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3 5.1 Algdoldel AFERE = HAE7]e] et E (class A)

Parameters Value Unit
Nominal power 373 (5) KW (HP)
Voltage (line-line) 575 v
Frequency 60 Hz
Inertia 0.02 kg'm?
Friction factor 0.002494 N-m-s
Number of pole 4 -
ERated speed (no load) 1799 rpm
Stator resistance (F.) 2.053 kKW (HP)
Stator leakage inductance (L) 0.0081 H
Eotor cage 1 resistance (K ',;) 1.457 Q
Rotor cage 1 leakage inductance (L) 0.0251 H
Eotor cage 2 resistance (K ';) 200 Q
Rotor cage 2 leakage inductance (L'y1) 0.0047 H
Mutual inductance (L) 03144 H

_41_

BELE

n’



3 52 Algdolael AHE3E = AE 719 3t E (class B)

Parameters Value Unit
Nominal power 1.45(2) KW (HP)
Voltage (line-line) 380 v
Frequency 60 Hz
Inertia 0.05 kg'm?
Friction factor 0.005879 N-m-s
Number of pole 4 -
ERated speed (no load) 1797 rpm
Stator resistance (F.) 5454 kKW (HP)
Stator leakage inductance (L) 0.0047 H
Eotor cage 1 resistance (K ',;) 1.457 Q
Rotor cage 1 leakage inductance (L) 0.0251 H
Eotor cage 2 resistance (K ';) 2084 Q
Rotor cage 2 leakage inductance (L'y1) 0.0047 H
Mutual inductance (L) 0222 H
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F 53 Algdoldel AHEE = HdE71e Hetv Y (class C)

Parameters Value Unit
Nominal power 373 (5) KW (HP)
Voltage (line-line) 575 v
Frequency 60 Hz
Inertia 0.02 kg'm?
Friction factor 0.002494 N-m-s
Number of pole 4 -
ERated speed (no load) 1799 rpm
Stator resistance (F.) 2.053 kKW (HP)
Stator leakage inductance (L) 0.0081 H
Eotor cage 1 resistance (K ',;) 1.457 Q
Rotor cage 1 leakage inductance (L) 0.0251 H
Eotor cage 2 resistance (K ';) 20840 Q
Rotor cage 2 leakage inductance (L'y1) 0.0047 H
Mutual inductance (L) 03144 H
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3 54 AlEH ol AHEE fr= A

Parameters Value Unit
Nominal power 373 (5) KW (HP)
Voltage (line-line) 575 v
Frequency 60 Hz
Inertia 0.02 kg'm?
Friction factor 0.002494 N-m-s
Number of pole 4 -
ERated speed (no load) 1799 rpm
Stator resistance (F.) 2.053 kKW (HP)
Stator leakage inductance (L) 0.0081 H
Eotor cage 1 resistance (K ',;) g Q
Rotor cage 1 leakage inductance (L) 0.0251 H
Eotor cage 2 resistance (K ';) 2084 Q
Rotor cage 2 leakage inductance (L'y1) 0.0047 H
Mutual inductance (L) 03144 H
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Class A} class B, class DolA 2] AlE# o] A A= fFAFSHA,
voltage ramp up 715 W29 9 27 Hd % 325 rev/min, Hit
F3 104 Hz(class A, 28 56, =¥ 57), I AZ 47 rev/min, ¥
¥ F34 1560 Hz(class B, =¥ 510, ¥ 511), Hu =% 29
rev/min, B3 F3 75 Hz(class D, 19 514, 19 5159 £%= %
sol WASAA T, ARbek= aAFA AL 7|NE Alo] WA S Foto] V)
= Al 247 H) Z2Z 64 rev/min, B3 T35 2.7 Hz(class A, 19
58, 19 59), A AZ 15 rev/min, B+ F35 0.7 Hz(class B, ¥
512, =¥ 513), F H¥ 12 rev/min, B3 T3 0.3 Hz(class D, 1
¥ 516, 17 51722 FHadE B4

Z} AlEdloldol A AR AR AL FA 7] St E = class C

g = Ade7] AlgdeoldelA AHER dEtnE el Edsty, A A

71l gk AR ALE Ao o] dEvE = vad 2
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% 57 AR el ALEF LAA A% Alo}7]e] sejvlg
Class Parameters Value Unit
H g A2 &) 18 rad/ Wb
Class A HE A8 K) 175 | rad(Wbseo)
o T
Class B i! EI::|I| 7‘“ |_| () 1.8 flﬂd-“"b
=5 A 8l (K 4422 rad/(Whb-sec)
H ol o
Class C HI E.j.l HI; (K 18 r:adl‘ﬁr'b
SE A K 11.75 rad/(Wh-sec)
Bl A2l E) 0.45 rad’'Wb
Class D =HE 79 () 351 | rad(Whsed)

¥ 5.8 Voltage ramp up 7|15

715 4% 1l

Al
2

DA A% A Aol WA o)

o O
Value
Class A=A FE q Unit
Voltage ramp up | Proposed method
O FE = 325 64 revimin
Class A — E—
g0 UE FLS 104 27 Hz
O s = 47 15 revimin
Class B — —
Ed I8 FoL 75 0.3 Hz
*Of Fls F=E 313 46 revimin
Class C [— —
B4 1E T 126 2.1 Hz
O FE = 29 12 revimin
Class D [— —
g0 UE FLS 150 0.7 Hz
‘H -
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A7 HAE AEHlA code

A 1 A MatlabS 53 E3-£% 1Y X plot code

29 237 19 24004 AFEE matlabs £33 EI-E % 18 E plot

code

rl = 2.053; % Stator resistance

x1 = 0.008101*60*2*pi; % Stator reactance

r2 = 1.457; % Rotor resistance (cage 1)

x2 = 0.02508*60*2*pi; % Rotor reactance (cage 1)

r22 = 100; % Rotor resistance (cage 2)

x22 = 0.004677*60*2*pi; % Rotor reactance (cage 2)

xm = 0.3144*60*2*pi; % Magnetization branch reactance

v_phase = 575 / sqrt(3); % Phase voltage

n _sync = 1800; % Synchronous speed (r/min)

o©

w_sync = 188.5; Synchronous speed (rad/s)
v_th = v _phase * ( xm / sgrt(rl”2 + (x1 + xm)”"2) );

z th = ((3*xm) * (rl + j*x1)) / (rl + j*(x1 + xm));

r th = real(z_th);

x_th = imag(z_th);

s = (0:1:50) / 50; % Slip
s(l) = 0.001;

[

nm = (1 - s) * n _sync; % Mechanical speed
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[

% Calculate torque for original rotor resistance
for ii = 1:51

t indl(ii) = (1 * v_th"2 * r2 / s(ii)) / ...

(w sync * ((r_th + r2/s(ii))"2 + (x_th + x2)"2) );

end
% Calculate torque for doubled rotor resistance
for ii = 1:51

t ind2(ii) = (1 * v_th"2 * (r22) / s(ii)) / ...

(w_sync * ((r_th + (r22)/s(ii))"2 + (x_th + x22)"2)

)
end
% Plot the torque-speed curve
figure (1)
plot (nm,t indl+t ind2, 'LineWidth',2.0);
hold on;
xlabel ('"\itn {m}', 'Fontweight', 'Bold");
ylabel ('\tau {ind}', 'Fontweight', 'Bold"');
title ('Induction Motor Torque-Speed
Characteristic', 'Fontweight', 'Bold"');
ylim ([0 2017])

grid on;

% 249 NEMA classol we} o2 e Ea-&£% Og=ZE
Aok ol & falA oS 2ol fx As7]Y FdenHE FA plot
A=

v_phase = 420 / sqrt(3);

class A: r2 = 1457, r22 = 500

class B: 2 = 1457, r22 = 100
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class C: r2 = 1457, r22 = 30.84

class D: r2 = 12, r22 = 100

A 2 AXZE 2©ElH gate signal A4 code

soft starter 54 4 UA gate signale] ¢1712 uw] WA} gate signal=
o] <l7twojof &7] wjiEo] U, VA gate signalS 3 simulink block
ol A AAS, wizriA= V, WA, W, U4 gate signal2 TtHE
simulink blockel A A3t th 37FA simulink block®] codei= phase
shift(120°, 240M)& Aelstal 5 Fdste], & der= U, VA gate

signal block®] FZE=wkS A7)k}

function [output signal U,output signal V] =
thyristor gate signal (Time,Firing angle)
period = 1/60;
if (Firing angle < 50)
if (mod(Time, period) < ((period / 2) * (1 - (Firing angle
/ 100))))
output signal U

0;
output signal V = 0;
elseif (mod(Time, period) <= ((period / 2) * (1 -
(Firing angle / 100))) + period/30)
1;

output signal U
output signal V = 1;
elseif (mod(Time, period) <= (((period / 2)) + (period / 2)
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* (1 - (Firing angle / 100))))
0;
output signal V = 0;

output signal U

elseif (mod(Time, period) <= (((period / 2)) + (period / 2)
* (1 - (Firing angle / 100))) + period/30)

I
=
~

output signal U

I
=
~

output signal V
else

output signal U = 0;

output signal V = 0;

end
else % firing angle > 50
if (mod(Time, period) < ((period / 2) * (1 - (Firing angle
/ 100))))
output signal U = 0;
output signal V = 0;
elseif (mod(Time, period) <= ((period / 2)))

output signal U = 1;
output signal V = 0;
elseif (mod(Time, period) <= (((period / 2)) + (period / 2)
* (1 - (Firing angle / 100))))
0;
output signal V = 0;

output signal U

elseif (mod(Time, period) <= (((period / 2)) + (period /
2)))
output signal U = 1;
output signal V = 0;
else
output signal U = 0;
output signal V = 0;
end
end
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Abstract

Closed-loop Stator Flux Control
Method for Soft Starters to
Prevent Rotor Speed
Oscillations in Induction Motors

Drive

Taehoon Kim
Electrical and Computer Engineering

The Graduate School

Seoul National University

This paper presents a closed-loop stator flux control method for
soft starters to prevent rotor speed oscillations in induction motors
drive. A soft starter is a controller that regulates the input voltage of
an induction motor to prevent sudden current and torque surges and

ensure smooth operation during start-up. However, when the
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conventional firing angle control method is applied to the induction
motor with a low inertia rotor and load, the stator flux rapidly
increases as the rotor speed reach the synchronous speed. This rapid
increase in stator flux results in speed oscillations. To overcome the
issues, In this paper, a stator flux magnitude closed—loop control
method is proposed to prevent the rapid increases of the stator flux.
First, the situation where speed oscillations can occur with low
Inertia 1s analyzed, using the equations of the stator flux in the
transient state. Then, the closed-loop controller is designed by
considering the relationship between the stator flux magnitude and
the input voltage. The proposed stator flux control method allows the
stator flux to increase gradually and prevents speed oscillation at
start-up. Moreover, based on the transient state induction motor
equations of stator flux, the effect of gradually increasing stator flux
at start-up is analyzed. The MATLAB/SIMULINK simulations using
the model of a lightly loaded induction motor are performed and show

the effectiveness of the proposed method.

keywords : Induction motor, soft starter, rotor speed oscillation,
stator flux control
Student Number : 2021-28429
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