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Course Logistics

* Tutorial resumes this week

* Lab 3 takes place this week

* Assignment 5 posted

* Midterm available to pick up

* Quizzes
* Quiz 3: March 20 at the beginning of the tutorial
* Quiz 4: April 2 at the beginning of the lecture



* Rotor bars do not cut magnetic flux - Z—’tl =0
* No current induced




Principle of Operation (motor)
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Principle of Operation (generator)
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Speeds in Induction Machines

<*Example 1: A 3-phase, 60 Hz, four-pole induction generator operates at slip of 5%. Determine:
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Linear Induction Motors (LIM)
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Linear Induction Motors (LIM)
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Millennium Line
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 Propulsion System WS)
« Motors react with aluminum-capped steel rail on the guideway
« LIM provide both propulsion and regenerative braking

* No moving parts SWAL )
 Reduced maintenance and I‘ISk of mechanical failure 5&%@'6 ) et
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Basic Analysis: Example 2

Consider a 25hp, 3-phase, 220V, 60Hz Ind. Motor. At full load we have:

P, —208kW P
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=25hp; 1, =64A; " =830rpm;.
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Steady-State Equivalent Circuit

- Assume roter-has the same number of phases as stator (3-ph)
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Steady-State Equivalent Circuit

- Assume rotor has the same number of phases as stator (3-ph)

]
aScas

-~

heo "~ Stator .

» Rotor winding (circuit) operates at different frequency f =s- f,

« Rotor circuit is typically shorted (squirrel-cage)

* Motoris like a 3-phase transformer (8ot i« s WTT o« oy TF)

» Develop equivalent circuit per-phase

—
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« Extend the results to 3-phase 12




Stator Equivalent Circuit ( Re)

In order to simplify notation we can assume

- Rotor has the ‘same number of phases as stator (3-ph)

V., = per-phase terminal voltage [\\

R, = per-phase stator winding resistance ’gg
X, = per-phase stator winding leakage reactance
X = per-phase magnetizing reactance

R, = per-phase core losses equivalent resistance
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When rotor moves, o,

E, = per-phase induced voltage in the rotor at ®, =0 “ EZ{ .

R, = per-phase rotor winding resistance St ‘9”5 N
. - | fef L) | dive

L, = p_e__[:pb_gs__e rotor winding leakage inductance Cutsf iy guk ¢

X, = per-phase rotor winding leakage reactance 14



Overall Equivalent Circuit

Assume that the rotor rotates with speed 0, Qe B wS o

(AT~ Re-scale the rotor circuit to the
stator side using the equivalent
Q - 2@ =a Xz stator-to-rotor turns-ratio a = N¢/N,
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Practical Equivalent Circuits

X;

Real power consumed by the rotor (part of which is converted to
creating torque, and part is dissipated as rotor winding loss)

ped i Ty

Commonly used (IEEE recommended)
T-equivalent circuit (looks just like a transformer with
shorted secondary side)

D bleut @

Air : gap

Core losses-are combined
ith rotational losses
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Thevenin Equivalent and Approximate Circuits

— Thevenin equivalent circuit

Fu” equivalent CIrCV Recalculate pa%ameteﬁto\reinOW magnetizing branch
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Approximate equivalent circuit
Move magnetizing branch to input terminals




Determining Machine Parameters .~ (&t 4

Consider Full Equivalent Circuit

Core losses are combined
with rotational losses

- C | Stator

6’“Vbﬂ"\ i {i’w Mk/
Tests to determine circuit parameters: /

1. \DC Measurement of winding resistance

2. |No Load Test (like Open-Circuit in transformer)

For Wound-Rotor IM, repeat the test on the rotor

3./ Blocked Rotor Test (like Short-Circuit in transformer)
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Determining Machine Parameters

2. No-Load (NL) Test
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3. Blocked-Rotor (B {7 Test (c L)
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Looking ahead...

e Continue Module 5



