl J3S)se 5,
Mg drgie (69 B Oygo 25 by Sualadg )iy il ol >
lodny o8 08 392581 93 oy JWg Jlosl pl o5 cosys b 2lg2 (b >
IV o0l ™ (S UL oy
by o aohiomalail (30)Sy 53 Ug)S (5455 (sl S XS Jo
slagled b 39Sl o b Jae 8,5 1,8 eolizwl 5)90 Sladl g ]
VU 5y (b 35T 29501285 o 51,8 gl (o Igm oS 30 gl
(sol229)4mg i (59365 93 cySa 9 390 VoWV Jlo 3 V] 592 e
s 63 Vb 5y Cod pailen —w 39581 (gu)S bawgs 0ad Wy

doddo -

2 e slaiyss sbul oy Ladles ety 5 (pwsine
by JS g el Ao gl lagiuns cilo 5 (Shb ojs>
4 Sealizdgnly xS ojgyal lod Sy Bgus Lowsdly S5id Ceoms
lsisdy didsy o ey Jlw 50 g 4 SoSIl slagys o
O e Jus sl Glrde 98 M slp il gy S
3B 9 9 30 B0gdle glgel bl (g dao g5 (g S yeie laba3
Erae Oly @ Ol §958 Cand LI (rizmen g 3yl g CE g 4
ol 00y il e Yl

Sl BT 03,8 o)l oo 51 Wl g0 00 J 58T Sy S sl
445 1S sl ) Sbys il §) 5,90 25 @3 & byl pgiiege JWiSl
o1 S (59 54l cnl dinsS o (Seolindg g 1Sl b
Fool 6 42 (g b o Oyg0 4 Sg8 slioml gl b 295801 S o0

1. Electrohydrodynamic

rkhoshkhoo@mut.ac.ir :olsle jboge orimg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/mej.2025.24284.7853
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

Ol gy dde Gl L o ey as pl 4 Ll 85,8
b owiomen bbe (il g 9 il Tl > )l Jlii] o o
Aol (ials g b Rl Bl Ol Jl e i Jlasl Wy ial33)
9 Brae oly )l JESl o (Bl SIS 4l el 59 Sl
IV sl 138,55 by bt

Slowdly ;o (35 giloand (5)Ken 5 (28 AT Lo 5
Loyl g3 o slawdl gl p oS Sopd Syl LS
i b o0l g jag)Seo WD glad b 0l b il g (oS
lasele (3855l )3 3 JE (pujp g Coudyge ploidie S
ol ded ol 69305 oy bl Ug)S sl (U ol
O 85 13 gase gadlhaesyge Lol 5 Gl bglad ¢ Syl
9 kg5 ©ygot S gl gl CYolas o (Seslialg il ©¥olee olaie
Ol edalcsddy zulis duglie 505 > d9ae ylall g, 5l ealil L
Olria a8 Sy i ojlal o bad ke (i o ey oo
WIY 5l a8 i (228 ol b aslie ) (lpdey 0 oloily
LIV]sib o o3 F

LotV Sy cilo 5 olb (o Kan 5 oy VF) Lo
ol g9 w9 b 8 p 0590 1) Lg)S (slaSles I oolitl
S o ol b (rhddw Jao g (e e Jho ol 059,V ilieo
P Oy 5936 S5l 4 bgyo mlis g Kl lgy 4 g sl
5 Cute sUg)S ads 9 3 JWy sy il oy g (Sl
Sope Sy i 2o )3 9 W5 (qw)pr g BaT 3)90 (o
» oSk Oygo & o Jleel Uy ool a (Bl Gl @ olpieg
2 oY (ite sUg)S )3 g 203 Ve eute (sUg)S (sl (lte diges
930 YA (i (SUg)S )3 5 3020 e (sUg)S sl (smape 45l
29 2oV ute byyS slp Syide ol b (2 dw iged sl
LIVl o iul38l duo VA ¢ aie (gUs,S

S e 3l 025 opp 4 lSen 5 Gyl AFY Lo
Jde 90l edlatwl b aS” sl (gl slaid) 5 Jlw b g BgyS
S ot @l ) (S el oy Uy S Shos (55)1,8 o5 | il
Qo DVFIVY B (6 )b alade pdaws ialS s cdlyys (633,50, (is
4 by @l Seolpdgnl (i5u 3 ian g Uy S Slos S5
s (S SI b Ol 9 (S Ol ol 5905 5]

C8)S LB oy g (34850 )50 (ke g Cute (Ug)S a5 93 ) 5Ly

ovy

Seelipdg ] 1wzl ol ol 1,8 sy 23,90 (275 g0 |
S 398 Oy g Losglon o 69y 32 1y L) Slee I oalil
Slos JS5 50 lynis 4 dogi b & Ly doni (pl 4 g 1S w0
15 [¥ ] 46yt in g palSal 5] 31 oolitl ei5] (oSSl o
b1 clygSee S ptshBen 5 955 o3 5k owtass glp YA Jlo
3 g 5 033l s LU S el ) ol ey 59500 5l o0lii
MolS” &g ) 55 3,90 o) gl 230150 Slgys 4 Syt i3 &
PRI 8 y |y ol s (clagS g 5 8391 53 Sla 42 00 S

dabad oy S Sl Slel ol ledipe FVY oy
IS sty ol Wl 4 sl iy 1y 4SS VY py b S poxie
By ot Oygo 4 eSS g el Jold 6y 0 Jbo S0 L S
> dligg sy 0091 (ogaiaesll Jusd )5S g Jobo s S il
IVt 29 (Siggl Olies 5 4385 auie (gl Sliwas

PU b Jgame "G50l (I35 )3 jite €855 G VY Jlo
Wlindss <o 50 o Jlg (s ploj & ol angi |y (agels wsiig
By ol sloe oles ST sla Jlo > S ps cpl Ll odg 4ids & dgi>
ol b Ve U]y sl slas g ob wmgs ili8l addy VO
Al o

St 39,8 (595 2 3:i0 L Gl Kan 5 S GBI Y YY Lo 5
2908 bl g b bug b w2l ey JB s & LuS dogie
slp Vb el oomen ol Sho b b S5y ol 1098
0o 3 S () 9 bawgie s Vb plSosil ( SVl (23557 (555
WO Gy g pSolS Y Jolee pp &5 &5 bl ol (0 ol Sidly
[ Jood 1) 4 0 2

Oy S b & 3350 13, 1S0n 5 gilag) GBI Y-VY Lo o
oS Wsd e " e e e e 3 (655 )1 Caer (lewl) S
@ Gl oyl S 5l ool b a5 g 039y I Sgunly uilS )8 e
sl o pSles Jlo e 53 9 S (o w28 1) 50 4 55 (il JBlo
Dbl ]y Sy 7o g mb Jhaw 3909 Oy 45k 9 250 00 S9e

Uy S (Slowodly Slae 335 (g 0 e hlSod 5 o AYAA Lo
oy o> g Jlow by Ol iagl cnl 3 Sy )l Jlis] )
Ll 5 Y 55 Jlael 51 Juols (S8l lae b cow SIS S,

adlas 3)90 (630 Cjgohs Jluk g o515 BBje (hgiie (gingd

1. Undefined Technologies
2. VLEO



5 Srae Oy Ol o8 Olipe o ek 5 08y Slyg S
Sl ite g cuto (Ug)S ) wglate glajly ) dSu il oy
Albe yielgd g yiel S Sl > @l 9,
9 ol e2lita] 4l (gla g & Cupns p3l 315 syl
Oy Aliee ol )y roren g Ak 93 ©jgo 4 yiel (5w
@ Canl i Cad (959] Cawd 4 g Conl (Slg0 9 Sy Sygo 4 b yisal
wlie o wges )3 &5 Jygo 5> Ml oo (s ymel 93 b > i

ol 48,5 L8 gy 3)90 el ST glacdls lo)lgen

o9, 9 dlge ¥
d)g0 L§>9§ u»LM 2 OAJ),: ub)s)g.m ;g: b)ﬂoﬁ lio u)‘ )
b b o¥gh It o Sl IS eg cpl 08513 (o)
(o4 gbl) el Slsisas '((B5h) 048 (el Slaseda g yio oo /Y
ey g yio o d 1 e il B wdy Gb)g,See sl .l sddodliin!
ol 005 AR5 (jgm g Ao (g1 )Sw 45 cunl )5 VN0 dgds )]
Colbes LY 5 posegll 5l ayiomw b g dxin 1 edlil 3590 lge
G5 Sl ey | oS e el (rzen o ptedie <Y
oo b iow g axis (pl Col diy )b .Caol 0ad apd 39390 Ll
#0533 @Yl €85 118 sl 05 plol )3 Wigals IS5
lais il o 4l g il eSS ci dw 3ok lygSe LAl
Sl bl oo 4 &S Cowl o &)Y ISS Oyao 4 ke o)
VY o sl jo ULMAJLO)] alS culonds aidle i) oK b oddodlel
059 -l oddpll Joyd Ve Cugby 5 lase Hlid ol S e an
S b Ol 3 sl dbgyje Slwlone pll )3 (otn il & diged
pg> wges) yiel (570 93 L (lpdey 53 5 )5 VN0 ( Jol Wgas) el (5 0

Y P)f V¥

ol 80 5 ST by 9,500 il Jolpe =) =Y
@ bgye (2B alis ladige (ol piy ol cdlo g (bl
oo diged (pl gy b (e (8518 (q) 0 3)90 [FF ] @2y
o g posizegl] (ui 31 o yiual g 451U (gl o slizl SUT a2 8
o b Gl Sk izl il eI oS Juate (slaasly
FoVF W oY ) posiwagll 38 Calisee glasUT 5l onlaal 4 Uas
@8 W s Jlossl o 5 (2 U5 bl Lo 51 (V-0 5 V-0-

1. grade AISI-304L

ovy

A9 Ol Sy Olie QB L ol plis gk ol J) Jols s
e 93 55 (oSl ol 695 Oliee 9 Sy by g (Span
[VFledl il

e g Cute ($Ug)S 3 Sos uilSs =) =)

bl yisel 58 51 sl st (5lig S S Loy ity yigel 1 51
Ol ol Laogi & el canl ke (5, S Lawdly
(S9lite (olg 4 ocie o Gl Ooglite b 93 (o 9 o0 b gy
Wil () Ggelin SO hwyi bl cdad 53 Uy S 9 00
09N a8 903l; (IS8 Elgel L il p (oola (y5igh Loy o5
Dy o Jaitde XS o 2Ll 4yl

G & (598 S9y8 by 98Ul nl (ke (SUg)S 3y50 5
ook E95 9 B3 Sl L bgg 308 0 4 xie 5 3900 ol el
cely 5 g5 00 ST lapysigh corel 2929 & slowdly 5 39550 (Il
Sl ©jpot Cwl (Seo daigiss (nl D98 o0 hnd luid )
S Slep 3 g eslise el G Wigd @l bige 5B
sl 556 (95U slacyote Sl S 98 oDy gl oo Sl
9 b @8 sl I Gomlisg 9 et > el Cute oy
Eard )5S s 4y o 8l g Wigd oo ) Jlob dilaie | colesyd
Aol Job > Juols Cuto g)S oS amd (o (LIS 5 S5 2900
Lol g

B smlisisy bawgs 013l Ayl (g ySIl e gy 350 5
(JB ol a8 o ST (3980 ot 0390 9 39550 599 sl 5| 4l
sl Ly )l (g5508 (551 e b 4y Cad (glagygSUl ol
ObalS e 3 g Bgie g S & gy I G 4y &S]
buog gl (oSl ey g xS 0 Sl Soml Joily
b aSl gus ool D) 5,8 o Clid Jled 4l j3 a8 Ll g xS
Ngd e doml S 00 3)55p yisl 395 L &S Cute a9 bagygigd
S o bl G @ |y gl sl Sl S pSllgisd Sl b
Wile 9515yl sla 5o b Wgd oo M Lowly 5l 457 (olnyg Sl
Aad e St |y ite oy g Wadioe S5 (e 9 oS
248 900 gons uto gy i3S o 8 o 55U s 0 oS
o pbol 1 Gun g o sdalie pj JSE 0 S sk el

S sl S ol S laisd Ug S auds ) eslatul (pw) ¢ 3uios



DAA B OFY doxio VF+¥ Jlo dd 0,leuds Y 095 ¢3S puol SilSn i 4y pii

N
w
IS

1.98

1.93

2.80

11.54

B n Vo W
] [ i |
> [ b
KQ ] B 53
& s A
& D S D
NN — Dy r— N
l W N W | I Y= (N7 N |
rywulll pwyw
@ D€ D
o 1 id
&5 3 =]
a S 1R N
A d|h ’
1 | I |
S>> 8] Q0N

Yol g 5935 1 Selowds At ) KU

Fig. 1. Schematic diagram of the collector and emitter

(S 93 3 yianl S5 ol ety Y S

Fig. 2. Single-emitter and double-emitter thrusters

@ LgyS ccdls oyl o .ai o3l )8 dmas jl gio Sl ¥ V/Y YD
6 18,85y Joe ol 6 ytn aBl) [0 Aol 15 g 15 iS5 550w
b alob L) ) ol )8 (3] 482 & 98 05l adgl (sl Wy o
WSS Olpd Sop ol &5 A5 bl e ilw YIY g V/VOR /YO
o b ojl atg abols yia o YIF alold 55 Lol o 39 390 4 55
3l s Canol 035 031 yinles ¥ S5 55 48 cdal cawd & )5 VN0
A5 asudie odel Cand 4 ol b g A5 o3l il Bl gy 90 4 Lo yisal
sosSlo YIEO LU el (g0 80 S 10 &S Cunl (gldlads gy alold oS

(w)sywal 90 9 U iy 93 Coles yo sl aily alold daxis

ovy

2SI el dig pyr S B B0l Y S pasisegl] 3ado5 w5l
celcusd & Gty Jao ol )3 el sl p3Y Pl 5 dige p 2
B alie Gge) e Bl OVXOIY plo j5 Tl olpiey opl e
Calo gopb Mo e poreagll SWTL Ll 008 (2 (52l VXY
Wgad &S wbdidlo V SS Gillas Loyl V=) Al (g9, boyiel (wd
SIS g 292 390U postaagdl SWT a0l (092 p 3 e & 4yl
S g1 seel Capibgo digas oyl &S Moslinul yio e +,) Cuolius LT,
b Olrdn sl e a8 a8l )3 b el (630 S 5 5SS (550
sloalols ) byl bl o515 p FSw b Ldb g2 iz ]



OM U OFY amiwo NF-F JL» A b)Lo.a.fS QY 0)9 ‘)J,wl t_i.ulSuo (WA 4;).-“)

Fig. 3. Positive and negative high voltage power supply
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Fig. 4. Five 1 mega ohm resistors connected in series
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Fig. 6. High voltage probe.
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Fig. 5. Four-channel oscilloscope.
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Table 1. Accuracy of the equipment used
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Table 2. Thrust values obtained in four tests for the negative corona thruster in single and dual emitter mode
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Fig. 9. Thrust force versus voltage diagram for single and double emitter series micro robots for com-
parison in positive and negative corona
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Fig. 10. Thrust force versus voltage diagram for sin

gle and double emitter series micro robots for com-

parison in positive and negative corona
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Fig. 11. Diagram of changes in electric current as a function of voltage in the positive and negative corona for
single and double emitter thrusters
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Fig. 12. Electric current versus voltage diagram for single and double emitter thrusters for comparing positive
and negative corona discharges
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Fig. 13. Electrical power versus voltage diagram for single and double emitter thrusters in positive and nega-
tive corona
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Fig. 14. Diagram of electrical power versus voltage in two positive and negative coronas for comparing single
and double emitters
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Fig. 15. Diagram of the efficiency coefficient in terms of propellant force for single and double emitter propel-
lants in positive and negative corona
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Table 3. Average values of thrust, electric current, electric power, and thruster effectiveness coefficient with positive

and negative corona in single and double emitter thrusters
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