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Abstract. The possibility of using electrocontrolled glueR(Elue) for fixing radioelectronic
industry items during their vibrotesting is disebsThe schemes are presented for fixing items
of different materials and shapes to the electradebe basic surface of the fixing device. The
impact of technological factors is demonstratednable us to obtain an increase in the specific
fixing force sufficient for mounting the items irrdeer to conduct experiments in the required
range of vibro-accelerations.
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Introduction

To provide competiveness of the goods producedhey radioelectronic industry it is
required to enhance the quality of their operationthe conditions of intense mechanical
vibrations. In the radioelectronic industry sucknis as integrated circuits, capacitors or
transistors are tested on a mass scale for vilbratiength and vibration resistance [1]. As a
rule, bench tests are carried out using speciabetgnt. The requirements on the tests are to
provide: real vibrations in the range of frequesdrom 0.1 to 5.000 Hz; displacements — from
several tens of micrometers to several tens ofimellers; accelerations from one to a few
hundreds of mfs spectral density of acceleration — up to shwith the error of reproduction
of 10-20 % (for acceleration and displacement) ahd.5 and 3.0 (for spectral density) and
transfer them onto the items of various sizes fedements, for example, resistors, up to whole
constructions.

The most important element in the quality assurasystem for transfer of vibrations to the
object from the source of vibration, in particulre electrodynamic stand, are fixing devices. In
industry different ways and appliances for fixirtgnmis in vibrational experiments are well-
known and widely used. The majority of them are Inaeical fixing type as well as glues, resins
and compounds. The basic feature required of afyfidevice is to provide maximum transfer
of a mechanical energy from a table of the vibnodtto the tested item, which corresponds to
the transfer factor (or coefficient) equal to thaty in the entire working range of vibration
tests.
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Most of the known methods of fixing not only satighese requirements but also create
additional difficulties due to the use of multigtems For example, the application of glues,
resins, compounds requires using technologicadrill(solidification), as well as a difficult
operation of releasing items from gluing. Their léggiion does not satisfy the requirement of
keeping the surface of tested items intact. We tmggested a new and efficient method of
fixing radioelectronic items [2], which is based the electrorheological effect [3,4], and does
not suffer from the drawbacks mentioned above. mbéhod lies in a fast reversible increase in
the effective viscosity and elasticity of an eledteological fluid (ERF) in the slot of a
capacitor in a strong electric field.

In electrostatic fixing devices in comparison wittagnetic devices, the fixing principle is
based on the surface effect due to which it is iptesso keep items of different thicknesses
pressed with the same force. The method allow® usake fixing of magnetic, non-magnetic,
metallic and dielectric materials. Moreover, as fixeng force is evenly distributed over the
entire surface, small items could be fastened iadéent of their position on the surface of the
fixing device.

The main components of electrorheological glueaarmnpolar phase with a high dielectric
resistance of the carrying medium and a solid dggzk phase with a rather high dielectric
permittivity. As dispersion media one can choogétlicolored oils (vaseline, transformer oil),
diethyrs, aromatic carbohydrates, paraffin carbofigs. As dispersed phase silica in various
modifications is widely used (in the form of silicgel, aerosil, and diatomite). Besides silica
aluminosilicates, metal oxides, and other dispemsatrials could be used.

The dispersity of solid particles plays an impottaie, the best results have been obtained
for the particles with the size smaller than oneron. Material should be homogeneous and
without intrusions, that can enhance its condustivihe main factor is the presence of an
activator in ER-glue, which adsorbs on the surfatéhe particles. The most widely spread
activator is water, besides we can use amineslaotds. For practical use of ER glue it is very
important to have stable glue properties, to avaikring of phases and changing of the
dispersed system properties with time. This reaquénet is satisfied by the introduction of fourth
component — surfactant, the type and quantity atkvlare chosen empirically by considering
the value of solid phase surface.

The durability of the structure of an ER glue defemn its content and electric field
strength. It is clear that the total durabilitytbg structure is made up of the durability of one
contact multiplied by the number of contacts oftigles with each other in the volume unit.
The first part of the problem is solved by choosihg most electrosensitive fillers or by their
modifications, for example, by adsorption of spesigbstances on the surface. It is known, for
example, that inorganic substances can be used fidkerafor an ER glue, for example,
crystallohydrates in which the activator is bondedter and also polymers with adsorbed
activator.

Electrosensitive paste prepared for fixing represarthick mass that becomes a fluid starting
from a small deformation. In the experiments wecHjpally used an ER glue of multicomponent
composition.

In Fig. 1,a-c the fixing schemes of item surfaaeshie electrode through the layer of ERF
are presented. In the case of conductive surfatas item, the scheme has an electrode 1,
which is fixed to a nonconductive base 2, to whighapply a high voltage potential from the
source, the layer of ER glue 3 and item 4, linkedhte other pole of the source (scheme I).
For fastening an item having a dielectric surfamheme Il is used. The basic surface of the
mounting table consists of the surface of altempglectrodes 1, linked with the different
poles of the voltage source and fixing on the nodcetive base 2. This scheme can be
applied to fixing metallic items if their surface the surface of electrodes is protected by
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special isolation coating. Item 4 is situated o ldyer of ER glue 3, the potential difference
is created between neighboring electrodes. In ofseounting according to scheme I, the
current chain passes structural bridges in the ¢dyer from the electrodes to the item.
According to scheme Il — from one electrode throtigh bridges, then along the surface of
the item and again through the bridges to the cghentrode.

To obtain fairly rigid connection of the item withe electrodes it is necessary to consider
the mechanical properties of the ERF structurehim e¢lectric field and conditions of the
interactions of the ERF patrticles with the eleceé®dnd item surfaces. For experiments with
the capacitor of cylindrical shape it was suggestedse a device which is described in Fig.
1c. High voltage is applied to the terminal blockThe capacitors under investigation are
situated in the depth of the cylindrical form, wiiepeats the capacitor surface. In between
of metallic insert 7 and capacitor 3 there is the gue. The appliance as well as the table
shown in Fig. 1 a, b can be mounted on the workadde of a vibration stand.
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Fig. 1. Schemes of fixing items to electrodes throughyat of ER gluea — plane item with a
conductive surface, b — item with a dielectric gasurface, ¢ —cylindrical items witr
conductive surfaces - 1, terminal block; 2, currprtection unit; 3, capacitors; 4, plate for
making soldered terminals of capacitors; 5, b&lynsulator; 7, insert; 8, ER glue

The rigidity of the fixing depends not only on thgidity of the structure in the layer of
ER-glue, but on the forces that fix the structur@she surface of the electrodes and item,
which in turn depend on the condition of the bagdage and item, and on the presence of
special coatings. For metallic items the bindinghwhe electrodes in the electric field can be
enhanced by covering the surface with an oxide fivat has semiconductor properties. It
prevents the appearance of electrical breakdowtha@tsame time. For our purposes the
electrodes from aluminium alloys have been prelarily subjected to solid anodizing to the
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depth of 30-8um. For enhancing the fixation of ER glue to theleétric surface of an item
we have deposited a special developed lacquernzptiat has a relatively good adhesion to
most of dielectrics and ensures magnitude of thedaotivity of the item necessary for
fixation.

The rigidity of fixing to the electrodes
has been checked by applying a
displacement force to the item. In Fig. 2 the
scheme of the appliance for determination
of magnitude of fixation forces s
illustrated. At the beginning we clean the
surfaces of electrodes 1 and item 2, then we
deposit a lacquer on the surface of the item.

Fig. 2. Scheme of the appliance for measuren  The lacquer is usually dried at a

the _fixing loading of fixing anitem to the temperature of 18-22 °C during 15-20

working table minutes, the suspension is stirred to the

fluid condition. Further a thin layer of the

ER glue is deposited on the surface of the itemthadtem is pressed to the electrodes. Since
the item is made from conductive materials, itaamected to earth by scheme I. Drive 3 (Fig.
2) transmits a step motiov € 0.04 mm/s) to the slide 4. The value of therfixiforce is
measured by a sensor 5 and is registered by adercér We determine the force at which the
item is moved from the electrodes. Its value isidbd by the surface of the item and the
specific fixing force is calculated (in kPa). Theirfig of the items from dielectric materials has
been implemented by means of scheme II.

Results and discussion

In Fig. 3 a dependence of specific fixing forceta surface unit — 1 cfof the aluminium
detail on applied electric voltage (by scheme ¢. Bi is presented. The depth of the dielectric
layer of aluminium oxide of 3fm is not sufficient since on application of voltaggher than
1500 V a breakdown occurs, but below 1500 V thénfjxforce reaches maximum. At a
thickness of the dielectric layer of {#n its electrical resistance is high and the fixiarce is
substantially lowered.

£ kPa F kPa
| 2
60 4 60 -
50 4 50 - 1
40 4 40 - :
20 - 20 - /
10 4 10 -
0+ T T T T T 0 T T
0 500 1000 1500 2000 2500 U,V 3] 1000 2000 U,V

Fig. 3. Dependence of the specific fixing force in Fig. 4. Dependence of the fixing force in

fixing an aluminium item on the voltage of the fixing an asbestos cement item on the
electric field: 1 - the thickness of dielectric tiog voltage of the electric field: 1 — without a

of the electrode 35, 2 — 50, 3 —ifB coating, 2 — with a lacquer coating

639

© VIBROMECHANIKA. JOURNAL OF VIBROENGINEERING DECEMBER2009.VOLUME 11,ISSUE4. ISSN1392-8716



507.ELECTROSENSITIVE GLUE FOR VIBROTESTING OF RADIOELE®ONIC INDUSTRY ITEMS
E.KOROBKG™, E. B. KABERDINAY, A. KARABKO?, A. BuBULIS?®

Dependence of the value of specific fixing

force of a dielectric detail from asbestos

cement without a coating and with a lacquer

$A s coating on the value of the applied electric

3 voltage (Fig.1 b, the electrode width is 2

mm, the width of the dielectric slot is 2 mm)
is shown in Fig. 4.

An increase in the electric field leads to an
increase in the fixing force, at high voltages (U
> 2500 V) it is possible to lower the foree
fragile splitting of the ER glue from the
surface of the item and the electrode occurs.
. The choice of optimal composition of the ER
Fig. 5. A sketch of the resonance table for the g e  techniques of the treatment of the
investigation of the coefficient of transmitting electrodes and the surface of an item,

mechanical loadings by thER method of fixing o -
items:1 — vibrostand platform; 2 - frame; 3 — optimization of the fixing method allows us

resonance disks — the direction of vibrations; B {0 get the values of the specific fixing force

- f|x|ng table with a Samp|e’ C - the direction of of about 60 kPa, which is Substantia”y h|gher

tightening of the resonance disk;, @p, & —  than the results, presented in [5].

sensors to measure acceleration. The investigations of the vibration

characteristics of plane and cylindrical items

by using the ER-method of fixing the items haverbearried out on a resonance table of
electrodynamic vibrostand VEDS — 10A. The sketchhef table is presented in Fig. 5. In our
experiments ER glue on the basis of silica andsfaamer oil has been used. ER glue was
deposited on the contacted surface, and afterthiistem tested was pressed to it with some
effort.

Fig. 6 represents the transfer coefficient of sistem at different vibration frequencies 1 —
5000 Hz. The transfer coefficient retains the vatue 1 in the range up to 3800 Hz which
corresponds to reliable fixing of an object in @tion tests and meets the requirements of the
state standards.

K -

z
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15 25 35 45 [-10°.Hz

n

Fig. 6. Transfer characteristic of the resonance table dis

The results of investigations of the intensity bé tinfluence of vibrations on the fixing
dynamic efforts for the aluminium sampi#@S=5.4 g/cmi without the use of isolating spacers
have shown that in order to provide a stable fixivith the coefficient of transfek = 1 it is
necessary to use the electric fieldbf 500 - 750 V, the dynamic force of breaking-awaynf
item is equal tang%/S = 23.3 kPa.
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Fig. 7 illustrates the change of the dynamic charétics of ER fixing of an aluminium
samplenVS=5.4 g/cri at different voltages. The fixing was made usigtpn net of width of 15
um, soaked with ER glue which is introduced to avmidakdowns between the sample and the
table. Optimal voltage for these conditiondlis= 1500 - 2000 V, at which, on one hand, the
possibility of the electric breakdown is reduced ,aon the other hand, the required strength of
the field for structuring in the ER layer is formeit the same time, the coefficient of transfer
(curve 1) of ER glue is equal #6= 1 + 1.2, and the dynamic force F (curve 2) is é¢ud7.7
kPa. At voltages on the ER laygr= 3000 V the electric breakdown occurs and thadpxeffect
disappears.

Thus in the former case the effect is higher thathe latter, but the electrical breakdown
remains and this lowers its effective use.
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Fig. 7. Vibration characteristics of ER-methods of fixiag aluminium sample by using the isolating
spacer

The possibility of applying the ER glue for fixinigems during shock proof testing is
illustrated in the table below. The range of dunagi of the influenced percussion impulses was
2 - 5 m/s. The applied electric voltagé)= 500 V.

S Applied The acceleration .
Thgfd;zgﬁﬂon accelpgation, of the sample, K Weight, mg/s
m/s? m/s? 9
Vertical 125 120 1.1 50 -
150 150 1.0 20 95
75 60 0.8 35 18
100 75 0.75 50 -
75 69 0.81 50 -
Horizontal 150 125 0.83 50 57
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Conclusions

Reported research work has proved the possibifigpplying electrorheological method for
fixing different items with the aid of a universdkvice of a new type on the table of a
vibrostand. At the same time the error of reproducbf the acceleration is 11 %, which is
significantly lower in comparison to mechanical kgmces used before for the same purpose.

The ER method of fixing radioelectronic items memising for the technique of testing the
influence of mechanical forces. The proposed metirodides the coefficient of transfér= 1
creating the condition of effective transfer of mauaical energy from the table of a vibrostand
to the tested item with the aid of ER glue. It vallow us to provide high quality vibrotests for
radioelectronic items. In addition to providingldtaoutput characteristics, the suggested fixing
devices possess the required reliability and saifetgervice. Other advantages include their
universality, simplicity of design and low energyeansity (currents of about TG\).
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