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Course logistics

* TA Office Hour: Wednesdays 4 PM —5 PM in KAIS 3047
e Tutorials start this Friday: We only use 12 PM — 1 PM portion

* Assignment 1 is posted, due one week later on Canvas
* Assignments are for you to check your understanding in this course



Power in AC Circuits

* Active/real power: P = V., L cos{_@ — @) [W] __
* Power factor angle: 8 — ¢
 Power factor: pf = cos(8 — @)

* Reactive power: Q = Vipslyms Sin(6 — @) [var]

Complex power: § = P +]Q Vimslyms €0S(0 — @) + jVimsLrms SIN(O — go) [VA] - v1*

“‘“h-.._______ -

Apparent power: |S| = \/P2 + Q% = Vo lrms [VA]



Power in Three-Phase Systems

For balanced three phase system

Vllne \/g Vphase

SS(p as as \/gvllne I|ne

qu) @/aslas cos
@/Ime line COS

Qs = Vsl 8iN (co)
= \/§V|ine ljine SIN ((P)



How to transmit power

* For DC System

* In steady state, the line is
just a resistor, R

P

source — Edcldc
I:)Ioad :Vdcldc
I:)Ioss — (Edc _Vdc)ldc

’ |2
line " dc

«  For AC System ¢ Jb‘k‘[

* In steady state or transient, lines

are mostly inductive @ >> Rline

Jxlinelac
EaC‘ ;
5 ~
~/ Voo
T b (1
- /> . [
Apparent power — W W
PP P SIoad _Vaclac -
Real power Pioag =Vaclac COS((”)

Reactive power Qload ac ac Sin ((0)
Line loss I:)Ioss :(é]in Iac

Note: Line losses are proportional to current squared 5



How to transmit power
« For AC System

— Lines are mostly inductive Xjipe >> Rjine
— Assume lagging power factor (inductive load)

&
{i )(line —
Source| * @+ Load
—~ ac
Ok 7.0
|5 5

& Power factor angle
e [l & =angle between phase
-,,.@JW voltage & current ™

F'.; UQL 1&:: @SL\Q\
R - Voo Tac ()

Voltage Equation & Phasor Diagram

LEac zVac + jXIineIac -

(E)4
A,

S (Eqe sin(6))= Xiindlac cos(@) | |
oW do We get an expression wt(fwlﬁ Lot/

of real power from this? sbiaﬂl L«j

la,\/ |

ﬁﬁﬁﬁ\fﬁi - gams@)

Vi e 6n0) Yore Vi = e acen()

We can reverse the flow of real

Vi
VaeEae SIN(8) =V X @I . €os(p)

N
hY
R

¢lac COS((D) = Fransfer

power from “Load” to “Source”
by making the Vac lead Eac

=




How to transmit power (3-phase)
E | v s Vas (1) Vs (t) Vs (t)

as I as

as 1
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~ ~ g
~ & 0
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Time [s]

Assume positive sequence
of phases, i.e., A, B, C...

"~
.
.....
L
™

....... v
& n

transfer

~ ECS N
Ebs of real power from “Load”
~ to “Source” by making
4 ~ Vbs the Vas lead Eas
Vbs VCS E
bs
Power transmitted from E to V Power transmitted from V to E 7

———— _"__‘————-__.___________;-"'—’_—



Types of loads in AC power system

Inductive Loads N Capacitive Loads
(lagging power factor) (leading power factor)

rrent lags the voltage) (current leads the voltage) o
/" . .
par § esistive Loads -
X2 Xe (unity power factor) R
Joadg
T Heating loads
R Rigad are of this type!
(L .

Per-phase, series or parallel

Some synchronous
motor and power-

electronic l6ads could be
of this type, but very few!




Module 1, Part 2: Basic Magnetic Circuits



Objectives & important concepts

* Fundamentals of Electromagnetics, Maxwell’s Equations
* Sign & direction conventions

e Basic magnetic circuits, concepts, analogies, calculations
* Flux, flux linkage, inductance

* Magnetic materials, saturation, hysteresis loop

* Coil under ac excitation, type of core losses

* Read Chapter 1 of the textbook



Review of Basic Quantities and Umts
E — electric field intensity {%} 7 /07;’(5@/

. _ Weber Wb
B — magnetic flux density | Tesla= T=—

i meter m
H — magnetic field intensity ﬁ}
'm
® — magnetic flux Wb =T .m?| A= (st
. . 2 ((

B-H Relation ,N%M/xc (poase o2t

* Current produces the H field (see Ampere’s law) w

* Hisrelated to B

B=pH =, W\ |
) permeability (characteristic of the medium) TAm = :z:g :%} @th

permeablllty of vacuum =4-7-10 7[H/m]

Qtr relative permeablllty of materlal

magnetic materials ,ur =100-- 100 000
N 11



Fundamentals

Summarized in Maxwell’s Equations (1870s)

1) Gauss’s Law for Electric Field s

§E.da:jEcoseda:cDe -4
) £0 > Pty o s

Electric flux outm is proportional to the total

charge enclosed




go 1’\/\,0/81@@’%‘\( :(e/&l W@“%S

Fundamentals o
s @j(pa&f oop 2 o g

Summarized in Maxwell’s Equations (1870s)

2) Gauss’s Law for Magnetic Field Aloo, Hhe g LL C{Cﬁ’{
do ¥ 0
§B-da={Bcos(0Ha=d, =0 peeh

C
Magnetic flux out of ?ny closed surfa%%sf_tzﬂt___e_jg /\
There are no magnetic charges
LNEre are No magnetic charges

13



Fundamentals

Summarized in Maxwell’s Equations (1870s) TS [loe

3) Faraday’s Law > el Gy s

§ dl=—— - = e < emf [Volts]
AT dt .
ectroMotive Force (emf) C - - v

The line integral of the electric field around a closed loop/contour C is /

equal to the negative of the rate of change of the magnetic flux through

that loop/contour

B
+« B How can you generate voltage?

RAE e
P .
7 4 ,°
7
7 .
. di

Uk, YU, Com-

14



Fundamentals

Summarized in Maxwell’s Equations (1870s)
=

4) Ampere’s Law (for static electric__f_i____e_I..d--)----""“'"""""""

The line integral of the magnetic field B around a closed loop C is > & MM -
proportional to the net electric current flowing through that % % 2 |
loop/contour C e vy [octe

§H-d|=_[3 -dazzii = g
c S

How can you generate
magnetic field?

15




Fundamentals and Conventions

Right hand rule Right-screw rule _...--"'6ounter—
- Dot and cross notations | clockwise

Clockwise

(W) /gl{ @M 2%,
_

Out of the page Into the page

)
—

Magnetic field produced
by coll (solenoid)

/Ji@é qo&2

o b
o, 5%345
Flux Lines: )
 Form a closed loop/path
* Lines do nat cut across or merge 16

- Go from@)rth to é)ut magnetic poles



H and dl have the same
direction—

Apply Ampere’s Law

Incremental length dl =Rd#

17
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Magnetic Field of an Infinite Conductor

Apply Ampere’s Law

fH-al @

_ b c q . I I ﬁ
—~ ~ §H‘d|:IH'd|+IH1'd|+IH'd|+JH2.d| _ *’i'f'jj” T
C 3 b C d



Some Definitions e B s

B, ol P
Magnetic Flux @ :i@ dangCOS(Hha ﬁ% QT&A S

Flux is always continuous

Recall Faraday’s Law - Electromotive Force (emf)

- voltage induced in one turn due to
the changing magnetic flux
- LRy agte e o

dd

For coil with N turns ( € =N -

Flux Linkage (=N -®) [wb-1]

flux scaled by the number of turns , ~FTux Linkage is used very ofte
| dﬂ\ to describe coils with many turns
Total induced emf e=— V] 19
dt /

+
€




Some Definitions - Fo.codon

Recall important relationships 1 —-YH —-B —> ® A= €

Inductance U

Need a function that relates Flux Linkage to Current

T Lt (frens
Consider ) — f(i): L(.).i L:i [Wb't:H}
_— - A
- voltage induced in a coil due to the di di .
changing magnetic flux = ~_ - €=—= L—+1

Ji dt dt

fL = constant => [ = L—

dt ( Circuit Element L
YY"\
Recall r L Vé:j?a
/\/ Y Y - #&sz
A N-O
L=—= AN
i I Equivalent series resistance
(ESR) of the wire 20

\ S



£ Gt i (§ the Cat @J&t]u,fw/e,

Basic Magnetic Systems /°

* Consider basic magnetic circuit /

/
€an core
/f Assume ,Ll >> U,

—=All magnetic field is

Cross-sectional concentrated inside the core
area A,

Recall Ampere’s Law
Magnetic core S Otk @m_(ﬂ@f%{
permeability u § H ¢ dl £1 ne :@5

=

_—

=

c

Source of magnetic field is pLvipie. P & H
ampere-turn product

Assume uniformcore F = Nij = | H -dl G

- net C c'c

Magnetomotive force (mmf) F = Ni

[Ampere-turn]

21



Magnetic Circuits

* Consider basic magnetic circuit Assume all magnetic field is
confined inside the core
_ Meiifi core & Define Magnetic Flux
> length I -
+ 0
1 D= I B-da :@[\Nb]
Cross-sectional
— area A, S
Flux is always continuous
Winding, Magnetic core

N turns

permeability E g G WQQMQ £ SEOWM?U
Consider mmf F = NI = H | &QL ‘—CD@;7

I A B oot
) G

Wb

Defin Reluctance f the given magnetic path) mc —

Defines properties of A
Recall Inductance S ol
magnetlc core (or path) L (o-stoh

l N (D N-N - If@z 1)Defines_properties of AU@@/@ W‘“

- magnetic core and the
g IR X\_C/

coils wound on it 22




d so fleoe o @il Leagped e e

Magnetic Circuits e * %

* Magnetic circuit witi air gap
Consider mmf

F= N|_§H dl

Mean core
length /.

permeability 1,
Area A,

Winding, Magnetic core
N turns permeability u,
Area A,
)
Assumingz , B, =—
confined inside the core A
q o %@?

C:c ﬂoAg




Magnetic Circuits

* Applications of magnetic circuit with air gap
* Magnetic head: A device with concentrated magnetic flux to change the magnetic media

%’/

24



Magnetic and Electric Circuits Analogy

Electric Circuit Magnetic Circuit

g‘”‘% v (O o] F=N“ic>

e
+ éR1 =+ é%f

25



Magnetic and Electric Circuits Analogy

Electric Circuit Magnetic Circuit
Voltage (emf), V, [Volt] - mmf, F, [A-t]
Current, |,[Amps] - Flux @, |Wh]
Resistance, R :L,[Q] - Reluctance, mzL,{i
oA LA | Wb |
1 re. 1 [Wb]
Conductance, G = = - Permeance, =— | —
G R,[Slemens] P=5 [ A
Conductivity, | Sl€Mens - Permeability, ﬂ[i}
] m m
For loop V:anln Forloop F :Z:Hn|n
- T R

P
1l \ V2 é@\ ﬁw—-
1 o \ oy

26



Example: Calculate Inductance

Consider the following electromagnetic system

C=1A, M= Yoo

v—'_'_"‘-‘_._._-\ "---._.—'—'—""'f'-'_'_\‘\
/g“—‘ S50 cm é':/l’nm i
J——/—‘#\_ﬁ

— + 0 —
AC = A g = /5 61;442
~— 5
/’4 = 3000
Winding,
N turns

Find lﬂWC—l—amCe

MFJ - See-2

; ) - ————— A+

4 - _[le-3 _— _
/7‘% 72—.., G BTy T 530.5/5ew Ay,

| @ (e

(38‘72+,55c> 515)&%3 - 288. 852 e- 3 M
- 258.52 mH

Mean core
length I,

~— Air gap,
Area A,
Magnetic core

permeability u,
Area A,

permeability g,

27



Example: Magnetic Circuits

Consider the followielectromagnet(i?tem
£

28



Looking ahead...

* Finish Module 1

e Start Module 2





