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Abstract

In this paper, two-stage braking method of 3-phase induction motor is proposed. This brake involves two
stages. The first stage is capacitor self-excitation braking, and the second stage is three-phase magnetic
braking. In several applications, a low cost and effective brake is required for three—phase induction motor. A
mechanical friction brake, typical braking method for induction motor requires external energy sources which
is not safe, expensive and requires maintenance. Static and dynamic analyses of the proposed brake scheme
are along with analytical result, simulated waveforms and experimental waveforms are compared The
experimental results shows good agreement with the sinmilated results.
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Fig. 1. 2-stage braking scheme for 3-phase
induction motor
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Ls-Lm per phase stator leakage inductance
Lr-Lm per phase rotor leakage inductance
Rs per phase stator resistance
gr per phase rotor resistance

capacitance
or (P/2 wm) where P is number of poles
and wm is mechanical speed(radians/sec]
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Fig. 2. Equivalent circuit of 3-phase induction
motor in stationary reference frame with
capacitor in d,q axis
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Table 1. Ratings and test parameter of
3-phase induction motor

otor Capacity

Parameters 0.75[kW] 2.2[kW]
Phase 3 3
Input 220(4), 220(A),
Voltage [V] 380(Y) 380(Y)
Input 35(a), 8.8(A),
Ampere [A] 2.00Y) 5.1(Y)
Power [kW] 0.75 22

Ratings | Frequency [Hz] 60 60
Pole 4 4
Rotor Speed [rpm] 1,710 1,735
Inertia {Kg - m*] 0.0193792 | 0.07865
Efficiency [%] 2 82

B 2. 38 RTASIIO Sii3=Z Wil
Table 2. Parameters of equivalent circuit in 3-
phase induction motor

Moter Capacity || o 7511w] | 2.2(kW]

Parameters

Stator Inductance (Ls) [H] 0.4741 0.2154
Rotor Inductance (L,) [H} 0.4741 0.2154
Mutual Inductance(L) [H] 0.4543 0.2063

Stator Resistance(R,X75T)[Q] || 10.3763 25285

Rotor Resistance(R)75T)[R] 9.4725 0.4385
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Fig. 3. Characteristic root loci for single-
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Fig. 4. Single-capacitor self-excitation stability
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Fig. 5. 2-stage braking experimental apparatus
for 3-phase induction motor
(in case of 2.2 (kW] motor)
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Fig. 7. Results in the free stop of the 3-phase
induction motor (0.75 (kW]), 1500 [rpm})
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Table 3. Comparisons of braking time

Motor Simulated | Experimental | Error
capacity Stop results results time
kW] [sec] [sec] [sec]
Free stop 4.85 4.84 0.01
0.75 2-stag
-stage
braking 213 212 0.01
Free stop 6.71 6.72 - 0.01
22 2-stage
braking 057 0.56 0.01
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Table 4. Experimental 2-stage braking time and
free stop
Motor | Rotor Free stop | 2-stage Saving
capacity | speed time braking time| time
(kW] [rpm] [sec] [sec] [sec]
1710 5.52 276 2.76
0.75 1500 434 212 272
1250 4.36 168 2.68
1735 8.80 1.96 6.84
22 1500 6.72 0.56 6.16
1250 5.48 0.52 4.96
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