KEE / MS
Modelovani elektrickych siti

Prednaska 6 — Modelovani
asynchronniho stroje



Predpoklady modelu:

Jednotliva vinuti Ize pokladat za civky se
soustredenymi parametry nezavislymi na
kmitocCtu.

Zanedbani vlivu magnetickeho syceni

Vinuti jsou rovhomeérne rozlozena po obvodu
stroje

Vinuti stroje jsou rozlozena sinusove
(predpoklad sinusového prostoroveho rozlozeni
magnetickeho napeti ve vzduchové mezere a
zanedbani vlivu vyssich prostorovych
harmonickych)

Stroj je magneticky symetricky



Asynchronni stroj zapojeny do hvezdy

Statorove i rotoroveé vinuti jsou zapojena do hvézdy s
nevyvedenym stredem, vSe je soumerne.

Uk = Rk + dW« / dt
(k =a,b,c, A B,C)




Asynchronni stroj zapojeny do hvezdy

Statorove i rotoroveé vinuti jsou zapojena do hvézdy s
nevyvedenym stredem, vSe je soumerne.

Ua = Rsia + d¥. / dt
ub = Rsiv + dWo / dt
Uec = Rsic + dW. / dt

Ua = Rria + dWa / dt
Us = Rris + dWs / dt
Uc = Rric + dWc / dt




Asynchronni stroj zapojeny do hvezdy

Statorove i rotoroveé vinuti jsou zapojena do hvézdy s
nevyvedenym stredem, vSe je soumerne.

UaA=Us=Uc =0
Ia+I8+Ic=0

lat+lo+1c=0




Asynchronni stroj zapojeny do hvezdy

Stator
\Pa — :;aaia + :;Jabib + Lacic + LaAiA + LaBiB + LaCiC

Wby = Lbala + Lbio + Lbcle + Loala 4+ Losis + Locic

\Pc — :;caia + :;Jcbib + Lccic + LcAiA + LcBiB + LcCiC

WA = Laala + Labib + Lacle + Laala + Lasis + Lacic
W5 = LBala + Lol + LBcle + Leala + Lasis + Lscic

Ye = Lcala + Levis + Lecele + Leala + Lesis + Lecic



Asynchronni stroj zapojeny do hvezdy

vlastni indukCnost statoru: L, =L, =L.=L,

vlastni indukcnost rotoru: Ly =Lgg =L =L
vzajemne indukcnosti statoru: L, =L,.=L,.=M
vzajemne indukcnosti rotoru:Lyg = Laoc = Lge =M

vzajemne indukcnosti mezi vinutimi statoru a rotoru:

La=Laa =L =Lg, =Lc =L =M COS(Q)

[ 2 )
LaB:LBa:LbC:LCb :LCA:LAc:M Cos| J+—
. 3
[ \
LaC :LCa:LbA:LAb:LcB :LBc:M COS ‘9_2_72-




Asynchronni stroj zapojeny do hvezdy

Rovnice spfazenych magnetickych toku:

¥ =L, —Mi, —Mqi, +M cos(9)i, + M cos(&ur%zjiB +M cos(&—%zjic

¥, = —Mgi, + Lgi, —Mi_ +M cos| $—== i, + M cos(&)i; + M cos(,9+2?ﬂj'

lc

¥ =—Mi, - Mgi, + Lgi_ +M cos| $+== i, + M cos 9—%’”)8 +M cos(9)i.

¥, =M cos(3)i, + M cos(&—%zjib +M cos(9+2?ﬂ i+ Li,—M. i, —M.i.

Y, = M cos

Y. =M cos

G+ —

9_2~
3

i. + M cos(3)i, + M cos(g—%” i —M.i, +Li;—M.i.

i, +M cos(9+2?ﬂjib +M cos(9)i, =M. i, —M iy + L. i



Asynchronni stroj zapojeny do hvezdy

Vnitrni mechanicky moment jedné dvojice
proudovych smycek:

o dMy d|M e COS(9)]
ik 7% 4 A " ik d9

Celkovy moment:
m. . =[-i,i,M_sin($)-i,igM_sin(3)-ii.-M_sin(3)-

—1 ;M _ sin 9+2§ —IicM _ sin 19+2?ﬂ —I.1,M . sin
—1 .M sin 19—2?” —i,1,M _sin 19—2?” —I.1gM . sin




Asynchronni stroj zapojeny do hvezdy

Vnitrni mechanicky moment jedné dvojice
proudovych smycek:

CodM, o d|m
m, =i, ——-

cos(9... ) [PFechod 9 gmech]
dg

1j max

=i,

Celkovy moment: m,, =-p,M-
' [(iaiA T ibiB T iciC )Sin (‘9mech)+

+ (i i +iic +i.i,)sin

+(iic + i, +iig )sin

dw

Am = Min — mmech =J E



Asynchronni stroj zapojeny do hvezdy

Priklad vypoctu:
Nasledujici ukazky vypoctu jsou provedeny
pro asynchronni stroj o parametrech:

P =1.6 MW
| =185A
U, =6kV

Otacky n, = 1470 ot/min — s, = (1500-1470)/1500*100 = 2%
Zapojeni Y

Tento stroj pracuje jako hlavni obéhove Cerpadlo
v jadernych elektrarnach Dukovany,
Jaslovské Bohunice atd.

Pocitan byl rozbeh stroje do 70% jmenovitého mechanického
zatizeni a nasledné preruseni jedné statorove faze.



Asynchronni stroj zapojeny do hvezdy
Realizace v modelovacim nastroji DYNAST:

: Asynchronni motor ve fazovych souradnicich-ROZBEH MOTORU Z NULOVE
RYCHLOSTI,S KONSTANTNI MECHANICKOU ZATEZI NA HRIDELI

* system;
sysvar la,Ib,Ic,laa,lbb,lcc,omm,Mi,PSa,PSaa,PSb,PSbb,PSc,PScc;
‘konstanty
Pi23=2Pi/3;
‘parametry motoru
fs=50;
U =3464,
Pp=2;
Jmot=110;
:odpory a indukcnosti statorovych a rotorovych fazi
Rs=0.945; Ls=0.172; Ms=0.0852;
Rr=0.378; Lr=0.171; Mr=0.0847,
M =0.168;
:symetricka trojfazova soustava harmonickych napajecich napeti
oms=2Pi*fs;
the=oms*time;
Um=SQRT(2)*U;
Uas=Um*sin(the);
Ubs=Um*sin(the-Pi23);
Ucs=Um*sin(the+Pi23);
Ra=10e3*(TIME>6);



Asynchronni stroj zapojeny do hvezdy
Realizace v modelovacim nastroji DYNAST:

:mechanicka rychlost motoru
bi omm=1/IJmot*(Mi-(2.66e-2*omm*omm));
Pp2=Pp/2;
bi them=Pp2*omm;
s=(oms-omm)/oms;

‘rovnice sprazenych magnetickych toku

:Stator

0=-PSa+Ls*la-Ms*Ib-Ms*Ic+M*cos(them)*laa+M*cos(them+Pi23)*Ibb+
M*cos(them-Pi23)*Icc;

0=-PSh-Ms*la+Ls*Ib-Ms*Ic+M*cos(them-Pi23)*laa+M*cos(them)*Ibb+
M*cos(them+Pi23)*Icc;

0=-PSc-Ms*la-Ms*Ib+Ls*Ic+M*cos(them+Pi23)*laa+M*cos(them-Pi23)*Ibb+
M*cos(them)*lcc;

‘rotor
0=-PSaat+M*cos(them)*la+M*cos(them-Pi23)*Ib+M*cos(them+Pi23)*Ic+
Lr*laa-Mr*Ibb-Mr*Icc;
0=-PSbb+M*cos(them+Pi23)*la+M*cos(them)*Ib+M*cos(them-Pi23)*Ic-
Mr*laa+Lr*lbb-Mr*lcc;
0=-PScc+M*cos(them-Pi23)*la+M*cos(them+Pi23)*Ib+M*cos(them)*Ic-
Mr*laa-Mr*Ibb+Lr*Icc;



Asynchronni stroj zapojeny do hvezdy
Realizace v modelovacim nastroji DYNAST:

‘napetove rovnice

:stator
0=-Ua+(Rs+Ra)*la+vd.PSa;
0=-Ub+Rs*Ib+vd.PSb;
0=-Uc+Rs*Ic+vd.PSc;

:rotor
O=Rr*laa+vd.PSaa;
0=Rr*Ibb+vd.PSbb;
O=Rr*lcc+vd.PScc;

:pomocne fumkce
sintl=sin(them);
sint2=sin(them+Pi23);
sint3=sin(them-Pi23);

‘vnitrni moment motoru
0=-Mi-M*((la*laa+Ib*Ibb+Ic*Icc)*sintl+(la*Ibb+Ib*lcc+Ic*laa)*sint2+
(la*lcc+Ib*laatic*lbb)*sint3);



Asynchronni stroj zapojeny do hvezdy

Alternativni realizace v modelovacim nastroji DYNAST:

A B C
Eas Ebs Ecs
Easv Ebsv Ecsv
+ \Las + \Lbs + \Lcs
Is Is Is
+ | Ras + | Rbs + | Rcs
rs rs rs
I i I
ns
I
S
tau
torqugm
H

Ecr
Ecrv
+ \Lcr
Ir
+
r

Ear Ebr
Earv Ebrv
+ \Lar + \Lbr
Ir Ir
+ | Rar + | Rbr
rr r
| i I
Xr
Bl

Rer

Interface
A V]
= [V]
© [V]
S [rad/s]
1 [rad/s]

first stator terminal
second stator terminal
third stator terminal
machine shaft
machine housing

-

Submodel Properties

Induction motaor

T ———
v Mame: Type: |
He

| M1 indmot.mod #
v Parameters:
Parameters from a cataloq: | |

Parameter | Value Description -

p 2 [] number of pole-pairs |

rs 4,37 [ohm] stator winding resistance

s 0,315 [H] stator winding inductance =
ms 0,156 [H] stator winding mutual inductance

rr 2,95 [ohm] rotor winding resistance

Ir 0,318 [H] rotor winding inductance

mr 0,158 [H] rotor winding mutual inductance

msr 0,308 [H1 statorrotor mutual inductance

0% 40% 47® 40 0% 0f 0® w0® 0% | M Expression...

|

e




Asynchronni stroj zapojeny do hvezdy

Alternativni realizace v modelovacim nastroji DYNAST:

.. Induction motor M1

INDMOT A, .. [V] first stator terminal y N

B, .. [V] second stator terminal -

C, .. [V] third stator terminal g S
S, :: [rad/s] machine shaft O— —O
H/ .. [rad/s] machine housing C O_\. p

np = 2, ::[-] number of pole-pairs

rs = 4.37, .:.[ohm] stator winding resistanct H

s = 0.315, .:[H] stator winding inductance

ms = -0.156, .:[H] stator winding mutual inductance

rr=2.95, .:.[ohm] rotor winding resistance

Ir = 0.318, ::[H] rotor winding inductance

mr = -0.158, ::[H] rotor winding mutual inductance

msr = 0.306, .:[H] stator-rotor mutual inductance

jm = 1.5m; .:[kg*m**2] rotor moment of inertia



Asynchronni stroj zapojeny do hvezdy

Alternativni realizace v modelovacim nastroji DYNAST:

. Stator:

Las A-ns=1Is; Ras-Las=rs;

Lbs B-ns=1s; Rbs-Lbs=rs;

LcsC-ns=1s; Rcs-Lcs=rs;

Masbs Las-Lbs = ms; Mbscs Lbs-Lcs = ms;

Mascs Las-Lcs = ms;

. Rotor:

Lar O-xr =1Ir; Rar-Lar=rr;

Lbr O-xr =1Ir; Rbr-Lbr=rr;

Ler O-xr =1r; Rcer-Ler=rr;

Marbr Lar-Lbr = mr; Mbrcr Lbr-Lcr = mr;

Marcr Lar-Lcr = mr;

. Stator vs. rotor:

np2 = np/2; pi23 = 2pi/3;

Bl the = np2*(S-H);

MO = msr*cos(the); mp = msr*cos(the + pi23);

mm = msr*cos(the - pi23);

Masar Las-Lar = mO; Masbr Las-Lbr = mp; Mascr Las-Lcr = mm;
Mbsar Lbs-Lar = mm; Mbsbr Lbs-Lbr = mO; Mbscr Lbs-Lcr = mp;
Mcsar Lcs-Lar = mp; Mcsbr Lcs-Lbr = mm; Mcscr Lcs-Ler = mO;



Asynchronni stroj zapojeny do hvezdy
Alternativni realizace v modelovacim nastroji DYNAST:

. Stator velocity voltages:

dmO = - (S-H)*msr*sin(the);

dmp = - (S-H)*msr*sin(the + pi23);

dmm = - (S-H)*msr*sin(the - pi23);

Easv = dmO*i.Lar + dmp*i.Lbr + dmm*i.Lcr;

Ebsv = dmm*i.Lar + dmO*i.Lbr + dmp*i.Lcr;

Ecsv = dmp*i.Lar + dmm*i.Lbr + dmO*i.Lcr;

Eas - Las = Easv; Ebs - Lbs = Ebsv; Ecs - Lcs = Ecsv;

. Rotor velocity voltages:

Earv = dmO*i.Las + dmm*i.Lbs + dmp*i.Lcs;

Ebrv = dmp*i.Las + dmO*i.Lbs + dmm*i.Lcs;

Ecrv = dmm*i.Las + dmp*i.Lbs + dmO*i.Lcs;

Ear - Lar = Earv; Ebr - Lbr = Ebrv; Ecr - Lcr = Ecry;



Asynchronni stroj zapojeny do hvezdy
Alternativni realizace v modelovacim nastroji DYNAST:

: Mechanical part: M1
sin0 = sin(the); sinm = sin(the - pi23);
sinp = sin(the + pi23);

Se—
Se—

torque = - np2*msr* . source of torque

((i.Las*i.Lar + i.Lbs*i.Lbr + i.Lcs*i.Lcr)*sin0 I
+ (I.Las*i.Lbr + i.Lbs*i.Lcr + I.Lcs*i.Lar)*sinp

+ (I.Las*i.Lcr + i.Lbs*i.Lar + I.Lcs*i.Lbr)*sinm);

tau > J H-S = torque;

|>C S =jm; . rotor inertia



Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze.

10°

2.0
1.5
1.0
0.5
0.0
-0.5+
-1.0+
-1.5+
-2.0-




Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledne preruseni jedné statorove faze.

TIME IAa IB IC
0. 00E+00 -2, 00E+032 -2, 00E+02 -2, 00E+03
9. 00E+00 2. 00E+03 2. 00E+0Z2 2. 00E+03

=2.00 L L L L L L L L L
o.oo o0.90 1.80 2.70 3.s80 4.50 5,40 s4.30  A.20 8,10 39.00
TIME




Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze - detail.

TIHE IA IB IC
5. 80E+00 -3. 50E+02 -3, 50E+02 -3, 50E+02
&, 20E+00 3, 50E+02 3. 50E+02 3, S0E+02

0. 700 £5
0. oo}
-0. 70

1, 407

~2.10
PP U I O WO SN RO IS SO U S
3. 50 . l l

L L L L L L
5.80 b5.84 G.88 G.92 G.9s &.00 &.04 &.08 612 &1 620



Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a

nasledné preruseni jedné statorove faze - detail.

103

1.0

0.5

- ol booono000000c000 AR R LR Ry

-0.5

-1.0- |
5.9 6.0 6.1

HMiaM@Wb Wi



Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze - rotor.

103

2.0+
1.5
1.0-
0.5
0.0
-0.54
-1.0
-1.5
-2.0-
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Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jednée statorove faze — rotor -

detail. 10°
0.5~

nnnnnn

o TRXRKRIKNRR

-0.5-
| | |

59 6.0 6.1
time [s]

Miaa B bbb W lcc



Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze — moment a

skluz. 10°
30-1.0-

200.8-

10— 0.6+

0-0.4+

-10- 0.2

-20-0.0-

0
H B time [s]




Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze — moment a

skluz - detail. 10%107°
30— 25-

20— 20+

10— 15+

0+ 10+

104 5

-20- 0O-

5.9 6.0 6.1
H B time [s]

Hvv W s



Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné preruseni jedné statorove faze — frekvencni
rozbor proudu a momentu.

10000 Torque |
| Current —— |
1000 {
|
100 | |
L//”/ \\\\
Ol 5 \7 \\\R\\J
0.01

0 100 200 300 400 500 600 700 800 900
Frequencyv [Hz]



Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledné pokles napeti jedne z napajecich fazi na
70% U, — detail porovnani s uplnym vyrazenim faze.

10°

6.1

1.0
0.5+
0.0
-0.5-
.07 | |
5.9 6.0
time [s]
Mia b Wi
Uplna ztrata napajeni jedné faze

-1.0-

103

1.0

| —rT

i

I
5.9 6.0
time [s]

. NEW RIE B

Pokles napajeciho napéti na 70%



Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledne zkrat na svorkach jedné faze.

103
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Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledne zkrat na svorkach jedné faze - rotor.

103

2.0
1.5
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Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 70% jmenovitého zatizeni a
nasledné zkrat na svorkach jedné faze — moment a

skluz. 108
0.04- 1.0+

0.024 0.8+

0.00+ 0.6+

-0.024 0.4+

-0.044 0.2

-0.06- 0.0-

0
H B time [s]
Hvv s



Asynchronni stroj zapojeny do hvezdy

Rozbéh stroje do 70% jmenovitého zatizeni a
nasledné narust Cinného odporu jedné faze na

pétinasobek. 2133

1.5
1.0-
0.5+
0.0
-0.54
-1.0
-1.57
-2.0-

| HE!



Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Statorove i rotoroveé vinuti jsou zapojena do hvézdy s
nevyvedenym stredem, vSe je soumerne.

k , uk = Ruax + dWk / dt

(k=a,b,c,A,B,C,D,E,F)




Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Statorove i rotoroveé vinuti jsou zapojena do hvézdy s

nevyvedenym stredem, vSe je soumerne.

Ua = RSia +C

Wa / dt

ub = Rsiv + dWs / dt

Uc = Rsic + dW. / dt

Ua = Rria + dWa / dt
us = Rris + d'¥s / dt
Uc = Rric + dWc / dt
Uo = Rrip + d¥o / dt
Ue = Rrie + dWe / dt
ur = RriF + dWr / dt




Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Statorove i rotoroveé vinuti jsou zapojena do hvézdy s
nevyvedenym stredem, vSe je soumerne.

theta
/ , Us=Us=Uc=Up=Ue=Ur =0

Ia+IB+Ic+Ip+Ie+IF=0

lat+lo+1c=0



Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Stator

\Pa - Laaia + Labib + Lacic + LaAiA + LaBiB + LaCiC + LaDiD + LaEiE + LaFiF
Wb = Lbala + Lobib + Lbclc + Lbala + Losis + Locic + Lopip + Loeie + Lorir
LI”c - Lcaia + chib + Lccic + LcAiA + LcBiB + LcCiC + LcDiD + LCEIE + LcFlF

Rotor

Wa = Laala + Lavlo + Laclc + Laala + Lasis + Lacic + Labpip + Larie + Larir
Vs = LBala + Lbolo + Laclc + Leala + Lsis + Lscic + Lspip + Laseie + Larir
Wc = Lcala + Lewls + Leele + Leala + Lesis + Lecic + Lepip + Lekeie + Lerir

Y = Lbala + Lobls + Lbele + Loaia + Losis + Lbcic + Lopip + Lpeie + Lprir
WE = LEgala + Leoib + Lecic + Leala + Lesis + Lecic + Lepip + Lesie + Lerir
Wr = Lrala + Lrolb + Lrcle + Lrala + Lrsis + Lrcic + Lrpip + Lrsie + Lrrir



Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
vlastni indukCnost statoru: L, =L, =L.=L,

vlastni indukcnost rotoru: Ly, =Lgg=...=L =L,
vzajemne indukcnosti statoru: L, =L,. =L,. = M,
vzajemne indukcnosti rotoru:

Lig =Lac =lec =Loe =Lor =Lee =

==L =—Lar =—Lgp =—Lge = —Lce =—Ler

LAE _ LBF _ LCD

2 2 2 r




Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
vzajemne indukcnosti mezi vinutimi statoru a rotoru:

Loa=La=Le=Llgy =Lc =L = MCOS()

LaB = LBa = LbC = LCb = LcA = I—Ac =M cos

LaC — LCa — I-bA — I—Ab — LcB — LBc — M COS
7T

Lo =Lloa=Le=Ley =L =L =M COS(‘Q"'Ej

LaE — LEa — Lb — LFb LcD — LDC =M COS(‘Q'HT)

LaF — LFa — LbD — LDb — LcE — LEc =M COS(S_%j



Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Rovnice spfazenych magnetickych toku:

¥ =L, — M, —Mi_+M cos(3)i, + M cos(,9+2?ﬂ)i5 +M cos(&—%”jic +

M cos(l9+2?7[jiD +M cos($+ 7 )iz + M 003(9—%jiF

¥, =M cos(9)i, + M cos(&—%zjib +M cos(9+2?ﬂji +

C

+LiI,-M.i;—M. . +M iy -2M i + M I



Asynchronni stroj zapojeny do hvezdy, rotor je

respektovan sesti vinutimi
Vnitrni mechanicky moment jedné dvojice
proudovych smycek:

dM. dl_Mijrrax cos(,9mech)J My = —P,M -

m, =ii ——>=ii
jk ik Ik dg ‘[(iaiA+ibiB +icic)3in (‘9mech)+

Celkovy moment: #(iiy +igie +i.i)sin[ @ + 25

+(iig +igi, +ig )sin| & —==

+(iio +igig +idi, )sin (gmech +%)+
+ (iyde +ipie +igip )Sin (9o, +7)+

+ (i, +iyip + iCiE)sin(lQmech —%j]




Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 100% jmenoviteho zatizeni a
nasledné preruseni 1/6 rotorovych tyci.

TIME I

0. O0E+00 -2, 00E+03 -2, 0D0E+03 -2, 50E+03
1. 50E+01 2, 00E+03 2, 00E+03 2. 00E+03

-2, 00 L L L L L L L L L
o.oo0 0.1 0.30 0.4 O.s0 0.7 0.90 1.0% 1.Z0 1.35% 1.50
TIME CxlEL)




Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 100% jmenoviteho zatizeni a
nasledné preruseni 1/6 rotorovych tyCi - detail.

TIME I
9. 50E+00 -2, 00E+02
1. 40E+01 2. 00E+0Z2

IA

-Z.00 L L ! L L L ! ! L
g.9% 1,00 t.o04 1.09 .13 L.18 1022 1,28 1.31 1.35 L. 40
TIME CxlELD




Asynchronni stroj zapojeny do hvezdy

Rozbeh stroje do 100% jmenoviteho zatizeni a
naslednée prerusenl 1/6 rotorovych tyCi - moment a

TIME MM
Sklu 0. OOE+00 —1. OOE+04 |:| OOE+00
{.50E+01 5. 00E+04 1. O0DE+00

CxlE4d
3. 00 . . _ _ _ . . . . L. 00

2,600 SO SO SN | D SO SO SO SO j 0,30

2. 20k SIS ST g e SO SO SO S { 0.80

1. B0k........ SR P, S 3 O o SR SR S 4 0.70

1. 40 SN TR IR A 3 N S SN SN S 4 0.e0

ulyl

(AR 7 1S N MO NN N P
0. &0 | S é ...... ?H; ......... é ......... é ........ é ......... ; ......... é ........ 3 0.40
. SRR é ......... é ......... é?gi ..... é ......... é ......... é ......... é ......... é ........ {0030
0. 20 _.E .......... é .......... é .......... é ...... %E“é .......... é .......... é .......... é .......... é ......... 4 o.20

0. colf.. . S S S o Yo S o o o 1 0,10

-1. 00 : : : : A T e — 0. 00
0.00 0.15 0.30 0.45 0.0 0,75 0.90 1.05 L.20 1.35 L. 50
T1HE (%LEL)




