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UDC 621.3.01

INVESTIGATION OF AN ELECTROMAGNETIC TWO-STROKE VIBRATING
ACTIVATOR IN OSCILLATORY MODE

A.l.Rakhmatullayev!, K.G.Abidov!
Tashkent State Technical University

Abstract. The article considers the results of the study of electromagnetic vibration exciter with
sequentially included capacitor in the electrical circuit, consisting of mechanical and electrical
subsystems. It is shown that by means of the Lagrangian-Maxwell equation the interconnection
between mechanical and electric subsystems can be realized. The relations describing processes
of establishment of amplitudes and phases of oscillations both in mechanical and in electric
subsystems are deduced. The equations connecting the output (amplitude) of vibration of the
vibrating exciter with its input (voltage) of the network are presented. As a result, the formulas
allowing making corrections at the solution of the system describing operation of the
electromagnetic vibrating exciter in two-stroke mode are presented.

Key words: vibrating exciter, vibrating system, Lagrangian-Maxwell equations, electromagnetic
processes, inductance, equations linking amplitude and phase parameters, exponential function,
integration, one-act operation mode, and capacitor.

Electromagnetic vibrators have been increasingly employed in the instrument in recent
years-and in mechanical engineering. An elastic mechanical circuit system often has to be set up
far enough away from the resonance, depending on the specific requirements of the vibration
control system. Therefore a method suitable for calculating these vibrators needs to be
developed.

Lagrangian-Maxwell equations (1) describe the interlinked electromagnetic and
mechanical processes within the electromagnetic vibrator which is an electromechanical system.

doL on_oL_
dt 0x x ax 1
d oL , 0R 0L _ e ( )

dt dq aq aq -

Where the variables g x- charge and travel respectively, g=i and x =3 their speeds,
e=external E.E.S., f external mechanical force, R and H are the so-called electrical and
mechanical dissipation functions of the Relay respectively

1 -2 1 2
R =EZrklk, HZEZ hnﬁn
k n

Where variables q x-function Lagrange-L=(T+W)-(IT* +V), Tzé md? is kinematic

energy of mechanical moving part of vibrator; m-mass, [[ = %cxz- potential energy, c-hardness,

2:2 i
W:;‘; -~ = %RMqDZ-magnetic energy of electric part of vibrator, @ = %, w® =%, »-number
M M
of turns, ® - magnetic flux, R,, - magnetic resistance of the flux path, Ry, = R, 2(’;";’6)  te.
0

consists of the magnetic resistance of steel and gap, V-electric energy of the capacitor. Let the
electromagnetic vibrator two-pin, does not contain in the electrical circuit of the capacitor,
therefore, V = 0; it is not affected by external mechanical force, f = 0; the electrical circuit
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operates alternating DC voltage, the sign of which changes with the frequency of the vibrator
moving part. In this way the auto oscillation mode is investigated.
So, the Lagrange function of this vibrator

L= mo?+ [LD 4 R |92 - 2cx? 2)

HoS

By putting it and its dissipative functions in the system, we will get

d?x dx y 2
mm-f‘ ha‘f‘ cxX = w21gS
_1)3n—
@ 4 [R + 2(x0+x)] ¥ = ﬂ * Ve 1( ) cos(Zn —1) wt

©)

Although the circuit of the electromagnet is alternating DC voltage with high harmonics,
in the threading clutch ¥ the corresponding high harmonics are strongly attenuated. Indeed, if we
assume r=0 for simplicity, then we obtain the following:

4E 1 1
Y = - (coswt —§c053wt + gCOSS(l)t — - )dt =

4E |, . 1, 1.
=— (sinwt — =sin3wt + —sinSwt—...)
Tw 9 25

i.e. the amplitude of the third one closest to the main harmonic is almost an order of
magnitude smaller than the first one. Therefore, in the first approximation, we will not consider

their influence. Therefore, we can assume that the voltage is acting e:% cos wt

In the theory of nonlinear mechanics we add the normal substitution of variables to solve
the system of equations (1).

x=A(t)cos[wt + Y(1)], o = —A(t) wsin [wt +p(8)], 4)
¥ = B(t) cos[wt + ¢(t)], == = —B(Hw sin[wt + ¢(£)], (5)
By means of which the system of equations (3) for instantaneous variables can be

replaced by a system of equations for amplitudes A(t), B(t) and phases ¥(t), ¢(t), and solved
with respect to their derivatives.

The square of the threading clutch is shown over the period graph in Fig. 1. But in the
two-stroke vibrator in one half-period in one core works curve «a>storo graphics, in the other
half-period in the other core - curve «<6> . So the last curve can be flipped (curve «8>). For
the period T the curve «<a+s>wmoxno should be described with the function

T 1 1
P2 = BZZ cos(wt + @) + §COSS(wt + @)+ gCOSS(wt + @) + ]

= %Bz Z%":lm;_lcos Cn—-1D(wt+ @) (6)

We differentiate the second expressions (4) and (5).
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ZZTZ = - %w sin(wt +9) — (o + %)Aw cos(wt + ) )
2
LY 9 sin(ot + ) — (@ +2)Bw cos(wt + ¢) ©
Y2
a O
t
T \‘. -
N o
T " B
™ - g
Y . B -

Fig.1. Slotting curve of the two-stroke vibrating activator.

. . . dx d%x dy d?y .
Let's substitute the expressions X, —, —, u ¥, —, —, in a system
dt’ dt? dt’ dt?
nB2 SR 17— c0s (2n-1)(@t+¢)

4w2puomSw

3) —sm(wt +yY) ++ —wAa) cos(wt + ) =

©)

o
- A;sm(wt + ),

dB | do 4
Esm(a)t + @)+ EB cos(wt + @) = ;sm(wt) — wBcos(wt + @) —

* [xg + Acos(wt + )] + R} —

R 2 .
—EBcos(wt + <p)mA sin(wt + ), (10)
Differentiating the first expression and comparing it with the second one both in (4) and
(5), we get
%cos(wt +Y) — %A sin(wt +Y) =0 (11)
C;—icos(a)t +¢)— C;—(’ZB sin(wt +¢) =0 (12)

These equations should be considered as constraints imposed respectively on functions
A(t), Y(t), and B(t), @(t) in the sense that S Aw, —w K w,TelA LKAAN) L2 for the

period T = —and also, d— < Bw, d— K w,T.e.AB K B Ap < 2w for the period T =—

Solving in palrs (9), (11) and (10), (12) we find equations in standard form presented W|th
respect to derivative parameters of mechanical and electrical oscillations.

1

dA Zn n

2= [ —sm(wt + ) s o 211 4 cos(2n — 1) (wt + w)l sin(wt + )
W o__1ly —sm(wt+¢) i B, cos(2n — 1) (wt + ¢)| cos (wt + 1)
dt A w?uomSw ¢

(13)
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dB

. R , . 2
e {%E sin wt — B wcos(wt + @) — EBsm(a)t + @) {m * [xo + Acos(wt + )] + R} -

2R
w?uyS

Bcos(wt + ¢@)A sin(wt + 1/))} sin(wt + @)

do

4E R . 2
= {E sinwt — wcos(wt + @) — Esm(wt + @) {E * [xo + Acos(wt + )] + R }+

+ wZZR S Bcos(wt + ¢@)A sin(wt + 1/))} cos(wt + @) (14)
0
Proceeding from the above limitations and considering the oscillation parameters as
invariable over the period, the right parts of equations (13) and (14) assiduously integrate them
over the period T. As a result, in the first approximation we will get

dAy _ _hay | mBY 4By _ _L(ﬁ ) A

% = 2m T sa2 omSe sin(g; — ¥;) 15) el +R.)B; + — Ecosq, a6
dp; _ TB? dps _ _ @ .

2t = seriomsan, COS(@1— Y1) dt 2 2mB,

Using these equations one can investigate both the established mode, dy, and the

processes of amplitude and phase setting of oscillations. In the established mode dAtl ‘;’; =
%—% = 0 therefore cos(p; — 1) =0,  hence(p; — 1) = Zor(gp, — ) = 7 _ But the

last ratio for phases does not satisfy the first equation (15).

A= (g~ ) =T (17)

4w2uomwSh

From the system (16), we find

TE 4ELy

A = = 18
' 4\/ 2+m—4(2"g+RC) an2L5+R2 (18)

Q1=

2
Where L, = W - static vibrator electromagnet inductance
uoS

Now the solution (18) by substituting (17) we get

4E?L3
) yowSh(w2L2+R2)

A = (19)

Applied to the standard form of equations (13) and (14), the perturbation theory
method[2] makes it possible to find high approximations of the necessary vibration parameters
A(t), B(t), Y(t) o(t). Following the process, we assume that, as in the preceding average, these
oscillation parameters in the right parts of equations (13) and (14) are invariable and identical to
those found above, and we decompose these right parts into Fourier rows and define the
summation variables.
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dAZ —— = cos 2(wt +q) — —Sm(Zwt + ¢, + 1/)1) + —sm(Zwt +3¢, — ;) — -, )

di,(t)
% + lpj) —

ZapA, cos(4a)t + 3(,01 —Py) + -,

228 — _ZE os(2wt + @) — i sin(wt + @p) +—Bycos 2(wt + @) — ( (20)
T 2 2L,

dt
—gBlAlcos(3wt + ¢ +9Y,)

de,(t) 2E w R .
% = n—Blsm(Zwt + @) — ;cos(wt +¢,) — 5, Sin 2(wt + @) —

—%Alsin(Sa)t + 291 + ) )
Where: p = wpyw?mS, k=w?u,S.

By integrating them, we get them:

A(H)=A
+Y)+...,

+ Y,

Y(O) =+ (0) = 1 — = + _COS 2(wt +q) — sm(Zwt + @1 +P1)-

2
- Llwsin(a)t + 3(p1 - ll)l)—. vy
1

48pA

E B,Z
B(t) = By + By(t) = By — —sin(2wt + 1) + %sin[Z(a}t +@) +E] -

R
- _BlAlsln((l)t + lljl) +

™ ——B,A;sin(Bwt + 2¢, + ,),

3Kw

E Z
P(t) = @1+ @(t) = @, — " cos(2wt + ¢1) + ECOS[Z(wt + @) +év] —
1

R R .
_ EAlcos(wt +1,) + %Alsm(&ut + 29, +Yy),
(21)

Where :

_ 2 _ wLO
Z? w+L2,E—arcth .

Having substituted them in formal expressions of solutions (4) and (5), we find it finally:

X = Alcos(wt + 1,[};) + —sm(wt + 1,[};) +3

cos(a)t +¢,) —

- M *= cos(a)t + 3¢p,—2¢y,) + high > 22)

Y = B,cos(wt + ¢;) — %sin wt + ZB(:—*ZZsin(wt +¢,+&)+

R . :
+—B; * A;sin(p, — ) + high )
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Based on these refined solutions, it is now possible to explain first approximations of the
amplitudes of the fundamental harmonics (17) and (18)

Result of the work:

1. Throughout the recorded works devoted to the study of electromagnetic vibrators,
represented by species equations (3), the latter were solved artificially (the second equation is
separate from the first): either it was assumed in the second equation r = 0, or it was transformed
into an independent parametric equation.

The general dependence of the oscillation half-span on the parameters was obtained for the first
time because of the joint solution of the equations: external voltage, excitation frequency,
friction, electrical circuit resistances.

2. The theoretical and practical correlation (19) shows a sharp frequency limit from above
in the field of application of vibrators, which is imposed on the oscillation amplitude. As can be
seen from (19), if the active resistance of the electromagnet is significant in comparison with the
inductive resistance, then half a span. A, we can consider that it is inversely proportional to the
excitation frequency in the first degree; if the inductive resistance of the electromagnet is much
greater than the active resistance, then semi-span A is inversely proportional to the excitation
frequency in the cube, i.e. for such vibrators at high frequencies of excitation is impossible to
obtain a sufficiently large oscillation amplitude.

3. The correlation (19) can be of great practical importance because it helps to find
friction in this vibrator design, which previously caused great difficulties to be identified, based
on the data on the frequency of excitation and oscillation amplitude known from the experience.

4. The system of perturbation theory has obtained clarifications of the solutions.
Specifications demonstrated complete interconnection of electromagnetic and mechanical
processes, and the effect of not only the electrical component on the mechanical part.
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