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Abstract: The article is the synthetic description of themovable point of a contact (Fig. 2). Because ohsuygbrid
methods applied by authors to assign the quantitiempproach, HCB reach a very short time of switcloffgat
characterizing the proprieties of an inductive dyiadrive.  the lack of arc.
The used measuring methods were divided as folldys: The process of HCB working might be divided intoeti
direct methods which make it possible to mark #&rched stages:
guantities on the basis of direct observation & thsted 1) the detection of a short-circuit current (theC§Che start
measuring system, 2) indirect methods which usaiobd of IDD and the commutation of current from C 6,
results (in direct method) to determine the messur 2) the commutation of the current from EE to PHieta
guantities. Very often they require a more complex reaching a suitable gap between contacts)
computer processing or even the use of mathematic8) disconnection of the current by PE.
models. The experimental registration of coil cotrend the
disc displacement was classified as a direct methde The above mentioned stages show that the IDD &ra v
simulating determination of speed, the acceleratiod the important part of the HCB and it has to be charastd by
state of stress in the disc with the use of theaarent and high dynamics, the repeatability of the processtardong-
the displacement were classified as an indirechatet lasting reliability. The IDD fulfils these featuresn

condition that all its parameters are selectedectly.
] ) ) o movable contact (disc)
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1. INTRODUCTION

Inductive-dynamic drive (IDD) is a type of
electrodynamic drive (Fig. 1). It consists of thal evhich is
supplied from capacitor battery and the movabl®seéary
element which is a well conducting, most often an
aluminum disc. The RLC parameters of the coil dircu

should have the small values. Hence, the currenbibfand i é,q:tg
magnetic field have impulse character. Such impiiksle === motionless
induces eddy currents of large values in the alumimlisc. » L contact

This type of drives belongs to the quickest ones amdy
because of the possibility of large acceleratiodlsieving  Fig.1 Construction of contact-IDD system and defdiomeof disc
(a(t)> 100000g), but also because of short timeti@a The
reaction time is measured from the moment the isgul The phenomena occurring in the IDD can be of a retgn
appears in the thyristor gate (Fig. 3) until it dees an thermo-elastic character.
expected moment of the displacement. This fact tned The IDD model which analyses all these phenomenda a
repeatability of this process make these drivessopto takes their coupling into account does not exist. ye
other kinds of drives such as spring, electromagnet Therefore the research of IDD still requires expents. To
explosive. The above mentioned features causedthiegt design the IDD one should select such parametefslfith
are the essential element of the ultra-rapid dirbutakers the following conditions by IDD:
(HCB) [2]. a) the suitable dynamics - determined on the befithe

HCB are the combination of semi-conductive elements courses of displacement, speed and acceleratiagheof
and a contact segment where the disc of the ID is disc,

b) the guarantee of admissible level of tensions.



Unfortunately, these conditions are opposing oftes.  direction (Fig. 3). This approach provided us wititaining
because the reducing the mass of the disc enlatges the larger sensitivity of optical sensor output refegeristic.
dynamics, but simultaneously tensions of the diecease. However, one should underline, that the consequeice
The increase of the disc dynamics at the decrdasemass such a choice was photodiode shot noise genergkig5).
is realized by decreasing its thickness. Howevee th Trip cirut
thickness of the disc should be less than 3 skipthde
because the subsequent layers do not take pareaiirng | —
electrodynamic force. Optical

On the one hand the experimental measurement of
guantities mentioned in a) and b) is very difficuit oL L /Di“
realization, on the other hand it is economicallgundless. B
Therefore, the disc displacement and coil curremt i e
determined by experimental method. However the -time
spacing distribution of magnetic pressure actingtendisc
and the state of stresses were obtained by apptgingplex
method (on the basis of mathematical models bygusin
registered coil current).

These quantities describing the features of an H®
understood by authors as the “measurement” in ts@nmg
introduced in [1] and interpretated in [8]. In tlasisncept, the
term “measurand” results from the generalizationtld  Fig.-3 The measurement system to examine the coitrtiand the
notion of quantity on time and/or space distribagioof disc displacement
vectorial quantities, and on the relationships leetwthem

[8].

Oscilloscope

To obtain the displacement course in time functi¢
one had to carry out conversion on the basis ofotitput
characteristic {which is determined point by point(Fig.5)

ico PE . . S
> - Hence, to achieve satisfactory filtration of thense U} the
R, L, P mean square approximation was conducted applyihg t
> ol B orthogonal Gram polynomials.
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Fig.2 Block diagram of HCB in short circuit O ] Mode
CS-contact segment, IDD -inductive dynamic drive, Epower R TR PP, Morral

electronics element, Pfprotective element, SDC - system of current
detection

Coupling

2. MEASUREMENT SYSTEM FOR IDD QUANTITIES
REGISTERED DIRECTLY
Fig.4 The oscillogram of the disc displacement &mel coil
The measuring system which makes it possible teurrent
register the coil current and the disc displacement

presented in Fig.3. The current waveform is registeby [v) 105 5
using the low-inductive shunt Rk. The waveformdisc
displacement, however, is registered with using tlod 5375

optical sensor. The screen of oscilloscope withetkkemple
of the coil current oscillogram and the voltagensigfrom u,
optical sensor is shown in Fig.4. The main elenwdnthe aas 6125
optical sensor is a photosensitive element. Theoghement -
is covered by the diaphragm which is connectedh¢odisc.
During the movement of the disc the displacing diagm
exposes the photoelement. Therefore, the increasihgut
signal appears on terminals of the sensor.

The authors while testing the optical sensor [5,6] ' ! * Xt ’ )
decided to apply a photodiode system that is aga@ment Fig.5 The output approximated characteristic -U(x)
which was supplied from an external source E irerse

4.125




Obtaining each point of optical sensor characierist 3.1DD STRESSANALYSISBASED ON THE

requires the shift of diaphragm with the use ofélextronic INDIRECT MEASURING METHOD
micrometric screw point by point. Therefore it was
necessary to determine how many measurement paiets In order to carry out a stress analysis it is ne@gsto

had to obtain for a satisfactory approximation lbseathe determine magnetic pressure acting onto disc. prassure
value of mean square deviation is not the sufficiedicator can be determined on the basis eddy currents oflige
of measurement points number. Hence, the autherieda interacting coil current. There is the circuit mbdé IDD
out simulations with theoretical function for which taking movable disc with coil coupling into accowstich
disturbance was added [4]. The theoretical set oénables us to determine such pressure [3]. The tifne
measurement points obtained in such way was appatgd calculations with the use of a PC is too long egtlyovhen
and mean square deviation was computed. The siiongat we have to use a dense mesh. The satisfactory agpwas
were carried out for a various number of measurémeno build a simplified model in programme FLUX apiply
points. Due to the fact that we came up with thalyital MES [7]. The coil current experimentally obtainedsathe
function, we additionally managed to determinedhsolute input quantity for the above field model.

and relative error. While observing the waveformsnean One should underline once again, that the coildfiel
square deviation (which was determined with the oBe penetrating the disc is strongly attenuated asaltref skin
formula (1)) and relative error, the authors madieeision effect. Hence, the pressure determined on the ludistise
about the sufficient number of measurement poifitthe interaction of this field with eddy currents is dted as
output characteristic which were determined poinpbint.  pressure acting onto the surface of the disc.

Obtaining the precise displacement function x(&ssential
to be able to use this function to determine sgeedtion
and acceleration function which were obtained essalt of
differentiation(Fig.7).

Ast, = \/nilmgo(yi - gl(%))? @)

Where: y-set of measurement points
gL(x)- approximating function

0.
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L Fig.8 Current distribution of disc in Flux program

0 % Thanks to the above approach we can determine the
A stresses of the disc with the use of mechanical einod

1*%% (MECH). The MECH model is based on the solution of

vibrating thin plate equation [9]:

..,A\\ e H10 ED4W+62—\ZN - p(rid),t) (2)

' P ot p

0 The input function for MECH model is magnetic prass

1 . warf wd nrd,t) (Fig. 9) which is obtained for each filament toe

disc. In MECH model the disc is divided into 2%fitents.

Fig.6 Mean square deviation and relative error umber of
measurement function
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Fig.9 Time-spacing distribution of the pressuretp(r



The obtained solution of equation (2) makes it fidssto
determine reduced stresses in place and time &mcti
6,(r,t). The detailed analysis of MECH model

realizing MECH model is presented in Fig.10. Thesen
shows the trajectories of movement (the displac¢mEtne
midpoint and the centre of the mass of the disa) tme

system. One should underline that the registratibrlisc
displacement concerns only his centre. Hence, utdcaot

wasbe the basis to determine the distribution of skss
introduced in [3]. The main screen of the programme The solution of the vibrating disc movement and

ts

computer realization was obtained on the assumptian
the disc is ideally elastic, homogeneous and ipatro
Additionally, an assumption is made that disc \ilores

waveform of maximum values of reduced stress in thare not large. Hence, to describe them one carmausse

bottom part of the screen. The programme also stibe/s
animations of the moving surface of the disc. Qulty one

can open the subscreen with stress distributiongakie

radius. The course of this distribution confirnitt the

largest tension is in the centre of the disc.
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different equation with the application of Hook&al. This
approach is justified because the used material thed
dimensions of the disc meet the mentioned requinésne
During the disc designing we must remember thatomby
cannot this disc deform itself but its too big &lastrain is
not advisable.
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Fig.10 Main screen of MECH programme
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On the basis of simulation in MECH model one can4l

determine the essential course of reduced str@ssles disc
thickness function (Fig. 11). The result of sucheistigation
makes it possible to determine the minimum thicknet
disc for which the maximum stresses will not excélesl

admissible value.
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Fig.11 Results of maximat,, and deflection for various thickness
of the disc.
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