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Annomayua. PaccMaTpHBarOTCS Pa3HOBUIHOCTH MEXAHWIECKOH MOIIHOCTH B BHOPAIMOHHBIX Tporieccax. IIpu pabore Bub-
PALMOHHBIX MAIINH Pa3BHBACTCS KHHETUUECKAs! SHEPIHS 32 CUCT JBIDKCHHS MACCHBHBIX TEJI M TEIUIOBAs 3a cdeT TpeHus. Mx
TIPOM3BOHBIC OMPEICIISIOT PA3INYHbIC BUIbI MEXAHUYECKOH MOIIHOCTH — MEPEMEHHYIO PEaKTHBHYIO M HEOTPULATEIBHYIO
TemoBylo. JlyanbHO-MHBEPCHEIM AHANIOTOM PEAKTHBHON MEXaHMJECKOH MOIIHOCTH SIBIAETCA PEAKTUBHAS JIIEKTpUYEcKas
MOMIHOCTB. TeroBoil MexaHHYeCKOH MOIITHOCTH COOTBETCTBYET JIEKTPUUECKast aKTUBHAsA MOIIHOCTE. LleJibio padoTsI sBIIs-
€TCsl TEOPETHIECKOe ONKMCAHHUE PA3HOBUIHOCTEH MOLIHOCTH, UMEIOLIEH MecTo mpu paboTe BUOPALMOHHBIX MAlIMH. 3a/a4a
3aKITIOYAETCS B AHAMMTUYECKOM TIPE/ICTABIICHNN YHEPIeTHIECKOTO ACTIeKTa BHOPAIMOHHBIX SBIEHHH. AKTYaTbHOCTB HCCIIENO-
BaHMS 00YCIIOBIICHA HETaTUBHBIM BIMSHUAEM MEXaHMYCCKOI PEaKTMBHON MOIIHOCTH Ha KaueCcTBO TOKA IHTAromIeH cet (11o-
SIBIICHHE TAPMOHHKH C YaCTOTON MEXaHMUYECKUX KoneOaHui, TpaHc(hopMaIys MEXaHHYECKOH PEaKTUBHOW MOIHOCTH B JIEK-
TPUYECKYIO PEAKTHBHYIO MOITHOCTB M JIp.). PaccMOTpeHre OCHOBAaHO HA TOM, YTO B Y/IOBICTBOPHTEIBHOM MPHOIIKCHHH Tie-
PEeMeIleHre MacCHBHOIO pabovero opraHa BHOPOMEXaHM3Ma MOKHO CUHMTATh FapMOHMYECKHM. TaK ke KaK aKTHBHAs MOITI-
HOCTb B DJIEKTPOTEXHUKE, ONPEJIENACTCA MEXaHNIeCKas! IUCCHTIATHBHAS MOIHOCT P = FV/ cos @, Tae ¢ Tpe/CcTaBIseT co-
60ii pasHOCTb (ha3 KoneOaHuil peICTaBIeHHBIX BeMYMH. Tak e Kak PeaKTHBHAS MOITHOCTb B 3JIEKTPOTEXHHKE, ONpe/enser-
€Sl MEXaHHMIECKAst PEaKTHBHAS (HHEPIMOHHAS) MOITHOCTE O, = FV sin ¢ . B anekTpoTexHike NpuHATO, UTO P — 9TO CcpenHee

3HaueHue, a O — aMIUIMTY/a. 371ech Bce OOCTOMT TOUHO TaK xke. Tak jke Kak B 2JIeKTPOTEXHHKE, ONPEIENseTCsl MOMHAS MOLL-
HOCTh S = \]Qf + P = FV . OHa HaxoJMTCsl KaK YMHOXEHHE JCHCTBYIONIMX 3HaUCHUH BenuuH. [IpescTaBiensl KOMILIEKC-
HOE ¥ BEKTOPHOE OIMCAHHS TMCCUIIATHBHON U PEaKTHBHBIX MOIIHOCTEH. MaTepraabHbIM BOIUIOIICHAEM BUPTYAIbHBIX Bpa-
LIAIOIIMXCS BEKTOPOB B BUOPALIMOHHBIX MPOLIECCAX SIBJISIOTCS KPUBOLLIMITEI BPAILATENHO-IMHEHHBIX IIPeoOpa3oBaTenei.

Knroueevie cnosa: peakTuBHasA MOILIHOCTb, aKTUBHAs MOIIHOCTD, [MOJIHAsi MOIIHOCTh, KOMIUIEKCHOE MPE/ICTaBJICHUE,
BEKTOPHOE MPECTaBICHUE.

3ajgava 3aKI0O¥acTCs B AHAIMTHYECKOM IPEa-
CTaBJICHUHM JHEPreTHYECKOro acleKkTa BHOPAIOH-
HBIX SIBIICHHUM.

AKTyalbHOCTH ~ HCCIIEJIOBaHHMsI  OOYCIIOBJICHA

Beenenue

MexaHndeckast MOIIHOCTb SIBJISIETCS HPOU3BO-
HOM dHepruu 1o BpemeHu. [Ipu padore BHOpaioH-

HbIX MalvH [1, 2] pa3BUBaeTcs KHHETHYECKAs SHEP-
TUS 33 CYET JIBM)KCHMSI MACCHBHBIX TEJ M TEIUIOBAS 3a
cuer TpeHus. VX nNpon3BOHBIC ONPEACTISIOT Pa3iny-
HbI€ BU/Ibl MEXaHUUECKON MOIHOCTH — NEPEMEHHYIO
PEaKTHBHYIO U HEOTPHLATENBHYIO TEIIOBYIO.

JlyanbHO-UHBEPCHBIM aHAJIOIOM PEaKTUBHOU Me-
XaHUYECKOH MOLIHOCTH SBIIIETCS PEAKTUBHAS 3JIEK-
Tpudeckas MOIIHOCTb. TemnnoBoi MexaHuueckoi
MOILHOCTH COOTBETCTBYET 3JIEKTPUUECKAs aKTUBHAs
MOIIHOCTH |3, 4].

Llenbro paboThl SABJIAETCS TEOPETHUECKOE OIKUCA-
HHME Pa3HOBHJHOCTEH MOIIHOCTH, MMEIOLIEH MecTo
npu padoTte BUOPAIMOHHBIX MAILMH.

© TIlomos W.IT., 2019

HETaTUBHBIM BIIMSIHUEM MEXaHUUYECKOW PEeaKTUBHOMN
MOIIHOCTH Ha KaueCTBO TOKA IUTAIOIIEeH ceTH (I10sIB-
JICHUE TapMOHUKH C YaCTOTOH MEXaHHYECKHX KoJie-
OaHuii, TpaHchOpMAaLMs MEXaHUYECKOH PeaKTHBHON
MOIIHOCTH B JJIEKTPUYECKYI0 PEaKTUBHYIO MOIIl-
HOCTB U JIp.).

PeakTuBHas HHEePUHOHHAA U AKTHBHadA
TEIJIOBasg MOIITHOCTH

B ynoBnerBopHTENbHOM HPUOIMDKEHHH HepeMe-
IeHHe MacCHBHOTO pabodero opraHa BHOpomexa-
HH3Ma MOJKHO CYHTATh TAPMOHUYECKHM

x=/sinwt,
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r7ie X — KOOpAWHATA; / — aMIUTUTY/a;  — Kpyrosas
4acToTa.

CKkopocTb omnpefensiercs Kak IpPOM3BOJHAS Iie-
pemenieHus

v=x=Ilwcoswt=V, coswt.
3nech
V., =l® —MakcuMabHOE 3HAuUEHHUE.

W3 251eKTpOTEXHUKH H3BECTHO, UTO JIEHCTBYIO-

1iee 3HaYeHNue MEHbIIIe

v lo
V=—>r=——\ 1

B coorBercTBuM ¢ BTOphIM 3akoHOM HbroTona
CHJIa ONPENIENAETCSA KaK

£, =mi=—Imo’sinot . @
Cwuna TpeHus paBHa
S, =i =plocoswr . 3)

3nech [ — K03GGUIMEHT TpeHHUs.
CyMMa 3TUX CHJI UIMeeT BU

[ =f,+f, =-Imo’ sinot + plocos o =

_ 2 2.2 K _
=lo\p +m e [\/ﬁcoswt
w+mo
"0 ot
VW + e’ et
Ilycts
w:arctgmf*). @

[Tpu 5T0M YOpMYITy ZITTst CHITBI MOJKHO 3aIIHCATH B BHIIE
f=loyu’ +m’e’ (cospcoswr —singsinmt) =
=lon/p’ +m’ @’ cos(ot + ).
MakcumanbHOe 3HauUeHHE
F,=loJp’ +m’e’ .

COOTBETCTBEHHO JICHCTBYIOIIEE

po B _loli i o
V2 V2o

MOLIHOCTB OMpEENETCs! CIEAYIOIIMM 00pa3oM:

s= fr=loyfu’ +m’e’ cos(ot + @)locosot =

=0,5 w1’ + m*’ [cos@ + cos2wt + )| =
=FV[cos@+cos(2wt+ )] =
=FV (cos@+ cos 2wt cos ¢ —sin 2wt sing) =
:FVcosq)(l+costh)—FVsin(psin20)t. ©6)

Tak ke KaK aKTHBHas MOIIHOCTb B 3JIEKTPOTEX-
HHKE, ONpEIC/SIeTCs MEXaHMYeCKasl [MCCHIIATHBHAS
MOIIHOCTh

P=FVcoso. (7)

¢ TIpeacTaBiser co0oi pasHOCTh (a3 KoeOaHui
[IPE/ICTABIICHHBIX BEINYMH.

Tak ke KaK PeakTHBHAS MOIIHOCTb B JIEKTPO-
TEXHHKE, OIpPEACISICTCS MEXaHHYECKas peaKTHBHAs
(MHEpLIHOHHAS) MOIIHOCTh

O, =FVsing. ®)

B anextporexnuke npunsaTo, uto P — 3T0 cpen-
Hee 3Ha4eHne, a O — aMIUIUTya. 31eCh BCe 00CTOUT
TOYHO TAKXKE.

Tak ke Kak B DJICKTPOTEXHUKE, ONPEAEISICTCs
TIOJTHASI MOIITHOCTh

S=,Q'+P* =FV. )

Ona HaXOIUTCS KaK YMHOXCHUE ﬂeﬁCT'ByIOHII/IX
3HAYCHHUI BEIVYUH.

C yuerom (1), (5) u (8)

O, =FVsingp=
_loypP +m’e’ lo mo  mle (10)
V2 ﬁ\/uz +mie’ 2

B T0 e Bpems
f,v=—Imo’ sinotlocos ot =—0,5°me’ sin 20t =
=—F,Vsin2ot = -0, sin 20t (11)

(cMm. (6) u (10)).
C yuerom (1), (5) u (7)
P=FVcosp=
2 2.2 2 2
:l p+mo” lo n zp.loo. (12)

V2 \5\/p2+m2m2 2

B 10 xe Bpemst

J,v=ulocosotlocosot =
=0,5u/’ e’ (1+ cos2mt) =
=FV(1+cos20t) = P(1+cos2wr) (13)

(em. (6) m (12)).
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C yuerom (9), (10) u (12) paBHa
2 2 2 2 2 [ 2 2 P=FVcosp=
S:FV:lqurmo)lim:lm\/ermm‘ S L,
2 V2 2 W e’ o i) W

PeakTHBHas 1e)opMALIMOHHAS MOIIIHOCTH

Jlanee paccMaTpHBArOTCS CHIIBI TIPU JIMHEHHON
yrpyroit nepopmaruu [5—8]. MIHepTHOCTH BO BHH-
MaHHe He IPHHAMAEeTCS.

Cita ompenensiercs Kak

fi =kx=klsinot, (14)

k — )KECTKOCTb.
CymMa cuit, IpHHUMast BO BHUMaHue (3), paBHa

[ =/t [, =ksinot +plocoswr =

=/ kz+u2w2[ sinw? +

__k

Vi + o’

M cosr |.
K +’o’

Ilycts
k
@=arctg—.
H®

ITpu sTOM (opMyTy LIS CHIIBI MOXKHO 3aIIHCaTh B
BHJIE

[ =K +p’e’ (singsinot + cospcos ot ) =
=k + o’ cos(o)tfcp).
MakcuMaabHOe 3HaYeHHE
F, =K +1’e .
COOTBETCTBEHHO JICHCTBYIOIIEE

F, _ K + o’

N e

MormHocTh ONPEALIIACTCS CICAYIOIMUM 06p330M :

s=fr=IJk +p’0’ cos(or—@)locosor =

=0,5/>

k4 e’ |:c05(p+ cos(201 —(p):| =
=FV[cos@+cos2or— )] =

= FV (cos ¢+ cos 201 cos ¢ +sin 20tsin ) =

=FVcoso(1+cos2wt)+ FVsingsin 2wt . (16)

Tlo ananoruu (6), (7) u (12) TensoBasi MOLIHOCT
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V2 V2 \/k2 e’ S 2
C yuerom (15), (1), (8) m (16) peaktuBHas 1e-
(hopMaroHHas! MOITHOCTb UMEET B
Q,=FVsinp=
Wi+ P’
_ wo lo k _ - a7

NN N

B To0 e Bpems

f,v=Hklsinotlocoswt = 0,5k wsin 20t =

=FVsin2wt =Q, sin 2ot

(em. (16) u (17)).
TTonnass MexaHuueckas MOIIHOCTb HaXOIUTCA
KakK

(18)

12 kZ 2.2
S=FV = le+p2:w7 VWD_

2

PeakTuBHAs1 rpaBUTAlHOHHAsA MOIIIHOCTH

MOoOMEHT cuitbl IIPpU OTKJIOHCHHUU MAaTEMATUYCCKO-
IO MasATHHUKA OT ITOJIOXKECHHUS PAaBHOBECHUS OIPEACII-
€TCA KaK

m, =mgLa..
3necs L — 1imHa mojiBeca; o — OTKIOHEHHE
(rpan).
IIpu sTom

o=0,sinws.

H])OI/BBO,Z[HaSI OTKJIOHCHHU S

0L = 0L, MCOSOf = Ol % cost .

Mexanndeckast MOIITHOCTb

>
q, =m,&=mgLo, sinwt oco\/%cosoot =

=0,5mal Lg’ sin 20 .

PeaktuBHas TpaBUTAllMOHHAs MOIIHOCThL paBHA

0, =0, SmaZyLg’ .
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KoMniekcHoe npeacraBieHue

TI'apMoOHMYECKYI0 BETMYMHY MOXHO MPEICTaB-
JIATh B BUJE KOMIUIEKCHOH aMIUIMTY/ABI BEKTOpa B
KOMIUIEKCHOM IJIOCKOCTH JUISi HYJIEBOrO MOMEHTa
BPEMEHH.

KommekcHas ckopocTs Ipu MHEPTHOI Harpyske
paBHa

;o il
V, =V,
Nwmeercs B Buaty, 4To

v=V cosot=ReV, .

Ilpu nepexo/ie K ASHCTBYIOIIMM BETHYUHAM

V= Vel ? F = Fel 2

Tak e Kak B 2JIEKTPOTEXHUKE, JUIS ONPEIENeH s
MOJIHOM MOIIHOCTH HEOOXOAUMO YMHOXHUTb CUILy HE
Ha caMy CKOPOCTb, & Ha CONpPAXCeHHblll €1 BEKTOp

S = FV = Fe/ 0 0yaisl? — peitizve-sd _
=FVe’® = FVcos@+ jFVsing=P+ jQ,.

Hax KOMIUIEKCHBIMM BENMYMHAMH, HE SIBISIO-
LIUMUCS U300paKEHUAMU TapMOHUYECcKOol QyHKIMM,
TOYKA HE CTABUTCS, TAKHE BEIMYMHBI [OAYEPKUBA-
10TCA.

PeaxtuBHas nehopMAalHOHHAST MOIIHOCTE HMEET
oOpaTHbIi 3HaK

s :FV = ol W20y pminl2 _ pypiti2-e-s2) _
=FVe ' =FVcosp— jFVsing=P+ jO,.

HerpynHo ybenurbcs, 4To

P=ReFV Q=ImFV

IIpeacraBiieHne ¢ HCIOIb30BAHHEM
TpPeXMepHbIX BeKTOPOB

I'apMoHHYECKHE CKOPOCTH M CHIBI JIOIyCKAIOT
BEKTOPHOE NPEJICTABIIEHHE, TIPU KOTOPOM OHHU SBIISI-
J0TCSl IPOEKIMSIMU Ha BBIOPAHHYIO OCh B INTOCKOCTH
BUPTYaIBbHOTO BPAIICHHS.

ITono6HO KOMIUIEKCHOMY IIpEICTaBICHHIO Tap-
MOHHYECKUE BEIMYMHBI MOKHO OTOXIECTBUTH C
MPOEKIMSAMH BPAIIAIONIMXCS BEKTOPOB (B paccMat-
puBaemMoM ciy4ae F u V) Ha opTOroHanbHble OCH B
@azo6oii IIOCKOCTH BpammeHus. PopMysIsl MOIIHO-
creit nproOpeTaloT KOMITAKTHBIA BUJ

P=(F,V), Q=[F,V], $*=(F,V)’ +[F,V].

MartepHanbHbIM  BOIUIOIIGHHEM BHPTYalIbHBIX
BPAIIAIONINXCS BEKTOPOB B BHOPALOHHBIX IIpOLIeC-
cax SBISIOTCS KPUBOIIMITHI BPANIATEIbHO-THHEHHBIX
npeobpa3oBaTeneii.

3akiIl0ueHue

B Hacrosiell paboTe nmpeacTaBiIeHO MaTeMaTH-
YEeCKOEe OIMHMCAaHHE MEXAHHYECKHX KOJIeOaTeNbHBIX
TPOLIECCOB  TMOJ] ACHCTBHEM BHEIIHETO CHIIOBOTO
TapMOHHMYECKOTO Bo3zelcTBus. Pa3BuBaemas mpu
3TOM MEXaHHMYECKasi MOIINHOCTb IIOMHMO JIMCCHIIA-
THBHOH COCTABIIIONICH COMACPKUT JPyTHe BHIbI
MOIIHOCTH — HMHEPLUHOHHYIO, Ae(OPMALUOHHYIO H
I'paBUTALlMOHHYTO. TToroku TMOCJICAHUX TPEX BHUIOB
MOIIHOCTHU  SABJIAIOTCS 06paTl/IMblMl/I — HMCTOYHHK
BHEILIHET0 BO3JEHCTBUS M OOBEKT, COBEPIIAOLIMI
KoJIe0aHus, OOMEHUBAIOTCSI MEXY COOOMH JTIOOBIM M3
3THX BUJOB MOIIHOCTU. B 3Toil cBsA3M Bce BUABI Me-
XaHUYECKOM MOIIHOCTH SBJIAKOTCA aHaAJIOraMu JJICK-
TPUYECKUX BUJOB MOIIHOCTH — AKTUBHOM M peax-
TUBHOM. ITo 3TOI e MpUUMHE MOTHAS MeXaHWYecKast
MOIIHOCTb OIPEALCIIACTCA aHAJIOTUYHO TOJIHOM 3JICK-
TPUYECKON MOIIHOCTH.

‘VKa3zaHHbIE€ BUJbI MEXaHUYECKON MOIIHOCTH J0-
MyCKAIOT KOMIUIEKCHOE U BEKTOPHOE IPEICTaBICHHUS.
Bparmaroniuecst BEKTOPBI IIPH JIMHEHHBIX KOJIEOaHMUIX
MOTYT OBITh aCCOLMUPOBAHBI C KPHBOIIMIIAMH TIPH-
BOJa, NPEOOPA3yIOIIEro BPAIATEIbHOE IBHIKECHUE B
BO3BPATHO-NIOCTYIATEIbHOE.
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Abstract. The types of mechanical power in vibration pro-
cesses are under study. When vibration machines work, ki-
netic energy is generated due to the movement of massive
bodies and thermal energy is produced due to friction. Their
derivatives define different types of mechanical power: vari-
able reactive and nonnegative thermal types. A dual-inverse
analogue of reactive mechanical power is reactive electrical
power. Thermal mechanical power corresponds to the elec-
trical active power. The aim of this paper is to give a theo-
retical description of the varieties of power that occur during
the operation of vibration machines. The task is an analytical
representation of the energy aspect of vibration phenomena.
The relevance of the study is due to the negative effect of
mechanical reactive power on the quality of supply current
(the appearance of harmonics with the frequency of mechan-
ical vibrations, the transformation of mechanical reactive
power into electrical reactive power, etc.). The study is
based on the fact that in a satisfactory approximation the
movement of a massive working body of the vibration
mechanism is deemed to be harmonic, just as active power
of electrical engineering is determined by the mechanical
dissipative power P = FV cos @, where ¢ is the phase dif-
ference of oscillations of the presented values, just as reac-
tive power of electrical engineering is determined by the
mechanical reactive (inertial) power O, = FV sin¢ . In elec-
trical engineering it is assumed that P is an average value,
and Q is the amplitude. Everything is the same in this case,
just as in electrical engineering total power is deter-

mined: S =/Q7 + P> = FV . It is calculated as a multiplica-

tion of the effective values of the quantities. Complex and
vector descriptions of dissipative and reactive power are
presented. The tangible embodiment of virtual rotating vec-
tors in vibration processes are cranks of rotational and linear
transducers.

Keywords: reactive power, active power, full power,
complex representation, vector representation.

References

Popov |.P., Kubareva S.Yu. Automatic balancing vibration
machines. Vestnik Magnitogorskogo gosudarstvennogo
tekhnicheskogo universiteta im. G.I. Nosova [Vestnik of
Nosov Magnitogorsk State Technical University], 2018,
vol. 16, no. 3, pp. 140-144. https://doi.org/10.18503/1995-
2732-2018-16-3-140-144 (In Russ.)

Popov I.P. Modeling a bi-inert oscillator. Prilozhenie ma-
tematiki v ekonomicheskikh i tekhnicheskikh issledovani-
yakh: sh.nauch.tr. [Application of mathematics in economi-
cal and technical studies: collection of papers]. Edited by
Mkhitaryan V.S. Magnitogorsk: Nosov Magnitogorsk State
Technical University, 2017, pp.188-192. (In Russ.)

Wang X, Sun G., Wang L., Ma Q., Cui J. A new approach for
preparing SiC particle-reinforced aluminum matrix composites
by applying electromagnetic field. J. Wuhan Univ. of Technol-
ogy (Mater. Sci.). 2016, vol. 31, no. 4, pp. 717-721.

Propescu M., Vagra B. Microstructure of aluminum alloys
solidified by rotating electric field. Mater. Mech. 2015,
no. 10, pp. 44-48.

Hongxiang Zong, Dezhen Xue, Xiangdong Ding, Turab
Lookman. Phase transformations in titanium: anisotropic
deformation of w phase. Journal of Physics: Conference
Series, 2014, vol.500, p. 112042. DOI: 10.1088/1742-
6596/500/11/112042/

Lux R, Kletzin U., Geinitz V., Beyer P. Changes in mechanical
parameters of stored patented cold-drawn steel wire. Wire
Joumnal Intemational, vol. 47, no. 7, July 2014, pp. 78-83.

Yu Y.-Q. Analysis of the tube head upsetting forming pro-
cess. Petrochemical Equipment, 2015, vol. 44, pp. 58-63.
Zaydes S.A. New surface plastic deformation techniques in
the manufacture of machine parts. Vestnik Magnitogor-
skogo gosudarstvennogo tekhnicheskogo universiteta im.
G.I. Nosova [Vestnik of Nosov Magnitogorsk State Tech-
nical University], 2018, vol. 16, no. 3, pp. 129-139.
https://doi.org/10.18503/1995-2732-2018-16-3-129-139
(InRuss.)

Received 04/02/19
Accepted 28/02/19

Odpasen 1151 UHTHPOBAHHSI

Tlonos M.II. PeakTHBHAA ¥ MOJHAS MCXAHUYCECKHE MOIIHOCTH BUOPAIIMOHHBIX MaIIUH // BecTHuK MarHUTOropcKoro rocyIapcTBEHHOr0 TeXHHYE-
ckoro ynuBepentera uM. I.M. Hocosa. 2019. T.17. Ne2. C. 55-59. https://doi.org/10.18503/1995-2732-2019-17-2-55-59

For citation

Popov LP. Reactive and full mechanical power of vibration machines. Vestnik Magnitogorskogo Gosudarst Tekhni

A

Universi-

teta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State Technical University]. 2019, vol. 17, no. 2, pp. 55-59. https://doi.org/10.18503/1995-

2732-2019-17-2-55-59

www.vestnik.magtu.ru

59



