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1. Wat is ECF
1-1) BD (H ectrohydrodynamc) Efect:

Wienadielectricfluidwthvery lowconductivityis subjectedto a high
electric field, electric body forces are i nduced by the nonuni formty of
electric conductivity and dielectric constant. |In DCfields, the Goul onb
force acti ngonaspace charge, whi chgivesrisetosnal | currents, dom nat es
the di el ectrophoretic force. Unhder certain conditions, the Goul onb force
causes a hydrodynamic instability, yieldi ng convective transport of the
charge carriers or a convective current. The secondary notion of a fluid
inelectric fields, such as convection, chaos, and turbul ence, i s known as
t he el ectrohydrodynamc (BD effect.

1-2) BD and ECGF

| n BHDconvection, el ectricenergyisdirectlyconvertedtokinetic energy
of the fluids. Therefore, BD convection is very attractive in
appl i cations to anewfl ui ddevi ces, but B-Dconvecti on has not been st udi ed
ext ensi vel y.

Inother hands, thereis afact that flui d novi ng phenonenainan el ectric
fieldisgenerally call ed as BDeffect, al though t he nechani smis not fully
solvedyet. Veinvestigatedthe publicationsandreports on B-D and found
3 classifications, as foll ows.

\Classification of BD \

dassification Wrking Gondition Mbility
A Hectrophoresis / l1on Drug 5- 10KVDJ mA Snal |
B) BD onvection 5-10KVvDJ p A Snal |
O BDHud Jet 25KVC 80cn sec
D EF 5-10KvDJ p A 100cm sec

Mbst of fluid noving phenonena which were reported in the past were
classified into Hectrophoresis / lon Drug. Mbility of ion was al ready
cal cul ated as 5misec, and was observed as it is. In addition, nost ion
noves frommnus (-) to plus (+).

B-D onvecti on was observed in space under nicrogravity condition.
According to the report, noving of silicone oil in electric field under
mcrogravity condition was observed during experinent of Mrangoni
Qonvection. BDHuid Jet was reported in 1992. Mving of Furon wth a
smal | anount of B hanol was observed under 25 KVDC

ECQF, our technol ogy, indicates 100cmsec nobility in 5KMDOu A In
addition, nore than 50 kinds of ECF fluids were found whi ch show fully
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different chemcal conposition fromsilicone oil and furon reported in
above. EXF is broadly categorised in BD effect, but there are nany
di fferences fromconventi onal B-D cl assifications.

For reasons, we put the nane for our technol ogy, ECF (H ectro Gonj ugat e
Huid), in1996. W use the nane of ECF through our congress publ i cations

and reports, and it is getting popul ar recently.

1-3) ECGF Jet How
Mbst ECF showj et flow(ECF noving) fromplus (+) tomnus (-), as fol | ows.

FHg.1 Masurenent Equi pnent FHg2 EF Jet How
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Pasticfineparticleswereput inECastracer, andjet fl owwas observed
inl KMCwthred laser beam(FHg.1), as in above FHg.2. Jet flowis
generated fromplus (+) electrode, and flowed into mnus (-) el ectrode.

Infollowng FHg.3, jet flowanong 3 el ectrodes were indicated. This
showed the jet flow(generated fromplus el ectrode) fl owed bet ween 2 m nus
(-) electrodes, not directly toward mnus el ect rodes.
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FHg.3 3 electrodes FHg.4 4 pairs el ectrodes

& & .3 Rod lype electrode

InFHQg. 4, thejet flowanong 4 pairs of el ectrodes showed square fl ow
The jet flowgenerated in plus el ectrode seens not to need to go and
touch mnus el ectrode. This neans, ECF jet flowwoul d not depend on ion
rel at ed phenonena, and woul d i ndi cate sone rel ati onshipwthelectricfield
force.

1-4) ECF Preparation
Det ai | ed ECF nechani smi s under investigation anong our research group
in Tokyo Institute of Technol ogy and Chiba Lhiv., and we know properties
of Gonductivity andMV scosityof thefluidsplacedwthinatriangleinFg.5
only provide a ECF jet flow
Hg.5 Property of ECGF

(Pas)

e
T
L4
N
/
v}
vl
¥
|

102

Viscosily
B
&
0
!
xx

= ) v - 25

10- : A . .
10°'° 1079 1008 107 10°% 1077
Conductivity a (Sm')



ECF Technol ogy Page4/ 10

Above neans, formul ationis available to prepare EOF. Wen H ui d- X and
Huid-Y are | ocated outside of above triangle, Xand Y don't show ECF | et
flowunder electric field, resp. If amxture of Xand Y shows a property
inside the triangle, the mxture shows EGF jet flow

1-5) Qur ECF Technol ogy
V¢ al r eady f ound nor e t han 50 ki nds of fl ui ds whi ch showEC-j et fl owal one,
and we can prepare a formul ation, based on these 50 kinds of ECF, al ong
various requirenents for various applications.
Especi al |y, noni nfl ammabl e property is required in industries, and it is
available in our formilation.

2. ECGF Mtor
2-1) Principle (Vrki ng Mechani sn)
Two kinds of principles were devel oped, as follows in Hg.6.
FHg.6 EXF Mtor Principle
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Hectrodes are installed in nmotor body, called as SE type ECGF notor
(indicatedinabove (b)). ECjet fl ow generatedanong 4 pairs el ectrodes,
hitsthebladedrotor. Rotational speeddepends onvoltage, androtati onal
direction depends on plus and m nus.

Hectrodes are installed on the rotor, called as RE type ECF not or
(indicated in above (c)). ECQ-jet flow generated fromel ectrodes on the
rotor, proceed the rotor itself. O course, rotational speed depends on
voltage, and rotational direction depends on plus and m nus.
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2-2) ECGF Mot or
Adrmp SE type ECGF notor was indicated (left wth propeller in Hg.7-1)
and 3mmyp SEtype ECFwas indicated inrights. Parts of SEtype ECGF notor
were indicated in Hg.7-2.
FHg 7-1 SE EGF Mtor FHg. 7-2 Parts of SE ECF Mtor

2-3) ECF notor conpari son

S nce EGF notor drives on ECF jet flow snaller size (snaller dianeter
of the rotor) shows higher rotational speed (rpm. In addition, power
density of ECF notor increases al ong decrease of notor size, as foll ows.
This property is fully different and opposite fromconventional actuator
system such as nmagnetic notor. B ack points in Hg.8 shows actual power
density of each size EG-notor, and dotted | ine indicates typi cal magnetic
not or property.
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2-4) ECGF Mtor Property

ECF not or property depends on ECF property.

Page6/ 10

For nodel devel opnent and

eval uat i on, is usually used as typi cal nodel ECF because of the cost

and no snel | .
Hectric Feld:

Maxi mnumproperty wth followng test conditionis fol | ons.
6.0 KVDC
ECF (D butyl decandi oat €)

V¢ have nore powerful ECF rather than DBD whi ch shows 2-3 tines power
According to our house data, 60-
70%of effectivity was observed when ECF was LA-1, for your infornation.

density and effectivity in our house.

FHg .91 Mx Property under 6KVDC
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2-5) Qur Recommendation, SE or RE ?

Each nodel has an advantage. |If sinple construction is inportant, we
recommend SE type EGF notor. Light reflection purpose (rotor vane is
mrror) is one of the applications. If power/torque is required, we
recommend RE type ECF notor.

Thus, our recommendati on depends on a requi renent and an appl i cati on.

2-6) Further Devel opnent

D sk-Aate type EG- Mtor i s under devel opnent. V¢ al ready succeeded to
prepare fol l ow ng prototype DP-RE ECGF Mtor (4.5mmthin), |ike as jacket
button in Hg.10- 1.

Qur goal isvery flat and powerful notor. Qur target size for thickness
isless than 2nfmthin, |ike as one cent coin, and the target for power is
bi gger than magnetic nmotor. In this Gtober, we could prepare 2nmthin
notor wth O.2nimthinrotor (likeas film init. Inorder to obtain nore
power and torque, we ar e devel opi ng nul ti fil mrotor systemwhi ch has several
nunber of filmrotorsinoneshaft. In2mmthinnotor body, 2-3filmrotors
can be install ed.

FHg. 10-1 D> RE Mt or FHg.10-2 Rotor of DP-RE type ECGF Mot or
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3. Hydraulic Gontrol Systemsing No Val ve
3-1) Principle (Vrki ng Mechani sm)

As expl ai ned above, ECFt echnol ogy shows strongj et fl owanong el ect r odes.
Wien a hydraul i ¢ fl ui d has aproperty of B, it can be noved anong el ect r odes
under el ectricfield. Ve devel oped newel ectrode syst emwhi ch can gener at e
strong jet flowbetween 2 flat el ectrodes. The new el ectrode system
consi sts of one regul ar surface el ectrode and the other flocked fabrics
surface el ectrode, as follows Fg.11-1, 2.

Wien hydraulic fluid flows (due to punp power) fromleft toright in ECF
val ve systeminFH g. 11-1, we cancontrol thefl oww th counter fl owgenerat ed
bet ween el ect rodes by ECF t echnol ogy. This ECF counter fl owis so strong,
and we can stop the punp flowin the system

H g.11-1: Jet H ow between el ectrodes H g. 11- 2. ECF Val ve system
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3-2) Hydraulic fluid control system(in our |ab)

V¢ prepared fol |l ow ng systemincl udi ng above ECF val ve system
FHg.12-1,2. Hydraulic fluidinour experinent was [ | demtsu Daphne Super
Hydraulic Huid 32] whichisregular coomercial hydraulic fluid, available
i n Japanese nar ket supplied by Idemtsu conpany. Ve found the fluid (as
suppl i ed) shows ECF property under el ectric fields.

FHg. 12-1: Total System H g. 12- 2: Val ve Property Measur enent
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3-3) Valve Property
Usi ng above experi nental system we neasured fol | ow ng val ve properti es.
DD fferential Pressure -1)
Pressure al ong input voltage under constant flowate: Hg.13

Dfferential pressure shows al nost |inear correlation wth applied
vol t age.

2)Dfferential Pressure —2)
Pressure along flowate under input voltage: Hg. 14
Presuure doesn’t depent on flowate, and shows constant al ong const ant
vol t age.

3)Offerential Pressure —3)
Pressure along fluid tenperature under flowate and voltage: Hg.15
Pressure shows decrease al ong fl uid tenperat ure.

d)Offerential Pressure —4)
Pressure stability under constant control condition: Hg.16
Pressure shows good stability under constant condition.
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3-4) Furt her Devel opnent

Fundanental reaserch work wll be fini shed soon. V& are designing and
preparing 4 port val ve actuator wth Weat stone bridge, and our goal isto
nake a mcronachine wth the actuator.

Inaddition, several US patents of ECF technol ogy were obtained in late
1999. This EGF hydraulic fluid control systemwas included in them and
we wll start tofind ajoint devel opnent and busi ness partners in US and
EC

4. Possibility of EGF Technol ogy

ECF phenonena was j ust found only 10 years ago under joi nt research wor k
anong our conpany ( New Technol ogy Managenent (., Ltd., Edamura), TI T ( Tokyo
Institute of Technol ogy, Prof.Yokota) and Chiba Lhiv. (Prof.Q subo).
However ECGF technol ogy is just a baby at this nonent, we can expect nany
applications and possibilities, thanks to the unique principle.

Not using magnetic field, not using air pressure, not using nechani cal
and physi cal nethod, the liquid (socalled EQF) generates astrongjet fl ow
inelectricfield Hectricenergyisdirectly convertedinto nechani cal
ener gy i n EC- Technol ogy. W al soarel ookingfor |icenseestobe abusi ness
partner to proceed ECGF Technol ogy devel opnent .



