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Abstract. Determined are the static parameters of a pothtectromagnet with soft magnet cylindrical cavlijch is
suitable for force transducer in automatic devioe$or commutation in electric circuits. The methimd solving the
task for the dynamics of core’s movement is enasago.
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1. Introduction electromagnets and polarized electromagnets arose.
The development of automated systemsThe main advantage of the latter — necessity of
constantly increases the necessity of new drivingnagnet exciting current only during actuation,
elements. The variety in this area cannot be metombined with the smaller dimensions and mass,
using classic drives with motor-reducer drives oralthough they are still more expensive than the
using classic neutral electromagnets. neutral ones makes them competitive (they reduce
During the last decades a new generation ofhe energy expenses and total heating). In this
electric drives was imposed in practice (linear,connection it's interesting to investigate the
stepper, etc.); as a result in the optimization ofcharacteristics of  polarized electromagnet
neutral electromagnets, including synthesis of thémechanisms with different design and the
design after given features were developed drivepossibility to use them instead of classic neutral
combining simplicity of design with dynamic mode electromagnets as actuators (for example for
of operation. sorting, control of switches for railroads, valves,
At present, as a result of emergence of newriction clutches, etc.). In the present paper are
generation of magnetic hard materials, the interesenvisaged the static characteristics of a polarized
to classic polarized electromagnets was revived. — electromagnet mechanism with soft magnetic core,
Regardless of relatively higher price of new which is particularly suitable as an actuator with
hard magnetic materials and more sophisticatedelay action.
magnetic system, polarized electromagnets have a
lot of advantages, which may justify this interest.2. Analysisof the design
As known, the control current with these magnetsis  The simplified replacing scheme for the
required only during the displacement of themagnetic fluxes is shown on figure 1. The principle
moving  component, unlike the neutral design of the envisaged mechanism is shown on
electromagnets, it is not required at standstillfigure 2. It's based on the commonly used principle
regardless of the static position of the drivenof differential action of the magnetic fluxes ercit
component. On the other side, on equal termby a permanent magnet 1 and control coil 6. There
polarized electromagnets have better dynamiche permeances and the fluxes between the external
performances and higher sensitivity. cylindrical surface of the core and the external
These advantages of polarized electromagnetsiagnetic circuit are not given, as their role foe t
explain the bigger interest in research andtotal electromagnet force is negligible (comparmed t
development of electric drives applying them. Suchthe fluxes passing through the frontal round pofes
drives are by now implemented for control of the core they are significantly smaller and thedsr
vacuum breakers; it may be expected that they wilthey create are almost equal and compensate each
be implemented for drives with two-position other). In the replacing scheme the permanent
actuators in automatics and in particular inmagnet is shown as a generator of a permanent flux
automation of mechanisms and transfer lines irwhen passing through the core splits in directibn o
discrete production. the operational air gags and d”. Flux @’ creates
With the development of new generations ofelectromagnet forceF’, which ignoring the end
hard magnet materials the question for reassessmefilixes at relatively small air gap may be deterrdine
of the choice between the traditional neutral
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It's easy to establish from the replacing scheme
that the fluxesd' and®"are respectively:

D=dg— B and @ =0y ()
Figure 1. Simplified replacing scheme G5 + G G5 + G5
for the magnetic fluxes The total force acting on the core and by it — to
4 P the actuating mechanism will be:
4 N
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= T 1 ol /\/@ and after replacing and transformation is obtained:
L - F=kmpd s, (5)
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) \\ As may be expected at symmetrically placed
core & = 0) this force equals to zero and increases
linearly (at the assumed conditions for
simplification) with the displacement of the cofe.
I normal conditions the core is always placed in one

Figure 2. Principle design of the envisaged mesmani  Of the end positions and in this CASE Xma At
1 — permanent magnet; 2 — core; 3 — external magnet presence of non-magnetic pads it's evident that
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circuit; 4 — non-magnetic pads; pole ring; 6 — coil Xmax = 0o — A, whereA is the thickness of the non-
7 — spring (replacing characteristic of the driven magnetic pads and for that reason
mechanism) -A
Frax = K @3 9606— (6)
Analogically, the flux through the right air gap 0
2 and in a partial case whén= 0 (there are no non-
®" creates forcer’ =q)—. The forcesH' andF" magnetic pads)Fax = kEtD% :
Ho _ To move the core from one end position to the
and the resultant force acting on the dore|F' —F"|,  other end position its necessary control curtgta

at the given design depend on the displacement gfass through the coil and to create in both aisgap

the corex with regard of its symmetric position. At control flux with critical value determined by the
symmetric positionX = 0) the air gaps are equal condition:

and are determined by the geometric dimenslons 1 .
andly: ch :E(CD -® )X:Xmax' (7)
By=0 = dy=0 = O :ﬂ_ (1) After short transformations for the critical
2 value of the control current is obtained:

For every other positiod' = &y - o — X and P, 2

3" = &"y- o + X, whence with sufficient accuracy for ly =20 = [, I max (8)
: WiGs, WIGs )
the set goal the permeances may be determined by _
the expressions: whereW is the total number of turns of the control
coil.
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where axisymmmmetric permanent magnet linear actuators of
n is the coordinate of movement, fior 0, X = Xpax different construction parameters. X-th Int. Conf ELMA
andr] =0 2002 Proceedings, vol. 2, Sofia, 2002, p. 52-59

S .. . 11. Meeker, D.Finite Element Method Magnetics version 3.3.
Fro — the initial value of the resisting force (in the =~ seps Manual, 2003

case of figure 1 — the initial spring force);
m — core’s mass and reduced to it mass of the

actuating mechanism; Received in October 2007
r — coefficient of friction in the system; (and revised form in September 2008)
¢ — spring factor.

The electromagnet transient process depends on

the parameters of the coil and the power supply
circuit and on a number of phenomena connected
with the excitement of the counter voltages during
displacement. The general task is insoluble using
analytic methods and due to this reason iteration
procedures are used [1]. Regardless of this, the
measured times for the displacement of the core
form one end position to the other end position are
short (no more then a few ms) and depend on the
specific case. Thanks to this fact the power supply
system may be switched off immediately after the
end of the displacement.

3. Conclusion

Analyzed is a principal design of a polarized
electromagnet mechanism with a soft core, suitable
for control of mechanical components normally
actuated by neutral electromagnets. The results giv
basis to expect that from operational point of view
it's significantly more economic and highly reliabl
It is suitable for control of two-position valves,
power electromagnets and with some modification
for friction clutches.
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