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Abstract. The problems of creation and improvement of linel@ctromagnetic machines of
impact action used in mining and construction, ggiglal exploration, immersion of anchors,
piles and other special impulse technologies amsidered. The expediency of using the
operating mode in the work cycle ensuring theahiupply of magnetic energy at the stage of
starting the striking mass of the striker is shoitiis proved that the use of this mode makes it
possible to increase the impact energy and theieffty of an impact electromagnetic
machine.

1. Introduction
Carrying out mining and construction work, geol@agiexploration, immersion in the anchor ground,
piles and other special impulse technologies imeoted with the use of impact machines [1-3].

The use of electromagnetic pulse machines for tipesposes simplifies the process of shock
interaction with a deformable surroundings [4-7].

Experience in the operation of machines and meshaniwith electromagnetic drive shows a
relatively high reliability, increased service lifew costs in production and operation.

Methods for calculating anehgineeringsystems with electromagnetic drive are widely knad
continue to be improved [8-13].

One of the promising areas of research in this &dhe creation and improvement of impact
machines with high impact energy due to the useewé control methods. One of these methods of
control is the momentary retention of the strikdrew the voltage is applied to the winding of the
electromagnetic motor.

As you hold the striker, the starting time andtinéching current increase, and the movement time
decreases. The analysis of the LEMD work processts spring return allows one to increase to
some degree the dynamic efficiency of the engineirmyeasing its speed of movement and
mechanical energy at the output by increasing thteracting force.

One of the effective methods we developed for bogspower electromagnetic motors is the
accumulation of magnetic energy in our own systéimductances during the operating cycle.

Practical realization of the accumulation of magnenergy in the inductances of the engine during
the operating cycle consists in the artificial ntien of the striker with a counter-acting forcen A
experimental test on physical models (Figure 1&tbthat an increase in the counteracting force at
the start-up stage in linear electromagnetic motaakes it possible to improve their specific power
and energy characteristics.
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The implementation of such device can be most siroptried out on the basis of the functional
diagram shown in Figure 1. The device (Figure tjudes the following nodes: DC power supply 1,
control pulse generating unit 2, thyristor converdé working coil 3, control panel 4 and linear
electromagnetic motor comprising a magnetic ciréyiain excitation winding 6, a striker 7, a return
spring 8. An arm restraint device is made on thesbaf an electromagnet 9 with an external pulling
armature 10. The electromagnet is controlled byrmmed a power supply and control device 11 by
applying a voltage pulse, a specific duration ®elxcitation winding 12.
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Figure 1. Electromagnetic shock actuator with retainingkstri

2. Methods of analysis

To determine the influence of the retaining for€¢he striker on the energy and time charactegstic
of a pulsed electromagnetic motor, let us condiderequations of the balance of forces acting en th
firing striker. In the period of touching, when th®bile system is at rest, the equation of thertzaa
of forces of the mechanical system is describedduations:

[Fem(x)_ Fcf(x)] =0 .

t =ty

where m— striker massx— current coordinate of displacemeft,,(X), F (X)— electromagnetic and

opposing forces.
After the beginning of the movement, the equatibrihe balance of forces is described by the
equation of motion of the mechanical system:

2
m‘;T2X= = (0= Fu(R). (1)

The efficiency of converting electromagnetic energg mechanical work during the movement of
a striker is determined by the characteristichiefftux linkage and the working gap.

For a linear magnetic system, the mechanical wéitk@ engine is represented in the form of an
area of an elementary magnetic cycle that detesrthmemechanical work in the form:

A= ~iav) 2)

wherei;,y;—initial value of current and flux linkages corresgling to the moment of starting,,y, -
the values of these same quantities at the tinleeoénd of the movement.
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During the motion, the electromagnetic engine oweres the opposing forcE; (x) . The current
at which the pulling forcd=,,(X) becomes equal to the opposiRg (x), determines the beginning of

the movement of the striker and determines thdirsgacurrent. When the current is lower than the
starting current, the striker is at rest.
Let us imagine the current and flux linkage atriimment of starting in the form:

ip =+2FgX /Ly (3)
v1 =4/2FpXly 4)

where L;— initial inductance corresponding to the initial lkimg air gapx,, F,— force resistance to

movement of the striker at the time of starting.
Let us assume that the reaction force is changéallaws:

Foatt<ty andk=x

Fi :{Fcf (x) att=t, andx< x ®)

The equation of the energy balance of a mecharicaém during the movement of a striker will
have the form:
V2 X2 X2
[mvdv= [ Bo(3 de [ Re( x o, (6)
Vi X X
wherev;, v,—initial and final speed of the striker.

The first term on the right-hand side of (6) det@s useful mechanical work, which is equal to
the area bounded by this characteristic on thdatisment intervalk... X, and the abscissa axis at a

certain current value:
X2 1
[ Ferm(x=2 (kw2 = v 7)(
X

Under the electromagnetic forde,(x) in equation (7), static forcé& (x) is understood. The

2
kinetic energy of the striker at the end of thelstris taken equal to zem% =0.
t

Then equation (6) takes the form:

X2 X2
[ Fem(®) =] Fer(x) dx. (8)
X X
In this case, the entire energy of the magnetid f® converted into mechanical work. It follows
from (8), with the greater forcB (X), there must be more streng,(x) .
If equality (8) is not satisfied, then at the eridie stroke the anchor acquires a certain spged

In this case, the driving force will be equal tareodynamic thrust force. In this case, the expoessi
(6) after integrating the left-hand side can beesented in the form:

mé my ¢ 2
T—T_Xj Fem(x)dx—_x[ Fa( X dx.

According to the initial conditions; =0, then:
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X2 X2
m
_\é = I Fem(x)dx_ j Fcf(x) d>. 9)(
2 X X

After replacing the first term on the right-handlesiof (9) by substituting (7) into it after the
transformations, taking into account (3) and (49,olbtain:

m\é 1/2F0x1(q;2 \/7 —.2\/_1J j < () dx. (10)

Wheni =const, i; =i,, y, =L,i,=LJ, equation (10) takes the form:

% =Ryl ~D)- | Ry (9% (11)

wherek :i.
1
The first term on the right-hand side of (11) deti@es the work of the electromagnetic forces
performed when the striker moves from the initiaition to the final position.
This work is spent on overcoming the strength efstance to movement and the accumulation of
kinetic energy. If you take a striker from thg to x,, that Fy(x)=0, then all the work of

electromagnetic forces expended to the movemethieofinetic energy of the striker:
j (X)dx__vg = Rx(k D). (12)

From equations (7), (11) and (12), it is eviderdttthe greater the resistance to movement of the
striker F, at the moment of starting, the greater the enewmycentrated in the volume of the
electromagnetic machine.

The increase in energy at the end of the energyersion process is associated with an increase in
the starting current and the energy accumulateddmmagnetic field by the moment when the striker
begin to move. From equation (12) it is possibldétermine the final speed of the striker:

v, = {%kl-_l) . (13)

Assuming that the movement of the anchor is unifpracelerated, its travel time is defined as:
- X 2Fx -1 m
. zle/\/ ol - _ [ xm (14)
V2 m 2k (k -1)

It follows from expression (14) that when the holgliforce is increased at the moment when the
striker starts, the time of its movement decreastsch ensures a high final speeg and kinetic
energy.

3. Conclusions

Analysis of the expressions (13) and (14) obtaiakkalvs us to formulate the basic requirements for
electromagnetic machines with holding the strikEhe striker holding devices must provide a
significant resistance to movement at the beginrafighe stroke and a minimum resistance to
movement on the rest of the stroke. It allows thesgbility of adjusting the resistance force to the
movement at the beginning of the stroke and consgiimismall source energy for its work.
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In the development of this direction, effective wagf accumulating magnetic energy in
electromagnetic shock machines of various desigwisparposes have been developed, carried out
with a stationary firing striker, allowing one tmusificantly increase power and energy performance.
The impact energy for individual experimental alestagnetic machines increased from 2 to 4 times
and amounted to 9 ... 10 J/kg. The efficiency @cgbmagnetic machines has doubled and has
approached 50%.
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