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Abstract — This paper presents modelling and design optinimadf a microfeeder which, as part of a microassgmb
system, is used for contactless object deliverg iicrofeeder consists of an array of microactsatdnich are controlled
by electrostatic actuation and used for maneuvesirigoming air jet for object hovering and delibefpe airflow behav-
iour in the microactuator is analysed by meanslwél fmechanics and Computational Fluid Dynamics g Bimulation
from three aspects, theoretical analysis, initegign assessment, and design modifications. Thesfiscput on the basic
types of the microfeeder structure and the effettructural details to the systematic performafdes structural pattern
of the microactuator for forming airflow nozzleidentified and two design plans are proposed ag Isaicture patterns
of pneumatic microactuators. The optimized desigmerically shows the ability of delivering objectis paper analyses
the flow distribution pattern in microactuators graints out a way for effective design of pneumaticrofeeder systems.
The optimization strategy provided by the preseqgp has close relevance to the design and manotgact pneumatic
microfeeder systems.
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There are two types of approaches with regard tdactd
1 Introduction status between the deliveried object and actuatdace [1].
One is contact delivery system that delivers areabpy
The development of microsystems entails sevegﬁaing it on the surface of the system [2]. Théeot is
integrations, respectively in space, function ahgsics. In contactless system, moving an object by the intienaof a
space, microsystems have been developed from tWedium which acts between the device and the pattis
dimensional to three dimensional systems. 3D isbsiC therefore driven above the surface of the systelnTBis
form and rational pattern in the natural world. €wmaction paper is concerned with the latter system. Compainiith a
of 3D features can thus enrich the suitability y§tems and ¢gntact delivery system, the contactless system somse
provide microsystems with extensive developing spand characteristic advantages as follows [4): $urface forces
large design flexibility. In function, more and reoactive can be completely neglectedi) (It is suitable for handling
functions have been developed and performed fbygile, freshly painted, sensitive micron-sizedustured
mlcrosystems..These microsystems are becommgmblqse surfaces;ii) It allows the handling of non-rigid microparts;
systems moving away from passive functional basgg) There is no contamination of and from the enetir.
systems. In physics, mutiple domain is a distiretharacter However there are more constraints for the objecrder for
of microsystems versus macro systems. MultiphyS&sit to be moved with no contact: the object shoutdptanar
widely suitable for microsystems as in the micr@gpashaped and with a balanced weight distribution.
electronic anq thermal are two indispensible plomain Microfluidic systems play a key function in contass
Moreover their effects have to be cosidered witheot pneumatic microfeeder systems. Microfluidic systemase
domains, such as mechanics, fluidics, magnetiasiph and specific characters from macrofiuidic systems. @it
optics, etc. ) from pipe systems used in macro fluidic systems,
In such a variety of product types, a pneumafigicrofluidic systems are constructed with chanrelsolid
microfeeder using airflow as driving resource isaaivanced p|ocks for 3D systems or in planes for 2D and 2s§Btems.
system: it is built based on a 3D microfluidic &8t \jicrofabrication by drilling or lithography is a rtied with
concerned with multiple physics, used through actiyyw materials cost efficiency. However, with unifor
function for delivering objects by means of sped-ghaterials and integrated structure for both charamed
airflows. Arrayed microactuators are included ine thhasement, high structural integrity and stability abtained.
pneumatic actuation system. Complex interactiamsuding  comparing with macrosystems, microfiuidic flow hesme
fluidic ~ dynamics, ~ mechanics, electrostatics  apgculiar characteristics. As a result of their migsize,
electromagnetics, are involved in these pneumaligannel walls take a large share of the crossesecf a
microactuators. Hence this pneumatic microfluidistem channel, resulting in a geometry of channels witghh
operates in a multiphysics environment and perfonms. gyrface-to-volume ratio. This leads to relative Idlow
systematic way. velocity and a laminar distribution as the geneflalv
condition [5]. With channels integrated in vuluntee wall

& Corresponding author: X.Xue@gre.ac.uk
Article available at http://www.ijsmdo.org or http://dx.doi.org/10.1051/ijsmdo/2009003



http://www.ijsmdo.org
http://dx.doi.org/10.1051/ijsmdo/2009003

308 X.D. Xue et al.: Moliteg and Optimization of a Pneumatic Microfeedestgyn

surface quality in microfluidic systems is not aghhas that Hence, the microactuator has four working and cagtral
in macrosystems where the pipe is the basic forcth@pe mode. Figure 3 shows the top view of a microactuato
materials and quality are more optional. Moreovar, neutral and working modes, respectively. In the tradu
microfluidic systems there is generally no freeface and mode, the four nozzles are opened in equal widththa
shear stress becomes a dominant factor. It caredre that, four outcoming airflows produce an equilibrium riéaot
from a manufacturing point of view, comparablyfprce that supports the object making it hoveribgwe the
microfluidic systems adopt a primeval natural céwen in array.

nature, whereas macrofluidic systems generally ttie
advanced natural fluid system forms can that bendoin
living creatures.

The charateristics of microflow leads Computational
Fluid Dynamics (CFD) to become an inevitable mefans
the performance assessment of microfluidic syst&mus.to
the microsize and multiple physics involved, a milridic
system is difficult to be treated with instinct agxperience.
CFD therefore provides a tool for analysis of tlystem
and an instrument for investigation and illustratiof
detailed fluidic performances. Similarly to other
disciplinary support systems, CFD has changed from
traditional assessment means and become active ablver
processes of products in design disposal, faboocati
manipulation and reliability prediction.

This paper, presents a study on design and modedfin

Fig. 1. Arrayed pneumatic microactuator system [6]
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is suspended and moved over the surface of theeldy / L]

the outcoming airflow. Relevant theoretical backgrd of % -1 < =

fluid dynamics is provided and structural analysisl mod- / T

ification are performed.. The focus of this studyput on / T

the effects of structural features of the microetd the /

airflow control. For this purpose, the scope isanrated

on the airflow performance with a qualitative amséyra- -E/—l I—m '\T

ther than a detailed integration of all the effestgh as

electrostatic action and mechanical deformatiore Main Fig. 2. Pneumatic microactuator [6]

contents of the paper are discussed through trads, pe-

spectively on theoretical analysis, modelling & siation When in working mode, electric voltage is appliedhe

and conceptual design. central element and one selected side wall; theamt@s the
armors of a capacitor and move towards each otletalthe

2 Mechanism of the pneumatic actuator electrostatic interaction. As a result, one nozzlelosed and

] ) _another is enlarged. This leads to the equilibriamthe
An arrayed pneumatic feeder for microassembly systs  ajrflow forces in this direction being broken. Witblique
presented in [6, 7]. The array is composed of addet collision of air jet to the object, an actuatingde parallel to
microactuators, distributed in the horizontal plaﬁ'ehe the feeder surface is produced correspondingly.
nozzles are opened and closed by electrostati@i@mtu In  simultaneously controlling the actuators locatedlaunthe
this way, the direction of the outcoming airflowancbe opject in a same phase, a resultant force is fortoedtive
controlled that is used for controlling the movemehthe  the object. As microactuators are arranged in thayan two
hovering object. Figure 1 shows the arrayed pnelematperpendicular directions, the pneumatic microactusystem

By

microactuator system. The tiny actuators in theayarare can produce driving forces to move an Object in two

shaped as 3D cubic structures, each comprisingntate perpendicular directions.
electrode block and four side electrode walls. Faitftow
nozzles, formed from the gaps between the siddretis 1]
and central electrode, are located in the fourssidethe
actuator. In addition to the electrodes, therefawe pillars 1

located at the four corners of the actuator. Thiargi are }

designed as fixed objects on the array for givimg whole 1

structure a higher mechnical robustness. Figurév@sga

description of a single microactuator: pressuriséd is — E
supplied from the bottom of the actuator and eszape N [ | n
through the nozzles located at the top of the aevihe Fig. 3. Top views of a microactuator in neutral and
fast escaped directional air jets produce highgumesat the working positions

bottom of the object, driving it above the arraylanoving

I

towards one direction parallel to array surface. The central electrode is not in contact with thdesi

The elements of a microactuator are connectedRCB  electrodes or the corner pillars in neutral mode.kéep a
board so that an electrostatic force can be credtied 2).  stable state of the central electrode, suspensionisgs are
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implemented between the central electrode and fide The flow is considered as a steady and fully depestioflow
pillars. Unlike macrosystems where suspensionsigprare and satisfies the conservation laws. The mass oaatien
shaped as spiral state in 3D, microsprings are rglye law of a flow can be expressed as [9]
constructed by some simplified methods and strestwvith 0 .
2D method [8], due to the difficulties in microfadation —+divov=0 @)
techniques and limited space in the system. In deisign, . . .
simplified springs with bending beams are adoptedotm Wherep is the density of the flow and the velocity. The
the suspensions. conse.rvatlon of mass reflects thg cont!nwty prt;pgf flow
The direction of the interaction force betweenjeiis and Materials and denotes the relationship of the vigloand
an object depends on the direction of the air iggfiiom the CroSS section of a inside flow. For imcompressitdsvs,
microfeeder, whereas the air jet directions are niyai 0,0/0t =0. Thus, Eq. (1) can be simplified as
determined by the structure of the outlet nozzlesthis divov=0 @)
study, several plans are tested corresponding fteret
relative vertical positions between central ane gbtkctrodes
to optimise the performance of a directional nozEigure 4 (V)
shows the neutral mode when the central and s@tgreties ; —
are positioned at the same height. Consideringyhenetric ot +div(pw) = divT+p P (3)
character of the microactuator in two perpendiculah . &P
horizontal directions, each actuator is apt to lescdbed where T is the stress tensor of the flow a the body
with a 2D model. With regard to the working prodegsof force. The conservation of momentum reflects the
the actuator, two positions are modelled to represke application of Newton's second law of motion in tfegjion

neutral and working modes, respectively. of fluid dynamics, implying that the change rate of
momentum of material control volume, in time andspace,

equal to the forces applied on the volume, by bfmgea

The conservation of momentum of a flow can be
expressed as

and tension stress, respectively.
T iEEEEEEEEE B When supplied through the inlet until it strikes hlanar
si JEERE: T object, the airflow experiences several stagesstlfir it
Lipdna ] ) passes through the cavity. Then, it rushes thrdhghoutlet
. ] nozzle. Finally, it strikes the bottom of the ohjeln the
SiC, I] ] I] ][ following subsections, these processes are analyset
conservation laws.
Spring B .
“' 3.2 Airflow channel
| 1
AR HT T TT izl y The changes of the airflow velocity between thetimavity
Sl'de d inside actuator and the outlet channel can be deddcom
electrode10¢ _ | 20C 20C = Central mass conservation. Exhibited with integral forme tmass
60C electrode conservation Eqg. (2) can be expressed as,
X L. A X A X J pvy_chandpthan: J.pvy_celldptell (4)
Fig. 4.COriginal design of the pneumatic actuator. Dimemtio cell
in the figure are in micrometers or,
Incompressible Newtonian flow is adopted in modejli J Vyfchandpﬂshan: J Vx cel A ®)
All contact surfaces of the airflow with solidscinding the Atan Acel

boundary surfaces of the central electrode, thdénsurfaces where,p is the flow densityV the flow velocity,A the cross
of the side electrodes, the bottom surface of thiead, as area. The subcriptshan and cell denote the outlet channel
well as the suspension/spring surfaces, are matieligh and inside cavity, respectively. Using average ttias for
walls, on which airflows are set to no-slip statscording the velocity, Eq. (5) can be expressed as
to work condmons of the system, the input coratlitiof Vy_chan, angchan: y ool avf‘ . (6)
airflow is determined by air pressure applied oa thlet. That is
The outlet boundary conditions are also set tgpegssures, ’
applied at the boundary interfaces between thecobjed the  V chan a\,g/ V. cel avg™ A A, (7
top surface of actuator. In all circumstances, itilet air It can be seen from Eq. (7) that the average vi#scin
pressure is set to 8 KPa and the outlet air pressiset t0 0. the outlet channel and inside cavity are inversely
The detail process of the electrode motions und@bportional to the cross-area. In this design,atea of the
electrostatic force is not modelled. Instead, a8 in two cross-section of the inside cavity is ten-timest thf the
extreme positions of the electrodes are analysed. outlet channel. The velocity in the outlet chariseherefore
much higher than that in the inside cavity.
3 Fluid dynamics of airflow
3.3 Outlet nozzle

3.1 Conservation laws related
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The pressure loss when the airflow passes thrdugloatlet
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of the nozzle and a/2 the distance from flow ceritre

nozzle can be analysed using the momentum congarvatozzle wall.

law. Having a steady flowd(,0v)/0t = 0. Substituted into
Eqg. (3) and expressed with integral form, Eqg. @)dmes:

2 2
J. min dA:han - Jla‘/outdA:han
Abhan Achan
= (Rn - Pout) A&han - TWANall - mL'Abhan
whereP is the pressurer, the shear stress) , the cross

section for the wall of the outlet nozzle the length of the
nozzle, the subscripts in and out denote the ewfesind
escaping of airflow from a control volume.

From conservation of mass,

J. ,O\lli dAthan = J.Wgutdpthan

)

Athan Achan
Eq (8) becomes:
(P, —Puw)—moL=1, ::”a" ©)
han

For a nozzle with rectagular cross-section of widtland
length b,

A _2(@+b)L
A\:han ab
For a nozzle with square cross-section of edgetteag
A _ 2(2a)L _ 4L
=———=—
A\:han a a
For a nozzle with circle cross-section of diam&er
A _ DL _4L
A\:han 1 7D2 D
4
Substitute these into Eq.(9), one has
4L
P,-P,.=7,—+tpo0L (10a)
Cross
where D is the character parameter of cross-section o

the nozzle. For a circleD_ .. =D , for a square,

2ab
(a +b)
In microflow, viscous forces are far larger thaeriral

force, becoming a dominant factor. Ignoring grawitl
function, Eq. (10a) becomes
4L
P,-P

in out — TW

Ccross

D

eross — &, for a rectagularD

cross

(10b)
Ccross
It can be seen from Eq.(10) that pressure droputiita
nozzle is decided by the length and cross sectfothe
nozzle. As the cross section of the inlet cavitymsach
larger than that of the outlet nozzle, pressure losthe
inlet cell is thus much less than in the nozzleal also be
seen that the solution to pressure loss is tramsfeto
searching wall shear stress. From fluid dynamics,
. _ﬂavx
w ay
where i is the dynamic viscosity the velocity along the
axis direction of the nozzlg,the distance in ratius direciton

year2 (1)

3.4 Interactions of airflow with the object

Figure 5 shows the interaction between the issairftpw
and the conveyed object. The airflow rushes oumftbe
outlet nozzle in an oblique direction, striking the bottom
of the object. When this airflow jet strikes on talid ob-
ject, the particles of airflow do not rebound mdtead flow
over the bottom surface of the planar object [Hdjr the
directional outcoming air jet shown in Fig. 5, madtthe
flow will travel towards the right-hand side.

Interaction force of
object to airflow

Fver
F .

Object

Fig. 5. Interaction between a planar object aniiozir

The interactions between the airflow and the bottafm
the object can be analyzed using the conservafiomomen-
tum. In the vertical direction of the planar objebe interac-
tion follows Newton'’s second law of motion:

% = Z I:ver = Fobj + I:body (12)
or
Z Fver - mvver,l _Vver,O -m verl C Se (13)
At At

wherem is the mass of air particleat the action period the
flow striking the objectV,and V, the velocities of the air-

flow just before and after the |nteract|oZ the resul-

ver

tant force acting on the airflow in the verticaratition, in-
cluding the interaction force of the object to

airflow F,, and the gravity force of the airflofy,, . As the

the

reflect vertical velocity of the airflow,
(12) becomes

F =

obj

W, . becomes zero, Eg.

Vver 0 o CcO SH
) -m +
At A At 9

by equals to the force acting on the object, whichssd

=-m —mg= (24)

=

[o]
to support the object hovering above the microfesdsur-
face. The acting timat is related to the stiffness of the ob-
ject surface.

In the horizontal direction, the momentum interagtcan
be expressed as
d(m\(wr) =S F,, = (15)

or fn

or
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Fm - mvhor,l _Vhor,O - mvhor,l_ VOS|n5 (16)
At At

It can be seen that through the impact interactibthe
airflow with the object, the momentum of the aivilds
changed from an oblique to horizontal directionisTimplies
that all the momentum in the vertical directiorirensmitted
to the force to support the object, whereas mosthef
momentum in the horizontal direction is remaineche T
difference between the original and final momentuims
horizontal direction is transmitted into the frani force
driving the object.

4 Analysis and design of outlet nozzle R
ysis Si9 Fig. 7. Outcoming airflow in the | plan when the ecahand

Airflow direction is closely related to the geomeinf the side electrodes located at the same heights
outlet nozzle which is formed by the gap betweendéntral
and side electrodes. The original design of théebuzzle
is assessed and optimised through the analysiseoéffects
of relative positions between central and sidetedeles on
the outcoming airflow direction.

The original design of the microactuator has bdews
in Fig. 4, in which the upper edge of the centnadl side
electrodes are located at the same height. Firolame
method is used in the modelling. Three analysikages,
Physica [11], Ansys [12] and Comsol [13], were usethe
simulation of this case to verify the suitability different
packages. Consistent results are obtained amosg thece
packages. The maximum airflow velocities of the
microactuator in the outlet channel obtained byphekages
Ansys, Physica and Comsol are 21.0 m/s, 21.4 nds28r0
m/s, respectively. Figure 6 shows the velocity oegrofile Fig. 8. Outcomlng airflow in the plan when the uppdge of
of the airflow simulated with Physica. the side electrode being lower than that of theraén

It can be seen that the microactuator transmitsspiresed electrode
air into accelerated air flows, which are usedtasdriving
resource to support or move the object. The higisqure air
is provided from wide sized inlet to keep a stdbpaut of air
resource. Passing through the narrow shaped auilzetle,
airflows are concentrated and speeded up. The eddagh-
speed airflow rushes out of the outlet nozzle kistg the
bottom of the object.

Fig. 9. Outcoming airflow in ) the plan when the uppdge of
the side electrode located at the same heighteaselow
edge of the central electrode

Fig. 6. Velocity vector profile of micro airflow ithe neutral
position
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I il
Fig. 10. Outcoming airflow in the plan when the eppdge

of the side electrode is lower than the below eafgbe side
electrode

Four locations corresponding to different relativedghts
of the central and side electrodes were modelled
investigate their effect on the air jet directiofifie velocity
vectors are shown in Figs 7 through 10.

Figures 7 to 10 show that the outcoming directiod a
development of the airflow are affected by the dafing
factors: the normal direction of outlet nozzle amelfwall
located outside of the nozzle, and the geometry @nd
pressure in the cavity between two electrodes.ait be
seen that when lowering the height of the sidetedde, the
deflection angle of the airflow incresed. The loingrside
electrode brings two changes to the local structOme is
that a side wall is formed by the side surfaceheftop part
of the central electrode. The other is that themabr
direction of the outlet nozzle is changed. It igha vertical
direction in Figs 7 and 8 and changed to obliquedtiions
in Figs 9 and 10.

It can also be seen that the velocity of the outogm
airflow is roughly inversely proportional to thenlgth of the
outlet channel. The maximum velocity of airflowd&m/s
in the case of full length channel (Fig. 7), 40m/she case
of half-length of the original channel (Fig. 8) ab8m/s in
the case without channel (Fig. 9). This is copeth\iq.
(10), in which the pressure drop over outlet charise
roughly inversely proportional to the length of dtennel.

Based on the simulation results, the initial desigth
the central and side electrodes at same height 6Fay 7)
cannot provide an oblique air jet and is thus abard.
The structures shown in Figs. 8 to 10 can produntigwe
air jets and thus are suitable options. Among thése
obliqgue nozzle configuration shown in Fig. 10 hae t
advantage of providing flexible adjustment for thie jet
direction and is therefore adopted.

The effects of various factors on the airflow disition
are discussed in detail as follows:

* Nozzle normal directianThis determines the normal
direction of the outcoming airflow and is the most
portant factor for the basic direction of the aivil It
can be seen from Fig. 10 that by varying the norm
direction of the nozzle from vertical to an obliqae-
gle, the escaped direction of the airflow is dramat
cally changed.

» Walls located outside of the nozzlhis affects and
deflects the moving direction of airflow escapeohir
the nozzle. A vertical wall located just outsidetloé

X.D. Xue et al.: Moliteg and Optimization of a Pneumatic Microfeedestgyn

nozzle can prevent the airflow to deflect towarde o
side and lead the flow to diffuse towards the otlier
rection. It can be seen from Figs 8 and 9 thatsttle
surface of the top edge of the central electrodkthe
top surface of the side electrode constitute rigti
gled walls to regularise the airflow development.

* Channels Outlet channels have the function of con-
centrating and regulating the airflow direction J.14
Passing through a channel, the distribution ofatie
in the channel becomes even and the flow direédon
focused. However, with high resistance in a micro-
channel, the kinetic energy of the airflow is reeldic
(see Eg. (10)). It can be seen from Figs 6 anda¥? th
the maximum air jet velocity is doubled when thé-ou
let channel length becomes a half of the origimed.o

» Air outlet route Airflow finally goes out between the

bottom of the object and the top surface of theact

tor. This determines the development trend of the a

flow in the final stage. As the airflow movementis-

termined by its kinetic momentum in the early sigge

the movement of the airflow in the late stagesés d

cided by the differences of air-pressures in trstesy.

Air inlet cavity between electrodeShese should en-

sure the stable supply of pressurised air andfgatis

other requirements, such as fabrication, mechanical
and electrostatic performances. A low velocity and
high pressure air is suitable as it can keep coityin

supplies and so obtain a stable performance of the
feeder.

to

5 Conceptual design of microactuator

5.1 Categorizing patterns of microactuator

Being the driving force, the airflow direction ilset focus in
the microactuator design. As discussed above, itileva
distribution is mainly affected by the followingd@ars: ()
nozzle normal position,iij outside walls of nozzle andii{
outlet channel axial directions. The normal directof the
nozzle is formed by the two convexes of the twoedges of
the central and side electrodes. By adjusting #dative
position of the central and side electrodes, diffiéiangles of
the nozzle can be formed. The relative positionhef walls
outside of the nozzle is related to the relativighs of the
central and side electrodes. If located at the dasight, the
normal directions of two walls are towards one dim. If
located at different heights, the top surface af etectrode
and the side surface of the other electrode coistitwo
perpendicular walls outside of the nozzle. In ttase, these
two walls can regulate the outcoming airflow direst
Unlike the wall outside of the nozzle, the wallside the
nozzle in the cell are always positioned in perpardr
angles and thus the airflow in the cavity of théuator is
decided by the width and height.

To form an oblique directional nozzle and two

apgerpendicular walls outside and inside the nozble central

and side electrodes should be located at diffdreights and
one of the central and side electrode has to bpeshas a
angle. There are therefore two possible shapetecfredes,
i.e. angle and wall, and two relative positionstted central
and side electrodes, i.e. whichever electrode withangle
structrue located higher than the other. Figurstdws these
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two basic plans in neutral position, in which thezzies are
formed by two top convexes of the electrodes. Rignis
discussed in the present paper, whereas plan &)béan
processed by literature [3].

Embodying an outlet channel can effectively contha
direction and concentration of an air jet. For azte design
with embodied a channel to increase the conceotrati the
airflow, the axial direction of the channel shouldt in the
vertical direction so that a horizontal branch iy force

can be produced. The design plans with embodietetout

channel is developed from Fig. 11, shown in Fig. Ih2this
way, the outcoming airflows are more concentratea fixed
direction, no matter in a neutral or working motléith an
embodied channel, the oblique surfaces on the aleatrd
side electrodes are also easy to be equipped waih ether
in a working mode. However, a more complex fabrorat
required for this option that, at present statea ishallenge
technique.

It can be seen that two categories of the micreaotu
have some similarities: both have oblique nozzled &vo
perpendicular walls extending out from the nozzl&ke
geometries inside the nozzles are also similarh Rigsigns
can therefore produce similar directional air jetshing out
from nozzles. The differences lie in deflected cli@ens of
airflows. The airflow directions outcoming nozziesPlan A
are towards two sides, whereas in Plan B towarelsémtral
region. As a result, the two flows in Plan B comfrgm the
same actuator will interact with each other and flows in
plan A may interact with the flows from other adjat units.
Correspondingly the acting place of the resultaintiosv
force on the object in Plan B is located aboveuthié and in
Plan A is above unit boundaries.

(@)

(b)

Fig. 11. Two basic designs of air outlet nozzle
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(b)
Fig. 12. Alternative designs of outlet nozzles wittannels
embodied

5.2 Performance of microactuator of Plan A for
this design

Based on the above discussions, the concept deSijan A
is chosen and simulated. The velocity vector pesfiare
shown in Figs 13 and 14. Both figures show oblique
directional outlet nozzles. The difference betwdka two
options is that short channels are embodied in diet
nozzle in Fig. 14. That is, Figs 13 and 14 areesponding
to the Plan A in Figs 11 and 12, respectively. @hgle of
elevaton of the outlet nozzle in Fig. 14 is 60°cdh be seen
that the two designs work well with regard to @il
distribution. Between the two options, the casehwain
oblique channel nozzle results in more concentrateftbw.

An oblique directional airflow is produced. It &es the
bottom of the object, producing both vertical amtizontal
forces for hovering and driving the object.

In working mode, the airflow distribution in an aator is
not symmetric anymore as in neutral mode. Considette
airflow direction, two halves of adjacent neighlbiogr
actuators are chosen for modelling for working mode
Figures 15 and 16 show the velocity vectors ofsiheulation
of the working mode. It is assumed that in workingde, the
airflow flows from one nozzle. It can be seen thdth the
size of outlet nozzle widening, the mass flow rafethe
airflow is larger in work mode than in neutral modiecan
also be seen that the structure with embodied sihamnels,
i.e. in Fig. 16, can be more effective at directing airflow.
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Fig. 13. Velocity profile of the modified designtime neutral Fig. 16. Velocity profile of the modified design @working
mode without nozzles mode with embodied outlet nozzles

After abandoning the long upright outlet channeddug
the original design and adopting an oblique dicewl
nozzle, the direction of the outcoming airflow isoma
controllable and the velocity of the airflow is ieased. This
results in a more flexible suitability of the feesland a more
effective action of the airflow.

Fig. 14. Velocity profile of the modified design time neutral
mode with embodied outlet nozzles

P

Fig. 17. A prototype of the new design

The initial microfeeder design has been modifiedttosm
basis of the results from the CFD simulations. Seltdnges
have allowed an improvement in the device perforeain
directing the air towards the desired directionss®&l on the
result, a prototype shown in Fig. 17 is being bailtthe
University of Norttingham. The corresponding relesa will
be reported in due course.

6 Conclusions

Multidisciplines of electric, mechanical and fludiare
concerned with the microfeeder and fluidic dynamics
behaviour is the key factor for the system perforoea
Electric mainly plays control roles to apply theatostatic
force on electrodes of the units and also for therdination
of the arrayed system. Mechanical functions arelired in
the movement of electrodes to control the stateairdiow
nozzles and to undertake the task driving an objdaidic
dynamics is used for performing actuation functitimder
the actions of electric and mechanic effects, ftiseridution
and momentum of the airflows are controlled to sacitate
that their interactions with the bottom of the albjevill
produce appropriate air-pressure force to hover drne it
to the desired position.

Fig. 15. Velocity profile of the modified design@working
mode without outlet nozzles
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The development of the airflow in the microactuatan
be divided into three stage$) {nputing into inlet cavity, i{)
speeding-up through nozzle anii)( interacting with the 4.
delivered object. The inlet cavity should sustaiccastant
high pressured air as the action resource of tleeoattuator.
The cavity should not be designed too narrow fig thason
and by such the resistant force to airflow can aksoeduced.
The nozzle is the key link for producing directibaajet. Its 5.
performance is closely affected by geometry caoutiih
around the nozzle. The interaction between thdomireind
the object is determined by airjet direction antbeity. The 6.
vertical branch of the momentum of the airjet prcekithe
hovering force and the horizontal branch creatsditiging
force for moving the object.
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for air-flow distributed micromanipulatignJournal of
Microelectromechanical Systenib(4), 912-926 (2006).

P. Lambert, V. Vandaele, A. Delchambiéon-contact
handling in micro-assembly: state of the ,arin
Proceedings of the International Precision Assembly
Seminar IPAS’ 2004, Bad Hofgastein, Austria, 67-76
(2004).

G. Karniadakis, A. Beskok, N. AluruMicroflow and
Nanoflow: Fundamentals and SimulationéSpringer,
New York, 2005).

M. Turitto, Y.A. Chapuis, S. RatchevPneumatic
Contactless Feeder for Microassembly Proceedings of
IPAS’2006 - The Third International Precision Asdsyn
Seminar, Bad Hofgastein, Austria, published by 1&pat

The geometry of a nozzle is decided by the normal as “Precision Assembly Technologies for Mini anccidi

direction of the nozzle, the walls extending frdme thozzle
and the nozzle structure, i.e. whether embodyirty wi not 7.
a channel. The outcoming direction of the airflavmainly
determined by the normal direction of the nozzldheT
extending walls outside the nozzle have the functod
enhancing the airflow direction. With two perpendar
shaped walls extending from a nozzle, the airflam de 8.
controlled so to have a significant horizontal spee
component. The effect of the air exit route is tedato the
final travel trend of the airflow. As the airflows this
studied microfeeder flow towards two sides of that,u 9.
interactions between airflows from two adjacenttsimay

Products”, 53-62 (2006).

M. Turitto, S. Ratcheva, X. Xue, M. Hughes, C. Byl
Pneumatic contactless microfeeder design refinement
through CFD simulation In Proceedings of 4M 2007,
The 3° International Conference on Multi-material Micro
Manufacture, Borovets, Bulgaria, 65-68 (2007).

R.M. Lin, W.J. Wang, Structural dynamics of
microsystems — current state of research and future
directions Mechanical Systems and Signal Processing,
20, 1015-1043 (2006).

P. Wesseling, Principles of Computational Fluid
Dynamics (Springer, Verlag Berlin Heidelberg, 2001).

occur. The structure detail inside the cavity afethe 10.B. Massey,Mechanics of Fluids(Taylow & Francis,

stability of the air supply and the electrostaticce level.
These two have contradictive requirements in masgs.
The basic structures for pneumatic microactuat@ ar

categorised into two patterns. These are correspgnid 12.ANSYS Inc.,

relative positions of the central and side ele@sdBoth

London, 2001).

11.PHYSICA — Multi-physics Simulation in the 21th

century,http://www.physica.co.uk/
ANSYS Release 11.0 Documentation
(Canonsburg PA. USA, 2008).

have oblique outlet nozzles and can produce daeatiair 13.COMSOL multiphysicshttp://www.comsol.com
jet as the driving resource to move an object. these two 14.N. Naik, C. Courcimault, H. Hunter, J. Berg, J. L&

structural patterns, adopting embodied directioclzdnnel
for outlet nozzle can increase the effectivenessthe

actuators. In this situation, the outcoming airfloan be kept
in a fixed direction for both neutral and workingdes and
so has steady performance. Anyway in this casection

becomes much more challenging.
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