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Course Logistics

* Assighment 2 posted

* Quiz 1l
e Coverage: up to and including end of Module 1
e Date: January 30 (Friday) at the beginning of the tutorial
* Closed book and notes
 Calculators allowed



Per-Unit (PU) System

Analysis Steps:
» Select base values: base power S, .., base voltage V, ..
- —

« Convert actual parameters to pu:

(Quantiw (pUi)— Actual Value (Volt, Amps,...)
— Base Value (Volts, Amps,...)

* Do calculations in per-unit world

— —

« Convert the results back to original units (if needed):

.A:méﬂ Valle = Quantity (pu) -(Ease Value




Per-Unit Calculations for Single Phase Systems

Consider a transformer

« Select base power S,
normally take transformer rated capacity in [VA] or [kKVA]

« Select base voltage V, ..
normally take rated voltage on each side in [V] or [KV]

e (Calculate base current

S
Ibase = Vbase ! [A]

base

« Calculate base impedance

7, =[]

base ~
base



Per-Unit System for Three Phase

Consider a Y-connected system

e B /a/se_

\~§Lp_ase,3 38base, per—phase
Sbase,3¢ — \/§| base,3¢vbase3¢

* Basevoltage
V =V, .
base 3¢ N line-to—Iline
 Base current
Ibase,3¢ = Ibase,line = Ibase,phase

« Base impedance

7 —7 . Vbase,phase . Vbase,3¢
base3¢ — “basely — | = \/§|
base phase base,3¢




Per-Unit Calculations: Example 1
O

Consider a 100MVA, 8kV/80kV transformer with the following parameters

~-X, =0.04Q X, =3.715Q

~ R, =0.76 mQ R, =0.085Q

X, =114 Q)
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Per-Unit Calculations: Example 1

Shase = 100 MVA S Vi =51 M:D

St /00-J0¢
Iba_se)z_ - - 152: /0 25/{;4\\ W

Voot 5707
- e .
(\I L) \5@ _ /04-9-/0‘ :




Per-Unit Calculations: Example 1
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Per-Unit Calculations:

Per-Unit Equivalent Circuit
0,00(2py 0. 0626pu

— (%/ pvw'af, 66{3& 'Yltc( 9{ &@QFEW‘*{/ %ng ‘\’f‘rf’{k”
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Per-Unit Calculations: Example 2

Consider two step-down transformers connected in series. Transformers T1 and T2

oltages 2400/240V—

\\
Rated power S, = @ )

T2

Voltages 240/120V
Rated power S, = 1kVA

X,, =12Q R,, =050
X, =05Q R, =020

0.220 o0.120 |

/({\ ’\}5@/ 2 gl;u@-,

—0 | © \, 7 Comrot,
’ Pizve f 2902120 | | e &af )
S. Skl 2 |20y : :
¢ ff’w y ,ﬁ v (Se ﬁ@ L ." %a .{%bj@ﬁéﬁf
—— — _— !Il
hree voltage levels: What base power should we use?
e e - s e i
Medium —> 240V 0 < 10
Low —7 [29V oL



Per-Unit Calculations: Example 2

Determining of base quantities for each voltage level with respectto S, .,
—> Slaase = 5 kVA

/ vbkse’H = 2400 V . Vbdse M=29%0V Vé:GSe L

< = Jeovy
I ~ Dbose - _SkW4_
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Per-Unit Calculations: Example 2
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Module 3: Electromechanical Energy Conversion



Objectives & important concepts

* Basic linear devices with position-dependent reluctance & inductance
* Basic rotating devices with position- dependent reluctance & inductance

* Concept of coupling field, stored. energy & @

* Graphical interpretation of energy conversion

* Electromechanical force and torque/ v ortathe-

Y

* Typical practical reluctance solenoids and actuators

(/}r\%/ st
//f
* Must read Chapter 3



Practical Reluctance Devices

Plunger solenoid ——

\L&Q
WN ,

Closed-frame
tubular solenoid

Open-frame solenoid

The basic electromagnet is very
similar to a plunger solenoid

D~
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. AR
Basic Electromagnet o 0,

Voltage Equation : V =Tri _|_d_ﬂ’ - yit e P
(Faraday’s law + KVL) dt . T T
e s (X‘( /<ﬁ [ . \ J

Flux link 1 YA RN |
e n@es) T 0 T

- = (i @ e ( ’

Magnetizing flux D =3|>|J/93m = — 1 >

Flux leakage @, = Ni/ERI %&4

Flux linkage & mductances

/J-m - Magnetizing inductance
""" — (depends of pos|t|on X)




Basic Electromagnet Consider Magnetizing Path 93m_=933j12m9

SR _ Ic - Reluctance of the
4 = c stationary + movable plunger
. 4_\5 /, - e Lo AC y plung
l ——
v N X
) ( =/ ERg (X) — - Reluctance of the air-gap
,UoAg

F
I 1
posume A, = Ay = Ay we get. S (x) = 1A

2 "
Magnetizing inductance | = N—: ZIuOA

Total inductance:




Other Reluctance Devi ces = Lo > (e datrte
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Rotating Reluctance Devices

N~
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\ —
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ERm(ﬂ'/Z) - Minimum reluctance —> L~ C%) o) SRR VAUV TS

L ERm(O) - Maximum reluctance — L W (0)

\M'“"--—-.. —\\—h‘—;

Flux linkage & inductances

7&:(2': +g;ji=(L,+Lm)i

Magnetizing inductance changes with position

oy N?

= VL /Mﬁﬁ
o, ot
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Basic Electromechanical System

M- Movable mass

__—= Spring constant
‘f?}?
(___
(V- Source voltage fm - Electromagnetic force
'/-\;I
(J/- Source current v
@ - Coil resistance S
Lm - Magnetizing inductance j W
= >
€ - EMF due to magnetizing inductance o
(voltage drop due to coupling field)
We - Engrgy supplied .from. electrical system T W {Dbc{ég | v Lﬁwm
(going into coupling field)

Wf - Energy in coupling field ( Mﬂﬁ“‘”ﬂﬁ :ﬁv@o

\\\/... - Energy going into mechanical system
(from coupling field) 21



Electromechanical Energy Conversion P = Vi

Wo g W) T
S /

Energy Balance We =Wf Wm = j@jt =Wf J‘"’fde

How do you convert the energy ?

AWy = AWp+ aWn

First, lets consider fixed position, and assume QX = () — W, =V

—

We- V\Q - ielgt - I dt a _("-Iflj MR ot fhed W(j%ﬂh”‘"‘(‘“’ﬁ

22




g in Field

Energy & Co-Energy Couplin
flan g@(}%iwfﬂ/%

LS
Consider a state of the syste AU'Q
7\. i /4 wrg

=i, A=2, (A=Ly(x) =

Energy going in coupling fie = = / ( > %M{ %‘:&
W, = [idd = aea abe b oo ( phpeat) I
"""" hergy-associ 7 {
|

Non-linear magnetic system ([ &/ &MUC)

_Co-Energy-associated with this state

W, =jldi = M/WW@% &Q Wy Cfﬁ%ﬂﬂw‘ﬁ JQ@U“M

Low we

@ ; Got o
Magnetically linear system M’(&’
A 5&@@31& ’t
Aa PN e
Wy L re
/g &’]tS'WS

~Coupling Field is Conservai e stored )
e L

energy does not depend on the history of

electromechanical variables, it depends only

on their final state/values — 23
I Tihal state/valles




Looking ahead...

* Finish Module 3

e Start Module 4



