1.5. /IBUraTe/; M MOCTOSTHHOIO TOKA

MauvHbl NOCTOSSHHOTO TOKA, KaK U BCE AIEKTPUUECKUE MAILIUHBI, ABISIOTCS
oOpalieHHbIMH, T.€. MOTYT pabOTaTh KaKk B pEeKUME I'€HEpaTopa, TaK U B PEKUME
nsurarens. ['eHepatop sBIIETCS UCTOYHUKOM 3JIEKTPOIHEPTHUH, B KOTOPOM MeXa-
HUYECKas MpeoOpa3yeTcsl B JIEKTPUUECKYI0, a B JBUTATelle, HA 000POT, JJIEKTPHU-
yecKkas dHeprus npeodpasyeTcss B MeXxaHM4ecKyro. B Hacrosiiee BpemMsi OHH MpHU-
MEHSIIOTCSI B OCHOBHOM B Kau€CTBE JBHUIaTeNIeH JJIsl IPUBOJIOB MAlIMH U MEXaHM3-
MOB, KOTOPBIE€ HYXIAIOTCS B IUIABHOM M 3KOHOMHOM PETYJIUPOBAHUU YACTOTHI
BpAIllCHHS] B IIMPOKOM JHANa30HE, HAIPUMED, B DIEKTPOTITE, a TAKXKE B CIydae
OOJBIINX MEPErPY30YHBIX U MMYCKOBBIX MOMEHTOB.

1.5.1. KoHcTpyKIIUSl ¥ IPUHLMI AeHCTBUS JBUTATEJIS] MOCTOAHHOIO TO-
ka. J/[purarenp nocrossuHoro toka (I1T) coctout 3 TpéX OCHOBHBIX YacTel: He-
MOJBUKHOTO CTAaTOPa, BPAIAIOIIETOCs poTopa (SKOps) U KOJUIEKTOpHOro y3na. Ha
puc.1.59 nokazan JI1T B nonepeunom (a) u MpoJ0abHOM cedeHusx (6), B pa3pese
u o61iem Buze ().

8 A-A

Pucynok 1.59 — JIBurarens mOCTOSSHHOTO TOKa B pa3pese
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1.5. Direct current motors

Direct current motors, as well as all electric motors, are reversible, i.e. they
can work both in a generator mode, and in a motor mode. A generator is an elec-
tric power source which converts mechanical energy to electrical energy, and vice
versa, a motor transforms electric energy to mechanical energy. Now they are ap-
plied basically as motors for electric drives of machines and mechanisms which
need smooth and economical regulation of rotation speed in a wide range, for ex-
ample, in electric traction and also in case of big overloading and starting torques.

1.5.1. Design and operating principle of a direct current motor. A direct
current motor (DCM) consists of three basic parts: the motionless stator, rotating
rotor (armature) and commutator unit. In Fig. 1.59 it is shown DCM in a cross-
section (a) and a longitudinal section (b), in a cut and the general view (c).

Figure 1.59 — Direct current motor in section
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Crarop BKItOUaeT B ce0s cTaHuHy 1, KOTOpas mpeacTaBiIsieT cOOOM MObIi
CTAJIbHOW IMJIMHJP, TJIaBHBIC TOJIOCHI 2, KOTOpPHIE Kpersarcs K cTaHuHe (Bcerna
IIMXTOBaHHBIC) C TIOJIOCHBIMH HakoHEeYHHKaMu. OOMOTKa BO30OYKJIeHHUs 3 ycTa-
HOBJICHA Ha TJIaBHBIX moJitocax. JloO0aBounsie moioca 4 ¢ oOMOTKOHN 5 pa3mernia-
IOTCSI MEXK/Ty TJIABHBIMU TTOJIFOCAMH.

[IuxTOBaHHBIN CepACUYHUK 6 SKOpS HacakeH Ha Ban 7. OOMOTKa sKops 8
yJIOKE€HA B Ma3bl CEpACYHUKA, B KOTOPOM CJEJaHbl KaHAJbl JJIsI OXJaxaAeHus 9.
KomnekTopupiii y3en coctout u3 koiiektopa 10, BBITTOJHEHHOTO W3 OTIACIBHBIX
KOJUIEKTOPHBIX MEAHBIX TacTuH. Ha komiektope ycraHaBiuBaroTcs IMETKH 11
(yroipHO-TpadUTHEIC), KOTOPHIE C IIOMOIIBIO MIETKOICPIKATES COCTMHEHBI C Tpa-
Bepcoit 12. IIETku CKOMB3AT MO KOJUIEKTOPY, 00eCTIeUrBast JJIEKTPHUECKYIO CBSI3b
OOMOTKH SIKOPS C BHEILLIHEW 3JIEKTpUUEeCcKol 1enbto. Kpome toro, B 1BUraresne ecthb
BEHTWIATOp 13, Haca)keHHBIA Ha BaJl, MOAMIMIHUKOBLIE MUTHI 14, KOTOpBIE yCTa-
HABJIMBAIOTCS HA MOAIIMNHHUKAX 15. J[BUrarens Kpenurcs K OCHOBAHUIO C IOMO-
b0 Jian 16.

Ha puc. 1.60 Gonee naeTanpHO MOKa3aHBI 3JEMEHTHI CTaTOpa: OOIIHMI BHU
(a); momepeunoe ceuenue (0) M cepACUYHHK (6) TIIABHOTO IMOJIOCA; JTOOABOYHBIM
notoc (2); uudpamu moxkazanel: 1 — cepJeYHUK TJIABHOTO MOJtoca; 2 — 0OMOTKa
BO30YXKJeHUS; 3 — MOJIOCHBIM HAKOHEUHUK; 4 — SIKOPh, 5 — cTaHWHA; 6 — OONT-
“mmuipKa’’; 7 — KJIeMMHBIE BBIBOJIBI OOMOTOK ITOJIIOCOB; 8 — 100OABOYHBIN ITOJIIOC,

9, 10 — cepaeyHuK 1 OOMOTKA TOOABOYHOTO MOJTIOCA.

Pucynok 1.60 — DniemenTsl cratopa JIIT

Ha puc. 1.61 noka3aHbl 37€MEHTHI IKOpS U KOJUJIEKTOpPa, a TaKKe MX KOH-
CTPYKTHUBHBIE 0COOCHHOCTHU: 1 — Ha)XXUBHBIE 1Ial0bI; 2 — KAaHABKU MO OaHIaxu; 3
— CTSDKHOU 00JIT; 4 — 3@KMMHOE KOJIBIIO; 5 — MUKAaHUTOBAs U30JALUs; 6 — KOpITyC-

BTYJIKA; 7 — BBICTYII C IPOPE3bI0 KOJUIEKTOPHOW TIACTUHBI.
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The stator includes the frame yoke 1 which is a hollow steel cylinder, the
main poles 2 which fasten to the frame yoke (always laminated) with polar tips.
The winding of excitation (field winding) 3 is established on the main poles. The
additional poles 4 with the winding 5 are located between the main poles.

The laminated core of the armature 6 is on the shaft 7. The winding of the
armature 8 is laid in the core slots in which the channels for cooling 9 are made.
The commutator unit consists of the commutator 10 executed from separate com-
mutator copper plates. On the commutator the brushes 11 (carbon-graphitic brush)
are established, which by the instrumentality of the brush-holder are connected to
the traverse (cross-arm) 12. The brushes slide on the commutator, providing elec-
tric communication of the armature winding with an external electric circuit. Be-
sides, in the motor there are the fan 13, set on the shaft, bearing boards 14 which
are established on the bearings 15. The motor fastens to the basis by means of the
lug supports 16.

In Fig. 1.60 elements of the stator are in more details shown: the general
view (a); cross-section (b) and the core (c) of the main pole; the additional pole
(d); 1 — the core of the main pole; 2 — the excitation winding; 3 — a polar tip; 4 —
the armature; 5 — the frame yoke; 6 — the double-end bolt; 7 — the clamp connec-
tions of poles windings; 8 — an additional pole; 9, 10 — the core and a winding of
an additional pole are shown by figures.

Figure 1.60 — Elements of DCM stator

In Fig. 1.61 the armature and commutator elements and also their design
features are shown: 1 — acquirable washers; 2 — flutes under bandages; 3 — a cou-
pling bolt; 4 — a tightening ring; 5 — micanite isolation; 6 — the case-plug; 7 — a
ledge with a cut of a commutator plate.
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OOMOTKa AKOPSI U3rOTOBJIEHA B BUJE CEKIIHMM, KOHI[bI KOTOPBIX MPUIASHBI K
IJIACTUH KOJUIEKTOpa. Bee cexkumm coenMHEeHbl MOCIEA0BATENbHO. Y CEKIHHN €CTh
M0 JBE€ aKTHUBHBIE (TIa30BbIe) yacTh. KoHell cienyromiei ceKiuu 0OMOTKUA COEIH-
HEH ¢ HaYaJoM mpenpaymiei. Takum oOpa3om, co3gaéTcsi 3aMKHyTas OOMOTKa
sxops. CeKrun 0OMOTKH YKJIaJBIBAIOTCS B Ma3bl SKOPS B OMPEISICHHOM MOPSIKE
TaK, 9TOOBI TIPU BPAIICHUH SKOPS WX YaCTH BCETIa HAXOAMINCH IO/ Pa3HBIMH T10-

JIFOCaMHU CTaTopa.

Pucynok 1.61 — DnemenTsl sikops 1 konekropa AT

KomuuectBo IIETOK PaBHACTCA YHCIIY I'JIaBHBIX ITOJIKOCOB MAIlIMHBI. H_[CTKH
YCTAHABJIIMBAIOTCA HAa KOJIJICKTOPC IIO OCH ITIOJHOCOB (HpI/I HaJIM4YMH I[O6aBO‘IHI>IX
HOJII-OCOB) TaK, YTOOBI OHH COCIUNHAINCE C Y4aCTKaMU CGKHHﬁ, KOTOPLIC B ,IIElHHBII?I
MOMCHT IIPAKTHYCCKHU HC IICPCCCKAIOT CH-
JIOBBIC JIMHHMU. Ka;xz[a;{ IETKA O0OBIYHO

IICPCKPBIBACT Ha KOJUICKTOPC HCCKOJIBKO

ol

m1acTuH. Tak Kak CeKIUU B KaKIOHM IIa-

pajIeIbHON BETBHM OOMOTKH COCIWHCHBI

nociegoBarenbHo, To0 ux EJIC ckmampl- >

BatoTcs. [[étku nmenar oOMOTKYy Ha ma-

PaJUICIIbHBIC BCTBH. Yucio mapaJuICIbHBIX

+

BeTBeil o0Oo3HavaeTcss 2a. Toxk mapai-

9 n
JIEJIbHOU BETBU

i = I_a

a ’

2a ¢ H?
rae |, — Tox 0OMOTKH SKOPSL. Pucynok 1.62 — K npunnumny aeiictBust

JUIT
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The armature winding is made of the sections which ends are soldered to
commutator plates. All sections are connected in-series. There are two active (slot)
parts at the sections. The end of the following section of the winding is connected
to the beginning of the previous. Thus, the closed winding of the armature is cre-
ated. The winding sections are established within armature slots in a certain order,
so that at rotation of the armature their parts always are under different poles of
the stator.

Figure 1.61 — Elements of the armature and commutator of DCM

The brushes quantity equals to number of the main poles of the motor. The
brushes are established on the commutator on an axis of poles (in the presence of
additional poles) so that they incorporated to sites of sections which practically do
not cross at present power lines. Each
brush usually blocks some plates on the
commutator. As sections in each parallel

branch of the winding are connected in-
series so that theirs EMF are added. The
brushes divide the winding into parallel

branches. The number of parallel branches
is denoted as 2a. The current of a parallel

branch

|—|a
° 2a

where 1, is the current of the armature

p H2

Figure 1.62 — Operating principle
winding. of DCM
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[TpuHIIMTT MEWCTBUS MAITWHBI TTOCTOSIHHOTO TOKa Oa3MpyeTcs Ha 3aKOHax
AIIEKTPOMArHUTHOW MHAYKIUU U Amriepa (puc. 1.62). MarautHoe 1moJie MamuHbI

co3/1a€T 0OMOTKa BO30YXIEHUS, KOTOpash HaXOJAUTCA Ha TJIaBHBIX mosrocax. Ha
0OMOTKY BO30YKIeHHUS MOAAETCsS MOCTOSTHHOE HampspkeHne U, BCIIGICTBHE YETO

o 0OMOTKE BO30OYKJIEHUS MPOTEKAET TOK BO30OYyxaeHus |,, KoTopsiid co3aaét oc-
HOBHOM MAarHUTHBIA MOTOK @. DTOT MOTOK MPOXOIUT CTAHHHY, CEPACYHUKH IO-
JIOCOB, CEPJCYHUK SKOPS U JABAXKAbl MPEOJOJEBAET BO3AYIIHBIA 3a30p MEXIY
SAKOpEM M I1aBHbIMU noitocamu. Hanpsokenue U , koTopoe nmogaércs Ha 0OMOTKY

AKOpsL OT CETH, CO3AAET TOK B IIPOBOJHUKAX OOMOTKM sikopst |, (HampaBieHue

ykazaHo 3Hakamu @ u ©). Ilo 3akoHy Ammepa Ha TPOBOJHUKUA OOMOTKHU SKOPSI
JNEUCTBYIOT CWJIbI F , HampaBlieHHEe KOTOPBHIX 0003HAYaeTCs MPaBUIIOM JIEBOU py-
KH. DTU CUJIbI 00pa3yroT BpaIAIOIIN MOMEHT M, KOTOPbII MPUBOAUT SIKOPb JIBH-
raTess K BpalleHuIo ¢ yacTtoToid N. ITpu 3ToM B mpoBOJHMKAX OOMOTKH SIKOPS MO
3aKOHY AJieKTpoMarHuTHOW mHAyKuuu HapojsTcs DJC (nmpotuBo-EJIC), Hampas-
JIEHWE KOTOPBIX OIPENEIACTCS IO NPaBWIy IPABOW PYKH M IPOTHUBOIIOIOKHO

HaIIpaBJICHUIO TOKA B IIPOBOJHUKAX.

1.5.2. OcHoBHble ypaBHeHus 11T
Bpamarommii MOMEHT
M=C,, ®l,.
[Tone3Hslii MOMEHT Ha BAJIy ABUTATEIS
P
M, =955 -2,
n
rie P, — momesnas momHoOCTh Ha Bally aBurareisi, BT; N — gacrora Bpamie-

HUs, 00/MUH.
Hanpsoxenue na sskope AIIT
U=E+I,R,;.
EJC sixkopst AIIT
E == CE (D n.
YpaBuenne momenToB JI1T mpu ycraHOBUBIIEMCS peKUME paOOTHI:
M :M2+M0:MC+M0,
ne My — MoMeHT xoiocroro xoxa apurarens; M, — cratmdeckuii (TOpMO3HOI)

MOMEHT pabo4ero MexaHu3ma.
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The operating principle of a direct current motor is based on laws of elec-
tromagnetic induction and Ampere (Fig. 1.62). The magnetic field is created by
the excitation winding which is situated on the main poles. The excitation winding

fed by the direct voltage Ue according to the current lg flows in the excitation

winding which creates the basic magnetic flux ®. This flux passes the frame yoke,
cores of poles, the core of the armature and overcomes the air gap between the ar-
mature and the main poles twice. The voltage U feeds the armature winding from a
network, creates the current I, in conductors of the armature winding (the direction
is specified by signs@®). According to Ampere’s law, forces acting on the conduc-
tors of the armature winding are indicated by the rule of the left hand. These forces
form a torque M, which leads the motor armature to rotate with speed n.

Thus, in the conductors of the armature winding, according to the law of
electromagnetic induction, EMF (counter-EMF) is induced, the direction of which
is defined by the rule of the right hand and is opposite to the direction of the cur-
rent in the conductors.

1.5.2. The basic equations of DCM

The rotating torque
M=Cy®l,
The useful torque on the motor shaft
P
F )
where P is useful power on the shaft of a motor, W; n s the rotation speed,
rpm.
i Voltage across the armature of DCM
U=E+I;R,
The armature EMF of DCM
E=Cg ®n
The equation of DCM torques at the steady-state operating mode

M, =955

where My is the no-load torque of the motor; M is a static (brake) torque of

a working mechanism.
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1.5.3. Cnoco0bI mycka u peryjupoBaHus 4acToThl Bpamenus JIIT

Ha puc. 1.63 u300paxkeHbl 2JIEKTPUUECKUE CXEMBbI MTycKa M PeryIupoBaHus
gactoTel BpameHus 1T ¢ mapauienbHbIM (a) W MOCIIeI0BaTSIIEHBIM BO30YXKIe-
HueM (60).

[IpuMmeHsroTCS cienyromue cnocoObl MycKa:

a) MpsAMOE BKJIFOYEHUE JBUTATENIEH B CETh HA HOMUHAJIBHOE HANPSHKEHUE,;

0) peocTaTHBIN cOcOO MycKa MyTEM BKJIIOYECHHS B IIETh SIKOPS IMyCKOBOTO
peocrata R, ;

B) HEPEOCTATHOE PEryIupoBaHUe HampspkeHus U mpu mycke, KOTOpoe I0-
JaeTCs Ha ABUTATENb 34 IOMOIIBIO CIIEIIUAIbHBIX T€HEPATOPOB.
[lepBriii cioco0 mycka mMpUMEHsETCS ISl MAIllMH Mayioll MomHocTH. [lyc-

KoBbI€ TOKH |,y =U /R, 00BIYHO MPEBBIIAIOT HOMUHAIBHBIC 3HAYCHUS TOKOB B

6...8 pas.

Tpetuii crmoco6 MpUMEHSIETCS PEJIKO ¢ UCIOJb30BAHUEM CHUCTEMBI ,,[eHepa-
TOp-JBUTATEND .

HaubGonee mmpoko
pacrpoCcTpaHeH  BTOPOM
crioco0. IIpu sTom mycko-
BOM TOK
lyex =U/(Ry +Ry)

OIpaHUYMNBACTCA B IIPCIAC-

max Ay =(15..2,5)1

HOM
C IIOMOIIBIO ITYCKOBOTO
peocrata C COIIPOTUBJIIC-

HueM R, .

ITocne mycka nBu-
Pucynok 1.63 — EnexTtpuueckue cxembl MycKa W peryu- .
raresis IyCKOBOW peocTtar
poBanue vactotsl Bpamienus JIIT ¢ mapamiensHeiM (a) u

OTKJIFOYAETCS.

TOCJIeIOBATEIILHBIM BO30YKIeHHEM (0)
PerynupoBanue ua-

CTOTBI BpAIlIEHUSI MOXKHO MPOAHATIU3UPOBATh, UCTIOJB3Ys (GOPMYITy

U-1,(R, + Rp)

Ce®

W3 s1oit hopMymbl CIEAYIOT TaKue CIOCOOBI PETryJIMPOBAHUS YaCTOTHI Bpa-

[€HUS JIBUTATEIICH
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1.5.3. Ways of start-up and regulation of speed of rotation of DCM

In Fig. 1.63 electric circuits of start-up and regulation of speed of rotation of
DCM with parallel (a) and series excitation (b) are represented.

The next ways of start-up are applied:

a) direct powering of motors on the rated voltage in a network;

b) rheostatic way of start-up by powering in a circuit of the armature of a
starting rheostat Rs;

c) not rheostatic regulation of voltage U at start-up which moves on the mo-
tor behind the help of special generators.

The first way of start-up is applied to low power motors. Starting currents

s =U/Ry usually exceed rated values of currents in 6 ... 8 times.

The third way is
seldom applied with use

U .
wafa - of system ‘"generator-
motor".
H2
]Rs Rre The second way is
i T%EW i
ex - the most widespread.
0 Thus the starting current

r_[]R’ Is= U/(R, + Rs) is limited

in limits
Al A2 Is= (1,5...2,5) liaeq for a

starting rheostat with re-

a g sistance Rs.

After start-up of a
Figure 1.63 — Electric start-up circuits and regulation of

. _ o motor the starting rheostat
the DCM speed with parallel (a) and series excitation (b)

is disconnected.
Regulation of speed of rotation can be analyzed, using the formula

_U-13(Ra+Ry)
Cg®
From this formula such ways of rotation speed regulation of motors follow:
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a) u3MeHeHueM HanpspkeHus: ceth U . PerynupoBaHue N OCyIlecTBIsE€TCA

BHHM3 OT HOMHHAJIbHOI'O 3HAYCHUA nHOM ;

0) M3MeHEHUEeM NaeHUsl HanpsukeHns B AKOpHOH nemu 1, (R, +R;) myrem

BBCIACHHA PCIYIUPOBOYHOI'O pC€OCTATa B ILICIIb SAKOPA. B sTom ClIydac 4aCToTa nHOM

PETyINPYCTCA BHU3 OT HOMHUHAJIBHOU YaCTOTHI BPAIICHUA nHOM ,

B) U3MEHEHUEM IMOTOKa BO30YXJaeHHS @ C MOMONIBIO PETYIUPOBOYHOTO

peocTarta R BKIIIOUYCHHOI'O B IICIIb B036y}KIIeHI/IH. B stoMm clly4yae 4actora N pe-

p3°
TyJInpyeTcs BBEPX OT HOMUHAJIBHOI'O 3HAYCHUA nHOM .

1.5.4. MexaHnuyeckue XapaKTePUCTUKHU ABUraTesIsl HIOCTOSIHHOIO TOKA

MexaHudeckne XapakTepUCTHKHU SBISIOTCS 3aBucuMoctd N(M) mpwu
U =const.

Jlis gBuratens ¢ mapayuleNbHBIM BO30ykaeHusM (cM. puc. 1.64, a) mpu
@ = const (peakiueit skopst mpeHeOperaecM) Mmoyyaem
U M R, +R,

= -M———==np - CM.
C:Eq) CECM CD
Ha pwuc.1.64,a
n 1 (R,=0)
Nos P N 1 (Ry=0) U300paKeHbl  MEXaHH-
Niomt YECKHE XapaKTePUCTUKHU
/ JBUTATENIS  Tapajuielib-
2 (Ro>0) N\ 2 (Ry>0) |™*~-. HOro BO30Y»xaeHus (Jiu-
Husi 1 — ecrecTBEeHHAas
XapaKTepHUCTUKA pu
R =0: muaua 2 — wuc-
0 M., M 0 M ’
Houm 0.25Mon wow M KYCCTBEHHAast pu
a 0 R, >0). s neurarens

Pucynok 1.64 — Mexannueckue xapaxkrepuctuku II1T
C  [OCJIEIOBATEIbHBIM

BO30y:x1ieHue (auB. puc. 1.64, 6) npu @ =K |, nomyqdaem

U Ra+Rp
MK  CgK
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a) by change of voltage of a network U. Regulation nis realized out down-
wards from rated value Nyaeq ;

b) by change of a voltage drop in the armature circuit I, (R + R, ) by intro-
duction of an adjusting rheostat in the armature circuit. In this case speed Nyaeq IS
regulated downwards from the rated speed of rotation Nyeg;

¢) by change of a flux of excitation ® by means of the adjusting rheostat R,
included in the circuit of excitation. In this case n speed is regulated upwards from
the rated value Ny eq.

1.5.4. Mechanical characteristics of a direct current motor

Mechanical characteristics are dependences n(M) at U = const.
For the motor with parallel Bo30yxnenusam (Fig. 1.64, a) at @ = const (ar-
mature reaction it is neglected) it is received
Ry +R
U M_a""p

n=——— > =No — CM.
CECD CECM(D
s On Fig. 1.64, a, b
:ﬂ‘ L Vi lhy " I(erg) mechanical characteris-
tics of the motor of par-
Hyp 0
\ e S allel excitation (a line 1
R
2 (R=0) N 2 (00 © - the natural character-
istic are represented at
R;; a line 2 — artificial at
0 0 R;). For the motor with
M.Er M Oasztr My M

consecutive excitation
_ 4 _ b (stars. Fig. 1.64,)
Figure 1.64 - Mechanical characteristics of DCM at @ = KI, we have re-

ceived
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OTMCTI/IM, qTO ABHUTAaTCIN C ITOCICA0BATCIIbHBIM B036y)KI[eHI/IeM O6HaI[aIOT

OOJIBIIIUM BpAIIAIOIIUM MOMEHTOM, KOTOPBIM MPOMOPIIMOHATIEH KBaApaTy TOKAa.

OI[HaKO IIpru OTCYTCTBMHU MOMCHTA Ha BaJIy ABHUI'aTCJIA 4aCTOTA BPAIICHHA 6BICTp0

BO3pacTaeT (ABUTATENh UAET B Pa3HOC) U IS €€ OrpaHUYCHUS] HEOOXOIUMO UMETh

MOMEHT COIIPOTHUBJICHUS HA Bady He MeHbie M =0,25M .

[TocrnenHee ypaBHeHHE WMeeT BHJ, ONU3KHE K rumnepoboie (puc. 1.64, 6):

KpuBas 1 — ecTecTBeHHAsI XapaKTEPUCTUKA, KPUBasl 2 — UCKYCCTBEHHASI.

1.5.5. MomHocThb, motepu mouHocT ¥ KII/[ ABuraresisi mnocTosiHHOI0 TOKAa

[Iponecc mpeoOpazoBanus suepruu B JIIT c
napajuieIbHBIM BO30YKJEHUEM MOSICHSETCS C IOMO-
IIbI0 3HEpreTudeckol auarpammsl (puc. 1.65), rme

P, P, P, — MOIIHOCTb, COOTBETCTBEHHO, IOJBE-
JICHHas, DJICKTPOMarHuTHas u noiuesHas; Py, By — mo-
TE€pPH MOIIHOCTH, COOTBETCTBEHHO, B LIETTH BO30YXK/Ie-
HUS U Ha XOJOCTOM xoay; P, — MexaHu4ecKue Io-
Tepu; P,, — MarHuTHBIE IOTEpPH B MarHUTONPOBOJE;

1)3,JI — OJICKTPHUYCCKHUC IIOTCPU B 00MOTKaX SAKOpA U

JOIIOJTHHUTCIJIbHBIX ITIOJIFOCOB, PIH — IIOTCPH B KOHTAKTC

,,IIIETKa-KOJJIEKTOP ’; Py — NOMOIHUTENIbHBIE MOTEPH.

P,=U"l

Pem=E-‘lg4

P,

Po=Pum+Pux

Pucynox 1.65 —
DHepreTuyeckas Auarpamma
AIIT

B nBuraresne cymecTByroT

IMOTCPH, KOTOPBIC TAKCIIO YUHUTBIBAIOTCA, KOTOPHIC HA3bIBAIOTCA AOIIOJIHHUTCIbHBI-

MU P, KoTOpbie cocTaBiisitoT 0,5...1,0 % noBeieHHO MOIIIHOCTH B JIBUTATEJIC.

P, B -AP
KIIJ nBurarensa mn n= 2 = 1—,
P P
rae AP — cyMma nmotepb B ABUTraTene,

AP =Ry +Py; + By + B+ Pyon -
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Note that series motors have a big torque which is proportional to square of
current. But if the motor hasn't a torque on the shaft its speed of rotating quickly
increases (racing of motor) and for its limitation we need a torque of resistance on
the shaft no less than M =0,25M ;o4 -

Last equation looks like, close to a hyperbole (Fig. 1.64,): a curve 1 — the
natural characteristic, curve 2 — the artificial one.

1.5.5. Power, power losses and efficiency of the DCM

Process of transformation of energy in DCM , P,=U]

with parallel excitation is explained by means of
the power diagram (Fig. 1.65), where P, Pgy, P> (
are power, accordingly, brought, electromagnetic ¥

PEM:E'Ia

: Py Pyr+Ppp
and useful; Pgx, Py are power losses, accordingly,
in the circuit of excitation and no-load; Pycy 1S 2, |
. . . ) Py=Py+P
mechanical losses; Py is magnetic losses in the ¢ M
Figure 1.65 —

magnetic circuit; Pg_is electric losses in windings
of the armature and additional poles; Pgg is losses
in contact "brush-commutator"; Pap IS additional losses. In the motor there are
losses which are hard considered which are called as additional Rxp wich makes
0,5 ... 1,0 % of the brought power in the motor.

Power diagram of DCM

Efficiency of the motor n, = P _R-4aP
P 3

Where AP is the sum of losses of the motor,
AP:P0+PEL+PBR+PEX +PAD.
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1.6. ACUHXPOHHBIE JIBUI'ATEJIA

1.6.1. KoncTpykuusi Tpex(pa3Horo aCHHXpPOHHOI0 ABUTraTeJIsl

K acuHXpOHHBIM (30 pyOexcom ucnoawb3yom mepmur — UHOVKYUOHHASL Md-
wuna, a ¢ cmpanax CHI — acunxponnas) OTHOCAT MAallHMHBI TICPEMEHHOTO TOKa,

qaCTOTa BpalllCHUA POTOPaA n2 KOTOPBIX IIPH MOCTOSSHHOM 4acTOTE IICPCMCHHOT'O

TOKa ucrouHuka f m3Mmensercs ¢ M3MeHEHHEM Harpy3Kku U OTJIMYacCTCA OT CHUH-

XpOHHOﬁ YaCTOThI, TO €CTb OT YdCTOTHI BPpAIICHUA MATHUTHOI'O II0JII CTATOpPAa nl.

«ACUHXPOHHBIN» — HEOOHOBDEMEHHDLIL.

ACHHXPOHHBIN JBUTATENb MpPEIHA3HAYEH JIs MPeoOpa3oBaHus dJIEKTpUYe-
CKOM PHEPruy B MEXaHWYECKYIO PHEPTUIO B BHUJIE BPAIIAIOIIEr0O MOMEHTA Ha Baly
MalIuHbI, KOTOPBIN MepeaaeTCsl UCTIOJIHUTEIIbBHOMY MEXaHU3MY, COCIMHEHHOMY C
HUM, HaIlpUMeEp, C MOMOIIBI0 My(DThHI UJIK Yepe3 PEIyKTOP.

B cuioBbIX ycTaHOBKAaxX IIMPOKO HMCHOJIB3YIOTCS Tpexdas3Hble IABUTATEIH,
KOTOpbI€ MPUBOJAT B JIBJKEHHE Pa3HbIE CTaHKH, HACOCHO-KOMIIPECCOPHBIE, KY3-
HEYHO-TIPECCOBBIE, MOIEMHO-TPAHCTIOPTHHIE U IPYTHUE MAIIUHBI U MEXaHU3MBI.

Tpexda3zHbie aCHHXPOHHBIC ABUTATENIN UCTIOIHSAIOTCS IBYX THUIIOB: C KOPOT-
KO3aMKHYTBIM U (Da3HbIM poTopamu. KOHCTPYKIIMS aCMHXPOHHOTO JIBUTaTels C
KOPOTKO3aMKHYTBHIM POTOPOM M300pakeHa Ha puc. 1.66 a, 6 (monepedyHoe u mpo-

JOJIbHOE ce4YeHue), a oommii Bug — Ha puc. 1.67.

4 2\3 13
12 = | 15
5 =

[ 1ol
3 111 | 1] 14
9 TINE
11
10

Pucynok 1.66 — KoHCTpyKIIMsl aCHHXPOHHOTO JABUTATENs

1.6. INDUCTION MOTORS
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1.6.1. The design of the three-phase induction motor

Induction motors (the term “induction machine” is used abroad, and “asyn-
chronous” in the CIS countries) are AC machines, the rotor speed of which at a
constant frequency of the alternating current source f varies with load and differs
from the synchronous frequency, i.e. from the rotation frequency of the stator
magnetic field. “Asynchronous” means non-simultaneous.

The induction motor is intended for transformation of electric energy to me-
chanical energy in the form of the rotating torque on the motor shaft which is
transferred to the executive mechanism connected to it, for example, with the help
coupling or through a reducer.

In power-plants three-phase motors which actuate different machine tools,
pump-compressor, compression-type, materials-handling and other motors and
mechanisms are widely used.

Three-phase induction motors are executed two types: with short-circuited
or squirrel-cage rotor and phase rotors. The design of the induction motor with a
short-circuited rotor is represented in Fig. 1.66 a, b (cross-section and longitudinal
section), and the general view is in Fig. 1.67.

4 1 A

1
5 11 | NNNRN = _
9 e

A—>| 1
a 9]

Figure 1.66 — Design of an induction motor
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OCHOBHBIE YaCTH JBUTATENSl — HEMOABUKHBIA CTaTOpP M BpallarolIuiics po-

TOp, Pa3ACICHHLIC BO3AYIIHBIM 3a30pOM. B cranune 1, HCIIOJHCHHON B BUJIC

Pucynox 1.67 — O6mwmii Bu
ACHHXPOHHOT'O JBUTATEIIS

CTaJIbHOW BaJIbLIOBAHHOW TPYOBI MJIN AJTFOMUHU-
€BOM OTJIMBKH, YCTAHABJIMBACTCS CEPJICUHHUK 2
cratopa. CepAeYHUK HCHOJHSIETCS W3 JIUCTOB
BJIEKTPOTEXHUYECKOU TOJIIUHOMN
0,35...0,5 MM, M30JIMPOBAHHBIX OJUH OT APYIoO-
ro ciloeM Jaka. B maszax ceplieuHuKa cTaropa,
WCIIOJIb30BAHHBIX B MPOIIECCE IITAMIIOBKU JIH-
CTOB, YKJIaJIbIBaeTCsi OOMOTKa 3 cTaropa, KOTo-
pas coctaBisiercs u3 Tp€x dasz: Ci1-C4 (pasza A),
C,-Cs (paza B), C3-Cs (paza C). Hauana Cy, Cy,
C3 u xoH1BI Cy, Cs, Cy (ha3 0OMOTOK BBIBEJICHBI

cTalin

Ha KJIEMMHYIO KOpoOKy 4, KoTopasi ykperjieHa Ha cTanuHe. @a3bl 0OMOTKH CTaTO-

pa COEAMHSIOTCA
»TPEYTOIBHUKOM .

VYcaoBHele 0003HaueHus (a3
OOMOTOK Ha CX€Max U CXEMbI BKIIO-

,,3BE3101”’

NN

Y
 J

mepeaca

O WX
—e
—e

3

YeHusi UX B Tpex(dasHyr cucremy
,»3B€3101” U ,,TPEYyTOJbHUKOM  TOKa-
3aHbI Ha puc. 1.68, a, 6.

Ha puc. 1.69 mnokazan KoH-
CTPYKTHBHBIH (a) U cCXeMaTU4IHbIH (0)
BUJI KOPOTKO3aMKHYTOTO POTOpa, KO-
TOPBI COCTOMT U3 CepACYHUKA O,
HAOpaHHOTO M3 JIMCTOB DJIEKTPOTEX-
HUYECKON cTau TOJIIIUHOMN
0,35...0,5 MM ¢ BBIIITAMIOBAHHBIMU
B HHX Ta3aMH, B KO-
TOPBIX Pa3MeIal0T-
Ci CTEpKHM 6 KO-
POTKO3aMKHYTOMN
poTopa.
CrepxHM Ha TOpIlax

00OMOTKH

KECTKO COCIUHECHBI
MEXIy co00il Top-
IICBBIMU
7. Kak mpaBuio, 06-

KOJIBIIaMU
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Pucynoxk 1.68 — CxeMbl BKIIFOUCHUS

00MOTOK

Pucynok 1.69 — KopoTko3aMKHYTBIH pOTOp



MOTKa pOTOpa BBIIIOJHACTCA U3 AJIFOMUHUA 3aJIMBAHUCM €0 B PACIINIaBJICHHOM CO-
CTOsIHHMHU B I1a3bl CEPACUYHHUKA
The basic parts of the motor are the motionless stator and the rotating rotor,
divided by the air-gap. The stator core 2 is es-
tablished in the frame 1 executed in the form of
a steel rolled or aluminium casting. The core is
executed from sheets of electric steel with the
thickness 0,35 ... 0,5 mm, isolated one from an-
other by a varnish coat.
In the slots of the stator core used in the
sheet stamping process, the stator winding 3 is
Figure 1.67 — General view of an  1aid, which is composed of three phases:
induction motor In the core the stator slots, the sheets
used in the course of punching, the stator winding 3 which is made of three phases
keeps within: C1-C4 (phase), C2-C5 (phase), C3-C6 (phase). Beginnings C1, C2,

C3 and ends C4, C5, C6 phases of . .
windings are deduced on the clamp ;EB
(terminal) box 4 which is strengthened £ ¢ T T *
to the frame yoke. The stator winding § CiC2{C3
o)
&y

phases are connected by “wye’ (“star")
or “delta” .

Symbols of phases of windings
on circuits and schemes of their inclu-

sion in three-phase system are shown C4C5C6 C,
by "wye" and "delta" in Fig. 1.68, a, b.

In Fig. 1.69 it is shown con-
structive (a) and schematic (b) a kind a

of a short-circuited rotor which con-

sists of the core 5 typed from sheets of Figure 1.68 — SW|tch|ng—0n circuits of stator
an electrotechnical steel in the thick- windings

ness 0,35 ... 0,5 mm with stamped in them by slots in which cores 6 short-
circuited windings of a rotor take place. Cores at end faces are rigidly connected
among themselves by
face rings 7. As a rule,
the rotor winding is
made from aluminium
pouring it by the fused
condition in slots of
the core

Figure 1.69 — A short-circuited rotor
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C OJHOBPEMEHHBIM OTJIMBOM TOPIIEBBIX KOJIel 7 M BEHTWIALIMOHHBIX JOMATOK §.
CepaedyHuK poTopa ¢ OOMOTKOIO 3aKpeIIsieTCss Ha Bay 9 W ycTaHaBIMBAaeTCs Ha
MOJIIAMHUKOBBIX mKTax 12 u 13. [l oxmaxkieHrsl MallluHbI CITYKUT BEHTHISITOP
14, 3aKpbITHII KOXKYXOM 15.

KoHcTpykiuu cratopa aBurateis ¢ (Gpa3HBIM U KOPOTKO3aMKHYTBIM POTO-
pamMu wuaeHTUYHBI. Da3Hbld POTOP WIM POTOP C KOHTAKTHBIMH KOJBIAMHU
(puc. 1.70) umeer TpexdazHyr0o OOMOTKY, HMCIOJHEHHYIO aHAJIOTUYHO OOMOTKE
cratopa. OHa coequHsAETCS ,,3BE3/I01 ",

R . .
1 mawama P, P, i P, eé a3 BeIBOOATCA

Ha JIATYHHBIC WX MCIHBIC KOHTAKT-

HBIC KOJIbLIA 1, YCTAaHOBJICHHBIC Ha Ba-

Jy pOTOpa U HAACKHO H30JUPOBAHBI

OJIMH OT JIPYroro U OT KopIyca U Baja.

Ha KojbliaX yCTaHaBIMBAIOTCS LIETKU
Pucynok 1.70 — Cxema BKiodeHus ()a3HOTO 2, KOTOpbIE OJIEKTPHYECKH COC/HHSI-

potopa I0TCSl ¢ Tpex(}a3HbIM MYCKOBBIM pEJie
R

-
Tpéxdazuple nBUraTean Majlod U CPeAHEN MOLIHOCTH U3TOTABIMBAIOTCS HA

JBa HOMHUHAIBHBIX Hanpspkenus: 220/127, 380/220, 600/380 B, coortHoireHus

MEXIY KOTOPBIMH COCTaBIISIFOT V3. [Tpu nuHENHHBIX HANPSUKEHUAX TpexgazHon
CETH, YKa3aHHBIX B yHCIUTENE, (Pa3bl 0OMOTKU CTaTOpa COCIUHSIOTCS ,,3BE3/101 ™, a
B 3HAMEHATeJe — ,,TPeyroJibHUKOM . B 00oux ciayyasx (a3Hble HApsSKEHUs U TO-
KM B KaX101 (paze 0OMOTKM cTaTopa OJIMHAKOBBIE.

1.6.2. Bpamaromieecsi MArHUTHOE 1MOJIe M €ro CBOMCTBA

Bpamaromeecss MarHUTHOE I10JIE — 3TO MHOTOINOJIKOCHOE MarHUTHOE IOJIE,
KOTOpPO€ BO3HMKAET B BO3JYIIHOM 3a30p€ BIOJIb CTaTOpa, rie no ¢azam oOMOTKH
nporekatoT Toku | 5, g, |- craropa npu e€ noaxiroueHnu K Tpex@aszHoil CETH ¢

CUMMETPUYHON CUCTEMOW HANPSIKEHHWM. JTO IOJIE BPallaeTCs ¢ CUHXPOHHOM 4a-
CTOTOM, 00/MUH,

n, =60 f,/p,
rae f; — yacrora HanmpsHKeHHsT OOMOTKH CTaTopa; P — KOJMYECTBO IMap MOJIOCOB

MarHuTHOTO TOJIsI, CO3JJaHHBIX OOMOTKOM cTaTopa.
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with simultaneous outflow of the face rings 7 and the ventilating shovels 8. The

core of the rotor with windings is fixed on the shaft 9 and established on bearing

boards 12 and 13. For motor cooling there is the fan 14 closed by the casing 15.
Designs of the stator of a

Rs motor with phase and short-
circuited rotors are identical. The

phase rotor or the rotor with con-
tact rings (Fig. 1.70) has the three-
phase winding executed similarly

to the stator winding. It incorpo-
Figure 1.70 — Phase-rotor circuit rates "wye", the beginnings P;, P,,
P its phases are deduced on the brass or the copper contact rings 1 established on
the rotor shaft and reliably isolated one from another and from the case and the
shaft. On the rings the brushes 2 which electrically incorporate to the three-phase
starting relay are established R;.

Three-phase motors of small and average power are made on two rated volt-
age: 220/127 380/220, 600/380 In, parities between which make /3. At the linear
voltage of a three-phase network specified in numerator, winding phases of the
stator incorporate "wye", and in a denominator — "delta". In both cases phase to
neutral voltage and currents in each phase of the stator winding are identical.

1.6.2. Rotating magnetic field and its properties

The rotating magnetic field is a multipolar magnetic field which arises in the
air-gap lengthways the stator where on the winding the phase stator currents
1 a.1g,1c proceed at its connection to a three-phase network with symmetric sys-
tem voltage. This field rotates with synchronous frequency, rpm,

m=60f/p,
where f; is the voltage frequency of a stator winding; p is the quantity of poles
pairs of the magnetic field created by the stator winding.
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JIyist co3gaHusi 9TOTO TMOJS HEOOXOIUMO COOJIFOCTH CIIEMYIONTUE YCIIOBHUS:
co37aTh MPOCTPAHCTBEHHBIN CIBUT MEXIY OCSIMH (ha3HBIX OOMOTOK CTaTopa, paB-
HeIi 120 asekTprdeckuM rpagycaM (1 3JeKTprdecKkuid rpayc cooTBeTcTByeT 1/ p

TEOMETPUUYECKUX TPAAYCOB), a TAKXKE 3alMUTaTh OOMOTKY cTaTtopa OT TpexdasHOou
CETH.

Ha puc. 1.71 nokazana cxema pacmnoioxeHus: Tpéx oOMoTok ((ha3) B mazax

CepJICYHHKA CTAaTOpa, YTO IMO3BOJISICT MOJIYYUTh JABYXHoJocHOe (2P =2) Bpaia-

foiee MmaruutHoe mnojue. Ludpamu o6o3Hauensl: 1 — cepaeunuk; 2 — mas3sl ¢ 00-
MOTKOH, 3 — MAarHUTHOE MOJIE.

YtoObl yIOCTOBEPUTHCS, UTO MOJe TpexdazHoil OOMOTKHU SBISETCS Bpalla-
IOLIUM, PACCMOTPUM YIIPOIIEHHBIE KaPTHUHBI MarHUTHBIX TMOJIEH B CTaTOpE ABYX-
MOJIFOCHOTO JIBUratens aisa Tpéx MmomeHToB Bpemenu | — Il npu makcumymax To-
koB B (pazax (puc. 1.72). B momenT Bpemenu I (puc. 1.72, a) Tok B oOMoTKe A-X
in=I,, a Tokm B oOmorkax B-Y un C-Z
ig =ic =—0,51,, (puc. 1.72, 2). Cynepno3uius
nojei, oOpa3oBaHHBIX OOMOTKaMu, JA€T MoJie
MAIINHbBI, CUJIOBBIC JINHUU KOTOPOTO HaIpaBJie-
HBbl TOPU30HTAJIbHO. MarHuTHbIE MOJIIOCA TOJIS
N 1 S co3maroT och MO B CEpeIMHE CTATOPA.

B moment Bpemenu Il (puc. 1.72, 6) Tok

B oOmoTKe B-Y iz =i, a Toku B 0OMoTKax A-X

u C-Z iy =ic =051, (puc. 1.72, 2). Kaptuna

Pucynok 1.71— Cxema pacrionio- ~ HOJI TaKast Xe, KaK M JUIsl MOMEHTa Bpemenn |,
KeHHst 0OMOTOK (pa3) B a3ax  Tojabpko OCh 10J8 MOBEPHYJIACh MO XOJY Yaco-

CepleUYHUKa CTaTopa .
BOM cTpenku Ha 120°, coBmamas ¢ OCbIO MO
oomotku B-Y. B moment Bpemenu 111 (puc. 1.72, 6) Tok B oomoTke C-Z i =1, @
TOKH B 00MoTKax A-X u B-Y i, =ig =-0,51,, (puc. 1.72, 2). Kaptuna mons takas
e, KaKk M JIJIT MOMEHTa BpeMeHHU [, TOIbKO OCh TOJISI TOBEPHYJACh MO YacOBOU
ctpenike Ha 240°, coBnagas ¢ ocbio mojst 00MoTku C-Z. Pe3ynbTupyrommii BEKTOp
MarHuTHOro mosis pasusercs 1,5-By, (rme By — ammiuryna moss omaHo# (asbl) u
BpalllaeTcsl C YIJI0BOM CKOPOCTHIO M B CTOPOHY oTcraromiel (aspl. Takoe Bpaia-

IOImEeCCs MOJIC HA3bIBAIOT KPYT'OBBIM MAaIrHUTHBIM ITOJIEM.
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For creation of this field it is necessary to meet following conditions: to cre-
ate spatial shift between axes of phase stator windings, to equal 120 electric de-
grees (1 electric degree corresponds 1/ p geometrical degrees), and also feed the

stator winding from a three-phase network.
In Fig. 1.71 the diagram of an arrangement of three coils (phases) in core
slots stator is shown that allows to receive bipolar (2p=2) rotating magnetic

field. By figures are designated: 1 — the core; 2 — the slots with a winding; 3 — the
magnetic field.

To make sure that the field of the three-
phase winding is rotating, we will consider the
simplified pictures of magnetic fields in stator the
bipolar motor for three moments of time | - 11l at
maxima of currents in phases (Fig. 1.72). At the
moment of time | (Fig. 1.72, a) the current in the
winding A-X ip =iy, and currents in the windings
B-Y and C-Z ig =ic =-0,51(Fig. 1.72, d). Su-
Figure 1.71 — The arrangement perposition of the fields formed by windings, gives
of the windings (phases) in the ~a field of the motor which power lines are directed
slots of the stator core horizontally. The magnetic poles of the field N and

S create a field axis in the middle of the stator.
At the moment of time Il (Fig. 1.72, b) the current in the winding B-Y
ig =1y, and currents in the windings A-X and C-Z ip =ic =—0,51,(Fig. 1.72, d).

The field picture is the same, as well as for the moment of time I, only a field axis
has turned clockwise on 120°, coinciding with an axis of the field of the winding
B-Y. At the moment of time Il (Fig. 1.72, c) the current in the winding C-Z
ic =iy, and the currents in the windings A-X and B-Y i =ig =-0,51,(Fig. 1.72,
d). The field picture is the same, as well as for the moment of time I, only a field
axis has turned clockwise on 240°, coinciding with an axis of the field of the
winding C-Z. The result vector of the magnetic field equals 1,5-B,, (where By, is
the amplitude of the field of one phase) and rotates with the angular speed o to-
wards a lagging behind phase. Such rotating field names a circular magnetic field.
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JIBM>KEHME MAarHUTHOM BOJIHBI COIMPOBOXIAETCS MEPEMENICHUEM MarHUT-
HbIX T0Jt0coB N U S Ha BHYTpEeHHEW MOBEPXHOCTU CTATOPA, MPUUEM 3aBUCUMOCTD
MarHUTHOTO NOJIA B BO3AYLIHOM 3a30pe OJIN3Ka K CHHYCOUJIE.

sl
T3 | T3 | T3

T
2

Pucynok 1.72 — Bpamatomeecss MAarHUTHOE TI0JI€ aCHHXPOHHOTO JABUTATENS @, 0,8
U rpaduK TOKOB B CTaTOPE 2

Takum oOpa3om, npu npsiMoM udepenoBanuu Ga3 oomMoTku cratopa (A-B-C)
M0JI€ BYXMOJIOCHONW MAIllMHBI pAaBHOMEPHO BpaIlaeTcs MO YaCOBOUM CTPEJIKHU, CO-
BepIas MOJHBIA 000POT B IPOCTPAHCTBE 3a OJMH MEPHO] CHHYCOUIAIBHOTO TOKA.
Ecnu u3meHuTh mopsiok a3 B 0OMOTKE cTaTopa Ha MPOTHUBOIIOIOKHBIN, HAPH-
Mmep, B-A-C, misg yero HeoOX0AMMO U3MEHUTH TMOJIKIIFOYCHHIE K CETH JTFOOBIX ABYX
¢da3HbpIX 0OMOTOK, TO MAarHUTHOE TI0JIe MAITUHBI OYyJET BpallaThCsl B MIPOTUBOIIO-
JIO’)KHOM HaIlpaBJICHUH, TO €CTh MMPOTHUB YaCOBOM CTPEIIKH.

1.6.3. [Ipunuun pa6oTsl Tpex(a3zHOro ACHHXPOHHOI0 IBUTaTe/Isl

Bpamaronieecs MarHuTHOE TMoJie, Mepecekas CTEPKHU OOMOTKH pOTOpa,
HaBoauT B HUX DJIC e,, moa aelcTBUEM KOTOPOH B CTEPXKHIX OOMOTKH pOTOpa

HaBOIATCS TOKH |2 , HAIMPaBJICHUC aKTHUBHBIX COCTABJIAIOIINX KOTOPLIX COBIIAAACT

¢ "HanpasienueMm DJIC. BiusiHue Bpalaromniero mojisi Ha TOKMU poTopa Co3/1aeT CH-
JIBI
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Movement of a magnetic wave is accompanied by moving of the magnetic
poles N and S on an internal surface stator, and dependence of the magnetic field
in an air-gap is close to a sinusoid.

P - I A_____?E:a_ _____ I Iy
t
0
I IT 17
3 | T3 | 13
T
d

Figure 1.72 — The rotating magnetic field of an induction motor a, b, c
and the current graph in the stator d

Thus, at direct alternation of phases of a stator winding (A-B-C) the field of
the bipolar motor in regular intervals rotates on an hour hand, making a complete
revolution in space for one period of a sinusoidal current. If to change an order of
phases in a winding stator on opposite, for example, B-A-C for what it is necessary
to change connection to a network of any two phase windings the motor magnetic
field will rotate in an opposite direction, that is counter-clockwise.

1.6.3. Operating principle of the three-phase induction motor

Rotating magnetic field, crossing cores of the rotor winding, directs in them
EMF e, under which action in cores of the rotor winding the currents are directed
I,, the direction of which active components coincides with direction the EMF. In-
fluence of the rotating field on the rotor currents creates forces
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F, xoTopsie CO3/al0T Bpallaronmidi MOMEHT M , KOTOpBIi MPUBOJUT POTOP BO
BpAlICHUE B Ty XK€ CTOPOHY, YTO U MATHUTHOE I10JIE C YaCTOTOU N, <1y .

Taxum 06pa3oM, B yCTAHOBMBLIEMCS PEXKHMME BPAILIEHUE POTOPA OCYILECTB-
JIIETCS CO CKOJIbKEHUEM
m—Ny
n

S:

B nHomuHansHOM pexume S, =0,02...0,09. B pexume asurarens CKoib-

HO
KeHue Haxoautcs B rpaHumax 1...0: S; =1 (n, =0, poTop HEMOABHKEH, PEXKUM

nycka) 1 S =0 (N, =N, — uaeaTbHBIN X0IOCTOM X0 IBUTATEIS).

1.6.4. OcHOBHBIEC YPAaBHEHUS ACHHXPOHHOI0 TPEX(PA3HOT0 ABUTATEIS

YpaBHEHUS 3JIEKTPUIECKOTO COCTOSIHUA (pa3bl 0OMOTKH CTaTOpa:
U;=—E; +Rl;+ JXq13,
rae U, — ¢a3Hoe HampspkeHue uctouHuka nutanus; E — dasnas OJC; Ry, X —

COINPOTUBIIEHNUS (Da3bl OOMOTKH CTaTOpa COOTBETCTBEHHO AKTUBHOE U PEAKTUBHOE,
141 — ¢a3HbIi TOK OOMOTKH cTaTOpA.

VYpaBHEHUS 3EKTPUUYECKOTO COCTOSTHUSA (pa3bl 0OMOTKH poTOpa:
Exs=SEz =Ryl + jXxS1,,

rae E,g — ¢asnas EJIC Bpamaromerocs poropa; E,y — dasnas 9JIC oOmoTkn
HEMOJBM)XHOTO poTopa; R, — akTHBHOE CONMpPOTUBIECHUE (ha3bl OOMOTKH POTOPA;
|, — nelictBytoniee 3HaueHue (PasHOro Toka poTopa; X,y — MHIAYKTUBHOE CONPO-
TUBJIEHUE (Pa3bl 0OMOTKHU MPU HEMOABUKHOM POTOPE.

3/1C, KoTOpble UHIYKTUPYIOTCSI B OOMOTKaX JIBUTaTEJIs:

E, =4,44f, WK 5P Eyp =4,44TWoK 5o Py,
rae W, W, — KOJIMYECTBO BUTKOB COOTBETCTBEHHO (ha3bl ctatopa M potopa; K.g,
Kysp — 00OMOTOUHBIE KO (PUITMEHTH! OOMOTKH COOTBETCTBEHHO CTATOPA U POTOPA;
Kyg; = 0,92...0,96; nms kopoTko3zaMKHyTOro potopa K, =1; mma dassoro —

Kosr =0,92..0,96; @, — aMmuTy1a MarHUTHOTO TTOTOKA.

1.6.5. KII/I v moTepu MOIIIHOCTH ACHHXPOHHOI0 IBUTATEJIA

IIpouecc mpeoOpa3oBaHMs INEKTPUUECKOM MolHOCTH P, morpebnsemon

ACMHXPOHHBIM ABUTATCIJIEM U3 CCTH, B ITOJIC3HYIO MCXAaHUYCCKYIO MOIITHOCTDb P2
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F which creates the rotating torque M which results the rotor in rotation in the
same party, as the magnetic field with frequency n, < n;.
Thus, in steady state the rotor rotation is about slip

N —N
S=-12,
M

In the rated mode Sizeq = 0,02...0,09. In the mode of the motor slip is in bor-
ders 1 ... 0: S=1 (n, =0 the rotor is motionless, a start-up mode) and S=0 (n,=
n,) — ideal no-load of the motor).

1.6.4. The basic equations of the induction three-phase motor

The equations of an electric condition of a phase of a stator winding:
Uy =—E1 +Rylg + jXq1y,
where yU,— the phase to neutral voltage of the power supply; E — phase EMF;
Ry, Xq — the resistance and inductance of a phase of the stator winding; 1, — the

phase current of the stator winding.
The equations of an electric condition of a phase of the rotor winding :
Eos=SEp=Ralo+ XS 15,

where E,c — the phase to neutral EMF of a rotating rotor; E,, — the phase to
neutral EMF of windings of a motionless rotor; R,— the resistance of a phase of

the rotor winding; |,— the effective value of a phase current of the rotor; X,,—

the phase inductance of a winding at a motionless rotor.

The EMF which are induced across the motor windings:

E1 =4,44 T Wk ®@m:  Epo =4,44 fiwoky 0@,

where wy, W, — the quantity of turns accordingly phases of the stator and the
rotor; k1, kw2 — winding coefficients of the stator and the rotor accordingly; k,; =
0,92...0,96; for a short-circuited rotor k,; = 1; for a phase rotor k,, = 0,92...0,96;
@, — amplitude of the magnetic flux.

1.6.5. Efficiency and power losses of the induction motor
Process of transformation of the electric power P, consumed by the induc-
tion motor from a network, in useful mechanical power P,
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MOSICHSACTCS C TIOMOIIBIO JHEPreTUYECKOW JuarpaMmbl, H300pPKEHHOW Ha

puc. 1.73, rae P,;, P,, — anekrpuueckue norepu B 0OMOTKE COOTBETCTBEHHO CTa-

TOpa u poropa; P,,; — MarHUTHBIE IOTEPH B CEpACUYHUKE cTaTopa; P, — MexaHu-

YecKHe NoTepu (Ha TPEHHE B MOAIIMITHUKAX BPAILIAIOLIErocsl poTopa O BO3AYX U
BEHTWISILIUIO); My, M, — KOJIM4YeCTBO (ha3 OOMOTKHM COOTBETCTBEHHO CTaTopa U

poropa.

Crarop Porop KITI nBurarens

s = _P_PR-AP

8 = — X o F?I. Pl ’

2, o —] S o

= o H o rne AP — cymMa BceX MOTEph B JABHUIaTe-

(qp] ]

I, = I 7e.

I

4N Y Pw Pe= Mol °R,
Pemi= m1|12R1

Pucynok 1.73 — DHeprerudeckas
ararpaMma

1.6.6. Bpamaomuii MOMEHT U MEXaHHYECKHE XaPAKTEePUCTHKH

ACUHXPOHHOTO ABHUIaTE]IsA

Bpamaronuii MOMEHT IBUTATEIS
M =Cy, DI, cosy,,
rne C,, — xodddumment, KOTOpbI 3aBUCHT OT KOHCTPYKTHBHBIX IapaMeTpOB
JBUTATENs; Y, — yroiu casura ¢as mexay 9C E, u tokom |, .

Bpamaromuii MOMEHT MOKET ObITh 3allUCaH Takke B BUAEC (PYHKIUU
HaIpsDKEHUs, KOTOpasi MpUiokeHa K OOMOTKE cTaropa, U NmapaMeTpoB OOMOTKHU
portopa:

UZR,S
" RS+ (X28)”

M=C

rae Cy, — koo dunmeHt ananorndnsiii koapduimenty Cy, .
AHanu3upys mocieaHon GpopmMyiy, MOKHO CAENaTh BHIBOJ O TOM, YTO MO-

MeHT M nponopuuoHaieH Ulz, MaKCUMaJIbHbI MOMEHT
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is explained by means of the power diagram represented in Fig. 1.73, where P 4,
Pz o— the electric losses in the stator winding and the rotor winding accordingly;
P,; — the magnetic losses in the stator core; Py,c — the mechanical losses (on
friction in bearings of a rotating rotor about air and ventilation); m;.m,— the quan-

tity of phases of the stator winding and the rotor winding accordingly.

Stator Rotor
= Efficiency of the motor
S d g o ¢ RTOR
?l'f % where AP —the sum of all losses of the

P,

T_
KT_'%\PMCH motor.

|
/j
£
g
M
|
)
M§
M"‘H
Nb[;?

AN
Pen= m1[12R1

Figure 1.73 — Power diagram

1.6.6. The running torque and mechanical characteristics
of induction motor

The running torque of the motor

where Cj, — the factor which depends on the motor design data; v, ~ the shift

angle of the phases between EMF E,and the current |, .

The running torque can be written down also in the form of function of
voltage which is enclosed to the winding stator, and data of the rotor winding
UZR,S

M :CM
RS +(X208)?

where C,, — the factor similar to the factor C{, .
Analyzing the last formula, it is possible to draw a conclusion that the

torque M is proportional to U12 , the maximum torque
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HC 3aBUCHUT OT AKTHBHOI'O COIIPOTUBJIICHHA RZ’ COOTBCTCTBYCT KPUTHYCCKOMY

CKOJIbKEHHIO
Kp
X20
U npu yBenndeHun R, M. CMEImaeTcst B CTOPOHY OOJIBIINX CKOJIbKECHHH.

Jlnis nurateneit ¢ KOpOTKO3aMKHYTBIM U (ha3HBIM POTOPOM MPHU OTCYTCTBUH

nyckoBoro peocrata R, 3aBucumoctn M(S) (U;=const) wuneHTHYHEI

(puc. 1.74, a xpusas 1).

M
n
1 _
N R=0
2
R>0
|
|
I
|
|
ya .
0 Mg MY Mpx M
a 0

Pucynok 1.74 — Mexanudeckue XapakTepUCTUKH ACHHXPOHHOTO JIBUTaTENs

JlBuratenb ¢ (a3sHBIM POTOPOM KPOME €CTECTBEHHOW XapaKTEePUCTUKH
M (S) mpu R, =0 mmeeT HMCKyCCTBEHHbBIC XapaKTEPUCTHKH, KaXkIasi U3 KOTOPHIX

COOTBETCTBYET OIpPEACICHHOMY 3HadeHH0 R (oJHa W3 HUX TMOKa3aHa Ha
puc. 1.74, a — xpuBas 2).

YcroitunBas paboTa JIBHTaTeNs ONPEACISASTCS yJ9aCTKAMH XapaKTEPHCTHK
or S=0 10 S=5,,.

Jns mpaktndeckux pacuéroB M(S) mpu (Up =const) mpumensiercs dop-

myna Knocca

v — Mo,
Sop S
S 'S

Kp
rire 2M . =AyM

HOMUWHAJIbHBIN BpallaTeJIbHbII MOMEHT;

woms Ay — Heperpys3ouHast cnocoOHocTh aBurarens; M, —
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does not depend on the resistance R,, corresponds to critical slip
R
Ser = —X 2
20
and at increase R,the M, is displaced towards the big slips.

For the motors with a short-circuited and phase rotor in the absence of a
starting rheostat Rgof dependence M (S)(U; =const) are identical (Fig. 1.74, a,

the curve 1).

A
Mupax = — H R0
1./ ,
, | I R0
M, —_— =
I |
1
¢ l
Py /. |
0 Ser  Ser 1 0 My MY My M
a b

Figure 1.74 — Mechanical characteristics of an induction motor

The motor with a phase rotor except the natural characteristic M(S)at
Rs =0has artificial characteristics, each of which corresponds to certain value
Rs (one of them is shown on Fig. 1.74, a — the curve 2).

Steady work of the motor is defined by sites of testimonials from S=0 to
S =Sq¢.

M(S) at (U, =const) the formula of Kloss is applied to practical calcula-
tions M (S)at (U, =const)
_ 2M max

E

+7
S Sgr

M

where  2Mpax =AM Myateds Ay - reloading ability of the motor; M q — the
rated rotary torque;

M,ow =M +My,, Tae My — MomeHnT xonocroro xoxa; M, =~ — HOMHUHAIIb-
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HBIH [IOJIE3HBI MOMCHT Ha BaJly IBUTATENs; S, = Syoy (XM + sz - 1).
IIpenedperas M, B o0miem cirydae MoxHO cuurare M =M, .
[lone3Hslii MOMEHT Ha Bty aABurartens, H-m:

M, = 9,55& :

n;

rae P, —B Bt, n, — B 06/MuH.

MexaHn4yeckne XapaKTepHCTHKH acHHXPOHHOTO nBuratens N,(M) npu

U, =const saBnstoTcs apyruM  BeIpaxkeHueM 3aBucumoctu M (S), nme

n, =n(1-S).

EcrecTBeHHast Mexanudeckasi xapakrepuctaka N,(M) acMHXpOHHOTO JBH-

rareins 3 gasHbiM poTopoM (puc. 1.74, a, kpuBas 1) u MexaHUYeCcKasl XapaKTepH-
CTUKA JBHUTATENs 3 KOPOTKO3aMKHYTBIM POTOPOM HICHTHYHBI. VCKyccTBeHHas
MEXaHWYECKash XapaKTePUCTHKA JBHUTATENS C (pa3HBIM POTOPOM TPH BKIIOUYECHUU
IYCKOBOTO peocTata R B menmb m3o00paxkeHa Ha puc. 1.74, 6 (kpusas 2). Ycrou-

quBas pa60Ta ABUIaTCJId HAXOAUTCA B AHAIIa30HC YaCTOT oT no = nl a0

nZKp = nl(l_ SKp) :

1.6.7. Paboune XapaKTepuMCTHKN ACMHXPOHHOI0 ABUIaTeJIsI
OCHOBHBIMU pa0oO4YMMHU  Xa-

Ilﬁ Pg M, PaKTEpUCTUKAMH JBUTATCIIA  SABJIS-
563(’0177 n 1oTcs 3aBucuMoctd M,, n,, n, |y,
Cosg; P, S, COS@; OT moyie3HOI MOIIHO-
o F!i ctu P, npu ycnosuu: U; =const;
M, f, =const. Ha puc. 1.75 moka3aHsl
104 Ny paboune XapaKTEpUCTUKH  ACHH-
COS @101 XpOHHOTO Aurareins, rae |y — Tok
P1oj S cTatopa Ha XOJIOCTOM xony; Py —
« | MOIITHOCTh, KOTOpasi MoTpedsercs

0 Powon P2

JABUTATCJIEM Ha XOJOCTOM XOny,

Pucynok 1.75 — Paboune xapakTepucTHKU COSQyy — KOd(QMUIMEHT MOLIHOCTH

ACMHXPOHHOT'O ABUTATCJIA
Ha XO0JOCTOM XOy.
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Mrated = Mo +Morateq » Where My— the no-load torque; Mo 4teq — the rated use-

ful torque on the motor shaft; S = Syated (XM +\/k2M —1).

Neglecting M, generally it is possible to consider Mateq = M2 4104 -

The useful torque on the motor shaft, N m:

M 2 = 9,55& y
N

where P,is in W, n,is in rpm.

Mechanical characteristics of the induction motor n,(M)at U, = constare

other expression of dependence M (S), where is

n, =n(1-3).

The natural mechanical characteristic ny (M) of the induction motor with a

phase rotor (Fig. 1.74, a, the curve 1) and the mechanical characteristic of the mo-

tor with a short-circuited rotor are identical. The artificial mechanical characteris-

tic of the motor with a phase rotor at inclusion

of a starting rheostat Rgin the cir-

cuit is represented in Fig. 1.74, b (the curve 2). Steady work of the motor is in a

range of frequencies from ny=n; to Ny =m(1

~Ser).

1.6.7. Working characteristics of an induction motor

I, Pls, M,
Ny, S,
CoS @y n
CoS @y
I
N2os P1
M>
l104 n,
COSiof
PlO‘ /L S
! |
0 PZHOM P2

Figure 1.75 — Operating characteristics of an
induction motor
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The basic working charac-
teristics of the motor are depend-
ences M,.n,,m, 1, P,S,cose,
from useful power P,under the
condition: U, =const; f; =const.
In Fig. 1.75 operating characteris-
tics of an induction motor are
shown, where 1, is the no-load
current of the stator I,,; RBo— the
power which is consumed by the
no-load motor; cosg,,— the no-

load power factor.



1.6.8. Ilyck u peryJupoBaHue 4YaCTOTHI BpallleHUsI ACHHXPOHHOT 0

ABUraTeJid

[Ipu sKcruTyaTanuu JBUTATENsl BaKHBIMH BOIPOCAMU SIBISIFOTCSI CIIOCOOBI
nmycKa, peBepca (M3MEHEHUE HANpaBJICHUS BpAIICHUS POTOpa HA MPOTUBOMOIOXK-
HBII1), pETyJIMPOBaHUE YaCTOTHI BPAIICHHs] POTOPa U BO3MOKHOCTH paOOTHI JBUTA-
TeJs OT OJHO(A3HOM CeTH MEPEMEHHOTO HATIPSIKCHHUS .

[Ipu mycke aCHHXpPOHHBIX JBUTaTeNIed BO3HUKAIOT OOJIBIINE ITyCKOBBIE TO-
Kku, KoTtopele B 10...15 pa3 npeBsIIaloT HOMHUHAJIBHBIE, YTO MPUBOAUT K CHUKE-
HUIO HAMPSDKEHUSI CETU U MPOSABIIIETCS HA paboTe IPYrux MoTpeduTeneit, KoTopbie
BKJIIOYEHBI B Ty ke ceTbh. [I09TOMy B 3aBUCMMOCTH OT COOTHOLIEHUS MOLIHOCTEU
CETH W JBUTATENs MTyCK COBEpIIAETCS pa3HbIMU criocodamu. OqHaKO OOIMIMM SBIIS-
€TCsl TO, UTO MPHU KAXKJIOM CIOoCcO0€ MycKa IMyCKOBOW TOK JIBUTATEJsl U BbI3BaHHbIE
UM TaJI€HUs HalpsDKEHUs B JIMHUM HE JOJDKHBI HapyliaTh paboTy APYrHX MOTpe-
ouTesnel, KOTOpbIE€ BKIIOYEHBI B TY K€ CETb.

Ha puc. 1.76 npuBeneHbI CXEMBbI ITyCKa aCHHXPOHHBIX JBUTATEIICH,

- —_—
mycr  pobora

a 9] 8

Pucynok 1.76 — Cxembl mycka aCHHXPOHHBIX JIBUTATENCH

[Ipy mManeHbKOl MOIIHOCTH ACHMHXPOHHOTO ABUTATENsl C KOPOTKO3aMKHY-
TBIM POTOPOM CPaBHUTEIBHO C MOUIHOCTHIO MUTAIOIIECH CETH COBEpIIAETCS Mpsi-
Mo# myck nsurarens (puc. 1.76, @), mpu KoTopoM OOMOTKa cTaropa cpasy Moj-
KJIFOYA€TCS. HAa HOMHUHAJIBHOE HAMNPSKEHUE CETH. IJTO MPUBOJIUT K MOSBICHUIO

OONBIINX ITYCKOBBIX TOKOB, KOTOPBIC B IICJIOM OIIACHBI AJIsI CAMOI'O ABUT'ATCIIA.
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1.6.8. Start-up and regulation of rotation speed
of an induction motor

At motor operation the important questions are ways to start-up, a reverse
(change of the direction of rotor rotation on opposite), regulation of rotation speed
of the rotor and possibility of work of the motor from a single-phase network of an
alternating voltage.

At start-up of the induction motors there are big starting currents which in
10 ... 15 times exceed the rated ones that leads to the voltage reduction of a net-
work and is shown on work of other loads which are included in the same net-
work. Therefore depending on a parity of capacities of the network and the motor
start-up is made in the different ways. However the general is that at each way of
start-up the starting current of the motor and the power failures caused by it in a
line should not break work of other loads which are included in the same network.
In Fig. 1.76 the circuits of start-up of induction motors are presented.

Figure 1.76 — Start-up circuit of induction motors

At small power of the induction motor with a short-circuited rotor compared
with the power of a supply a direct start-up of the motor is made (Fig. 1.76,) at
which the stator winding is connected at once on the network rated voltage. It
leads to occurrence of big starting currents which as a whole are dangerous to the
motor.

257



JJis CHUKEHUS ITyCKOBBIX TOKOB MPU WX OOMBIION KPATHOCTH WM OOJIBILION
MOIIHOCTH JIBUTaTeNs U OTPAHUYEHHON MOIIHOCTH CETH IIyCK JIBUIATENs ¢ KOPOT-
KO3aMKHYTBIM POTOPOM COBEpIIAETCS MOHUKEHUEM HaIPSKEHUS Ha 3aKUMax 00-

MOTKH ctaTopa. [Ipu 3ToM yMeHbIIaeTCsk HE TOIBKO MyCKOBOM TOK, HO U ITYCKOBOM
2
MOMeHT Ha Bany asuratens (M ~U;). Hanpsokenue Ha 3auMax 0OMOTKH CTaTo-

pa MOXHO TOHHU3HTH C MOMOIIBI0 aBToTpanchopmaropa (puc. 1.76, 6), npoccens
(MHAYKTUBHOW KaTYIIKU C PETYIMPYEMbIM BO3AYIIHBIM 3a30pOM B IIEMTU MarHUTO-
poBoJIa ), IepeKItoueHus Ppa3 0OMOTKH cTaTopa Ha BpeMsl IMyCKa C ,,TPEeyroJbHU-
ka” Ha ,3Be3ny” (puc. 1.76, 6).

[lyck nBurarenei ¢ pazHbIM pOTOPOM COBEPILIAETCS ¢ OMOUIBIO ITYCKOBOTO

peoctata R, KOTOphIii BKIIOYaeTcs B memb poropa (cMm. puc. 1.70). YBennuenne

COTIPOTHUBJICHHUS B IIEIIH POTOPA MPUBOIUT K YMEHBIIECHUIO ITyCKOBOTO TOKA U OJI-
HOBPEMEHHO K YBEIMYCHHIO ITyCKOBOTO MOMEHTA.

PeBepcupoBaHne aCHHXPOHHOTO JBUTATENS OCYIIECTBISETCS H3MCHCHHEM
nopsiika depenoBanus ¢a3 oOMOTKH cTtatopa. YacToTy BpalieHus poTopa JBUTa-
TeIs OOIICTTPOMBINIICHHOTO HAa3HAYEHUS MOXKHO PEryJIupOBaTh CIEAYIONAMA
crocobamu:

~ W3MEHEHHEM YacTOTHI MUTAOIIETO HAMPSKEHUS C MOMOIIBI0 YaCTOTHOTO
npeoopa3zoBaTes,

~ U3MCHEHUEM TUTAIOIIETO HAMPSDKCHUS CETH (B OYCHBb Y3KOM JHarna3oHe
W3-32 KBAJPATHYHOTO YMCHBIICHHS BpAIAIOIIETO MOMEHTA IO OTHOIICHHUIO K
YMEHBIIICHUIO HATIPSHKCHHS).

B crienmanbHBIX aCHHXPOHHBIX ABUTATENSIX C KOPOTKO3aMKHYTBIM POTOPOM
YaCTOTY BPAIICHHUS] MOYKHO PEryJupoBaTh M3MEHEHHEM 4YHCJa Iap TOJI0COB 00-
MOTKH CTaToOpa, a B ABUTATENSIX ¢ (ha3HBIM POTOPOM — BBEACHHUEM (ITOIKIIIOUCHH-

€M) B IIeIIb POTOPa PETYJIMPOBOYHOTO PEOCTATA.
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For decrease in starting currents at their big speed rate or the big power of
the motor and the limited power of a network the motor start-up with a short-
circuited rotor is made by voltage fall on winding clips stator. Thus, it decreases
not only the starting current, but also the starting torque on the motor shaft

(M ~U12). Voltage across winding terminals stator can be lowered by means of

the autotransformer (Fig. 1.76, b), a throttle (the inductive coil with an adjustable
air-gap in a magnetic circuit), switching of phases of the winding stator for the pe-
riod of start-up from "delta" on "wye" (Fig. 1.76, c).

Start-up of motors with a phase rotor is made by means of the starting rheo-
stat Ry which is switched on in the rotor circuit (see Fig. 1.70). The resistance in-

crease in the rotor circuit leads to reduction of the starting current and simultane-
ously to increase in the starting torque.

Reversing the induction motor is realized by change of the order of phases
alternation of the stator winding. Rotor rotation speed of the common industrial
appointment motor can be regulated in the next ways:

- change of the frequency of the supplied voltage by means of the frequency
converter;

- change of the supplied voltage of a network (in very narrow range because
of square-law reduction of the rotating torque in relation to voltage reduction).

In the special induction motors with a short-circuited rotor the speed of rota-
tion can be regulated by change of the number of pairs poles of the winding stator,
and in the motors with a phase rotor by introduction (connection) an adjusting
rheostat in the rotor circuit.
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