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Course Logistics

* Lab materials will be posted this weekend, please start reading them

* Quiz 1l
e Coverage: up to and including end of Module 1

— —

* Closed book and notes
e Calculators allowed



Module 1, Part 2: Basic Magnetic Circuits Continued



Example: Calculate Inductance s
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Example: Magnetic Circuits = "=

Consider the following electromagnetic system
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Magnetic Saturation
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Magnetic Saturation
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LF R p{ posteciall

Hystere5|s Loop
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Permanent magnets (PM) Hc ~10"---10 e Ceramic or Ferrite, Iron-oxide, compressed powder 10



Magnetic Materials - Dehors o0 @od g

gg/ww/l« WM Some common PM materials

1.5
Second quadrant | | 1.4
. neodymium-iron-boron :
hysteresis curve I Alnico 5 i3 W
for M-5 steel || SAMAFIUM-co0al /le )
=~ —~ Alnico 8 / FARS —
— 7 Cenmic 7 =10 341 15T i
H15 / i 110 Ogtﬁ €
o e i All practical
v 09 ) : 2
A ,/ Aos materials (
o i ., BT\ saturates ,
e / /' /i 7 after about 1 Mlg
i 7 7100 to 15T
— d f—t-— 0.5
// ’/ ,.’ i 04
—05 O
/, f /,,‘;’ 0.3
L1 i
/, ) v i : 0.2
H, g ’I" i .: 0.1
H, A/m —1|0 7; 0 0/, / 9/ l :
’ —1000 —900 —800 —700 —600 —500 —400 —300 —200 —100 0

-t
st i

11



Core Losses in Practical Devices
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Core Losses in Practical Devices
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Magnetic & Electric Equivalent Circuit

Consider the following electromagnetic system (device)
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Module 2: Transformers



Objectives & important concepts

e Types and construction of typical transformers
* Terminology, winding polarity
* |deal transformer, turns ratio, referring quantities

* Non-ideal transformer, equivalent magnetic and electric circuits,
approximate equivalent circuits

e Tests on transformers for determination of equivalent circuit parameters
* Power flow, efficiency, voltage regulation, phasor diagrams

e Autotransformers

* Inrush current, harmonics in transformers

e 3-phase transformers, winding connections, phase shifting

* Per-unit system, calculations in pu




Transformer Applications

« Stationary electromagnetic device

— Electrical energy conversion device
— It allows to scale voltage/current levels

— Inverting polarity of signals

— Galvanic decoupling

— " Atransformer may have multiple windings for different voltage and current levels < (ﬂﬂ/g
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Transformer Applications

Power systems
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Transformer Terminology

* Consider basic two-winding transformer %
7y

AC Source
/

Secondary
Winding
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Transtformer Terminology

AC Source . N\ : Load
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* Step-down.

* Primary{(Source) — high voltage / number of turns
e Secondary (Load) — low voltage / number of turns

P

* Step-up

- e ——F

. ;rijr’n’g,g/ (Source) — low voltage / number of turns
e Secondary (Load) —high voltage / number of turns

20



Transformer Schematic Diagram 5
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Vi V2
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Transformer Polarity
Polarity Test (assumln%%ly a basic RMS voltmeter and no oscilloscope)
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ldeal Transformer

Assumptions
N Wmdmg resistance is neghglble

g Infinite core permeability _Iucor ‘
All flux is confined inside the core

* No core Io§ses
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Properties of Ideal-Fransformer
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Properties of Ideal Transformer

Primary Side
/f"_————-. .
Vy = V2V, s cos(at) |

- e

Maximum flux density for common B _
magnetic materials ( peak

25



Properties of Ideal Transformer

dScale voltages and cu

dImpedance transfer:
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Assume the turns ration a = 5, and source voltage V; —120V(rms) _> U - 120/0°

1) Determine secondary current; 2) Determine prlmary currentgxﬁ OAC 0. ﬁwj(@ }ﬁ
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|deal Transformer Example 2

Consider a 10 dlo/Q/oItage) amplifier designed to work W|th
Assume you have only' 8Q eaker

1) Determine the output power ng
C ! ’
2) Determine the turns-ratio for appropriate matching impedance transformer d {\Jﬁ]%‘
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Looking ahead...

e Continue Module 2





