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PE3IOME

Pasrnexpa ce HarpsiBaHETO Ha aCMHXPOHEH ABUraTen KaTto orpaHuyaBally haktop npu YeCTOTHOTO My ynpaBneHue. /3crenBat ce Bb3MOXHOCTY 38 KOHCTPYKTUBHO
ONTUMU3NPaHe Ha apuratens c orfieq MakCMManHoTO My U3nonssaHe npu pa60Ta B 3a/jafileH 4eCTOTeH uHTepBarn.

MOCTAHOBKA HA BBINPOCA

CbBpeEMEHHUTE BB3MOXHOCTM 3a YMpaBMeHWe Ha acuh-
XPOHHUTE [BMraTenu MoCTaBAT peguua HoBM npobnemu,
CBbp3aHM CbC 3arybute B [BUraTens W HarpsBaHeTo My.
/i3meHeHusATa Ha rofemmHaTa u Yectotata Ha 3axpaHBaLloTo
HanpexeHWe B MHOTO LUMPOKW TpaHuuuM nsuckeaT chopmy-
NNPaHETO Ha MO-LUMPOKK KPUTEPUW MPU ONTUMU3MPAHETO Ha
sarybute B MefTa M CTomaHata. Kakto e M3BeCTHO OT
Onekpuyeckme MalwmHbl, KocteHko u MOTPOBCKMIA, KoraTo
aCMHXPOHHWST ~[BUraTen Cce 3axpaHBa C  HOMWHAmHO
HanpexeHMe C HOMMHANHA W HEM3MEeHHa 4ecToTa,
ONMTUMANHOTO MPOEKTVMPaHE W3UCKBA MPU HOMMHANEH TOBap
3arybute B cTOMaHaTa 4 MeaTa fa ca Ormusky no ronemmHa.
AKO CbLUMAT ABWraTen € 3axpaHBaH OT ynpaBIsieM MHBEPTOP,
paboT B YCTAHOBEH PEXWM M MpU MO-HUCKM YECTOTU Ha
BbPTEHE, TOMMMHHWAT GanaHc ce u3MeHs cbliecTBeHo. OT
eOHa CTpaHa 3arybute B CTOMaHata Ha cTaTopa ce
HaMansBaT 3HauMTeNnHO, Tbi KaTto npubnMauTENHO ca
NponopLMOHanHU Ha Keafgpata Ha uectotata. 3arybute B
MeaTa ce onpeaensT OT KBaapaTa Ha Toka, KOMTO 3aBuUCK OT
yecToTaTa M rofieMMHaTa Ha 3axpaHBaLlOTO HanpexeHue, a
TO CbLWO nognexu Ha perynupade. OT Apyra cTpaHa npw
HWCKa YeCTOTa Ha BbpTEHe Ce BrolaBa BEHTUNAUMSTa, a OT
TaM 1 OXNaxJaHeTo, OCBEH ako He ce W3Mon3Ba He3aBUCUM
BeHTMnaTop. CremoBaTenHo B pasrnexmgaHus crnyyain ce
Hanara npeoLeHKka Ha KOHCTPYKTMBHO Onpeaenenute 3arybu
Ha ABuUraTens ¢ orneg no-fobpoto My M3non3eaHe B LEenus
AvanasoH Ha perynupaxe. MNpu aHannsa Ha Taka NOCTaBEHWS
npobnem 3a KpuTepuin ce npuema MakCUManHOTO MOBMLLA-
BaHE Ha BbL3MOXHOCTUTE Ha ABWUraTens, Mo-KOHKPETHO Ha
M3BbpLUEHaTa MeXaHM4Ha paboTa 3a Abibr Nepuo oT BpeMe
Mpu pasnuyHK YCTaHOBEHU YECTOTU Ha BbpTeHe. [pu ToBa B
Tasu cratus KM Ha cuctemata u3npaBuUTen — WHBEPTOP —
ABUraTen He ce npuema 3a AOMbIHUTENEH KPUTEPHUA., T.€. He
Ce TbpCM W ONTMManHa eHeprumHa edeKTUBHOCT Ha
cuctemara.
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OOPMYNNPAHE HA OMUMN3ALIMOHHATA 3AIAYA

TonnuHunaT GanaHc Ha cTatopa Ha ABuratens ce
u3passiBa CbC cnegHust U3pas Pyt Pueo = Poxr, KbAETO Pop 1
Puey Ca 3arybute B cToMaHata u MeaTa, a Py, € MOLLHOCTTa,
oTdeneHa BCMeACTBME Ha oxnaxgaHeTo. 3arybute ot
MEeXaHW4HO TpWUEHe Ca 3HAYMTENHO Mo-Mankn U ce
npeHebperear.

Kakto e usBectHo B Enektpuyecku mawivHW, AHrenos u
OumnTpos, ¢ no-ronaMo npubnmkeHne Moxe Aa ce Hamuwe:
Pon = Kom V2P U Pyes = Koo PP, KbAETO KOBDULIMEHTUTE K 1
Kiseo 32BUCSAT OT KOHCTPYKLWSITA Ha ABUraTens.

MbpBoHayanHo we ObAe pasrnegaH cryyasT, KoraTto
OXNaXJaHeTo Ha ABWratens Ce W3BbpLUBA OT HE3aBMCUM
BBHLLEH BEHTMNATOP U CriefoBaTenHo P, = const He 3aBucK
OT NMPOMEHNMBATA YeCTOTa f Ha 3axpaHBaLLOTO HaMPEXEHME.
B T03u criyyai usnonssaemocTTa Ha ABUraTens e 3HaYuTenHo
no-po6pa, ocobeHo Mpu Maska CTOMHOCT Ha JOMHaTa rpaHuua
Ha yecToTarta.

Ot 3amecTBawata CxemMa Ha acWMHXPOHHMS [ABuraten
Enekrpuyeckn mawmHm, AHrenos v [IUMUTPOB, C focTaTbyHa
TOYHOCT MOXe Aa Ce Hanuwe cregHus u3pa3 3a Toka (mpu
paboTa ¢ HopManHo XmbaraHe):

7= Yn »
- H, KbAe€ToO C WHAEKC 'H Ca O03Ha4yeHu
Ut

HOMWHANHUTE CTOMHOCTM Ha BENMYMHUTE.
Cnep 3amecTBaHe B YpPaBHEHMETO Ha TOMMWHHUS GanaHc
ce nonyyasa:

2
2 - f 1)0)(‘7
U= 7 -
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Kcmf + K,\,,g() U2 IH
H
BprFII.Ll'I/IFIT MOMeHT M Ha ABUraTena npu HanpexeHue Unwn
2 2
U
yecrtoTa f ce onpeaend o1 n3pasa: M = MH 2_fl-12 X

Ui f

Mopaau Markata CTOWHOCT Ha XITb3raHeTo Mpu HopManHa
pabota Moxe Aa ce npueme f» = f| ¥ 3a MexaHMyHaTa

MOLLIHOCT Ce Hanucsa:
U2 2
Prex = 21y M = 20M,, 2%
Ui f
Ako ce npueme, 4e BCMYKM YECTOTM f Ha YCTaHOBEHMS
PEXUM B MHTEpBana OT fun 40 frnax CA €AHAKBO BEPOSITHM, TO
3a onpedeneH ObITbr NEpuoS Ha eKcrnoaTauus gBuratenst
e Aaje MakcumanHa MexaHudHa pabota A, korato e
)
uambikeHo ycriosneto: A = [ Py dt = Max | xwpeto t,
|
— t; e ekcnnoarauuoHHns cpok. Crieq Hakou npeobpa3oBaHms
Moxe da ce opMynupa chegHata 3ajaya: acWHXPOHeEH
pBuraten Tpsiba ga paboTu ¢ pa3nuyHK, €OHAKBO BEPOSITHN
YeCTOTU B AMaNasoHa OT fyay 40 frin M3X0XaA CE OT NpoTOTUN
Ha aCUHXPOHHWS [BMraTeN CbC 3adafeHu HOMUHAMHU
XapakTepucTuku. KakBu MpoOMeHW B CTOAHOCTUTE Ha
koepuumeHtute K., n Ky TpsibBa ga ce peanuaupat no
KOHCTPYKTVBEH MbT, Taka Ye:

JSmax
J= o df = Max.
Smi 4 I3}
i Kcmf * Kmed " ZH
UH
PELWWEHWE HA 3A0AYATA

anI 3afaneHun ra6ap|/|T|/| Ha ABuratena Moxe Aa Bapupa
CbOTHOLUEHNETO MeXOy Ce4YeHUATa Ha MarHMTonpoesoauTe u
HamoTkuTe. Heka ceyeHneTo Ha MarHnutTonposofa nony4u

S
S = L ppeto

1+¢
|5| <<'1.C mupeo npubnnxeHne Moxe fa ce mpueme, ue

Mpu ToBa OGLOTO CEYEHWe HA HamoTkaTa Le Momyyu
MPOTUBOMONOXHO no XapakTep 13MeHeHue

HAKAKBO Masiko WU3MEHEeHue

Syeo = SMe()(H a ) KOeTo BoaM Npu cbluua 6Gpoit
HaBWBKM [0 CHOTBETHO W3MEHEHWE Ha CEYEHMETO Ha BCEKM
NPOBOMHMK Snp = Snp.H(l’f 5). Tean NpoMeHU BRNSAT

BbpXy KoeduuueHtute Koy U Kyeo N0 CRedHWs HaumH. [pu
HEM3MEHEH MarHWTeH NOTOK MarHuTHaTa uHaykuns B

nonyyasa u3veHexne B = BH(I + E) . ToBa npomeHst
3arybuTe BbB (DepOMArHUTHUS MaTepuan 3a efuHILa Terno:

P Pl (1 + 8)2 . OT Apyra cTpaHa 06LoTO Termno
GH

Ha MmartuTonposofa G cbiwo ce npomeHs: G = " )
t ¢

CnepoBatenHo 3arybute B CTOMaHaTta Ce OnpeaensT oT

n3pasa: Fem = Pcm.H.(l+ 5) i

Kem = Kcm.H.(l+ 5) AHanomMyHo Cce  Hamucaa:

K o0 = K vieo.n.

Me (1 s E)

Heobxogumo e fa ce onpedeny CTOMHOCTTA €, Taka Ye da
€ U3MbMHEHo ycrnosneTo J = Max.

Cnen U3BbPLUBAHE Ha WHTErpupaHeTo "
AndepeHUMpaHeTo Mo OTHOLIEHWe BenuyMHata X = 1+ €,
npou3BogHaTa ce npupaBHsBa kbM Hyna. [pu ToBa ce

2
- fH PMed.H -1

nonyyasa: € max -
fmaxfmin Pcm.H

[o cbwus pesyntat ce CTUra M npu JOMYyCKaHETO, uye
MarHUTONPOBOABLT Ha ABUraTens € CbC 3afafeHn napameTpu,
a ce u3meHs OpodT Ha HasuBkuTe w. Heka To3u Bpon 3a
U3X0QHUS aBuraten e wo. [Npu HoBa CTOMHOCT W W 3ana3BaHe
Ha BCUYKM reOMETPUYHM NapameTpy MarHUTHaTa MHAYKUMS B

. w,

MarHuTOnpOBOAa Monyuasa HoBa CTOMHOCT B = B _g
w

3arybute B MeaTa 3aBUCAT OT CbMPOTMBIEHMETO R Ha

Hamotkata: P, .5 = RI 2 Tosa CBNPOTUBIIEHNE 3aBUCH OT

6pos w Ha HaBuBKUTE Ype3 obljata Abmkvka [ = [jw u

A
ype3 CeYeHNeTo Ha NPoBOAHMKE S np = K, xvpetolie
w
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cpeagHaTa [ObIKMHA Ha efHa HaBuBKa, a A e 06LOTO

HanpeyHo ceyeHMe Ha  6obuHaTa.  CrnepgoBaTenHo
2
_ w
Preo = Pueoo 5 . OT Tyk criedga, Ye npu HeusmeHHa
wo

KOHCTPYKUMS Ha [BuWraTtens, ronemuHata Ha 3arybute B
CTOMaHata MOXe [Ja HapacHe X MbTU 4pe3 CbOTBETHO
n3MeHeHne Ha Gpos Ha HaBMBKWTE W MpW ToBa 3arybute B
MeaTa Hamanseat  npubnuauTenHo X mbTh, T. €. AkO

1
Fepm = XPepo.70 Py = ;wae()O'
SAKIMIOYEHWE

Mpenopvyana 3a nybnukysaHe om kamedpa
“Enekmpucbukayusi Ha MuHHOmo npousgodcmeo ” Ha MEM®

MonyyeHuTe pesynTtaTi ca NOCTUTHATM Bb3 OCHOBA Ha
HSKOW NPUBNM3NTENHI NPpeAnonoXeHus. Hesasucumo oT Tosa
Te NMpaBUMHO OTPa3sBaT TeHAEHUWATA, KoATo TpsibBa aa ce
Criasea Mpu MPOEKTMPAHeTo C Orfied Ha nopoGpsBaHe Ha
W3omn3BaeMocTTa Ha Asuratens. HamucaHuTe 3aBUCHMOCTM
[iaBaT Bb3MOXHOCT fia Ce TbPCU ONTUMU3ALMS W 3 Crlyyau,
KoraTo Ce 04akBa W HsKakBO HEpaBHOMEPHO pasnpeaeneHie
Ha 4YecToTUTe N0 BPEMEe Ha eKCnoaTauMoHHUS CpOK,
anpoKCUMMPaH Bb3 OCHOBA Ha MPOTHO3HW MPEAMONOXEHMS.
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ABOUT THE TEMPERATURE REGIME OF AN INDUCTION MOTOR, SUPPLIED BY A
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The heating of the induction motor that aggravates its frequency control is a subject of this article. With a view the motor to be used to the highest degree when it
runs in a preset frequency range, some possibilities for an optimization of the motor construction are examined.

FORMULATION OF THE PROBLEM

The modern means of the induction
motors control put a number of new
problems about the losses in the motor
and its heating. The value and the
frequency variations in the supply
voltage within very large limits require
the formulation of a larger criterion of
the loss optimization in the copper and
the steel. As it is known in [1], when the
induction motor is supplied with a rated
voltage with a constant and unchanging
frequency, the optimal designing
requires, if the load is rated, the losses
in the copper and the steel to be with
close values. If the motor concerned is
supplied by a controlled inverter, works
in a steady-state regime and the rotation
frequency is low, the heating balance
changes considerably. On the one hand
the losses in the steel of the motor
decrease considerably, as they are
approximately proportional to the square
of the frequency. The square of the
current, which depends on the frequency
and on the value of the supply voltage,
that is also liable to control, determines
the losses in the copper. On the other
hand, when the rotation frequency is
low, the ventilation deteriorates, which
leads to deterioration of the cooling,
unless an independent fan is used.
Consequently, in the case in question, a

revaluation of the constructionally
determined losses in the motor is
necessary with a view to its better use in
the whole control range. In the analysis
of the so put question, the maximum
enhancement of the motor possibility,
more exactly the mechanical work
accomplished for a long period of time
with different  settled  rotation
frequencies, is accepted for criterion.
Besides in this article the efficiency of
the rectifier - inverter — motor system is
not accepted as an additional criterion,
i.e. the optimum power effectiveness of
the system is not sought.

FORMULATION OF THE OPTIMIZATION
PROBLEM

The heating balance of the stator is
expressed with the following formula P
+ Pcop = Peoo, Where Py and P, are the
losses in the steel and the copper, and
P..o is the power emitted as a result of
the cooling. The frictional losses are
deliberately less and they have to be
ignored.

As it is known in [2] if the
approximation is greater, the formulas
will be the following: Pst= K. U? . * and
P.op = Keop - PP, where K and K., depend
on the motor construction.



At first the case, when an independent
external fan accomplishes the cooling of
the motor, will be examined and
consequently P.. = const does not
depend on the variable frequency f of
the supply voltage. In the case in
question the motor can be used much
better especially when the lower
frequency limit value is low.

The following formula about the
current can be determined with a
sufficient precision from the equivalent
circuit of the induction motor [2] (when
the sliding is normal):

U, .
I= U ’}1 n, where the index “n” means
n

the rated values of the quantities.

When a substitution in the equation

about the heating balance is
accomplished the following formula
comes out:

f 2f)cou[

Kstf4 ¥ Kcap

U? =

2
S
2
n

The torque of the motor, when the
voltage is U and the frequency -f, is
determined by the equation:

U2
Uas?

Because of the small value of the
sliding, when the operation is normal, it
can be accepted that f, = f; and the
mechanical power is:

12

M=M,

u? st
Ui f*

If it is accepted that all of the
frequencies f of the steady-state regime
in the rage between f., and f,., are
equally possible, the motor will produce
maximal mechanical work “A” during a
definite long period of time. It may

Pec = 21fy M = 21M,

5)
happen if A= | Fyecdt = Max | where (t; -
|

t) is the service life. After some
transformations the following problem
can be formulated: an induction motor
has to operate with different, equally
possible frequencies in the rage between
fnin and fra. It is based on a prototype of
an induction motor with preset rated
characteristics. What changes about the
values of the factors have to be
constructionally realized in order the
following equation to be observed?

J= fn}lax fP cool

fmin Kstf4 + K

df = Max.
2,2
Il’l f}’l

cop U2
n

SOLUTION OF THE PROBLEM

When the overall dimensions are
determined, the correlation between the
cross-sections of the magnetic cores
and the windings can vary. Let the cross-
section of the magnetic cores changes a

Sstn
1+¢’

1. With a first approximation it can be
accepted that the total cross-section of
the winding will receive opposite, by
nature, change S.., = Scop(1 + a), which
leads to a relevant change in the cross-
section of each conductor Sco, = Sconn(1 +
¢) when the number of the windings is
the same. These changes affect on the
factors Ky and K.o, in the following way.
When the magnetic flux is constant, the
magnetic induction “B” changes as
follows B = B,(1 + ¢). As a result the
losses in the ferromagnetic material
change per unit of weight — Psy = Pg;ne(1 +
€)% On the other hand the overall weight
of the magnetic core “G” changes as

G
wellG = —,
1+¢

little, for example Sy; - where |g|<<

Therefore the losses in the




steel are determined by the following
equations: P = Psq(1+ €) or

Kt = Ksu(1 + €). By analogy

K. = @
cop ~ (1 + 8)

It is necessary the value of ¢ to be
determined so as the equation J = Max,
to be realized.

After integrating and differentiating in
respect of the value (1 + ¢). The
derivative is reduced to zero. As a result
the following formula comes out:

e [Pem
e 1:max 'fmin Pst

The same result comes out assuming
that the magnetic core is with preset
parameters, but the number of the
windings “w” changes. Let this number
for the initial motor be “w,”. In case of a
new value “w” and when all of the
overall dimensions are the same, the
magnetic induction has got a new value

B-= Bow—g . The losses in the copper
w

depend on the resistance R of the
winding:

P... =R . P. This resistance depends on
the number w of windings through both
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the overall length | = I,.w and the cross-
section of the conductorS,.,, - A;Kz,

where |, is the average length of a

winding and A is the total cross-section

WZ

of the coil. Therefore Feop = Feopo —5 . AS
wo
a result, when the motor construction
isnstant, the values of the losses in the
steel can increase x-times through a
relevant change in the numbers of the
windings and the losses in the copper
decrease approximately x-times i.e. if

1
Pst = xPy, then Feop = ;Pcopo,

CONCLUSIONS

The results obtained are achieved on the basis of some
approximate suppositions. Nevertheless they correctly reflect
the tendency, that has to be observed during the designing
with a view to the improvement in the use of the motor. The
equations shown above, also afford an opportunity an
optimization to be sought when some irregular distributions of
the frequencies are expected during the service life. That has
been accomplished on the basis of prognosis suppositions.
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