INFORMATION AND COMMUNICATION TECHNOLOGIES

UDC - 621.313.375.132
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The single-phase capacitor and three-phase synchronous jet engines of low power are studied. Both of
these motors have their own application areas depending on the type of power supply network. The single-phase
capacitor motors are widely studied which differ from three-phase synchronous jet engines in some cases
associated with the creation of a rotating circular magnetic field which is an important condition for achieving
high technical performance. The calculation was performed using the vector diagram of the engine, the active,
inductive and capacitive components were considered, the system of equations according to Kirchhoff's laws was
made up, the values of the corresponding angles were determined from the vector diagram, the exact calculation
of the capacitor was performed and the deviation between the currents was obtained - approximately 90 degrees
allowing to create a circular rotating magnetic field. By studying the results of calculations for three-phase and
single-phase capacitor motors (taking into account the electrical losses in the winding and the magnetic losses
in the stator core), their technical and economic indicators were compared. Since the electromagnetic torque of
synchronous jet engines depends on the inductive resistance of the rotor along the longitudinal and transverse
axes, the characteristics of the reduction coefficients (reduction to polar coordinates) along these axes are given
in this paper depending on the polar conversion coefficient. As a result of investigation, structural modifications
of the single-phase capacitor and three-phase synchronous jet engines were proposed taking as a basis the rotor
of an induction motor of the same size. The purpose of the modification is to simplify the technology of its
production. In order to make synchronous jet engines more reasonable, it is recommended to use the short-
circuited rotor of an induction motor by performing the appropriate machining.

Key words: synchronous jet motor, a circular magnetic field, capacitor jet engine, stator and
rotor, electromagnetic torque.

Introduction

Synchronous jet engines (SJE) due to their simple design, reliability and lack of sliding
electrical contacts are widely used in automation, radio engineering, pumps, ventilation systems,
medicine, synchronous communication systems and other modern equipment [1,5,8,10].
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Fig. 1 Electrical diagrams of the a) three-phase and b) capacitor synchronous jet engines

Figure la) shows the electrical diagram of a three-phase engine and figure 1b) shows the
electrical diagram of a capacitor engine which shows that a capacitor is included in the stator circuit.
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Conflict setting

As a result of the study of synchronous jet engines of low power, a comparison of capacitor
and three-phase SJEs was made and an engineering method for designing a jet synchronous micro-
engine was developed, using the active node of the basic induction motor - the stator and rotor sheets.

Research results

When designing the comparison of engines, we took the condition as a basis that the capacitor
and three-phase synchronous jet engines have the same power, the same rotation speed and the same
air gap. Ring splines were chosen because it became clear as a result of calculations that they are the
most optimal of all possible options - both from an economic and technical point of view. When
designing these two engines, we assumed that the stator and rotor sheets had the same geometric
dimensions and were made of the same grade of steel. To increase the starting torque of the SJE, a
squirrel cage was used for asynchronous starting [12]. The greater the active resistance of the squirrel
cage is, the greater the starting torque is but at the same time the maximum torque decreases [4].

To ensure high accuracy, calculations were performed according to the vector diagram (Fig. 2)
taking into account the active resistance r of the stator circuit.

-

Fig. 2 Vector diagram of a synchronous jet engine

In Fig. 2, the diagrams of three-phase (vectors I, and 1> lack) and capacitor synchronous jet
engines are presented in which the current 7 is formed by currents I, and I, which create a rotating
magnetic field. In the three-phase synchronous engine, current / creates a rotating circular field.

The main difficulty in the design of capacitor motors is that for creating circular rotating
magnetic field in the working mode of the engine it is necessary to ensure spatial and time phase shift
in 90 degrees and equality of MMF phases.

To create a time shift between phases, it is necessary to use a capacitor which results in
approximately 90 degrees of current deviation. The condenser capacitance can be determined with
great accuracy:

1
Cc= (1)

2nf (xl (%)2 —n %ﬁ tg (g — arctg (%)))
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where r; and x; are the active and full inductive resistances of the main winding which correspond to
the winding W1, and the winding of the capacitor circuit corresponds to the number of turns W,, which
is equal to:

W, = e )

tg (a’rctg (%) - qo)

It should be noted that expressions (1) and (2) are obtained for the case when the MMF of the
main and capacitor windings and the wire diameters are equal to each other.

The electromagnetic and maximum torques of the motor are calculated taking into account the
active resistance of the stator winding which is a value of the same order as the resistance x4 and x4
[1,9]:

B m-U?- (xg —xg)
©2-9.81 (12 +x,7y)

. (zz sin(28 + x) —r(x; — xq]) (3)

where X4 and x, is the total (synchronous) inductive resistance along the transverse and longitudinal
axes; r is the active resistance of the stator winding,
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Fig. 3 The dependence of the coefficients k4 and k, from a
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In the case of a synchronous capacitor motor with great accuracy, r = can be taken.

To facilitate calculations and further increase in the torque, the characteristics from Fig. 3
[1,3,6,7] can be used where a is the polar conversion coefficient.

The inductive resistance of the tongue along the longitudinal axis x,; and the inductive
dispersion resistance x, [1,3] are shown in Fig.3:

Xg = Xgg tXg (6)
k
xq = kadk_q+xa (?)
d

where k, and k, are the coefficients of reduction of the rotor along the transverse and longitudinal
axes in accordance with the value a.
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Comparison results
The results of comparison of synchronous jet engines are shown in Table 1.
Table 1
Comparison of the engine parameters

Number of phases - Three-phase Capacitor
Active power, P W 50 50
Coefficient of efficiency, 1 % 84 74
Performance factor, n-cos¢ - 0.176 0.177
Maximum torque, M.x Hwm 3.8 2.5
Length of a machine, 1 m 0.067 0.078
Cost Dram 13600 16020

When analysing the capacitor and three-phase synchronous jet engines thus taking into account
the time and spatial shifts, it turns out that in a three-phase synchronous jet engine the value of the
effective MMF is 1,5 times higher than the MMF of the capacitor SJE [2]. We can conclude that in a
three-phase motor the value of the effective magnetic flux also exceeds the effective magnetic flux of
the capacitor motor. This, in turn, leads to a difference between the number of turns and the currents in
both engines. Particularly, in a capacitor motor the number of turns exceeds the number of turns in a
three-phase motor. Taking into consideration that both motors have the same power and differ from
each other only in the number of phases, we can say that the current in a capacitor motor exceeds the
same in a three-phase motor. Consequently, the electrical losses in a capacitor motor are greater than
in a three-phase motor. Since the magnetic losses are directly proportional to the square of the
magnetic field induction, it turns out that the magnetic losses in a capacitor motor will be greater than
in a three-phase motor. Additional losses in both engines were assumed to be approximately equal. As
a result, the efficiency of a capacitor motor is less than that of a three-phase one. Other engine
parameters are shown in Table 1.

Development of the mechanics of the rotor of the synchronous jet engine.

The development was carried out using sheets of the stator and rotor of an induction motor. The
main problem is to determine the mechanical values H and L of the finished rotor (Fig. 4).
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Fig. 4 Development of the rotor mechanics

where D is the diameter of the rotor,
o — coefficient of reduction of the rotor,
7 — polar step,
h., - height of the short-connected rod.
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The width of the rotor pole limits the value L due to the magnetic induction value (in that
section).

Conclusion

The design and research of capacitor and three-phase synchronous jet engines are carried out in
this work. A comparison of these engines is made resulting in the following conclusions:

1. Capacitor engines are inferior to three-phase synchronous motors in a number of parameters:
efficiency, maximum torque, weight.

2. Capacitor engines are more expensive than three-phase SJEs.

A significant advantage of capacitor motors is that they are powered by a single-phase network
which ensures their demand and production. Since in capacitor motors the stator winding distribution
coefficient is higher than that in three-phase motors, that coefficient in capacitor motors contributes to
the reduction of higher-order harmonics of the magnetic flux. In this paper we also propose to produce
a SJE based on induction motors to avoid unnecessary costs.
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oner <NMNRI-3UL UbhLuMNL NEUUShY SUNdhLEMP <ESURNSNhUL

1.U. Uwpunppnuywi, 4.U. Uwhwljw
Lwywupwih wqquyhtt wnipippbuthyulwt hwdwuwpwb

Nwnwiuwuhpyty Gu thnpp hgnpnipjwt dhwdwq Ynunbuuwwmnpwiht b Gnwdwq upufupnu
nbwlwnhy swnpdhsubipp: Wu bpynt pwpdhsubipu k| niubu hpbug oquwgnpddwu puwqudwnubpp’
Ywiujwd uunn gwugh wbuwyhg: Lwjunpbu hGunnwgnunyb) Gu dhwhwq Ynunbuuwwmnpwihu swpdhs-
ubpp, npnup h wwppbipnyeniu nwdwq uhufupntu nbwlunhy 2wpdhsubiph, wnwuduwund Gu
npnawlh pwpnnyeyniutbpny’ juwdwd wunndnn opowtwiht dwquhuwlwlu nwownh unbinddwu
hGw, husp pwun Yupunp wwpdwu £ pwpdp wnbuthlwlwu gnigwuppubp wwnwuwnt hwdwp:
Cwawpyp Ywwnwpyty b ogquytiiny pwndhsh Yynnpulwt nhwgpwdhg, hwadh Gu wntyb) nhd-
wnpniejnubbph wywnhyd, hunniynpy, niwlywiht pwnwnphsubpp, hwdwdwiu Yhpfuhndh opbup-
ubpph Ywqudyb) £ hwwuwpnwubph hwdwlwng, yElunpwywu nhwgpwdhg npnayb) Gu hwdwww-
nwufuwt  wuynwubph  dednenwiutpp, Jwwwnpdbp b Ynunbuuwwmnph Gogphn hwodupy W
hnuwuputiph dhol unwgybip £ dnuin 90 Litlunpwlwy wuwnmhéwu gtnnud, husp htwpwynpnygyniu £
nwihu unbindti opowtwiht ywnwnynn dwquhuwwu nwsown: THuwpybiind Gnwdwg b dhwdpwq
YnunbUuwwnnpwihu  wpdhsubiph  hwojwplubph  wpryniuptbpp  (hwoyh  wnubing  unwwnnph
thwpenyph LiGhwnpwlwu Ynpnwwnutipp W unnwnnph dhontynd dwgqupuwlw Ynpnwinubipp), Yun-
wpyb) £ upwig nbuuhlwlwu b tnunbuwwu gnigwuhutiph hwdbdwunnye)niu: Lwuh np uhufupnu
nGwlwnhy owpdhsubph EGywnpwdwquhuwlwu dndGunp Ywiujwd b nnnnph Gplwjuiwlywu W
[wjuwwu wnwugpubpny hunniynphy nhdwnpnieiniuubphg, www wofluwwnwupnd pbpdnud GU win
wnwlgpubpn pbpdwtu  gnpdwlhgubph  punuewgpbpp’ Ywjudwd  pubnwihu  Jbepwdwdyp
gnpdwlyghg: <Gwnwgnuinigyniuubph wpryntupnd wnwownpydby £ dpwdbwq Ynunbuuwwmnpwihu b
Gnwbwq uphufupnu nbwlwhy swpdhsubiph Junnigwdpwihtu duwihnfunienwiutp, npwbu hhdp
punnubin  Jphlunyu  qupwphwnh  wupUfupnu gwpdhsh  nnnnpp' bpohthu - wpuwnpnigjwu
nbluuninghwt  wwnpgbigubnt bywwwyny: Uhufupnu  nbwlwhy owpdhsutipt wybtijh  dwwnskijh
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nwpdubnt hwdwp wnwowpyynd £ oquwgnpdty wupufupnu swnndhsh Yuptd Jhwgwd nnunpp'
Yuwwwnpbny nninnph dGjuwuhlywlwt dowynid:

Pwuwih pwnbp. uptfupnt nbwyunphy owpdhs, 2powtwihtu  dwqUpuwlwlu  nwow,
ynuntuuwwnnpwihtu ntwlunhy swpdhs, unwwnnp b nninnp, fEYunpwdwquhuwlwt dndbuw:
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NCCIEJOBAHUE MAJIOMOIIHbBIX CHHXPOHHBIX
PEAKTUBHBIX JIBUT ATEJIEA

A.C. Maprupocsu, B.A. Caaksan
Hayuonanvnwiii nonumexnuueckutl ynugepcumem Apmenuu

boutn m3ydeHsl opHOda3Hble KOHICHCATOPHbIE M TPEX(a3HbIE CHUHXPOHHBIE PEAKTHBHBIC
JOBUTaTeN Mayioi MomHocTH. O0a 3THX JBUTaTeNsl MMEIOT CBOM OOJIACTHM TPUMEHEHUS - B
3aBUCHUMOCTH OT Tuma mnuTaoomei cetu. Llupoko ucciaenoBaHbl OAHO(A3HBIE KOHAECHCATOPHBIE
JBUTATENH, KOTOPbIE OTIMYAIOTCS OT TPEX(Pa3HbIX CHHXPOHHBIX PEaKTHBHBIX JBUTATENCH
HEKOTOPBIMH CJIIO)KHOCTSIMH, CBSI3aHHBIMH C CO3JaHHEM BPAILAIOLIETOCs] KPyTOBOTO MATHUTHOTO IO,
YTO SIBJISIETCS] BaXKHBIM YCJIOBHEM ISl JOCTHKCHUS BBICOKMX TEXHUYECKHX IOKazaTteneil. PacuéT Obut
MpOM3BENEH C HCIONB30BAaHUEM BEKTOPHOW JAHMArpaMMbl JBUraTens, ObUIM YYTEHBl aKTHBHBIC,
WHAYKTUBHBIE, €MKOCTHBIE COCTaBJISIOIIHME, COCTaBICHA CHCTEMAa YPAaBHEHHMH COTJACHO 3aKOHaM
Kupxroda, n3 BeKTOpHOH AuarpamMMbl ONpeieeHbl BETHYMHBI COOTBETCTBYIOIIMX YIIIOB, TPOU3BEAEH
pacdér KOHAEHcaTopa M TOJIyY€HO OTKJIOHEHHE MEXIy TOoKamH - mpuMmepHo Ha 90 rpamycos, yTo
MTO3BOJIIET CO3/aTh BpAIAOIIEecs] KPYroBOE MarHWTHOe moiye. M3ydnB pe3ynbTaThl pacdeToB OIS
Tpexda3HbIX M OJHO(A3HBIX KOHACHCATOPHBIX JBUTATENeH (C Y4ETOM SIIEKTPHYECKHX MOTEPh B
00MOTKE U MarHUTHBIX NOTEPh B CEPAEYHUKE CTaTOpa), ObUIO MPOBEICHO CPABHEHUE MX TEXHUUYECKHX
U SKOHOMHYECKUX IOKazarenei. Tak Kak 3JIEKTPOMAarHUTHBI MOMEHT CUHXPOHHBIX PEaKTHUBHBIX
JIBUTATEJNEN 3aBHCUT OT WHAYKTUBHOTO CONPOTHBIIEHUS POTOpa BJIOJIb MPOAOIBHON M MONEpEedHON
0csM, TO B paboTe MNPHUBOAATCS XapaKTEpUCTHKH Ko3(dduuueHToB mnpuBeaeHus: (MPUBEACHUS K
MOJSIPHBIM ~ KOOpAWHATaM) T[O0 OJTHM OCSAM B 3aBHCUMOCTH OT Kod(dHIMeHTa TOISPHOTO
npeoOpa3oBanusi. B pesynbrare uccinenoBaHuii ObUTM HPEIJIOKEHBI CTPYKTypHBIE MOIU(PHUKALNU
01HO(pa3HBIX KOHACHCATOPHBIX M TPEX(a3HBIX CHHXPOHHBIX PEAKTUBHBIX JIBUTATENCH, MpUHUMAs 3a
OCHOBY POTOP aCHHXPOHHOTO JBHIaTeNs OJAMHAKOBOrO Tadapura. Llenbio Momudukanuu sBisercs
YIPOLICHWE TEXHOJOTMU €ro Mpou3BoAcTBa. sl TOro, 4ToObl CleslaTh CHHXPOHHBIE PEAKTHBHBIC
JBUTATENN OoJiee JOCTYHMHBIMH, PEKOMEHIYeTCS HCIOIb30BaTh KOPOTKO3aMKHYTBIH — POTOpP
ACHHXPOHHOTI'O IBUTaTeJIsl — BBIIIOJHUB COOTBETCTBYIOIIYIO MEXaHUYECKYI0 00padOTKYy.

KuaroueBble cjioBa: CHHXPOHHBIH pPEAaKTHBHBIM JBUTaTeNb, KPYyroBO€ MAarHWTHOE TIOJeE,
KOH/IEHCATOPHBIN PEaKTUBHBIN JIBUTATENb, CTATOP M POTOP, HEKTPOMAarHUTHBIII MOMEHT.
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