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Why Transformers Are Important To Modern Life
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Power Transformer Types

Power transformers are constructed on one of two types of cores: [ =t on — :
- Core types transformer: Simple rectangular laminated piece of T £— 'E'“i]-
steel with the transformer windings wrapped around two sides Vi | |
of the rectangle. | A B |
. Shell type transformer: three legged laminated core with the S p——
\,C windings wrapped around the centre leg.
Mene T SR,
(D rrmd N ' L) :
i ) %‘——f‘“
V'T i 8 ==
1 ' ;
S ) L
S e Tl
V7 s
X e 2t )
A
TG o)
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Example oo ol

Consider an ideal, single-phase 2400V 240V transformer. The primary is connected to a 2200V
source and the secondary is connected to an unpednnce of 2W < 36.9, find,

&
2 The secondary output current and voltage. V= 2weo
lo

) The primary input current. _’Lp: _T,/a = llo &16:a
(o

o Theload impedance as seen from the primary side.

l &) Theinput and output apparent power. 2200£0°V ?
& c
Vp _ 270 Lo s 27036 : g
Zz_ﬁ—_______._: 100 /26 .9 - N ;
. IP 11 £-36.9 L AR AT

d) 2wolo x Il Z-3¢-4 :rqzh d?é‘t VJM

onu}: 2200 £0 ¥ W10 Z-36-9 = 24.1 &
inpu.L Pﬂ..n/ = OWL[ML Paw
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Impedance Transformation through a Transformer

Impedance of the load:
L= V-\'/IJ
The impedance of the primary circuit:
zZ, =V/,

=(aV,)/,/a)

]

s

Pt

—_—

P
&N

=a*(V,/I,) d

=GZZL Vp

-

3L
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The Equivalent Circuit of a Real Transformer

The losses that occur in transformers have to be accounted for in any accurate model of transformer behaviour.

1. Copper (I°R) losses. Copper losses are the resistive heating losses in the primary and secondary windings of the
transformer. They are proportional to the square of the current In the windings.

2. Eddy current losses. Eddy current losses are resistive heating losses in the core of the transformer. They are
proportional to the square of the voltage applied to the transformer.

3. Hysteresis losses. Hysteresis losses are associated with the rearrangement of the magnetic domains in the core
during each half-cycle. They are a complex, nonlinear function of the voltage applied to the transformer.

4. Leakage flux. The fluxes which escape the core and pass through only one of the transformer windings are leakage

fluxes. These escaped fluxes produce a self-inductance in the primary and secondary coils, and the effects of this
inductance must be accounted for. z,

= e Ny,
& X I L] !:
Q%Jﬂg 'w-z\—r—fmzr_
Zai(Zh v 200 - %

Vi= 1 [ 210 Znae

1=l A @+ 2) ) Vi 14 s & Va
> COP.O‘?’ /o)')‘tf (e "C& '.f']f'%m(('.o‘it‘J &
rZJII/T)CS- cr
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Example 2 lie 0180 024D gl

ameit b Jhy Lf'/'uﬂl/"

2 My— o\
. , L B
A single-phase power system consists of a 480-V 60- 1c| Ly + ! il
Hz generator supplying a load Z,,,4 = 4 + j3 Q through \OWT.,D
transmission line of impedance Z,,, = 0.18 +j 0.24 V=4B0LOV oo Viewt z'“f
(2. Answer the following questions about this system. o
a) Ifthe power system is exactly as described above ‘ -
(and shown in Figure a), what will the voltage at gk (a) o
the load be? What will the transmission line losses 7 '°]m 0B Joun “4 i
be? 1:10 _wr_fvvv\— 03 ===
Iﬂl z + Ciou
b) Suppose a 1: 10 step-up transformer is placed at ' Lo T 4430
the generator end of the transmission line and a /™
10:1 step-down transformer is placed at the load <
end of the line (as shown in Figure b). What will
the load voltage be now? What will the Vi
transmission line losses be now? vesoLoy 7 Skep
uf) :) = =\ ) .{.w-. J
Lo A sloe
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ntroduction

C Motors are widely used in robotics because of their small size and
gh energy output.

{ey characteristics of DC motors include:

1. High Speed

2. Low Torque
3. Reversibility —»

ks borvierd
revrse.
e
W3 ob/
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DC Motor Applications

» Cordless hand drill
« Electric lawnmower
* Fans

“ S
Sar z
| Entertainment JRS Medium |

ﬂquipment Equipment * Industrial Equipment

» Toys
* Electric toothbrush
* Servo Motor E-sn.
* Automobiles A\ P
. WindShield Wlpers Head-up Display
* Door locks Fiwrds
* Window lifts
+ Antenna retractor
* Seat adjust

* Mirror adjust
« Anti-lock Braking System

Washer Pump

™

Window LIt
L e ] Sun roct, Biding Door

4 3 Door Lock
Deployable Door Handle

Eloctria Micror -~

@
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DC MACHINES oS

A DC machine is an _electro-mechanical energy “C

conversion device. It can convert Mechanical power
into Electrical Power. When output electrical power is
DC , it is called \DC Generator.|When it converts DC
electrical power into mechanical power , it is known

as EC Motor. )

F oV e _FEWD N> or b PVN““}
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Construction of DC Machine
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DC Motor - How it Works

| ADC Motor has 4 major components:

. A permanent magnet that doesn’t move, called the stator. ( OF Wi 'l;"_‘j)
| . An electromagnet (usually wound bare wire)

« Aframe on which the electromagnet is wound, called the armature

» Aset of brushes for transferring voltage to the armature

If a loop of wire were placed within a magnetic field, and current were applied to it, a

| magnetic field would be induced in the loop and it would try to rotate until both magnetic
| fields lined up.

» As the loop of wire rotates, its connection with the brushes is broken, but because of
momentum, the loop will continue to rotate until, after 1800, the other sides of the loop
are in contact with the brushes.

» As long as current is applied to the brushes, the loop of wire will continue to rotate again
; and again and the rotor will continue rotation.

Direction of rotation depends upon the polarity of the applied voltage.

L To change the direction of a DC Motor, simply change the polarity of the applied voltage.
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Power, Torque and Speed

que and Its speed.

=

« The power of a DC Motor Is proportional o the product of Its tor

creases proportionally until
s stalled, meaning that the
This is known,

- As the speed of the motor decreases, the torque in
maximum torque is achieved. At this point, the motor i
motor is not turning even though power is being supplied to it
appropriately, as the “Stall Torque.”

. The DC Motor has two “End States™ the Unloaded Speed (maximum speed, no
torque) and Stalled Speed (zero speed, maximum torque).

- Current ratings of DC Motors are given at the stall torque, since this is the point of
maximum current.

- Maximum power is achieved at a point between Stall and Unloaded Speed, where &
the speed and torque curves intersect. [‘_&_

- The speed of the DC Motor is directly proportional to the applied voltage. Increase
the voltage for higher speeds and decrease the voltage for lower speeds

h T "k E™
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EMF Equation Torque Equation

E=k.4¢“’=k;@] "=%:£ E#J_&

Jed
‘J‘JJL Yr&  &E = EMF induced in armatura (V)

Q.(of- k, = geomelry constant ¥ ] M_h““ "“'1'* T = torque of armature (N-m)
,,,a\‘_"{ = flux/pole (Whb) ! df" k, = geomelry constant
abm” « = speed of rolation (1ad/s) 4= flux/pole (Wb)

n = speed of rotation of amature (rpm) 1,® armature current (A) albin LAPWAOING .

Moo

i ho fo}.w!).
Power Equation ( \SL Geometry Constant !
‘ P= EI‘ =Tw \
—‘————_t_m:J\W“[ k .L\'(mdlc) ko= PN (rpm) i
Papower (W) - nol counting losses Ay ATTga ot

E s EMF Induced in armature (back EMF)

1, = amature current (A) P = number of field poles *
T ‘“q“; °f'“"l:‘:""°( (";'“)) N = number of active conductors on armature ¥ poorellg
» = speed of rolation (rad/s om0 ——————
® Note that P = I, which will be higher than P Ml' number of parallel paths in armature winding (sp for

because of Toss in the field and armature windings as ap winding, =2 for wave winding) e

well as rolalional (friction) losses. 0-5 \)\ y -

x, . S : -
z

2= 20N, N R T
zp 1- ]
‘ K= T = number of conductors on rotor (
P’Epa,ed by Dr. Musa Alyaman Electrical Machines mgﬂﬁn” ﬂg/ € = mumber of colls on rotor
Ni: = number of wins per coil
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Example 2 kel o

The following figure shows a simple rotating loop between curved pole faces connected to a battery

and a resistor through a switch. The resistor shown models the total resistance of the battery and /\
l the wire in the machine, The physical dimensions and characteristics of this machine are: /
r =05m [=10m

3 - 1 \
R =030 B =025T o8 x/]
V, = 120V

(a) What happens when the switch is closed?

(b) What is the machine's maximum starling current? What is its steady-state angular velocity at no 0- 03T

Coerent im0

(c) Suppose a load is attached to the loop, and the resulting load torque is 10 N- m. What would the ofd P ;

new steady-state speed be? How much power is supplied to the shaft of the machine? How much ',.«f‘ SN e Canznd cul of pog=
power is being supplied by the battery? Is this machine a rﬂﬂ:}r a generator? Tam—— N ")\ Foe $

(d) Suppose the machine is again unloaded, and a torque of 7.5 N » m is applied to the shaft in the i

drection of rotation. What is the new steady-state speed? Is this machine now a molor or a
generator? - —Nv\_j' N

(s) Suppose the machine is running unloaded. What would the final steady-state speed of the rotor \0,.)’.- )
be if the flux density were reduced to 0.20 T? N

%
Q(
~ ‘3/
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Armature *~

/
’/ + More loops of wire = higher rectified voltage

L | . :
* In practical, loops are generally placed in slots of an iron
core

"

«The iron acts as a magnetic conductor by providing a low-
reluctance path for magnetic lines of flux to increase the
inductance of the loops and provide a higher induced

st voltage.

» The commutator is connected to the slotted iron core.

i + The entire assembly of iron core, commutator, and
windings is called the armature.

- The windings of armatures are connected in different ways
- depending on the requirements of the machine.
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Armature Windings
P peralied r’s‘f"“gf’”;éfdi pwm;@[@o.

() Lap Wound Armatures (2Wave Wound Armatures — — GF "}g::gem‘;g"d
« The are used In . used In
machines designed for ;'L%Ine:redesigned for * They aremdesigggd for
¥low _vollage and high ¥ high voltage and low Amaritafnaasate
curren current armatures voltage and
+ The windings are . they most wused in
connected in parallel. » The windings connected practical nowadays
This permits the current in series. This permits the &
capacity of each winding voltage of each winding » The windings are
to be added and provides added and provides a connected in series
a higher operating current higher operating voltage parallel.
YA

They are used is in the . ; X« Most large DC
sta motor of aimost all %+ They are us?d ils '"ag:je machines use frogleg
automobiles small generator in hand- . wound armatures.

ey cranked megohmmeters __3_"._:1_0 Y]

* = ' 3
VUVVAVVVYAY g o

Fropeg mound smatu v

,1»&2--3,;12 v The volfage is & @
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- = C
f d DC machines _ . .
ower riow an Ses In V gere /=
The efficiency of a DC machine is: Pw oS P.F ;\n/g{:t)__f
e e : P AN )
2 2 ' . Nea
n= P—“"‘.rIO(I% ~C [:” Ao ! "‘P‘}— .
L ooy | ! k. S
: - Ty s
P..-P = PumVrly ! /" eI
)"L n=—"—==x100% -' o }—
Ty ! A7
There are five categories of losses occurring in DC machines. I ;
ey l
1. Electrical or copper losses - lhe resistive losses in the armature and field L»ti s e R O erdZT™"
windings of the machine. M g i W= P e J
2. Brush (drop) losses — the power lost aﬁss the contact potential at the E \
brushes of the machine. -» !
bttmsze He Tk conkx bxck D, ) 730 T
3. Core losses - hysteresis losses and eddy current losses. T Tivd O ®Fals
oy - 1
o)
4. Mechanical losses — losses assoclaled with mechanical effects: friction 265 _: z
(friction of the bearings) and windag@ (friction between the movmg parts (W !
of the machine and the airinside the casing). |r#r o T
. Core
5. Stray (Miscellaneous) losses — losses that cannot be classified in any of Siray ::f:,"’"‘“' losses
vious calegories. Isy
the pee g ’pwmﬁllgw’f/; Jl 4,4_) =

L(L"IL d.\ 5}(2.-.1 ~=
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pC Motor Types

. In a dc motor, the stator poles are supplied by dc excitation
current, which produces a dc magnetic field.

e There are four major types of dc motor in general used:
(1) Separately Excited DC Motor.
(2) Shunt DC Motor.
(3) Series DC Motor.
(4) Compounded DC Motor.

A

44, Fy
é (€) Series (d) Cumulatively compound
JiM ] Hﬂﬂé
prepared by Dr. Musa Alyaman  Eleclrical Machines (0908321)
Nl = Nﬂo , 0<J
Yl T W losd

Speed Regulation (SR)-

Vo bp a8lieo=1)
)C motors are often compared by their speed regulation (SR) which is defined as; éyw,_&
_/_J- L‘Q, 2 {'JAI Of

wnl = wﬂ
SR=—=x100%
@p

iRis the measure of the shape of the motor's torque-speed characteris'tic.
(a) Posilive SR means that the motor's speed drops with increasing load. Qe" W ﬁl
(b) Negalive SR means that the motor's speed increasing with increasing load. -2 <no }o-J

(c) The magnitude of the SR tells approximately how steep the slope of the torque-speed curve is gemer ﬁ/ tyd- )Ir Gfﬁg LD 2§

n application of load the speed of a DC motor decreases gradually. This is not at all desirable. en

o the difference between no load and full load speed should be very less. A

“he motor capable of maintaining a nearly constant speed for varying load is said to have good
4peed regulation i.e the difference between no load and full load speed is quite less.

Me speed regulation of a permanent magnet DC motor is good ranging from 10 — 15% whereas
wor DC shunt motor it is somewhat less than 10 %. DC series molor has poor value of regulation.
n case of compound DC molor for DC cumulative compound the speed regulation Is around 25

% while differential compound has its excellent value of 5 % \/
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» The armature circuit is represented by the E,and R,.
. The ﬂeld con Is represented by the L; and R;.

|y
L[F v é}/

|V, =E,+LR}

"~ | r 1 +fJ/

K, 1 _i
’ AW '
I Somctimes ’
., luingaed Lumped f I R
. kz';:-;r il Logether wd =
Y <
v £ v culled R, ,
[ A Vi
L,
-0 — .-
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Speed Torque Characterlstlcs

= The internal generated voltage, E,.

E,=Kdw T
= Solving for the above equation yields; w,

e,

= [ o ——1

%t The loss of field excitation results in over speeding for a shunt motor.
Thus, care should be taken to prevent the field circuit from getting open.

« The armature current may be expressed as follows:

-

-
-

-

X+ The speed-torque equation of a DC shunt motor.

F;ﬁ_
J, (-

TN et o)
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erles DC Motor

» The mduced or developed torque is given by: \T‘"d I K(D / l

. The flux in this motor is directly proportional to its armature current,
Therefore, the flux in the motor can be given by (D c 1 y_

. where c is a constant of proporlnnahly The indu
machine is thus given by 1':.,.1 KIDI i KcI 2 J,'-_'_— " T T

. This equation shows that a series motor give more torque per =/ R.+R I
ampere than any other dc motor, therefore it is used in applications VT E,+1 ( )

requiring very high torque, example starter motors in cars, elevator

motors. —» ,,\J'JJ\ low —?‘-‘-’»’l b & ,'-_,JLT_'. r,,=£w’ _ e o
g Kc " . -
One disadvantage of series motor can be seen immediately from £ ¢ K™ ™
this equation. When the lorque o r . its.
speed goes to infinity. If no other loa nne he " e
can tum fast enough 1o seriously damage itself. ¢ 2uo V, =Kbao+ E( R, +Ry)
. However, if no other load is connected to the motor, it can turn fast ":m)‘ﬂ'
enough lo seriously damage itself. s I Fa — - :
= [ Ky ] 'y 5
—-J\AA_.W\,_M\___, ’T=K‘/; r’”‘(0+“—['(f(R‘+R‘)
I Lf‘nsl’ﬂ \‘
P R
L, 'G\;.’)' Q.’wu v, v, " R‘ iR,
2 = g
> @5) g J_ = Ke

ed by Dr. Musa Alyaman  Electrical Machines (0908321) Ly oos _\Wneas"
9 L)n.Sern'/J )5 Shunt J'OBL&' D‘Z&

i e e S WS b2 L

fq;>PaJJJL—~lefL_LI¢,\J WJU--&LB Series Nip ip Lo
gl ‘bﬂihé (h By =7 ;,_,ﬁ_f fogjlpyJJJl.L&QLl

Compound DC Motor < "** =

+ The shunt field is always stronger than the series field in a cumulative compound motor the mmf of the two fields add in
a differential compound motor the series field is connected so the mmf opposes the mmf of the shunt field
; A may AMMaRVE gg e

F oo =F g+ Fg - FAR]
=

+ Where, 5T "'"j \5.191\'. l(’-
Fr = magnelmotive force (shuynt field) VT — EA +1A (RA + Rs)
Fse = magnelomotive force (series field)
Far = magnetomotive force (armature reaction)
1,=21
» The positive (+) sign is for cumulatively compound motor 1,, = IL —]F F- R_.r-
+ The negative (-) sign is for differentially compound motor
A L5 m e b
@ Curmilpively
«nmy
B Differentially
comp el
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(wt’tbr,/:e Dw JV\,(/

%’/M o)) 2 2
lew & wib P
j{ ); LV
=7 Torque Speed Characteristic
. rgolabio~ P¢ il

» The cumulatively compounded motor has a higher o

starting torque than a shunt motor (whose flux Is (A e

constant) but a lower starting torque than a series motor fes o

(whose entire flux is proportional to armature current). Y ol

= [t combines the best features of both the shunt and the
series motors.

Shunt

X-+ Like a series motor, it has extra torque for starting; likea | [0 ;
X shunt motor, it does not over speed at no load. !

» At light loads, the series field has a very small effect, so i
the motor behaves approximately as a shunt dc motor. -

= As the load gets very large, the series flux becomes
quite important and the torque speed curve begins to
look like a series motor's characteristic.
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Example 1 #» B SR e

. LT ]J/v
A 50-hp, 250-V, 1200 r/min de shunt motor with compensating
windings has an armature resistance (including the brushes, Low o
compensating windings, and interpoles) of 0.06 Q. Its field circuit m %
has a total resistance B&g + Re of 50 € Q, thCh produces a no- ' K
load speed of 1200 r/min. There are 1200 tumns per pole on the 0
shunt field winding E,
(a) Find the speed of this motor when its input current is 100 A. Np= )
r Le 3 1200 wras
(b) Find the speed of this motor when its input current is 200 A,
(c) Find the speed of this motor when its input current is 300 A. & ,\’Ld'
vy les
(d) Plot the torque-speed characteristic of this motor. P N
- Jy Y
Toat po = Ot posr” SJ-g\:k
- _ > |
—LA VA’ - & ’t 7‘/8‘0 A’/ﬂ)fl(«"Jl/ >
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Example 2

50-hp, 250-V, 1200 r/min shunt dc motor has a rated
rmature current_of 170 A and a rated field current of 5 A
yhen its rotor is blocked, an armature voltage of 10 ZV
sxclusive of brushes) produces 170 A of current flow ana a
eld voltage of 250 V produces a field current flow of 5’A The
Emsh voltage drop is assumed to be 2 V. At no load witﬁ the
Frminal voltage equal to 240 V, the armature current is equal
y13.2 A, the field current is 4.8 A, and the motor 's speed is
150 r/min.( Assume stray losses are 1 percent of input power)

) How much power is output from this motor at rated
pnditions?

) What is the motor's efficiency?
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DC G t %

DC generators are dc machines used as generator. [ i~ |

i ;

There are five major types of dc generators, classified according o, 4 .

to the manner in which their field flux is produced: v ol

Ly |

(1) Separately Excited Generator: In separately excited generator, the field flux ; ‘

is derived from a separalely power source independent of the generator itself. - :

hunt generator, the field flux Is derived by

(2) Shunt Generator: In a s
rators.

connecting the field circuit directly across the terminals of the gene

fbC
(3) Series Generalor: in a series generator, the filed flux Is produced by | Types of DC Generators
connecting the filed circuit in series with the armalure of the generator. (R yv— ey naed B Gt
(4) Cumulatively Compounded Geperator: In a cumulatively compounded e e j @-‘-
generator, both a shunt and serles field is present, and their effects are ,,1 = -.'{..
addllive. 5 .“‘h""“""‘."""':h-‘-'
(5) Differentially Compounded Generaior: In differentlally compounded | :qs - N—AL -

generator: In a differentially compounded generator, both a shunt and a serles b .H‘._J—" D) Shin ,L

field are present, but their effects are subtractive.
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Motors and Generator in Cars

STARTING SYSTEM DIAORAM
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1) ] /J}.“
((,(
0 0 BATTERy
IGNITION SWITCH
==

STARTER
SOLENDID

VOLTAGE -

REGULATOR K_L

€ stanten

D Y sl s A e AHomati) %

Bl &) Sl

Brushed DC Motor Type Comparls n
— Cledromsanet ——=——— > Sepea exiled neler cirua
Characterlstic | Permanent | Shunt |Series | Compound i MEIES
Magnet s: =
COST Low Moderate | Moderate High (‘, K it @r. by
I,
Loss of Magnetism | Worst None None None o L"‘““'J
Al M0 UA Y
= t’{;,":, Speed control methods for dc motors
Torque vs. Speed | Goodatlow speed | Good, Greatat | Bestatiowspeed | @re simpler and less expensive than
Less t high speed cox‘:;_'x' low speed "',j;;: those for ac motors. The speed of a
S iz 362 05| dc motor can be changed by using
—  Safety Nochance | High chance dlli;%iée Lowchance | the following methods:
( Motor Runaway ) ) 2, Y * (a) Field control method
ML‘JNJ"{IJI rl oS ob ’_—1_——_ d
Speed Control Excellent Excellent | Poor Great (b} Ammature resistance control malhe
ke A (ﬁs ] P b_ (c) Armature voltage control method
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Pulse Width tion (P

With an electrical switch, the controller can turn a motor’s current fully on or fully off. But what
if you want the motor to rotate at 75% of its full speed? What if you want the motor’s speed to
ramp up gradually?

Instead, controllers govern the motor's behaviour by delivering pulses that open and close
the switch for precise amounts of time. This pulse delivery is referred to as pulse width

modulation, or PWM.

Pulse Width Modulation is used when the amount of power delivered to the DC Motor is to be
reduced without decreasing the input voltage. FAA

o | s
: . B4 T S

o

gy P
. : - Motor ’—’.';
Controlier "|  switeh N -
{ 26% duty oycke
ey rse= =02 PR T T
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Controlling a brushed motor Is straightfo
rward
because the motor's operation is sc? easy to

understand.
CR1.1
* Single-direction control— If the motor onl »
. conli Yy needs to
tum in one direction, the eircui i
constructed with a transistor. . © W'can"be- emsly )
7[‘[,44‘/ i,- Dual-direction control— If the motor's direction needs ot
M e ::ci,rct::?t changed, an H bridge should be added to the —()—
- : CRI!
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Control of DC Motors ‘
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* Speed <« — POM
» Direction ,__ M. Br. Aﬂﬁ
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L293D H Bridge
12930 molor driver shieid
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{ Control Control
' Input-1 2 518 Input-t to ¥
DC mator 4 (M4) .‘°:
3 (=] 5 14
AEMOVE THIS POWER 4 8 5|14
JUMPER AS YOU WILL ’ ‘(; 12
USE 2 DIFFERENT POWER N =
suprLILS 8 J g 11
Control " Control
Input.2 = a Input-2 to b
12D0C —
OND

Dual H-Bridge Clroult using L293D !

All lnputs Lowi Motar M1 & M2 = OFF,
Input1 s High and Input.2 Is Low; Motor M1 = Forward Direatlon.
Input.d Is Low and Input-2is Highit Motar M1 = Backward Directlon.
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Brushliess DC Motors

| DCs are more complex and more expensive than brushed motors, but because

ihere’s N2 mechanical contact between the rotor and stator, they're more reliable
Lnd efficient.
gnd eMNL="

the controller delivers positive and negative current to different windings in a
kequence, and the rotor spins to follow the change in current.

he windings’ names are important because windings with the same name_are
connected. That is, both windings named A receive current af the same time, as do
poth windings named B and both windings named C. In this manner, the controller
only has to deliver three inputs to the motor. For this reason, this BLDC is_called a
ihree-phase motor . More phases are possible, but most BLDCs are three-phase
molors.

BLDCs can be divided into two categories depending on the relative positions of the
rotor and stator.

« If the rotor turns inside the stator, the motor is an inrunner.
=
« |f the rotor tums outside the stator, it's an outrunner.
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DC FAN 3 Wire DC Fan - RPM reading o
Brushless DC Motors I
- iy S
Applications b I
I * CPU cooling fans ! et

* CD/DVD Players Gnd (biach)
. Elecvic automobiles (C&‘/S) hecryCIREUIT AN
Pr R T e e

0s fan paris >> & o"}n‘"("/

* Higher efficiency
* Longer lifespan, low maintenance

. C@, fast, no sparking/issues
Tons oo,

* Higher cost
* More complex circuitry and requires a controller
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A three-phase BLDC has three inputs that deliver curent to the

windings. At any time, cne input will be set high (V+), one will be
set low (V-), and ona will bs left floating.

For a three-phase BLDC, there are only six unique phase states
before they repeat. As the controller energizes the windings
through these states, the rotor makes a complete rotation (360°).

Therefore, each phase state comesponds to one-sixth of the
complete tum, or 60°.

If the cont.roller delivers more current, the motor will exert more
torque as it rotates. If the pulses’ order and timing is reversed, the
motor will tum in the reverse direction. For this reason, BLDC

control circuits don't require the H bridges needed to reverse
brushed motors.

BLDCs receivq power through special switching circuits called
voltage source inverters, usually shortened to inverters

Sensored motor control is easier to implement and more reliable
lhaanenson"less control, but sensored BLDCs require additional
circuitry, which means larger motors and higher cost.
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+ DC Motors Comparison

Feature Brushless DC Motor Brushed DC Motor
. Electronic commutation based on Hall Brushed commutation
Commutation position sensors
Maintenance Less or no maintenance Periodic maintenance
Life Longer Shorter
Enable operations on all speeds with At higher speeds, brush friction
Sp eed/ Torque m.tcd load increnses and reduce torque
Efficiency High Moderate
Speed Range Hig:lert —No mechanical limitation due to | Lower — Mechanical limitations due to
coniac brushes

—t

Low —because it has permanent magnets | Arcs in the brushes will generate
on the rotor, improves dynamic response | electric noise

Brushed DC Motor Brushless DC Motor

Rotor Commutator

Electric Noise Generation
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