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Abstract - Advancementin the field of nanoroboticshasbeen
facilitated by the currentadvancesin nano-bio-technologyand
nanofabricationmethods.The importantusesof nanorobotsare
in advancingmedical technology, healthcareand environment
monitoring. In bio-medical applications, nanorobots need to
swim in biological fluids flowing in narrow channelsof few
hundrednanometersize. The dominatingeffects in nanometer
size domainsare increasedapparentviscosityand low Reynolds
numberswhich makesthe designof a propulsion mechanisma
challengingtask.Micro andnanosizebiological organismsmove
by generatingplanarwavesor rotating helical flagella. In the
present work, design of propulsion with helical flagella is
proposed and a generalized analytical model is developed,
simulated and discussed.The performanceparametersof the
developedmodelviz. velocity andefficiencyhavebeencomputed
basedon resistiveforce theory and comparedwith thoseof the
model availablein literature. Improved performance,feasibility
and generality of the developed flagellar model have been
discussed.
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I. INTRODUCTION

Miniaturization has many appealingadvantagesand has
attracteda lot of attention with improvementsin enabling
technologieslike VLSI, MEMS and Nanotechnology.Small
size of the order of few nanometersto a few micrometersis
itself advantageous,becauseof being comparableto some
biological dimensions.Miniaturized robots can be used for
varioustaskswherethemain challengehasbeenthe size.The
mostimportantof thepossibleusesofnanorobotsis in the field
of medicine where it has the potential to revolutionize the
methodsof diagnosisand treatmentsfor diseaseslike cancer.
Theexistingmethodslike radiationtherapyarenot specificand
have effects onother non cancerouscells of the body. For
similar applications,nanorobotshave to move through body
fluids flowing in narrowchannelsof the body. The motion of
nanorobotsin narrow channelsis eclipsedby an increasein
apparentviscosity, low Reynoldsnumberandnegligibleinertia
comparedto viscouseffects.The importantqualitiesdesirable
for nanorobots are high velocity, efficiency, specificity,
controllabilityanda simplepropagationmechanismthatcanbe
realized with miniaturized parts. In the realization of
nanorobots, other challenges are wearing and friction,
significantBrownianmotion due to thermalagitationandnon
rigidity in nanodomainsdueto which it is morepropitiousto
swim or fly comparedto crawlingandwalking [1]. Inspiredby
the fact that microorganismsexisting in nature function
expeditiously under these circumstances, scientists and
engineershaveshowna greatinterestto conceptualize,model,
analyzeand make micro-sizedswimmersthat can move in
bodyfluids [1-5]. Efficiencyofpropulsionis extremelylow but
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is not a causeof concern consideringtheabundanceof energy
availableto themicro andnanosizedbiological organisms[2].
Consideringan artificial nanorobot,energyavailableon board
and efficiency of propulsionare critical for practical usesof
thesenanodevices.Two majorapproachesto modelpropulsion
in nanodomainsareResistiveForceTheory(RFT) andSlender
Body Theory (SBT). The SBT is more accurate,but it is
computationallyintensivecomparedto RFT [3]. RFT hasbeen
used in publishedliterature to model and analyzepromising
propulsionmechanismsachievedby planaror helical cilial and
flagellar motion. Gray and Hancock[4] developeda general
theory for the propulsion of spermatozoabasedon resistive
forcesgenerateddueto planarbendingwaves.In [6], Hondaet
ale proposeda new method for propulsion by rotating a
ferromagnetichelical coil using magnetic field. Despite the
limitations suchaslow velocity, it circumventstheproblemof
incorporating an efficient motoring mechanismwithin the
head. Biomimetic propulsion mechanismwas consideredby
Behkamet ale [7], wherethe performancehasbeenestimated
by modelingthe dynamicsof motion. Inspiredby the motility
mechanismofprokaryoticandeukaryoticmicroorganismswith
peritrichous flagellation, models for the propulsion of
microrobotshavebeendevelopedand validatedusinga scaled
up model[8].

In theplanarbendingwavemodel,elementsof the flagella
undergooppositestrainsoften andenergyhasto be generated
locally for sustainingthesameamplitudethroughoutthelength
of the tail. The reversiblestraining is less in caseof helical
flagellarpropulsionmechanism.Behkamet ale [7-8] presented
a Biomimeticpropulsionmodelby usingRFT for analyzingthe
performanceof a uniform amplitude helical flagellum. The
flagellumis consideredasa longthin (··..,20 nm thick), helix (2.5
Jllll pitch, 0.5 Jllll diameter)that rotatesat a speedof,....,100Hz.
The helix of the flagellum is consideredto have a constant
amplitudeandconstantpitch in [7-8]. Theinfluenceof varying
amplitude and pitch needs to be explored for improved
performanceof thepropulsionmechanism.In thepresentwork,
a generalizedcase of helical wave mechanismis modeled
wheretheamplitude(y) variesalongthe lengthof the flagella.
The rotationof the helical flagella aboutthe longitudinalaxis,
results in a net forward thrust, in viscous domains, which
propels the robot forward. The mathematicalmodel for the
forces, velocity, and efficiency, consideringa generalcaseof
thehelical flagellarmechanism,is developed.Theinvestigation
on performanceparametersfor the linearly varying amplitude
helical flagellar mechanismis doneand is comparedwith the
constant amplitude model. The results are discussed for
improved efficiency of propulsion for the nanorobot. The
results obtained show that there is a scope for significant
improvementin performanceby varying the amplitude and
pitch. The presentwork is organizedinto threemoresections.
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