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DC machine
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AC machine (Generator
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Electric machines
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f.71.1880

Semiconductor devices
Digital electronics
Personal Computer (PC)

Power electronics

Digital communications

Beginning of the Information Age
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f./1.1950-1980

Servo motor

Al

Battery technology

NdFeB magnet

Nano technology

M2M, HMI

IoT
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Industrial Revolution
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urasvremad i (Electrical power supply)
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P, =VI D

__;_ v G—D_V R§

=VI

DC S
ource Po.dc = (Vvoltage)x (current)
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DC supply (Solar panel)

DC load (Battery)

P =VI =768x60 = 46,080 W ~ 46 kW
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f =50 Hz

V. =325V

=V, . =230V

Sine wave

V(t)=Vsinot

v(t)

p(t)

I(t)

p(t) = v(t)xI(t)

qﬁ{
— 11

f

= 1 :ZOmS%
50Hz
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v(t)

&

V

rms

¢ =30°;

(¥

—

1

152N TN

Voltage/probe

ava

e
cos ¢ = c0s30° = 0.866-p-f.

P = Vrms | rms COS ¢ — Vrms | rms (POWGF facto I’)
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Power supply
(MEA)

3-phase 24kV,

50Hz

Three-phase

Transformer

24kV/400V
Delta/Star

—

® 1@ e U

O

Voltage pyobe X100

ava

7521 bl
®
Three-
._
phase
Load

’//),7 Q\j C\\/DVL co:;-ect

T

P,y =3Vplp cosg =3Vp |, (Power factor)
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Three-phase

Source

R JI— U

® T—@ Power d
meter

S Vi Y,

® or @
COS ¢

T W

o meter °

N P, =+/3V_ I, cosg =+/3V, I, (Power factor)

—e
G G
° ®

Three-phase
Load
(Motor)

Py 4 = J3V, 1, cosg =+/3V, |, (Power factor)
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COS ¢
meter

Three-phase cos ¢=0.83
T W
Source PY Py
N
—e
G G
@ ®

Py, =3V I, cosg=+/3x400x30x0.83=17251 W ~17.3 KW
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n, : Rotor speed

rpom

o/p

Po/p — T| a)r W
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T, : Load torque N.m
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Do
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n.= 1470 rpm
- 27 %1470
60

=153.9 rad./s

Wy

T.,=20x8.91x0.3=58.9 N.m

P,o =58.9x153.9 = 9065 W ~ 9.1 kW
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Input power

e i nseuaady 3 wla
V| =380 V(line-to-line)

I, =1.9 A(line)

cos¢ = 0.8 p.f. lagging

B :\/_3\/LILCOS¢
=+/3x380x1.9%0.8
=1,000 W
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Output power

n, =1400 rpm

_ 27N,

" 60
B 277 x1400

=146.6 rad./s

T

o/p,pulley = 9-81(W2 _Wl)-R

=9.81x5.8x0.09=5.1 N.m

I:)o/p = loip,pulley - @r

=5.1x146.6=748 W
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1. mmsﬁ’mmummwmﬂ

1°R= P,

u,loss

d'olald

< ' <
2. Glmmumaﬂ‘n %L‘]quamumaﬂ

frequency, flux density, steel thickness & core material = P, oss

3. ANUGITINNNG

bearing friction & fan cooling = P, .ch 10ss
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= Py, — Py, =1000-748 = 252 W

Porp 748

x100=
P o 1000

x100=74.8 %

% n =

> AN 1NNA YOO
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Electromotive force

)

H©ANNI5NIU Electromagnetic torque

af

DC Machines ‘Ifi%‘fz) Commutator Machines

1 ] LY, d'
AUHINLNLURANDYINUN

e

AC Machines

(Stationary magnetic field)

Synchronous Machines

Induction Motor

1 < . .
UL aN1YU (Rotating magnetic field)
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DC Motor ‘Ifi%@ Commutator Motor

I[/P air cooling

_ e lnlshilewsh

(vlihnszuansq)
NNAININNAYDON
G ip =V
O/P air cooling
I:)o/p =To,
Power loss
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Motional induced electromotive force
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Electromagnetic Torque in DC Machines SN0’ —1
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DC Machines ‘H%E) Commutator Machines

A I:Armature

Generator

FArmature
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. Y A ~] =
DC drive : Aauuusau lfwaznszua liuieaiuauanuisiseunazisaiaues DC motor

Te = Ka¢p|a

E, = Ka¢pa)

¢

©

T
0

—

_|_

DC voltage

DC drive

DCorAC
supply
R —
T, ocl,
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Synchronous Motor
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usanaou I uriien1i (Induced emf)

s e
YARIADITUDT 3 N d

e=— — E=4.44 f|\|ph¢p K, " Synchronous speed (rpm)

N i ¢ffo ¢ﬂ f —axis
S f —axis 120 f = /

N 5 0=
N ' G

B - axis a-axis
fr® ® © f'®
K 4, = N¢, cosmt b
Y 2 = N, cos(wt —120°)
Pl A, =Ng, cos(wt—240")
120
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LINUANTUINUNH AN (Torque from magnetic field)

Tfld — _KM Fs |:r sin 5sr
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Synchronous Generator

A Armature induced emf

_
d —axXIS

N

~120f
P

Ear = 444F N d K

y Ca /eb e,
t } t -
T %_;r T ot
2
50 Hz
e, = 3llsin314r V,=22020
e, = 311sin(3147-120") V, =220£(-120')
e. = 3llsin(314/—240") v, =220£(-240')

f =50 Hz
P =2 poles

~ 120x50

S

= 3,000 rpm
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Permanent Magnet Synchronous Motor (PMSM)
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n,: Synchronous speed (rpm)
120 f
ng=——-
P

n : Rotor speed (rpm)

n {n
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Tﬂd — _KM I:R I:r Sin 5sr

R
s AT
120 f
n,=——-
P A3
5 O, @rQ
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n.(n.: motor
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n.n, : Generator
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n, : Synchronous speed

Synchronous speed of Three-phase induction motor 400 V, 60 Hz, 4-poles

120 f 120x 30
n,=——- n, = =1800 rpm
P 4
AC Machines 1n steady state
Synchronous motor &generator j n = N

Induction motor | ——> N { N, Induction generator —>

n ) n

0. NTA 1899

n : Rotor speed (rpm)
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N1IAIVANAINLIIVUDI AC Motor

] . Y ! ~] a
AC drive : AuAuAND ussau Wi uaznszud IlduweaiuguanuEiseutaziseliaued AC motor

I

|

I

-+ — 4+ DC bus voltage | 120 f
AWy ! | n,=="——
Rcharge (1;1—{ (—23—{ (—25—{ : P

I

AC supply DC supply :

R I:Qdischarge 1 ' :

OOS ' c| ;

ol Capacitor| |

\/7 ‘ ‘ : V
) — T7 T2 T4 T6
P./p 3V I cosg o o] o N ¢ _V
N | ROt
. - 1 - - i
Control information |
Gate control signal Rotor speed & position
A/D command

> Inverter Controller
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