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Abstract- In this report we present our progress of the NR
02-0SS-01 project on the development of a prototyp®ust
Particle Analyzer (DPA) and its performance under snulated
Martian atmospheric conditions. Both theoretical aralysis
assuming the predicted environmental conditions oMars and
experimental data on the development of the DPA shothat the
instrument has an excellent potential for its apptation to
measure the size and charge distributions of dustgpticles on the
surface of Mars. The instrument covers a size rangef 0.5 to 20.0
pum in diameter and charge-to-mass ratio of the paitle in the
range 0 to * saturation charge. The measurements @amade on
individual particle basis at a rate in excess of IDparticles per
second. The instrument is made of a Laser Doppler élocimeter
(LDV) and a relaxation cell composed of an aerosatampling
system and an electro-acoustic drive. The aerodyndmdiameter
and electrostatic charge spectra of the particlesra determined in
a non-contact manner by LDV measurements of partie motion
excited by an electric/acoustic field. The performace of the
prototype instrument was tested with JSC-1 Mars dussimulants
under both laboratory conditions and in a vacuum clamber at 5
mb to simulate the Martian atmospheric conditions snulated at
NASA KSC. Instrument design, development and testata are
presented.

|. INTRODCUTION

Martian dust characterization is important for miiging
the effects of abrasion, adhesion, corrosion, amchatje to
mission hardware, and also to reduce the effechwman
health [1]. Martian atmosphere contains a substaathount
of suspended dust which settles on rovers, solaysrand
spacecrafts. Mars has a significant number of ipedl dust
storms, referred to as dust devils which can attaights of
nearly 6 km [2]. Mars has a very low atmospheriesgure (~
5 -10 mb), and low humidity as compared to thatEamth,
which makes the dust on Mars more prone to trilmete
charging and electrical discharges. Due to low Mart
atmospheric pressure, the amount of UV radiatiachang the
surface is high, which leads to photo-ionizationtioé dust

problems, (1) adhesion, between the particles anmel t
substrate, which increases significantly under abgditions,
and (2) deposition of particles increases as tharged
particles seep into the recessed areas of equiprksat, dust
sampling leads to obscuration of optical windows #anses
reducing the performance of detection equipmentririgu
human lunar missions, astronauts have reporteditistseeps
into small crevices in their EVA suits leading tiestruction of
movement. Dust might be transported into Mars hakbite to
leakage or accumulation on EVA suits. The inhatatiof
transported dust can be highly toxic to the healththe
astronauts.

One of the first steps to dust mitigation is to wnthe
particle size and charge distribution of the dustiples. Once
these characteristics are thoroughly known, dugtgation
technologies can be more efficiently designed. Astrument
is needed to measure the particle size and chasgyébdtions
simultaneously on dust particles in real time, vahvdll help
in designing mission hardware to withstand the c$feof
adhesion, abrasion, corrosion and other dust rekffects.

A.Challenges in remote in-situ measurements
For any particle analyzer to function on Mars, many
environmental criteria have to be considered. Tth@apheric
pressure on Mars is about one-two hundredth ofhart
atmosphere, and its atmospheric composition is In&®,.
The electrical breakdown is dependent on the athersp
composition and pressure. On Earth, the electhioshkdown
occurs when the electrical field exceeds 3000 KWhereas
on Mars it is expected to occur at approximatelykad'm,
which leads to frequent atmospheric electrical ltisges at
lower voltages [3]. The analyzer to be operated toabe
tested under reduced pressure levels, to ensuteslgrical
discharges do not occur. The weight and size ofatieyzer
are also of primary concern; the analyzer hasttwithin the
stringent specifications for incorporating it intdlars
missions. A major fraction of the power generatgdhe solar

particle suspended in the atmosphere. Atmosphetist d arrays is needed for maintaining essential seryitesparticle
particles on Mars deposit on solar panels and @bscuanalyzer should use minimal power for its operatidnother

radiation, clogs filters, valves, and mechanicalicks, may

important challenge is sampling of the suspendedt du

deposit on electronic components and cause maifumct particles as they are settling under the influeateévartian

Electrostatically charged dust particles cause tmajor



gravity. The sampling pump should also meet lowghtand The operation of the ESPART analyzer is based en th

low operational power requirements. response of a suspended particle in gaseous medten
excited by (1) acoustic field, (2) electric fieldyr (3)
Il. ESPARTANALYZER simultaneous electric and acoustic fields, usirg ghinciple

of Stokes’ Law and Laser Doppler Velocimetry in

There are many instruments which can measure [garticdetermining the particle size and charge. As aigarravels
size and electrostatic charge distributions [4].e Tmost through air it experiences a drag force which igpprtional
common methods of non-contact measurement of fdize to the aerodynamic diameter of the particle. Frotok&s’
are: (1) Optical Particle Counter (2) laser diffias analyzer, Law [6], the drag force isg=3phdV, for a spherical particle
and (3) Laser or Phase Doppler Velocimetry. Eletétic  if the particle Reynolds number is less than ome.tHe
Classifiers, Differential Mobility analyzers (DMAElectrical  equation,h is the viscosity of the gaseous medium &his
Low Pressure Impactors (ELPI), are based on chgrie  the relative velocity of the particle with respéatthat of the
aerosol particles first, to measure particle simgridution.  medium suspending the particles.
Faraday Cup is used to measure the bulk chargeass-matio When a particle is subjected to an external fotfte time
of powders. Charge separators separate the powdsesl on  required for it to attain its steady state is ahllee relaxation
the polarity of their charge, giving informationlagng to  time of the particle t(). For sinusoidal external forces the
positive and negative charge-to-mass ratio frastidione of  relaxation time is related to the phase lag betwées

these instruments meet the criteria listed in thevipus  oscillation of the particle and that of the exdiatforce. The
section for measuring both size and charge didtdbun real  phase lagf( is related td, by

time. _ 1

To measure simultaneously both particle size aradgeh f=tan" wt p 1)
distribution in real time, the Electrical Single riee The aerodynamic diameterd,] and the electrostatic
Aerodynamic Relaxation Time (ESPART) Analyzer [5asv charge ¢) of the particle can be derived when an external A
developed at University of Arkansas at Little Rooker a  field (E;sinwt) is applied,

number of years. The basic underlying principle tbé .

ESPART analyzer is to measure the phase differéfige 1) 184t

between the oscillating particle motion and theuatio or the da = P 2

electric field. The frequency of oscillation of arficle and an roCe

external sinusoidal field moving the suspended igartare

same but the phase lag depends only upon the déepiva _Vp 3,0/7da Wit 2

aerodynamic diameter of the particles. By calcntatihe _Eo C \](1+ tp) ®)
C

relaxation time from the measured phase lag, thedgaamic

diameter of the particle is determined. whereh is the coefficient of viscosity of medium is coned

_ The measured phase difference is same whetheritfe d for the atmospheric conditions (temperature andgue)V,
is electric or acoustic with the size computatiomade in real g the relative velocity of the particle with respéo the fluid

time. The range of size measured by the ESPARTYz@@l s measured by using the laser doppler velocimefethe
depends on the applied excitation frequency. Whee t ESpART analyzer, an@, is the Cunningham Slip correction
excitation is an AC field gsinwt, the amplitude of particle factor which takes into account that the motion sofiall
motion depends upon the electrostatic charge op#ntcles. particles may not be a continuous flow,s the frequency of

ESPART has been used extensively in copying andrlas g, iiation, and , represents unit density 1000 Kg/mro find
printer industries for measuring the particle saed the o charge ) on a particle from the particle velocity

charge-to-mass ratio of toners. Other applicatiomsude amplitudeV,, the ratio ofV, to the amplitude of the electric
characterization of drug particles used for respiadrug  fg|q E, is determined in real time. For acoustic driveg th

delivery. phase lag and the amplitude ratio both providestmee size
AC or Acoustic fielc information. . . . _
Amplitude of particle motion when the drive However, the acoustic drive allows size distribatio be
is AC provide data on charge and polarity  determined irrespective of the charge q of theigarwhere
an AC drive provides both size and charge inforamatnly
) 7 \J\ when the particles are charged. Operating the ESPAR
,’ N analyzer by alternating the acoustic and AC drive possible
£ A to measure the fraction of the particles that herged.

> /.
N , \
N Ad I1l. DUSTPARTICLE ANALYZER DESIGN

Phase laprovide: Particle motiot
particle diamete A Optics
Figure 1: Motion of a suspended particle driverahyexternal sinusoidal The ESPART analyzer currently used in copier/printe

electric/acoustic field. industries is a large size unit. One of the prinzhrgllenges in



building an ESPART analyzer for Mars (Dust Particle

Analyzer (DPA)) is to substantially reduce its piocg
dimensions, weight, and power requirements.

conventional ESPART analyzer utilizes a He-Ne gasel, a
standard optical system for the LDV with two Braggls to
generate the frequency shifted laser beams and

photomultiplier. For the DPA, the He-Ne gas laseasw

replaced by a laser diode incorporated in a comialgrc
available “MiniLDV" manufactured by Measurement &uce
Enterprise Inc, CA. There are two methods for fesgny
shifting of the laser beams, (1) Bragg Cell (Acousptic
modulators), and a (2) Rotating diffraction gratifi¢pe Bragg
cell needs a high frequency generator to driventiegulators
typically operating at a frequency higher than 3bl2Vi The
MiniLDV employs a rotating diffraction grating toegerate
frequency shifts that can vary over the desiregea@00 KHz
to 5 MHz for the DPA. The grating is rotated by ator
therefore the frequency shift is proportional te tiotational
speed of the motor allowing the DPA operation atesired
frequency shift. The Bragg cells require much mposver
compared to the power requirement for a micromofa.
incorporate these features a MiniLDV was used (Bjg.

The MiniLDV is composed of a laser diode, a rotatin

diffraction grating, transmitting and receiving iggt and an
avalanche photo diode (APD). Its compact size amibjhi
(0.5 Ibs) met our requirements in the developménihe@ DPA
for Mars. The motor speed of the MiniLDV is setpimvide a
frequency shift between the two beams of 300 KH® frobe
also includes the transmitting and receiving optighich is
useful for analyzing the particles in back-scatlemeode. The
two frequency shifted laser beams in the DPA isterat a
distance approximately 50 mm from the MiniLDV prolaad
the intersection creates a fringe pattern withgeirspacing of
1.65 m.

The MiniLDV was mounted within a relaxation chamber

constructed for detecting Doppler signal burstsslaswn in
Fig. 3. The relaxation chamber incorporates botuatic and
electric drives, so as to measure both unchargddcharged
particles respectively. The relaxation chamber Beuthe
sensing probe of the Dust Particle Analyzer (DPA).s

intersection of the two laser beams generated by
MiniLDV. The acoustic and the electric drives aesigned to
operate either alternatively or simultaneously. Thamber is
constructed to operate either in back scattering dorward
scattering detection mode to analyze particle lagicihs under
the applied driving field(s).

Fig. 4 shows the schematic for particle analysiagithe
MiniLDV and the relaxation chamber operating incaviard
scattering mode. A Doppler signal bust generatedeagh
particle transiting the LDV sensing volume is agfrency
modulated signal detected by the Avalanche Phottedber
(APD).The signal is processed using a bandpags fihd an
amplifier, and is analyzed by the data acquisitioard
(National Instruments PCI-5112) on the PC. The Dapp
bursts are demodulated and compared with the drisignals
(acoustic or electric) by the data acquisition card

The

tthe DPA relaxation cell.

a

Figure 3: DPA relaxation chamber for Mars simuldimst sampling.

To calculate the particle size and charge from the

acquired signals, LabVIEW is used incorporating ignal
processing technique of quadrature demodulation
demodulating the FM Doppler burst signal [7].

B. Development of a Sampling system

The conventional ESPART employs a vacuum pump
draw the aerosol particles through the sensingmelat a rate
of 1 liter per minute. Since vacuum pumps are budky

for

to

require considerable power to operate and not yeasil
applicable to Mars atmosphere, an electrohydrodymam

designed to sample the particles to flow througte th (EHD) pump [8] is used for sampling dust partictasough

electrohydrodynamic (EHD) pumps were used: (1)dgump
with a large number of corona electrodes (Fig. 5a)(2) a
pair or ring electrodes (Fig. 5b). The vacuum puisp
substituted by the EHD pump to sample at the dedicsv of

gas. The EHD pump operation is based on ion windyced
by the flow of ions in a point-to-plane corona tiame.

Two different versions of

During corona discharge, ions travel from a HV poin

electrode to ground electrode forming an ion wind.
IV. RESULTS ANDDISCUSSION

To test the performance of the Dust Particle Analyz
(DPA), a comparative analysis of the test aeroa@s done
using a conventional ESPART analyzer and by the D&W.
Typically testing of the ESPART analyzer is donéngs



toners, drug powders, Polystyrene Latex (PSL) ssheoil

droplets, and other aerosols [9, 10].
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Figure 5: Schematics of the two types of EHD pumpstimpling Mars
atmospheric dust particles through the DPA relaxathamber.

The effect of electric field on the measuremenpanticle
size was analyzed, since the breakdown voltagd®@surface
of Mars is much lower than that of earth. The DP&sviested
to measure whether it would give reliable data wighiation
in electric field. For testing, red color toner wai®ocharged
with stainless steel beads and dispersed usingva-dff cup
for sampling by the DPA and the conventional ESPARfe
electric field was varied with the applied voltagetween the
two electrodes at 3000, 2000, 1000, and 500 V veith

see whether the DPA would provide the same sizelition

regardless of the amplitude of the acoustic figlde acoustic
excitation voltage was varied by applying driversigfrom a
signal generator over a wide range. The experirhetdta
showed that the particle size distribution with tteange in
the acoustic drive voltage remained same (FigTHis would

be essential for testing the DPA under Martian ajphere
where larger acoustic voltages might have to bdieghpThe

frequency of acoustic excitation was 2 KHz.
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Figure 6: Particle Size distribution with changeeiactric field

A. DPA test results with Mars Dust Simulant
Ideally, the testing of the DPA is to be performeith

electrode spacing of 2.5 cm spacing between the twactual Martian dust under Martian atmospheric ciowai,

electrodes. About 1000 particles were counted &arherun.
Experimental data showed that the DPA can be opa:rater
a wide range of electric field intensities (Fig.8)milarly, the
effect of variations in acoustic excitation fieldasvstudied to

since no returned dust samples are available, J8Gs
simulant was used. The Mars Dust Simulant is a goad
and sieved dust material
approximating the various physical and chemicapprties of
the oxidized soil of Mars [11]. The chemical comitioa of

obtained from volcanic ash



JSC-1 Mars dust simulant contains predominantly2 (=&
%) SlQ, A|203, and FeO,.
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To analyze the PSD and (Q/M)D distributions of hars
simulant dust, experiments were carried out by gdimey a
dust cloud within a chamber from where the DPA daaw
samples of dust particles for measuring the siz @rarge
distributions. Tribocharging of the Mars dust réisgl from
particle-to-particle collisions and contacts aggid#ferent
materials shows the dust gets charged with masesiath as
stainless steel, Teflon, and glass (Fig. 8). Fiy.sBows the
particle size distribution of size classified Maimulant dust
as measured by the DPA analyzer.

The aerodynamic median diameter was approximately

3.0um, indirect size distribution measurements carsvdust
show that the count median diameter (CMD) of thst dw 1.6
um. Inter-particle charging takes place when théase dust

layer becomes re-suspended in the atmosphere bly hig

velocity (> 30m/s) or in dust devils. Mars dust Iwile
tribocharged against different materials likelyle used in
human and robotic exploration of Mars. The parsicleill
become negatively or positively charged based enwibrk
function difference between contacting materials.

@)

(b)

©

(d)
Figure 8: Characteristics of tribocharging Mars @ant Dust JSC Mars-1
showing Particle Size Distribution (a), Chargeritisition of dust (b), dust
tribocharged against Teflon (c), and against stambteel (d).

B. Testing the DPA under Martian conditions

The DPA was tested in a vacuum chamber designed to
simulate Martian atmospheric conditions at the NASA
Kennedy Space Center using the test setup desitwyed
Mantovani et al. [12]. The relaxation cell was @ddnside
the low pressure test chamber. The chamber wastepleat 5-
7 mb using C®in the chamber. In earth atmospheric pressure,
the DPA can be operated at electrode voltages g0V
across the electrodes. The operating voltage waisceg to
900 V for DPA to function under Martian conditiorie
prevent electrical breakdown. Fig. 9 shows theigartsize
distribution for classified Mars simulant dust. Ndectrical
breakdown was observed.



Figure 9: Particle Size distribution of Mars simitldust measured under
Mars atmospheric conditions using the DPA.

V. CONCLUSIONS

Mantovani, for their contribution towards the deymhent of
the DPA.

(1]

(2]

(5]
(6]

The Dust Particle Analyzer (DPA) developed under th [7]

NASA NRA grant 02-OSS-01 and tested on the simdlate

conditions shows that DPA is suitable to measuth particle
size and charge distributions on Mars. Real-timgigla size
and charge distribution measurements on Mars assile in-
situ using a light-weight low power instrument undéferent
dust concentrations. The DPA is being tested wytintized
design for developing a flight-worthy analyzer fats
application in future Mars missions.
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