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distribution induces a mechanical deformation [4] [5]. A
Abstract— Under external stresses, the response of any specimen is inserted in an electric field generated vy t
material is a mechanical deformation. This paper describes an conducting plates (Fig. 1).
experiment whose goal is to test the accuracy of force
formulations associated with an electric field. First of all two
copper plates are used to generate electric field. A spmen with
high relative permittivity is set on one plate and its defonation
is observed. The geometry of all parts is well describeghysical
properties of all materials are specified. These data allow gone
to build and model this test bench and compare calculatecesults
with experiment.

Index Terms—Electric forces, Local forces, Electric fields,
Experimental validation and energy methods.
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Fig. 1. Two conducting plates (A) and (B) are ugedreate a high elect
field. A body (C), made of a dielectric substanise,submitted to th
electric field and a visible deformation can beesbsd.

hen external forces are acting on a body, deformation.

are always encountered. But, for common materials, .
such deformations will remain invisible if the extat stresses
are very low. The electric field intensity and consequyetttle

I. INTRODUCTION

ELECTRIC FIELD GENERATION

Generating field is easy. Unfortunately, the surroundiing
: . o . does not support high levels of electric field strangn order
local forces induced by it, are limited by the proariof the to avoid electric arc, the difference of potential betwten

surrounding air. Hence, in this experiment, a specimih .
) 9 L P P . two conducting plates must not exceed 11 Kvolt. The
high relative permittivity and very low Young modulus is S X .

geometry is given in the Fig. 2.

submitted to an external electric field. With theseperties,
this specimen can provide visible deformation. By using
material with high relative permittivity, the final ain
increases. But caution is needed when a finite elemedel

is used to calculate electric field distribution. Thedy
geometry must not present any geometrical singularity
Knowing that the body deformation is linked to the exaér
stress distribution, it is possible to test any localcdo
formulation. Local force formulation associated to #mergy
principle is given as an example. Its universal aspe&n
interesting point of view [1] [2].

mm Y’

Il. TEST BENCH OVERVIEW 10 mm 40 mm

.When a opelectnc body is .submltted to an external BCt 5 5 piates (A) and (B) are made of copper thir length in the Z
field, electric forces act on its boundaries [3]. Sucktrass direction is large enough to be considered as iexépnt of Z.
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obtained with such material. With a mould, the geometry
this body can be accurate; a suitable process is peelsent
Fig 3. Water is the most important component and thevelat
permittivity of this material can be assumed to b&.78uch a
high relative permittivity can be prejudicial if theeetric field
distribution is calculated by means of tlimite element
method. Geometrical singularities are not suitable hie t
specimen; they strongly disturb computations [4]. Hettoe,
specimen geometry is given in the Fig 4.

Fig. 6. With these curves, given by the qoession test, the aver:
Young modulus of the test material can be calcdla®mly two curves al
drawn to preserve legibility.

In conclusion, the mechanical properties for this material
Fig. 3. With moulding method, it is possible tonmgacture a bodwith are 0.5 for the Poisson coefficient and 6 000 N/m?ther
accurate geometry. A perfect geometry (a) is ua@dint of this model ce Young modulus.

be done (b) and finally, with this mould (c), itpsssible to build a lar
number of specimens with a perfect geometry. VI. EXPERIMENTAL RESULTS

Measurement must be done without contact and
deformations are very low compared with the test bench
geometry. With a camera and a macro photography leiss, it
possible to observe and measure very low displacements. A
fix gauge is added to the test bench and it is usedfasnce
when measurement is needed (Fig. 7). Looking at photograph
taken of the specimen, its displacement can be measured

(Fig. 8).

Fig. 4. Specimen geometryhe basic material is some gelatine dissc
in pure water.

V. PHYSICAL PROPERTIES OF THE TEST MATERIAL

Two physical properties are needed, since an entire
simulation of this experiment is expected: relative
permittivity, assumed to be equal to 78.5 and Young nusdul
Moreover, for the mechanical model, the Poisson caeffic
is also requwed. Young modulus can be. measured WI.tHe'.SI!Tlp one is the specimen without electfield and the second one is taken w
cgmpressmn tQSt. S_UCh a f_ramework 1S presented gnSFi the 11 Kvoltpower supply is applied. As the fix gauge is Visil the
Finally, repeating this experiment for several load ®amd  photographs, the deformation of the top of the sper can be measured.
also many times, curves can be plotted and an averagegYou
modulus can be deduced (Fig. 6).

Fig. 7. Photographs of the specimen are taken thithcamera. The fii

Fig. 5. Measurement of the Young modulus. The lisdadcreased step
step and the deformation of the body is measured.

Fig. 8. The top of the specimen presents a dispiaoé of 0.15 mt
when an 11 Kvolt power supply is applied.



VII.  NUMERICAL SIMULATION OVERVIEW AND RESULTS

energy variation as a mechanical work is common at both
electric and magnetic field [3] [7] [8] [9]. When twadffdérent

A model is built in XY plane, the behaviour is assumed tdnaterials are taken into account, the local forces loan

be independent of Z. It is sure that with such simplengetry,

expressed as a variation of permeability or as a vamiaif

the electric field calculation should be conduct with aRermittivity. D. Sivoukhine, in studying a very simple teys,
optimised bounding box. However, in this example, a1 suéhows that such result is easily obtained in thee cafs

optimisation is not the goal, a large volume of the suclg
air is taken into account. The structure is centred t6am
square box (Fig. 9). In the vicinity of and within the dpeen,
the mesh density increases (Fig. 10).

Fig. 9. The structure is studied with a large waduof surrounding air.

Fig. 10. Mesh density increases as soon as thsttasture is reached.

magnetic field [6]. Using behaviour law and the prapsrof
continuity for the magnetic flux or for the magnetic diethe
following equation (2) is the basic result of this poinviefw.
The force is normal and the vectar is oriented toward the
outside of the material.

FAlG (e 7B +5m(& mH/In @

With behaviour laws associated to electric field asd she
properties of continuity for the electric field or fitre electric
source field, equation (1) can be deduced from equatjon (2

As the base of this specimen is fixed on the plate,
displacement associated to nodes 0 and 46 are equal to 0 and
local forces associated to this node do not induced
deformation for the whole structure. Local forcesated to
these nodes can be also set to 0. Calculation of anex
displacement can be solved with finite element methid.
this problem has been presented as a 2D problem, it can be
solve with any mechanical software that used finite etéme
resolution. Information about such resolution can be fdond
several books or software documentation [10] [11] [12].[13

Finally, the stress distribution associated to thergne
method gives a deformation with the top of the specimen
having a displacement of 0.1425 mm (Fig. 17).

High-density mesh is not required since the geometry is
smooth. The selected density for simulation is presented in

Fig. 11. With this mesh density, the field distributionthe
surrounding air is calculated and a field plot is showw
Fig. 12. Some numerical results are given in Figs. 1arid

15. Applying the energy method, the local force formulation

(1) associated to the electric field can be writtéfith the
computed field distribution, the predicted stressrithigtion is
calculated and the numerical results are given in Fig. 16

Az 1D +50 ) n (1)

A similarity must be noticed between this electric loca

force formulation (1) and the magnetic local force foiatian
associated to the energy principle [6]. First of @lnsidering

Fig. 11. Mesh density of the specimen is the sairthe electric fiel
and mechanical studies. Nodes on the boundarywambered from O {
46. There are 14 equal segments on the two verticaddrs
consequently 15 nodes are built on these two bsrd€hne top is cut o
into 18 equal segments; it brings the last 17 nodes



Fig. 12. Electric field distribution in the surneding air of the specimen.

Fig. 13. Some numerical values for the electeddfintensitiesalong :
and y references associated to a line at the lefintbary of th
specimen.

VIIl.  CONCLUSION.

A material with low Young modulus is not usual in ¢te€
magnetic devices. It sometimes has some interesting
properties, such as providing visible deformation urider
external stress. Such properties are advantageoustly inse
this test bench. The local force formulation associttethe
energy principle is the only formulation that has bessted
but many other formulations can be evaluated. The geometry
of the specimen is quite simple but more sophisticated
geometries can also be used as soon as they can leedbta
by the manufacturing process presented in section hallki
many other experiments, based on this material, can be
produced and using electric field in place of magnfiid in
studies should be a valuable approach.

Fig. 14. Some numerical values for the electrildfiatensities along tt
top of the specimen.



Fig. 15. Some numerical values for the electmtdfintensities along
and y references associated to a line at the fighindary of th
specimen.

Fig. 17. Deformation associated to the load cassgmted in Fig. 16.

Fig. 16. Local Force intensities, associated t® &mergy principl
induced by the eledc field on the surface of the specimen. TI
values are used as load case in the mechanicalatibn.
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