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The article discusses the issues of determining the effectiveness indicators of an electromagnetic vibration
exciter in a dynamic mode of operation. It is established that this system is whole system of electrical and mechanical
circuits. In this case, the mechanical part operates in the mode of forced vibrations. The oscillation parameters of the
system, such as amplitude, frequency, and phase, largely depend on the parameters of the system load. For the
analysis of this system, differential equations describing an electromagnetic vibration exciter have been compiled. For
this purpose, the dependence L(x) of the inductance on the displacement is used. The dynamic modes of one of the
ways of asynchronous excitation of an electromagnetic vibration exciter are investigated. The accuracy analysis and
the evaluation of the results were performed by the Fisher criterion for the regression model. To analysis of transients
in the electromagnetic vibration exciter, were used the software packages WinFact and MatLab to simulate and
optimize dynamic systems. It is established that the system, depending on the initial conditions in the simulation, goes
into one of two very different modes. In this case, the initial zero conditions switch the system into a “cyclic” mode,
and in other, non-zero conditions, the system goes into an approximate cyclic mode, characterized by a higher speed
of movement of the anchor. The parameters of the steady state cyclic movement are determined by the method of
harmonic balance.

The obtained results allow us to describe autoparametric oscillations of the electric equivalent circuit. It has been
established that the compilation of harmonic balance equations corresponding to a linear system helps simplify the
solution of the task of determining the dynamics of forced oscillations. The expressions for determining the tractive
force and the current flowing through the circuit are obtained, the wavelet spectra of vibration are constructed using
the MatLab software package. As a result, for the mechanical part of a nonlinear system, in fact, it is necessary to
solve only harmonic balance equation. The results show that this theoretical model allows a more qualitative and
accurate assessment of the observed phenomenon. Based on this, the asymptotic conditions for solving the harmonic
balance equations of a nonlinear system are determined. The expressions for the electromagnetic force acting on the
anchor are obtained, the conditions for the harmonic balance of the mechanical part of the system are determined. The
expressions obtained allow us to construct the amplitude-frequency characteristics of the electromagnetic vibration
exciter. In conclusion, not only qualitative, but also quantitative estimates of the observed phenomena were obtained.
It has been established that mechanical oscillations of a nonlinear system are insensitive to changes in the supply
network and practically have a large amplitude with a constant frequency.

Key words: nonlinear system, electromagnetic exciter, mechanical fluctuations, Fisher criteria, harmonic
balance condition, armature.

VY crarti po3risAnaloThCs TUTAHHS BHU3HAUCHHS ITOKa3HMKIB €(QEKTUBHOCTI €JIEKTPOMAarHiTHOro 30ypKyBada
KOJIMBaHb B JMHAMIYHOMY pEXHMi poOoTH. BcTaHOBIEHO, MO I CHCTEMa € IUIOI0 CHCTEMOIO EJNEKTPUYHHX 1
MEXaHIYHUX JIAHIOTIiB. Y I[bOMY BHIIAJKy MEXaHIYHA YaCTHHA NPALIOE B PSKUMI BUMYIIEHUX KoIHBaHb. [lapameTpu
KOJIMBaHb CHUCTEMHM, TaKi SK aMILITyJa, yactora i ¢a3a, Oararo B 4OMy 3aJie)KaTh Bijl IapaMeTpiB HaBaHTAXKCHHS
cucremu. Jlns aHamizy wmiel cucremu Oynam ckianeHi audepeHLialibHI PIBHSHHS, L0 OMNHCYIOTh 30YAHUK
€JIeKTPOMArHiTHUX KOJHMBaHb. [ IIbOTO BHKOPHCTOBYETHCA 3aleXHICTh L (X) 1HAYKTHBHOCTI BiA 3MIIICHHS.
JocmipkeHo OUHAMIYHI PEXHUMH OJHOTO 3 MUIAXIB AaCHHXPOHHOTO 30y/KeHHA 30yIJHHMKA eJIeKTPOMAarHiTHHUX
KOJIMBaHb. AHaJi3 TOYHOCTI Ta OIiHKA Pe3y/bTaTiB MPOBOAWIN 3a KpuTepiem dimepa mis perpeciitnoi monemi. s
aHaJi3y MepexigHUX MPOIECIB B €IeKTPOMArHiTHOMY 30YyAHHKY KOJIMBaHb OylIHM BHKOPHCTaHI MPOTPaMHI MaKeTH
WinFact i MatLab nmus imitamii 1 onruMizamii AUHAMIYHHUX CHCTEM. BCTAHOBIEHO, IO CHCTEMA, 3aJIEKHO Bif
MOYAaTKOBUX YMOB MOJICTIFOBAHHS, NEPEXOANTh B OJUH 3 JABOX JYKE PI3HHX PEKHMIB. Y I[bOMY BHIIQJIKy [1OYaTKOBI
HYJIbOBI YMOBH IIE€PEMHKAIOTh CUCTEMY B «IIMKIIIYHHI» PEKHUM, a B IHIIMX HEHYJIbOBHX YMOBaX CHCTEMa IEePEX0IUTh
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B HaONMKEHWH LUKIIYHUN PEXUM, L0 XapaKTEepU3YEThCs OUIBII BHUCOKOIO LIBHIKICTIO pyXy skops. ITapamerpu
CTaIIOHAPHOTO LUKIIIYHOTO PyXY BU3HAYAIOTHCSl METOOM I'apPMOHIHHOTO OajiaHcy.

OtpuMaHi pe3yNnbTaTh J03BOJISIIOTH OMUCATH aBTONApaMETPUYHI KOJIMBAaHHS €IEKTPUYHOI €KBIBaJEHTHOI CXEMHU.
BcraHoBieHO, 10 CKJIaJaHHS PIBHAHb TapMOHIMHMX OaNaHCIB, IIO BiNMOBIJAIOTH JIHIWHIA CHUCTEMI, CIpPHUSE
CIPOIICHHIO PO3B'sI3aHHS 3a/1a4i BU3HAYCHHS JHHAMIKH BUMYIICHHX KoJMBaHb. OTPUMAHO BUpA3 Ui BU3HAYCHHS
TATOBOI CHJIM 1 CTPyMYy, IO MPOTIKae IO KOHTYPY, BEHBIET-CIIEKTPH BiOpallii moOymoBaHi 3 BUKOPUCTAHHSAM ITaKeTa
nporpam MatLab. Sk HacHimoK, A1 MeXaHIYHOI YaCTHHU HENiHIHHOI CHCTEMH, IO CYTi, HEOOXITHO pO3B'S3aTH JIHIIC
rapMoHil{He piBHAHHS OanaHCy. Pe3ynpTaTd moka3yroTh, MO I TEOPETHIHA MOJEINb T03BOJISE OUTBII SIKICHO 1 TOYHO
OLIIHUTH CIIOCTEPEeIKYBaHE sIBUINE. BHUXOASYM 3 LOrO, BU3HAYAIOTHCS ACHMIITOTHYHI YMOBH PO3B'S3aHHS PIBHSHB
rapMoHiifHOTO OanaHcy HemiHidHHOI cucteMu. OTpPUMaHO BHpPa3HW UL €IEKTPOMATHITHOI CHJIM, IO Ji€ Ha SKip,
BU3HAYCHO YMOBH I'apMOHIHHOT0 OajlaHCy MeXaHiqHOI YacTHHU cucteMu. OTprMaHi BUpasu J103BOJISIIOTH TOOYAyBaTH
aMIUTITYyJHO-4aCTOTHI XapaKTEepPUCTUKH EJIEKTPOMArHITHOro 30y KyBaya KojuBaHb. Ha 3akiHUeHHsS OTpUMaHI He
TIJBKY SIKICHI, alie ¥ KiJIbKICHI OLIHKU CIIOCTEPEKYBAHUX SBUII. BCTaHOBICHO, 110 MEXaHIYHI KOJIMBAHHS HENIHIHHOT
CHCTEMH HEUYTJIMBI J0 3MiH B MEPEXi )KUBJICHHS 1 MPAKTHYHO MAIOTh BEJIMKY aMILTITYy 3 MMOCTIHOIO YaCTOTOIO.

KurouoBi ciioBa: HeniHil{HA cHCTeMa, eIEKTPOMArHiTHUN 30y/IHUK, MEXaHIYHI KOJIMBaHH:, kKpuTepii Dimrepa,
CTaH TapMOHiifHOTO OalaHCy, apMaTypa.

B cratee paccMaTpHBArOTCS BOTPOCHI OIPENENCHHUS TIoKa3aTened 3((EKTUBHOCTH AIEKTPOMATrHUTHOTO
BUOpPOBO3OYIUTENSI B IOHHAMHYCCKOM pPEKUME pabOTHL. YCTaHOBICHO, YTO JaHHAas CHUCTEMa SBIACTCS COUHOMN
CHUCTEMOH 3JIEKTPHUECKOT0 M MEXaHHMYECKOro KOHTYpoB. IIpu 3ToM MexaHuueckas 4yacTb paboTaeT B pexuMe
BBIHYXJICHHBIX KoJjieOanuil. [lapamerpnl KkoneOaHMH CHCTEMBI, TakMe Kak aMIUTUTyna, dactora W ¢asza — B
3HAUUTENIBHOM CTEIEHM 3aBUCAT OT IIApaMETPOB HArpy3Ku CUCTEMBl. [l aHanu3a JaHHOM CUCTEMBI COCTaBIICHBI
muddepeHnnanbHple  YpaBHEHHUS, XapaKTepH3YIOIIUE O3JCKTPOMAarHUTHBIM BHOpoBo3Oymurens. C 3TOil 1ejbI0
HCIIOJIb30BaHa 3aBUCHMOCTh HHIYKTHBHOCTH OT mepemenietus L(X). MccnemoBaHbl AUHAMHYECKHE PEKUMBI OTHOTO
W3 BapHaHTOB AaCHHXPOHHOTO BO3OYKICHHS D3JIEKTPOMATHHTHOTO BHOpPOBO30yauTens. TOYHOCTHOW aHamM3 u
OLICHMBAHME PE3YJbTAaTOB BBINOJIHEHBI MO Kputeputo @Duiuepa g perpeccHoHHOW Monenu. s aHamusza
MEePEXOIHBIX MPOILIECCOB B IEKTPOMATHUTHOM BHOPOBO30YIUTENE UCIIOIB30BaHbI Mporpammubie maketsl WinFact u
MatLab anst MOAETMPOBAHUS ¥ ONTUMH3AIMU AUHAMHYECKHX CHCTEM. Y CTAHOBICHO, YTO CHCTEMa,B 3aBHCUMOCTH
OT HayaJbHBIX YCJIOBHM IPU MOJECIMPOBAHUH, NMEPEXOAUT B OJHO MX JIBYX CHJIBHO OTIMYAIOLIUXCS pekuMoB. Ilpu
9TOM HayajlbHbIE HYJEBBIE YCIOBUS MEPEBOMAAT CUCTEMY B «UUKIUYECKHI» PEXUM, @ B IPYIUX, OTIUYAIOIIUXCS OT
HYJISl YCIOBHSIX, CUCTEMa MEPEXOAUT B MPUOTU3UTEIBHBIN IMKINYECKUN peXHUM, OTIMYAIONIUXCS Ooyiee BBICOKOM
CKOPOCTBIO IepeMelieHus sKopsl. IlapaMeTpsl yCTaHOBUBILIErOCs peXuMa HUKINYECKOrO IIEPEMELICHUs] ONPEACICHBI
METOZIOM TapMOHHYecKoro Oamanca. IlodydeHHBIE pe3ynbTAaThl IO3BOJIIET OINMCHIBATH ABTONAPAMETPUYECKHUE
KoJIeOaHUS DIIEKTPUYECKON CXeMBbl 3aMelIeHHsA. YCTAHOBJIEHO, YTO IOCTPOCHHE YPaBHEHUI TapMOHHYECKOTO
OamaHca, COOTBETCTBYIOIIMX JIMHEHHOW CHCTEME CIIOCOOCTBYET YIPOILICHHWIO peIIeHUS 3aJadd OIpeleleHuUs
JUHAMUKH BBIHY)KJIEHHbIX KojeOaHud. IlomydeHbl BBIpaK€HHS M OINpEeseHUS  TATOBOM CHJIBI M TOKa,
MPOTEKAMOIIEro MO HEMH, ¢ MOMOIIbI0 mporpaMmmuoro nakera MatlLab mocrpoeHns! BeiiBier cnekTpbl kKonebanuit. B
pe3ynbTate, A MEXaHUYECKOW YacTH HETMHEHHON CHCTEMBI, (aKTHISCKH, HEOOXOANMO PEUINTh TOJIBKO ypaBHCHUE
rapMOHHUYECKOro OanaHca. [lodydeHHBIE pe3yabTaThl MOKA3bIBAIOT, YTO JaHHAS TEOPETHUYECKas MOJENb MO3BOJSICT
Ooyee Ka4eCTBEHHO W TOYHO OLICHMBATH HaOIIomaeMoe siBiicHHEe. McXoms U3 3TOro, OnmpeneleHbl aCHMITOTHISCKUE
YCIIOBHS PCUICHUSAYPABHCHHI TapMOHHYECKOrO OajlaHca HENWitHOH  cucTeMbl. [lomydeHO BBIpaXCHHS LIS
ANIEKTPOMArHUTHOU CHJIBI, IEUCTBYIONIEH Ha SKOPH, OMPE/ENICHbI YCIOBHUS FApMOHHUYECKOT0 OanaHca MEXaHUYeCKOM
yacTu cuctemsbl. IloslydeHHbIE BBIPDQKEHUS MO3BOJIIOT IIOCTPOUTh aAMIUIMTYIHO-4YACTOTHBIE XapaKTEPUCTUKU
3JIEKTPOMArHUTHOTO BUOPOBO3OYyAUTEN. B 3aKiI0ueHNN MONTyYeHBl HE TOJIKO Ka4eCTBEHHbIE, HO U KOJHMYECTBEHHBIE
OLICHKH HAOJIIOMaeMbIX SBJICHUM. YCTAHOBJIEHO, UYTO MEXaHUYECKHE KOJCOAHMS HEIMHEHHOM CHCTEMBI
HEUYBCTBUTEJIBHBl K M3MEHCHHSIM MHTAIOMENd CeTH M IMPAaKTHYECKH HMEIOT OONBINYI0 aMIUIUTYAY C IOCTOSHHOM
Y4aCTOTOM.

KiaroueBble cjioBa: HelWHEHHas CHCTEMa, JJICKTPOMATHUTHBIA BO30yIUTENh, MEXaHHYECKHE KOJICOAHMs,
kputepun Oumiepa, COCTOSTHUE TAPMOHHYECKOTO OaaHca, SKOPb.

1. Introduction and obtained results show that most technology

At present for intensification of processes processes (for example, mixing of liquid and solid
applied different methods and means. Vibration is  substances, melting of metals and so on) may be
one of these methods. The vibration with low and intensification via low frequency (20-100Hz)
high frequency may be used. Performed researches
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vibration. So task on obtaining the low frequency
vibration is actually.

The different devices for obtaining the low
frequency vibration are used. The electromagnetic
exciter is more perspective and efficiency device.
Such devices may be created as one phase - single-
cycle, three phases - single-cycle and one phase -
two-cycle. The one phase - single-cycle
electromagnetic exciter is one of most useful
solutions on technical and economical indicators. It
consist of electromagnet, armature with springs,
coil, capacitor connected to coil series.

2. Review and development

Exciter operating on low frequency (20-100
Hz) mechanical fluctuation is the one phase
electromagnetic exciter connected to standard
supply via capacitor series connected to its coil. An
efficiency of given device is the rational forming of
the attracting force on main mechanical fluctuation
frequency.

The system considered here consist of related
two oscillations (electrical and mechanical) circuits
and operates in forced fluctuation mode, formed in
mechanical part. So, vibration parameters
(amplitude, frequency and phase) are very
dependence on parameters of mechanical system
and load. However, account all parameters that
influence to operating of electromagnetic exciter
complicate to define of main parameters of
mechanical system. So to obtain the mathematical
dependency for simple analysis we should accept
following conditions [1,2,3]:

a) energy losses on eddy current should be
very low;

b) inductivity should be nonlinear function of
moving and other parameters of system should
stay stabile;

€) magnetic system should be saturated and
should has not hysteresis/

taking into account these conditions the
investigated electromagnetic exciter system may
be described as follow [4]:

d, .. . 1..

a(L|)+|r+Ej|dt:U (1)
d?x , dx

m K—+ ux=F(xt
gt g AR

here, L=L(x) — inductivity of coil (Hn); i — current
(A); C — capacity (F); r — active resistance (Om);
U=ugsinat — voltage of supply (V) (Uo - amplitude
value of voltage, o - angle frequency); m — mass
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that moving together with armature (kg); k —
coefficient of elasticity (N/m); u - coefficient
damping (N/m); x — moving of armature (mm);

F(x,t):_ j2

{5
(sec.).

3. Result and discussion

In this work investigated the dynamic modes
of one variant of asynchrony exciting of the
electromagnetic exciter via use sub harmonic
resonance effect.

Building of dependency L=L(x)=L(2)
unifying mechanical and electrical parts of
electromagnetic  exciter is complicated and
theoretically unsolved task of theory of
electromagnet field.

In this investigate we will use experimental
results and the regression model on Fisher criteria:

L(Z)=a1+azz+a322 (2

Experimentally defined that if

7>|-22
2a,

the wvalue of inductivity may be considered
constant and equal to minimum value of
approximation.

If take into account that mathematical model
of electromagnetic exciter (EE) is nonlinear
differential equation system, computer modeling is
most wide method for solution of dynamic tasks.
If take into account that mathematical model of EE
is nonlinear differential equation system, computer
modeling is most applied method for solution of
such dynamic tasks. For analysis of transition
process on EE are used application programs (Win
Fact and Mat Lab) for modeling and optimization
of dynamic systems (DSMO).

In dependency of initial conditions during
the modeling the system cross from one mode to
another significantly differed mode. Zero initial
condition leads always motion of armature of
electromagnet to “cyclical" mode corresponding to
frequency of network supply. In another different
conditions system cross to “probably mode” with
more speed.

In another different conditions system cross
to “approximately cyclical” mode with more
speed. So, for example on modeling of motion in

— attracting force (N); t — time
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“cyclical” mode during 0.05 sec armature vibrates
with amplitude 0.14 mm and with speed 0.4
m/sec., though in “approximately cyclical” mode
these respectively are 15 mm and 1.2 m/sec.
Fluctuations of current in supply circuit in both
case are same, so “approximately cyclical” mode
count as more profitable in terms of technology.
For calculation of established motion of EE
we integrate (1a) and write dynamic equation of its

£ 2
o L [
mX + kX + X =—

Here @1 @z and ©@3 . coefficients of
regression model and define as follow:

a, =a, +a,0+a,0°
a, =—(a, +2a,0) (4)
a, = a,

Here a1, a2, as- coefficients that dependence of
form of L(x).

X = Acosit+d
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equivalent electrical circuit. Herewith the dynamic
equation of mechanical part can be simplify via
excluding the wvery small second term of
expression for electromagnet force that is proved
on modeling of transition process of EE. Besides,
the distance equation that unifying mechanical and
electrical parts of system should be wrote as
L=L(z). Then equation of EE will be in following
form:

t tt
L(x)i + R[i(t)dt +é”i(t)dtdt = U,@sin ot
to to to

@)

(=
dx

L(X) = oy + o, X + a5X°

J

The equation system (3) for established mode
in approximately cyclical motion solved by
harmonic balance method. Herewith used the
following asimptotic results obtained in articles
[7,8]:

i=J,cosmt+J,sinat+J,c08(w—v)+J,sin(@-v)t+J,sin(@—v)+J,sin(w+v)

here, A — vibration amplitude of armature (main
fluctuation of current); d — motion of vibration
center of armature from established distance (0);
J1,J2,J3,J4,J5 —amplitudes of relevant harmonics of
current, v - frequency of mechanical fluctuations.

Explanation of parametric exciting of electrical
circuit of EE can be give if we put first equation of
system (5) in expression L=L(x) that allow to get
L=L(t) form:

(5)
L(t) =4, + 4, cosut + A, cos 2ut
Ay =0 + a,d +a3d2[d3:2J (6)
A4 =d,A+2a;Ad
4, = d,A?
2

Expression (6) together with first equation of
system (3) allow to compose the harmonic balance
conditions and to describe auto parametric
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fluctuation in equivalent electrical circuit on

frequencies wand o-v.
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Using these equations every term at left part of

dynamic electrical equation can be writing as

follow (7):

Li = [Jlﬂo + JS;qcos(a)t) +[J2/10 + 342/11}3“] ot +

+[J3/10 +

. J,R . J,R J.R
R[i(t)dt ==1—=sin ot —=2—cosat + —
w

w

Ik } cos(w —v)t + [Jﬂo + Mﬂ}
2 2

J,R

sin(w —v)t —
-V -V

cos(w —v)t

. . J
i”l(t)dt =— le cos wt — JZZ sin awt —————— cos(w —v)t -
C Cw Cw C(o—v)
- J742 sin( @ — v)t
C(w—-v)

If take account that right part of this equation
includes single term (Uo/w)sinwt, the harmonic
balance conditions on given frequency can be write
as follow:

'{I 1 } _R I, 0 M3, o 7

0 C w2 0] 2 I
R |-t 0 2 3, |uy/
= 07 o2 2 2 o/
@ @ = ®)
I L R
El 0 {0 C(a)—v)z} -V J3 0
R 1
b b=y

0 5 -V C(w-v) 1134 |0 ]

Note that linearity of initial differential equation
related to its coefficients bring into linear system the
relevant harmonic balance equations and it made task
simplify.

In this case during the solving (5) must define only
three unknowns instead of seven.

If take into account that during to define of A, d
and v the values of amplitudes of currents Ji, J2, J3, Ja
and Js calculate uniquely and during solving linear
equations system (8) without any complication. So, for
mechanical part of system actually solve only the
harmonic balance equation. The solution of the balance
equation of electrical part is Intermediate stage of
calculations.

iZZJf+J§+J§+Jj+Jf—JZ
2

Writing the first equation of system (5) in second
equation of system (3) we get alone frequency harmonic
and free term:

MK + KX + 2x = 2 + (A —mv® A) cos vt — kAsin 1t

Similarly if we write first equation of system (5) in
third equation of system (3) we get expression:

OI—|'2a3x +a, = A + 2a,Acoswt
dx A

As seen from second equation of system (5) that

2 cosat +J,J,8in 20t + 3,3, cos2ut +[J,J, —J,J, [sin 1t
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0, electromagnet force which influence to armature

¢ 2 dx 4A

(‘]2‘]3 - ‘J1J4)

—ﬁcowt - sin wt
2A

and the harmonic balance conditions for mechanical
part of system is the following equation system:

322, - 4u0A=0
212
A im0 ©

/11(‘]2‘]3 _J1J4)+kvA:0
2A

here, 3> =37 +J2+J2+J;

Equations system (9) solved in computer by
numerical method sistem. The values of parameters
of system got values for unestablished operating
mode of EE. Range of change parameters was
accepted as follow: A=0,5...2,0 mm and U=20...230
V. The characterized results of calculating are
present at the table 1. The results are show that exist
theoretical model allows to accurately and quality
evaluate observed process.

Increasing values of amplitude of current on
frequency leads to increasing amplitude of output
fluctuations

Increasing values of amplitude of current on
frequency leads to increasing amplitude of
fluctuations at output, i.e. we get possibility of
regulation of amplitude of fluctuations via voltage.

coswt —i\]l\]zsin wt —
4A 2A

However the quantity effect of such model of auto
parametric  exciting  of  fluctuations  of
electromechanical system has no explanation. So,
current harmonic in difference frequency has small
amplitude that commensurate with computational
error. So an initial form of mathematical model (1)
and its stationary solution found right.

Herewith accept that mismatch of system from
main resonance frequency is very high and ratio of
frequencies @ and v is irrational. Then the
approximate solution can be show as consist of two
parts: forced frequency of voltage of supply of
system and twin frequency of mechanical part
(marked by index 1).

4. Conclusions

Then the approximate solution can be show as
consist of two parts: forced frequency of voltage of
supply of system and twin frequency of mechanical
part Solution results of system (9) So asymptotic
solution of harmonic balance method may be
writing as follow:

X=X, =Acosmt=d
i=i +i, (10)
i, =J,sinat
i, =J,c08(@—v)t+J,sin(w—vit

Table 1 — The characterized results of calculating.

A, mm C, mkF Ji, A J2, A Js, mMA Js4, MA
0.05 31.3 0.142 0.552 0.067 0.040
0.60 31.3 0.141 0.549 0.078 0.048
0.70 31.3 0.139 0.546 0.089 0.056
0.80 31.3 0.137 0.542 0.099 0.064
0.90 31.3 0.134 0.537 0.224 0.150
1.00 31.3 0.131 0.532 0.240 0.166
1.10 31.3 0.129 0.527 0.248 0.178
1.20 31.3 0.126 0.521 0.258 0.194
1.30 31.3 0.122 0.515 0.267 0.268
1.40 31.3 0.119 0.508 0.365 0.297
1.50 31.3 0.116 0.501 0.100 0.085
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and values of J2 for electrical part of system is
defined from amplitude balance conditions in
frequency o as following:

0% (11)

here, Qé =

specific frequency of electrical
aoc

part of system in approaches to zero. Then the

amplitude balance condition on frequency m-v will

be as follow:

[4) @ (=)’
‘Jsz_‘Jz ™ 7
Ao [(a)—v)2 —0)02] + i (w—v)?

3 ——3 A [(co—v)z—a)oz](a)—v)2
* L 4 [(a)—v)z—a)(f:|2+a)§(a)—v)2
(12)
here, o = R/A - cycle frequency of damper of
electromagnetic exciter; a)zzi— dynamic
Agc

frequency that appeared as a result of moving of
armature in system.
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In this case the harmonic balance conditions
of mechanical part of system becoming simpler:

2% +4dA=0
23,3, + o, 32 = (k=mv?)|a% =0
2,3,3,—2kvA=0

(13)

here, J2 =07 +J2+ 35 +J2

Solution of task leads to system with three
nonlinear equation with three unknowns (A, d and
v). The amplitude values of currents are in the
system mainly as coefficients that dependence
from initial unknowns.

Numerical solution of equation system (9)-
(13) allows  building  amplitude-frequency
characteristic of electromagnetic exciter in tables 2
and 3.

Solution results of system (13) (e=1.433 kg-sec;

Uo=70V; \/E =11Hs (d=2.3mm).
m

Table 2 — The amplitude frequency characteristics of electromagnetic exiter (A).

w, Hs A, mm v, HS J2, A J3, A Jg, A
35 10.0 16.62 0.457 0.173 0.022
37 10.0 16.67 0.412 0.170 0.019
39 10.0 16.70 0.395 0.172 0.018
41 10.0 16.70 0.389 0.168 0.018
43 10.0 16.74 0.370 0.173 0.015
45 10.0 16.76 0.379 0.163 0.015
47 10.0 16.76 0.341 0.177 0.012
49 10.0 16.76 0.386 0.173 0.012
51 10.0 16.77 0.355 0.176 0.011
53 10.0 16.79 0.366 0.172 0.020
55 10.0 16.81 0.368 0.178 0.009
59 10.0 16.80 0.330 0.173 0.009
57 10.0 16.81 0.334 0.178 0.009
61 10.0 16.81 0.368 0.173 0.009
63 10.0 16.82 0.331 0.178 0.009
65 10.0 16.81 0.367 0.173 0.008

Solution results of system (13) (¢=3.423 kg/sec,

Uo=80V, \/E =17Hc (d=1.38 mm)
m

Analysis of tables content show that adequate
quality and also quantity explanations for observed
process are obtained. Result mechanical waves

practically have big amplitudes with stabile
frequency and have no sensitivity to changes of
main supply. Such features of Amplitude frequency
response (AFR) systems allow using it for
optimization homogenous processes in high
efficiency devices with vibtatransportation.
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Table 3 — The amplitude frequency characteristics of electromagnetic exiter (B)
o, Hs A, mm v, HS J2, A Jz, A Ja, A
35 -8.94 10.38 0.717 -0.095 -0.013
37 -8.77 10.31 0.762 -0.097 -0.013
39 -8.69 10.30 0.777 -0.097 -0.013
41 -8.61 10.30 0.775 -0.099 -0.013
43 -8.65 10.30 0.780 -0.098 -0.012
45 -8.59 10.29 0.785 -0.099 -0.011
47 -8.59 10.29 0.791 -0.098 -0.011
49 -8.46 10.28 0.805 -0.098 -0.010
51 -8.52 10.27 0.814 -0.098 -0.010
53 -8.30 10.25 0.824 -0.099 -0.009
55 -8.40 10.24 0.824 -0.099 -0.009
57 -8.37 10.24 0.833 -0.099 -0.009
61 -8.21 10.20 0.854 -0.100 -0.009
63 -8.17 10.18 0.867 -0.100 -0.009
65 -8.07 10.16 0.879 -0.100 -0.008
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