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Lecture focus

Focus
S « Advantage, disadvantage
escription
Construction ° ConStrUCtion
Principle * Principle
Equivalent « Equivalent circuit
circuit . .
 Model of induction motor
Torque
w-M * w — M and other characteristic

characteristic

* Velocity regulation

Characteristics

Start-up

Breaking

Speed control
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Basic description
*The most wide-spread electic motors

Focus

Description *Used for aplication with the constant velocity such
Construction as

Principle

Equivalent *pumps,

e - ventilators,

Torque

oy e compressors, blowers,
characteristic mining and construction machines

Characteristics
Start-up

Breaking

Speed control
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Basic description

* Advantages
— Simple construction
— Cheap
— The highest service dependability
— The frequent servicing is not needed

« Disadvatages

— It is not suitable for application with the
request on accurate positioning

— Big current stroke at starting up (5—-9) x |
— Consumption of reactive current
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Construction
Focus )
Terminal Body Stator Rotor
Description cover shell lamination lamination
Construction \

o Stator Rotor
Principle winding ! fran g cage
Equivalent 7 -

P External
Shaft - ventilator
Torque e
w-M '
characteristic : B —-m-—-—:J—— - - —
Characteristics ﬂ
Start-up -
]
Breaking \| g T + /

Speed control
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Construction

o Stator

— magnetic core made up of punchings
(laminations) — 0,1 mm to 0,5 mm thick

— slot-embedded coils — interconnected In
a certain fashion to constitute the so-
called a.c. armature winding
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Construction
Focus
Description ° ROtOr
C?”S.“”C“O” — Laminated core with uniform slotting
Pr'”f'p'e — Aluminum(copper) bars short-circuited by end-rings
Equivalent (the squirrel cage)
circuit or
Torque — tree-phase winding connected to some copper ring and
w-M fixed brushes (wound rotor)

characteristic

Characteristics
Start-up

Breaking

Speed control
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Construction

Electrical scheme of induction motor with wound rotor

Focus

Description

Construction

Stator

Principle

Equivalent

circuit

Torque

w-M
characteristic Rotor J'—I‘%I D U

Characteristics

Start-up

Breaking

Speed control
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Motor principle

Focus

Description * The induction motor principle is
Construction founded on the interaction of stator
Principle rotation magnetic field and currents,
f‘r"ct't which are created by this field in the
ol rotor winding

WM « U, =>I|,=>Rot.mag.field => Ug => I

characteristic
Characteristics _>F - B-IR-|_>M_>n
Start-up

Breaking

Speed control
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Motor principle

Focus
« Slip speed
" n,=Nn,—nN
* ng = synchronous speed
* n = motor speed

Description
Construction
Principle
Equivalent
circuit * S“p

Torque = Slip is ratio of slip velocity and synchronous velocity

w-M

characteristic

Characteristics

Start-up S = —_ — 1_ -
Breaking n n n

S S S

Speed control
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

Motor principle

* Frequence f, depens on slip velocity n,

n:fzza)z
2
p 2
s lo _ @ _ O
b a a,

Induction machine works as motor for velocity 0 = n <n_

and for slip 1 > s > 0 that meas slip is positive, n, and w,,, has the same
sense of rotation as rotating magnetic field

Induction machine works as brake for velocity n <0 a |n,| > |n,| and slip
+ o0>s > 1

Induction machine works as generator whenn>n,and - ®0<s <0

11
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Equivalent circuit of induction motor

Focus « After conection

Description Symmetrlcal

. : resistances to the
onstruction

- stalled motor, we
e close the circuit Rotor i
S and through the "R

S winding will pass

Stator

sk m — phase current, ) 2 .
w-M . I P I
characteristic Wthh Cre_ate > "%' G-
- rotating field ®E
Characteristics il ,
UH I ' : . UJE

Start-up ku,! NS u
B . ] !

reaking s e o

Speed control

12
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Equivalent circuit of induction motor

Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

Induction motors

K £

« Stator magnetic flux

* Rotor magnetic flux

Modernizace didaktickych metod a inovace vyuky technickych predmétd

(ch — (Dv T (Dlo'

q)zc — (Dv T (Dzo—

Stator voltage equation
U, =R+ X 1, +Uy

Rotor voltage equation

U, =R,I,+ JsX, I, +U.,

13
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Equivalent circuit of induction motor

Focus
« Recomputation rotor quantities to the stator
Description N k\/1
Construction UIZ :UZ : :UZ P
Nzkvz
Principle | 2kv2 |2
Equivalent 2 N
. ik, p
circuit
Torque 1k\/1 2
R, =R, =R,p
w-M 2kv2
characteristic
- . NK,
Characteristics _ ™| _ 2
XZJ _ XZO' - X20‘ p

Start-up

Breaking

Speed control

N2

14
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Equivalent circuit of induction motor
FOCUS U, =4,440, 1,N k,, = 4,440 N K, | '—leV1

L 22
Description
Construction UZ& 4 44(1) f N kv2 N k .
i v
Principle P AAY) 2™\v2
Equivalent Ui2 P = SUil
circuit
U.
T _ 11 .
orque Ui, = 3 U,=R,l,+jsX, 1, +U,,
w-M
characteristic . U.|1 2
Characteristics U2 - R2|2 * JSX 20'2 * S—Il ._.p—
isti PlS Pp
Start-up
U l,(R,p* .
Breaking ?2 P = Ui1 + ; Zsp + sza p2
Speed control
U 2 RZ
S :UI1+ I2 ?‘I‘ JXZO‘

15



3 Induction motors |
evropskj NI £ v
- . EVROPSKA e MINISTERSTVO SKOLSTVI e Modernizace didaktickych metod a inovace vyuky technickych pfedmétd

Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

Equivalent circuit of induction motor

* For cage motor %:oand we could write

(R .. i
Ui1+|2 ?"'sza :U)l = R1|1+ leall +Ui1

From this both equations at considering of iron influence we can
draw equivalent circuit of induction motor

R! R, — stator resistance winding
R, Y16 Y26 —=

X, — stator leakage inductance
R', — rotor winding resistance

X', — rotor leakage inductance

X, — magnetic reactance

Ree — magnetic loses resistance

16
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control
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Equivalent circuit of induction motor

Cross impedance
Z — RFe leZ
RFe + jx12
U,=Zl,=2(,+1,)

« What is the meaning of the % element ?

R o.R o o .(1 j . (1—3)
—=R+—=-R =R, +R|——1|=R,+R| —
2R+ 2R =R AR| C-1|=R+R)

R’, — is inherent with rotor resistance

R'2 (]'__Sj - It is resistance which, answer to mechanical load

S
Why?

17
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Energy balance and torque

Focus

Description

Construction i g

Principle H — rrhU1|1 COS(QL i I !

Equivalent iole P

ci(:cuit Ale - mlRlIlz : i ! J—S}

P, =P,—P =y M,
1

w-M '

characteristic P5 :Ui1|'2 COS(DZ& |'22 — R;— |'22 + 5 RI2||22 :APJ.2 + Pm

Characteristics S S

Start-up P:M-a):M-a)S(l—S)

Breaking 1-—s

Speed control

" RIZ=M-g1-s)=>M="LR)|?
S @S

18
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

Equivalent circuit I' - network

, C,jX1c C,7R,/s

Al,/C,

changes after transformation

Zl - R1 + jxlo'
Shunt arm has size after transformation
Z.+Z + X .
Zlh:M:_":]j_u where R+JX, _a
Z, Ly, Z
We can express the equation for |.:
fl LY + Y, |A_2
C1

M

19
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Induction motor torque

Focus . _ o .
S At first simplification
escription
Construction Cl IS CompleX number ZO = ‘ZO‘°G_J¢°
Principle T ~ A _
=l usually R, >> X,,=> ¢ -> > =>C,-> ‘Cl‘ and in
circuit
Torque addition ‘61‘ > 1
w-M
characteristic
circeeter s X, = X 51C X 55 — shortcut reactance
Start-up with regard for this facts
Breaking |é U1 U1
Speed control = - = |2 = :
C, 2 R, : R, .
c,R +¢C; ?+C11X0 R1+cl?+ IX,

20



I\I@r - .% Induction motors

evropsky Ko
socialni = . . . . L . , . . vio
Ef Gy Cf EOPEANE L he VD SOLETY, et Modernizace didaktickych metod a inovace vyuky technickych pfedmétd

Induction motor torque

Focus f 5 U12
Description ‘ 2‘ N 1\ 2

R +c? e | 4 x2
Construction 1 1 S o
Principle _ _ _ _ _

And finally, we can write the equation for induction motor torque
Equivalent , 5
circuit M, = m . Rz U1
)" s R 2
Torque 1
R +¢/—2| +X?2

w-M S

characteristic

Characteristics
Start-up

Breaking

Speed control
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control
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Speed-torque characterictic

For deduction of speed-torque characteristic we need to know
M Ms=1):M(s=)

max?

How to find maximum?

v\ 2
dd—l\::% s [R1+c1%j +X_%]|=0

s°(Rf+X2)-cR/=0=>s ==

- 2 [o2 2
M =im1 RZ. U VR + X, =
o, CR, R R, R+ X2 NS

m U, \

2a,C; (i R, ++/R; + Xlza )

+

22
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Vzdélavani
V pro konkurenceschopnost

Speed-torque characterictic

Focus
S  For motors with P>10 kW
escription
Construction R =0
Principle m, R'2 U12
Equivalent Mo = @, S R. i
o ' (cl zj + X2
circuit S
Torque . . ClRé
w-M max Xa
characteristic )
o m, U,
Characteristics max — —
20, X
Start-up )
Conclusions

Breaking

Speed control Mmaxzf(uz); M
by X,

is influenced by R, and much more

max

23
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Speed-torque characterictic

Focus
Seeernt  How looks like the torque of induction motor for s
ption
. . closeto 1 and 0
onstruction
Principle * |f s=1than
Equivalent m, Ré U12
o M(s=1) — . . L .
S o, 1 (R+cR,f +X?
Torque !
w-M e For R=0
characteristic ' 5 , | | near
Characteristics M(s—l) = m1R2 : U21 ~ kl& q q
- ! 2
Startup o (cR,f+x2 s dependence

Breaking

Speed control

+ Ifs=Othan -3 S 2. S hyperbolic
dependence

24
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Speed-torque characterictic

Focus

* From Results dedused till now result in the
characteristic showed on the picture

Description
Construction
Principle \ / TMi
Equivalent )\
circuit V. \ '
Torque

I
I
w-M e
characteristic ! s=0

Characteristics

Start-up \ =
Breaking \ //

Speed control \(/

25
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Speed-torque characterictic of induction
machine

Focus ) —

Description

Construction

max MOTOR

=
Principle 1(:5
d
n
=

Equivalent

circuit
Torque

w-M
characteristic

Characteristics

|

|

Brake | |

Gy rake s MOTOR GENERATOR |

Breaking

Speed control

M
torque overload capacity —, - &7-22)

n

26
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IM - characteristics

Focus

 no-load run characteristics

ol o]

Description
Construction

Principle

2

Equivalent

Cos

circuit
Torque

w-M
characteristic

Characteristics

Start-up

Breaking

Speed control 0 0

27
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IM - characteristics

Focus

e Short-circuit run

Description

Construction l
- '1kT R‘IkT X1k1 Z1kT Z1k |1k !

Principle

Equivalent

circuit

Torque

Ry |
w-M 5
characteristic |

Characteristics ; - - I

Start-up P i |
0 0 God 0.5 e

Breaking

Speed control ° |1k=4 —7 |n

28



S -
Wr ™9 Induction motors JI,
* * . M
evropsky * ok e
socialni s . MINISTERSTVO SKOLSTVI, ‘
(% 4 fondvCR EVROPSKAUNIE  MLADEZE A TELOVYCHOVY

b ot Modernizace didaktickych metod a inovace vyuky technickych predmétd

Focus

 Load run

Description

Construction - T n
%)l (%)

Principle

COS_(EL

Equivalent
circuit
Torque

w-M
characteristic

Characteristics

Start-up

Breaking

Speed control

29
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control
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IM Startup

MINISTERSTVO SKOLSTVI, OP Vzdélavani
DEZE A TELOVYCHOVY pro konkurenceschopnost

Direct connection —tothe 3 -5 -7 kW

(depends on short-circuit net capability)

Reduced voltage — delta — start connection

(U —>i—>M—>P=M -a)—>E)

V3 3 - Autotransformer
- Soft start — obr. 9.10

Change of rotor resistance
(possible only at slip - ring rotor)

Double squirrel cage rotor
Vortex cage

30
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IM Braking

Focus

* 1) Countercurrent s>1
(Braking torque is lower than starting torque,
great current surge)

Description
Construction
Principle

Equivalent o/ / oA
s= M+ M

circuit
Torque M- M
w-M

characteristic

Characteristics ; i >
b M SRy
Start-up

Breaking

Speed control

31
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IM Braking

Focus

Description « 2) DC current

Construction (DC source necessary, unequal load of phases,
Principle ineffective at low revolutions)

=« 3)Rekuperative braking

circuit

Torque (cross from motor run to the generator run at
oM active torque or wind, water station, we have
CAAIACISASIC to supply by reaktive power)

Characteristics
Start-up

Breaking

Speed control

32
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IM speed control

::::iption n= ns (1_ S) = ﬂ (1_ S)

Construction 1)Poles switching

Principle (ng change (3000 — 750), motor efficiency
Sl falls off, because utilizing of motor is

circuit

lower, the motor has max. 2 speeds)

Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

33
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Vzdélavani
hd pro konkurenceschopnost

IM speed control

Focus
R « 2) Slip increasing, changing by R’,
Construction ‘

n

Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

34
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IM speed control

Focus .
o  variable frequence
escription
2 2

Construction Mmax: m, .U12 _ m, . U1 — M = U_l2 :ﬁzkonst
Principle 20w, Xy 2071 24 -1 f; f,
Equivalent

A

circuit
)]
Torque

w-M
characteristic

Characteristics

Start-up

Breaking

Speed control

S fEi S

35
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IM speed control

Focus

|, =konst

Description A
M=konst P=konst
Construction

Principle
§ U,=U
Equivalent Ui : : '
M P

< TV =Z
A
X

circuit

Torque

w-M
characteristic

Characteristics 4
4

Start-up

Breaking . (;)0
Speed control Forn>ng, U=U, =>IMis de-excitated, =>
motor torque diminishes, starting torgue as

well 36
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Focus
Description
Construction
Principle
Equivalent
circuit
Torque

w-M
characteristic

Characteristics
Start-up

Breaking

Speed control

IM speed control

 Influence compensation of stator resistance

N
U
Uln
>
0 fy fin

37
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éni
pro konkurenceschopnost

IM speed control

Focus

Description ° VeCtOr COntrO|

Construction — It uses mathematical model and works not
only with sizes of U and |, but with the vector
sl directions too

circuit — Suitable for dynamical processes with surge
Torque |Oad

0-M — It uses the principle of speed control at DC
SRR machine with separate extitation

SHAIACISHSHES — There are separately controled flux and torque

— The converters for vector speed control are
more expensive, but | get the co-ordinate
Speed control drive with DC-motor with external excitation

with speed sensor

Principle

Start-up

Breaking
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Thank you for yours attention
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