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v gy for clwors and electric generators and other

o electromagnetic machines.
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> An\ﬁllectnc Machine) is a general 7 term

» They are ‘electromechanical —energy converters:
an electric-motor converts electricity to ‘mechanical (&
(power while an ﬂ?:? ric generatob converts mechanical
1 " v-_//u

power to-electricity:
o s

» Electric machines, in the form of generators, produce

virtually all electric power-on Earth, a
electric motors consume-approximately 60% of .all

 electric power produced.
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» The common variable in all machines is the magnetic
field (@), T\~ X

‘: »  Without a magnetic field, machines CANNOT work.
; B <
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» In rotary machines, speed is measured in radian p

second [1/s] or revolution per minute [rpm] such that:

]=1[ ]=§%[r/s]

Example: Convert 50 [r/s] to [rpm]
50 X 37[2 [rpm]

2m [rad]

revolution
60 [sec]

minute

l[rpm]=1[

1 [r/s] = [rpm] = 50 [1/s]

1500
— [rpm]

= 477.5 [rpm]
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» ‘In all motors and generators, electric power is
measured in Watts [W].
» ‘On the other hand, mechanical power is measured

either in Watts [W] or Hours Power [hp] so that:

(1 [hp] = 746 [WD

~

)

Example: Convert 5 [kW] to [hp]

| 5 [KW] = 5000 [W] = 5000 x = [hp]
| A

7 [hp
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» It should be noted that the mechanical power wnbc |
computed from the lmquc and qpu.d as: ;
f

ool G "\
;\93\5“{ Power |W| = Torf]uc IN.m| % Spccd [r/s]

» Moreover, electrical power can be computed as:
7 DCMachines = Power [W| = Current [A] * Voltage [V
ACMachines =10 = < xan) e vy o
~ Active Power [W] = Current [A] % Voltage [V] % cos(0)
'ACMachines=30= P e Onaie s
. Actlve Power [W] =43 x Line Current [A] % Line Voltage [V | % cos(0)
Acuve Power [W] = 3 % Phase Current [A] x Phasc Voltage [V] % cos(0)

f” hﬁ 8

ety Aachines (110405323 ) 4T TR o Dy Mohammad
-)\,g\ jb,mu\u— [\mﬂa@o SN gy Lot V£, ot
Introduction — Magnetic Circuits '

» As mentioned before, machines cannot work without,

agnetic-fields. Hence, studying magnetic circuits is
) an important topic to understand the basic principles
of electrlc machmes operation and characteristics.

Wthh energy 1is converted from-one form to-ano her
in mg;ors generators ‘and tra/sformers.
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Introduction — Magnetic Circuits, /) .

—

used in these devices:

1.7 A current-carrying wire produces a magnetic field in the

arca around it.

to

motor action.)

4. A moving wire in the presence of a magnetic field has a
voltage induced in it. (This is the basis of generator

action.)

A time-changing magnetic field induces a voltage in a
coil of wire if it passes through that coil. (This is the
basis of transformer action.)

3. A current-carrying wire in the presence of a magnetic
field has a force induced on it. (This is the basis of

» Four basic principles describe how magnetic fields are (/10
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| “—J’)"?refi . The total flux in the

ol o) :\ Sres 0= T 0 ore due to the current

) Z/\ et i in the winding i NI os
Jsj\TSf’D T - < . Aux i___¢ =BA.= [,l-—l— / i
D\l 2 B -
)»yﬂf T etai™  where (@ Jis measured J o

f\@“h‘?p in_ Webers [Web] and |-/

= ean path length /, - : — . N s
e o _ B Jis  measured in /\; e
Q. "F) FIGURE -3 s

f\g \ A slmple magnelc core.
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(a) A simple eleclric circuit. (b) The magnetic circuit analog (o a transformer core. ™

The magnetic circuit model of magnetic behavior is often
used in the design of electric “machines and transformers

e e

to simplify the otherwise quite complex design process.

Introduction — Magnetic Circuits

4 S =

\
’ J“Vq’“’é\ The re!&t.qnc.c .of a
_ y\_p . ! [—¢——' magnetic circuit is the
e . | (VL)
] < i_. J ' Of j
| electrical resistance,
A 3 N M1 1 nits are
M —d—]
d jf r / j\
3 9 / -
v
= ¢ =BA=puHA
‘F=magnetomotive force of circuit p
8= flux of circuit 4) = (&) A= Ni (Eﬁ)
(R = reluctance of circuit 13 [, L

"K=magnetic permeability of material

H=magnetic field intensi ¢ = F H) = i
FIGURE (5 T - l R

emining the polarity of a hagnelomotive force source In a magnetic circuit.
T
P
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~ Introduction — Magnetic Circuits 1" /f
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» Calculations of the flux-in-acore performed by using the J 9)
m INILUL circuit concepts are always appm)\nndllons Al N,
best, they are accuraie 1o within aboul@ percent)of the v/
real answer: .

—s\3 oAV Y ,JL)\(}/W ‘
» Reasons for this inherent inaccuracy are: |

e

V.Dl'hc magnetic circuit concept assumes that all flux is confined
/\’uthm a magnetic core. Unfortunately, this is not quite true. ‘The
permeabtht_\ of a ferromagnetic core is 2000 to 6000 times that of
air, but a-small fraction of the flux escapes from the core into the
surrounding low-permieability air. This flux outside the core is

called {eakage flux})and it plays a very important role in electric
_machine design.

T “<Dr. Moh

Introduction — Magnetic Circuits 4

/'\_1\('\ \,.nJ.\ —

\“_,LIO' ’/ \
k@l‘ﬂ: calculation of reluctance assumes a écrt‘un mean path)lcngth = \})’“2“ .

and cross sectional area for the core. These assumptions are not L ”?j{]
- 7,
really very good, especially at corners. w P N9
\J\Dln ferromagnetic materials, the permeabili@ varies with the Jnj\;
@ "0 “amount of flux already in the material. This nonlinear effect is ')@j:f*ﬁ
' W’ described in detail, It adds yet another source of error to magnetic & ’

le\) circuit-analysis, since the reluctances used in magnetic circuit
¢\ calculations depend on the permeability of the material. w\,-mq.s,mm Ap\b!

@there are Jaa'fr gh"‘é in the flux path in a core, the effective cross
séctional area of the air gap will be larger than the cross- -sectional
area~of the iron core on either side. The extra-effective area is
caused by the "fringing effect'" of the magnetlc field at the air gap.

= M);@&)\@JGMX)\ /cél\f 2,0 S LLus gju
w8 (e WO Al p@»&ww (5 sty Glsp S Bl

Q}]du‘i’\ Dyep E\V\S\'\Cﬁe%‘?"‘/a_(—*‘ﬁ\c\/ CJ/Z}J(\’)\)"/‘Q”‘“}’/"QL@

DQ) (\i\i«»wu“’%}—v

/Jp) CRE N2 2%\ AN v F e

Scanned with CamScanner



S:Q,o we AC e e \d
)
M\S/L”ﬁd'{ A _h=

| %///A / o A-\/\r

Scanned with CamScanner



Introduction — Magnetic Circuits
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\ FIGURE 1-6

> The fringing effect of a magnetic fleld at an air gap. Note
the Increased cross-sectional area of the alr gap compared

with the cross-seclional area of the metal. 4
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_ ) )

~ Introduction —
Magnetic Behavior of Ferromagne’uc Materlal  Shh

@«m(aw-.h& PAND = /T.(o,mjf 2 oL

» It was explalned that the permeablllty of ferromagnetic
materials is very high, up to 6000 times the permeability
of free space. o s
= PRNEY

» The permeability was assumed to be constant regardless
of the magnetomotive force applied to the material.

» Although permeability is constant in free space, this
most  certainly is- not true for iron -and other
ferromagnetic materials:

» Recall

D S el L 74 OF SR )Y
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~Introduction — =

Magnetic Behavior of Ferromagnetic Material
P )

This type of plot is ealled n,mmrmim\ cungl:r n
(ningnetization. curu)'l he region of this figure in
which the curve flattens out s called the
saturation region, and the core is said to be ’

snturated. In contrast, the region where the flux

L changes very rapidly is called the unsaturaged i
Croes sactionsl "
—oregion of the curve, and the core is saig-fo be
unsaturated.

- erron
#. W at _ B

mF';‘“‘“"

FIGURE 1 ¢ i

The tramsition  regionm J_Q‘? C_S'-_{”‘ ;'/ J

between the unsaturated aaiee

region and the saturated - -Ay‘.— ! i X

region is sometimes called .01 10 ™ Pl e e e

the knee of the curve. (w) Sketch of a dc magnetization curve for a ferromagnetic core, (b) The W?j ﬁ/éM 6&4 % oy ? .' i
expressed In terms of flux density und magnellzing intensity. AT i Tl Byl :

- Introduction ey A G s M\M“ |
Magnetic Behavior of Fe?romagne}/ﬁdaterlal

{
1 23 L -]j =
f ad ! / The advantage of using a « QE\ 'i
| 24 I P ferromagnetic material for * 7\ 5
E 23 /I cores in electric machines -
26 /[ and transformers is that = (P.J
£1s / ‘one gets many times more it i 3 e
S | 1 flux - for -~ a . given O
jua Bl magnetomotive force with S ] \{ ;‘e i
£ 13— /// iron  than  with air ) {]"y o
ool e 74 However, if the resulting ’) N \?< t
2 Eay ,/ flux has to be: -~ )
S v 4 proportional, or nearly so, | Y @ s gk
¥ v 6 the  applied \
:z 2 magnetomotive foree, then . O"
2 3043 100 200 300 500 1000 2000 35000 the core must be operated Q\T
x ' _J—“_“.'s__l”‘ Intepslty Hy A+ lueas/m ) in the unsaturated region 7
/ T W ‘of the  magnetization N
ﬂ(GURE‘l-w \j .
(€A dotailed magnetization curve for s typleal plece of stee), CUFVE.
G SN f\/Lj:'» Ao f2)\ ] 3
Q-
BN F LN ) Guegd) [F N2 WO N &

< )\' 0/.‘-."(".)3/’
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vlagnetic Behavior of Ferromagnetic Material —* Py 3 M,
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» Since real generators and motors depend on
magnetic flux to produce voltage and (torque they
are designed to produce as much flux as possible.

e —

» As a result, most real machines operate near the knee —» o
of the magnetization curve, and the flux in their ";“J@“-;

/mot linearly related to the magnetomotive ¢ !

\v-—).‘ (=
- force producing it.

LA

» This nonlinearity accounts for many of the strange
behaviors of machines

jjw(\l/’w W’M\
//X/L,s/,é‘ /“'/‘ZJ //"J\/’Wﬂ/@s

&L :—‘»Lﬂ/

/\_Aq)’_)\c\(]i))j) coluL Cu)c:»é‘lﬁ"'" ,“;\Yﬁj
Introductlon Linear DC Machine — ==
et 3 |
e machine s R simplest and B‘;:
easiest-to-understand version of a dc machine; yet it Vo |
operates according to the same principles and “‘)‘“‘4‘:';

~exhibits the same behavior as real generators and I

'motors: It thus serves as a good starting pointinthe
study of machines.,
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—

Swiich v Magnetlc fleld lato page

2
7

- o

" €ind ! i

FIGURE 1-19

R
oo X e M B ,
M \ X X% % ,:,)IIJ Yer [ L?/

AL |
/x X = x / m,'.py[:

{
{d’L ")JSU S ol

A Unear de machine. The magnetic feld polnts Into the page. B Ren I8 ) Voo
/2N 7 -

\
A linear dec machine consists of a battery and a resistance
connected through a switch to a pair of smooth, frictionless

rails. Along the bed of this "railroad track!_is a constant

bar of conducting metal is lying across the tracks.

Introduction — Linear DC Machine

Linear DC machines’ behavior can be determined from an
application of four basic equations to the machine:

;iﬁ—iiform-density magnetic field directed into the page. A \\

(205953 (tloran 0o §E ISV Lol JO13 nb) @)

- |
B L

-

0
1. The equation for the force on a wire in the presence of a magnetic field:  Cond Pt A
T F=ilXB) (1-43)
where = force oRWire” P FLXBXEO gt
i = magnilude of current-in-wirc -1
“I'= length of wire, with direction of I defined (o be in the direction
‘of current flow
‘B = magnetic flux density vector /&,45 f\’ wle.
__:-__::-’__4—«—'-’//’
o
2RV BN -
oy S B
| '&»—g\ ?—)L'F\\& )\ & e/ tj '(3
, ; . -0 YL L.V N
4 C ) a Coin gy DES o
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[ntroduction — Linear DC Machine

S T Y YT 29

/T X TNy oxox !

(\; X X l X X {
'

-‘ﬁ X X X X F-Ianln? (1-44)
/{)gﬂ X X ! X X J ,
//,S\‘ ¢ X X l -_;." X 7 ,\g}’_ !
0 Ne !
( x X ol FIGURE 1-11.0’) ’
cxodd o . EE—.

where
/i = magnitude of current in wire

I = length of wire, with direction of I defined (o be in the direction of

current flow
B = magaetic {lux density vector

Introduction — Linear DC Machine

€ \dwce)

[ew=(XB)+1]

where e,y = voltage induced in wire
v = velocity of the wire
B = magnelic flux densily vector

2. The equation for the voltage induced on a wire moving in a magnetic fiekd:

1 = length of conductor in the magnetic ficld

—Sab S 1)

(g Y
R S A

QS P ALY
JE | u2se

ALl B ’ﬁ—— x xB

4+ ) vaB C@A[(P[- &

T T T ——
X X X *
€ind
x X X X
—— Y

- ‘) FIGURE 1-17

. A conductor moving In the presence of &
Ko - I X X magnetlc fleld.

[ ——
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[ntroduction — Linear DC Machine

/_ o~
Exant e ‘igure 1-18 shows a conductor lll})\ll\p} with a w,lnul\ nl 10 m/s
to the right. LLI(\ magnetic ficld. The ”"\_1'}115.',!‘_»!}_(‘.’_“ T, out of the page, and the
o ds 1.0°M in length, oriented as shown., What are the magnitude and pol arity

wi
—mu/nmltlm_ induced voltage? ¢y
s
. » . / . |
/ " |
Z €ing = (Vv X B) -1 (1-45) (
. ._,/ /, 1/ * = (vB sin 90°) / cos 30° '
/. / / :/ utl = (10.0 m/sX0.5 T)(1.0 m) cp&% |
" =433V Cev
.;’/ / lru C russ )q[;’\/)
WY . . Pro)
(%‘/ FIGURE 1-18 -
. The coaductor of EXample 1-9.

Introduction — Linear DC Machine

= ;_s_,u.u/w\//yf‘ff‘bu? > 548} §;£€0@

3. Kirchhoff”s voltage law for this machine. From Figure 1=19 this law gives 2
— iR =€ =0 /_/

4. Newton’s law for the bar across the tracks:

(1-7)

F,=ma

¢
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3, The current ﬂm ) QL ‘41)5 P e bar givenby F, , =

in
3, The bar accelerates due 10 lhc mducc orccasa = F, . /m=4dv/4t /

(vx@)

,E 4. The bar moves to the right; producing an induced voltug@}w it speeds up (}{;

5. This induced voltage reduces the current flow i = (V= ¢,,1 ) /R

6. The induced force is thus decreased F,,, = i |/B until eventually F, Fiag = 0. At that j

it Cpg = Vs 1 = 0, and the bar moves at a constant no- -lo ad sgccd v = V,/Bl where
_.__—_—_J‘

|

|

a = 0 (note that i,y = 0) s R B
I /ba \_)} ‘)%\ (=m0 M
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{h) (d) 1
et F 5
: . FIGURE 1-21 N
/\L\‘/ 6\ o /The linear de machine on stanting: (o)
;. \’/2// & {a) Velocity v(1) as a function of time; L
/'"\J A S:Z /(b) induced voltage &,,4(1); (c) current (1), b)
‘ f/\g \ (d) Induced force Fiu(1).
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e Fy S appledo i PPOSITE dircctiol JL’L‘.}L’“’ L'L’"‘-Gdf"v'd
¢y force Fioaq 183 lied £o the bar in the QPPOSITE directi ol g 9-,
E!e' ﬁ:n‘ﬁ is ‘, and the following events occur: 1 —Aﬁ fﬂ—%’\»
1. The bar decelerates due to the load force as a = F,,,/m =A4vg g ,"‘x-‘-‘ ! "‘*“93-9’\‘:3@) SLj’

s The effect of this net force will reduce e,,, = v | Bl asithe bar slows down

3. This induced voltage increases the current flow i = (Vy~ ¢4 1) /R
4 The induced force is thus increased F =i 1 IB until |F;,| = |F,qql at a lower speed v.

\ W o that F“ﬂ Fmd FLomi in this case.
~ " -z Anamount of electric power equal

Y w being converted to
el ~3g_w,x s now being

o p ical power equal to F, ;v any ;
-»»"the machine is acting as a motor =W e Fong oot ) . )

¥ o]

Ll

«-("0
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52) s FIGURE 1-23
s N The linear dc machine operating at no-load
; CJ s conditions and then loaded as a motor.
7*9 () Velocity w1) as a function of time:
; (b) Induced voltage e.(f): (¢) cumment (1)
: (d) induced force Fiad1).
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.{éoductlon — Linear DC Machine
/‘ e [ i i
o orce Fopy 18 applied to the bar in the SAME direction of motion, hence the net force

s Font ™ Fip and the following events oceur:

{, The bar accelerates due to the load force as a = F . /m =4v/4 t since F, =0
5 The effect of this net foree will increase ¢,y = v T B/ as the bar speeds up
1 This induced voltage reverses the direction of the current flow i = (Vy = ¢, 1) /K

since (Vg < Cind )
4 The induced force is thus reverses its direction due to the reversed current

st NTE ] R
~Fya= 1B until |, = |F,,pl- Note Y R
=F__=F,inthi — % » y
that Fyee = Fapp ind 1N this casc. )
5. An amount of mcchan.ical power =y, e Ah==,
oqual 10 Fop, V1S NOW being converted ] ——
To electric power equal 10 ¢,y i, and Sxox B

the machine is acting as a generator.
FIGURE 1-24
The linear dc machine as a generalor.

RV (10532),
\ eieny v e
At N = & N

Introduction — Linear IQC M/aéhine

Example 1.10 The linear dc machine shown /in Figure 1£27a has a battery
oltage of 120 V.)JAn internal resistancdof 0.3 n.\and a magnetic flux density of
B;ll_ Ja) What is this nllachine's Wﬂﬂrrjﬂ? What is its steady-
state velocity at no load? (b) Suppose that a 30-N "force pointing to the right
were applied to the bar. What would_the gteaaif_fé@_tg speed be? How much
power would the bar be producing or consuming? How much power would the
battery be producing or consuming? Explain the difference between these two
figures. Is this machine acting as a motor or as a generator? (¢) Now suppose a
30-N force pointing to the left were applied to the bar. What would the new
steady-state speed be? Is this machine a motor or a generator now? (d) Assume
that a force pointing to the left is applied to the bar. Calculate speed of the bar

velocity of the bar versus the applied force. (¢) Assume that the bar is unloaded
and that it suddenly nuns into a region where the magnetic field is weakened to
0.08 T. How fast will the bar go now?

as a function of the force for values from 0 N to 50 N in {[O-N steps) Plot the |

NQ

| —
N
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') S|
S

().—- ) """Z'-" o
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DC Machines

By
2 Dr. Mohammad Salah

-../

V)j’ Mechatronics Engineering Department
The Hashemite University

Lo tug “— eSS oY « o

DC Machines — Deﬁmtlon ¥

» DC:machines are generators that convert mechanical
energy to DC electric energy and motors that convert
DCelecttic energy to mechanical energy.

» Most DC-machines-are like AC-machines-in that they
have AC voltages ~and currents within them. DC
machines have a DC output only because a mechanism
'exists that converts the internal AC voltages to DC

voltages at their terminals.

> Since-this mechanism is called a commutator, DC
!‘ —_-—-”-—-.—
machinety is also known as commutatmg machinery.
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FIRCAL N AehTES (110305323} e Mohamiiag Saian

DC Machines — Simple Rotating Loop

s19))
e b
Por j"( g
» The simplest possible rotating de machine consists of a single |
loop of wire rotating about a fixed axis.
» The rotating part of this machine is called the [ﬂ)t,_\or,}md the
stationary part is called th¢staton,———u, )\
» The magnetic tield for the machine is supplied by the magnetic
north and south poles on the stator.
» Notice that the loop of rotor wire lies in a slot carved in a
ferromagnetic core.
» The magnetic field is perpendicular to the rotor surface N
everywhere under the pole faces. >é>9}
» The magnetic flux is uniformly —distributed (constant) ) \
everywhere under the pole faces. \{ u_bﬁi

+
F e ==

\vi
AN

e

—éfa‘z A& L --(kc\‘\‘_J‘o)\ 0

FIGURES-1 > /
A slmpie rolating loop betweea curved pole faces. (a) Perspective view: (b) view of field lines; A
(<) top view: (d) froat view. /

]
Lo Qe Np Okl golegs (G, s et \L )
NS\FPYIN &7 cD -2
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pDC Machines — Simple Rotating L.

If the rotor of this machine is rotated; a voltage will be S
r ‘ ' M’
shduced in the wire loop. GJ
‘ D
ikt voltage ¢, on the loop, we need to pis Jy’/z
examine each scgment of the loop separately and sum all the 5
Lesulting voltages. The voltage on each segment is givenby v
-(V)(B)"I'

wBl - positive into puge under the pole Tace

beyond the polo edges — (8-1)

0

L

o3 =0

(8-2)

positive out o page under the pole face

beyond the pole edges’  (8-3)

(8-4)

<o e\'m() :,‘_/Qs ?A.th_)

FIGUREA-2
Derivatlon of sn equatlon for (he voltages Induced In the loop.

DC Machines — Simple Rotating Loop

) The total induced voltage on the loop €, i

Cjnd=eba+ed,+(d‘.+ead

5 given by

x*
gmmu \\“\1 b§}1
e output voltage of the loop. @

by

Y
7all oh N
i ? @Ug 097? N _ [ 2vBI  under the pole faces (3-5) \ J
i “d = | o beyond the pole edges A
4 "’%/ o= oo
‘v) ) \ L _
N
Ja) 2v8/-} '_\\ - ‘Q,;J_\ \JJ I
IJ 4 vB ( \ | .
'(C;"' r\"( } 7 ' / pe %Jij}i ,
S/ 7@"\’)/ 7 -vBIf- l\'(\\’x o \(kd:‘k N
‘U/ \7/ 7 l'«/Ji{ ~vBIr- ) /G& \‘b
} - By B
1 0 [

T
7/

J
i
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DC Machines — Simple Rotating | 00p | / f

/
» GIv Ul@ = Iﬂ and pole surface area of 4= /lrfl,hn
alternative expression can be obtained,

B [erBI under the pole faces j)
Ind P |
0 beyond the pole edges |
, >
2 N\ Lo
mApBw  under the pole faces < :
m s
[ e LM
0 beyond the pole edges NG 9 ‘ N
; 5 . /}y Lo'“
T ®w  under the pole faces N7 Vi
N €ind = { ' (8-6)
. 0 beyond the pole edges | /"
Rowx J-mvun \
Aelan ’
FRARESS ?
Dresivasion of 32 ahemarve Rom of the hadusnd vodage equaiion. /
&3 . h

DC Machines — Simple Rotating Loop

» The voltage generated in the machine is equal to the
product of the flux inside the machine and the speed of
rotation of the machine, multiplied by a constant
representing the mechanical construction of the machine.

> In general, the voltage in any real machine will depend
-on the same three factors:

;\ /\/459’)\ (\9}9

>

l._ . .

’jThe flux in the machine o X & A,J‘J '3
Ihe speed of rotation S &
As-constant representing the construction of the

, machme
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DC Machines — Simple Rotating Loop

——c

LY}

|

’ :‘ A ‘U U ;
H - :
l

" In order to produce a DC voltage,
L two semicircular conducting
segments are added to the end of the
loop. and two fixed contacts are set
&:1::4\ U —— up at an angle such that at tt'le
) e g N TR instant when the voltage in the
is connection-switching
& Totating semicircular segments are called

loop I8 7200, the contacts short-circuit the two segments.

o\ DC Machines — Simple Rotating Loop

= X T2 : .
7 Leét’s suppose that a battery 1s connected to the machine and see

= 9 ‘howthe torque is developed inside it. EILay & T s o Sl sl
?V\)\"j Vs o s QNL% ‘
) ) o) ; A Sl (‘Mtﬁ-}“—) g [ © =
Curreat iato
od page
R
. Foim \\\\g: Cl.:“:““dw S
R
: ) = ) . =
§ :‘?g;whmumﬂnmluqu\&nMt&mmku:ﬂ&v’w%n% £ \E)b C On\puﬂ/)\/‘—é)) o
‘Li-'%'?-QLCommw‘fu’T[‘( YRS (\_;J_,g) 7{‘\&33 /\}}”
77 eV PL
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| DC Machines — Simple Rotating Loop
fI —‘/’—F‘::ﬁt‘ m:anpcnn Frection of mofjeh /t

The tongure the rotor cansad by this foree i

ta = rFEné ) ) ./(i/)\
= A Gt Ve

- A8 @‘ (R-8)
Foo = il X B) N
=0  sincelis parallel to B (8-9) Cumrent imo N\
Therefore, od nr-r' \\
n =0 (8-10) X » {
. N ’,‘..‘ \\‘ - i‘mndﬂp s
Fo= dlXB) S~.
= B tangentto direction of motion (8-11) ~das
The tarque on the rotor caused by this foree is -
- e rFsiné
= nilB)sin 90°
= nl8 cCcwW (8-12)
Fi = {1X B)
=0  since lis paraliclto B (8-13)
Therefare.
; (8-19)

Ta =0

DC Machines — Simple Rotating Loop

The resulting total induced torque on the loop is given by

2l )

|

f

|

|

!

x

|

i 7 =Tab+'rbc+

Ted -+ Tda -
TR
— [2,-,13 under the pole faces %5 é@_fs)
0 beyond the pole edges

By using the facts that Ap = #rrl and ¢ = ApB, lhe torque expression can bhe re-
duced to

% ¢i  under the pole faces
(8-16)

Tind = |
| 0 beyond the pole edges
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DC Machines — Simple Rotating Loop A

BV

— . 45 0=
» The torque produced in the machine is the product of the o

52 a s

flux in the machine and the current in the machine, times ,5(#
some quantity representing the mechanical construction ,J f,:.’

of the machine (the percentage of the rotor covered by
pole faces).

C‘S
» Ingeneral, the torque in any real machine will depend on —]
the same three factors:

Y
1 [JThe flux in the machine
% Q?The current in the machine

J é}A constant representing the construction of the
machine

QF () Dy ze /}) -CU‘QJ
2+ DC Machines — Simple Rotatmg Loop

Example 8.1 Given the system shown in Figure 316 The physical | =7 o i
| dimensions and_characteristics of this machine are[F= 0. Jm>d ’
- [120v,1= Lom) B = 0.251)(a) What happens when the switch is closed? &) |
4 {5 the machine's maximum_starting current? What is its stcady-state |
& | angular velocity at no load? (c) Suppose a load is attached to the loop, and the
JJA resulting load | torque is 10 N- m. What would the new SWJO |
< — . ‘
| | ™ow much power is supplied to the shaft of the machine? How much power is |—> /b;g
' | being supplied by the battery? Is this machine a @r/or a generator? (d) 2
i )| Suppose the machine is again unloaded, and a torque of 7.5 N » m is applied to|
. |the shafi in the direction of rotation. What is the new
‘! steady-state speed? Is this machine now a motor or a
'! qEEraior? (e) Suppose the machine is running unloaded.
|
|
i
r

What would the final steady-state speed of the

rotor be if the flux density were reduced to
0.20 T2

—
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(a) When the switch in Figure 8-6 iy s closed,/A current will flow in the loop. Since _\\

the loop is initially stationary (e, = = 0. TIherefore, the current will be given by }
R4 ) V e v, g \

O3 ¢ i,uf).) i - _%@ i ._Rﬁ N

This current flows through the rotor Ioop. producing a torque

@ | ccw E\

3 5
? « This induced torque produces an angular acceleration in a counterclockwise di- !
g7 f' rection, so the rotor of the machine begins to turn. But as the rotor begins (o N
< .| wm, an induced voltage is produced in the motor, given by ra
i N \"‘b 5 } r
j,"’,y.’v,f eind=‘,2;¢'¢0 ’_l\
*’(‘ o A : \
A / . sothecurrent: falls. As the current falls, 7,y = (2/mr)¢ i decreases, and the ma- 3
e |y chine winds up in steady state with 7,4 = 0. and the ballery vollage Vg = €ng. D)
p { vy This is the same sort of starting behavior seen earlier in the linear dc machine. ~nJ
of
.DC Machines — Simple Rotating Loop
_ . . — =
(b) At starting conditions, the machine’s current is S
Vs _ 120V s p
=0 =Tan = 400A ' \ Y‘

—~

Al HO'IMMM the induced torque 7,4 must be zero. But

(.
Twg =L 0 implies that current { must equal 2€r0, Since Tyq = (2/m)di,and the flux - \
is nonzero, The fact that { = 0 A means that the battery voltage Vp = ;4. There-

; fore, the speed of the rotor is

Jg )
V8=find=’,2,.'¢>‘° Q

s |

ez’
E >\({7f; : (\@)} -(—il_‘:ﬁz-)—(ﬁ- = 'i;/[lg
1 /M} Y - SR OmXOTT) ~ 4%, |
&c\v‘ \6 ko o )) I ————,
@ ™ DVR:P‘ B
i @M © A FL
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DC Machines — Simple Rotating Loop |

_— 4
(¢) 10alood torgue of 10N «m is applied to the shaft of the machine, it will begin /’g 4l "
to slow down. But as m decreases, ¢y = (2/m)pw! decreases and the rotor cur- P Al 'A( I
rent increnses [i = (Vy ~ ¢,,, LVR). A the rotor cumrent increases, || in- X A
5 |

creases (o, until |7, y| = lr,?‘[ at a lower speed w. (A P j‘
‘ At steady stal - S sl
! y state, M Tond| (‘2/1r)¢9'111cref(xc (,/\/u A’/) p! A
| By KirchhofF's voltage law, e,y = Vp ~ iR, 50 v \);Z’ | &
- @]
&6 €ng = 120V = (40 AX03 Q) = 108V 3 \
¥ Finally, the speed of the shan is )/’
| Clng. .
d ( A9 g = o S s |
h 108 V AN |
" @2X05 mX1.0my0.25 T) “\32radss Z,) K) /
| N ————— © s |
v\ y o -Toepower su lied to the shaft is > e & D; 1
\ " |
{ p) v P=r0 /‘ g% \Tﬂ ~ |
l" - = . ' |
I ozmxesz 9 {mw) 2 |
Q\’ / The power out of the battery is \; 9)\
| \ P = Vyi = (120 VY40 A) =(4800 W) ' /N/W)

is machine is operaling as a motor, converting electric power 10 mechanic
power. )

DC Machines — Simple Rotating Loop

(d) 1f a torque is applied in the direction of motion, the rotor accelerates. As the
speed increases, the internal voltage ¢;,, increases and exceeds Vj, so the current
flows out of the top of the bar and into the battery. This machine is now a gen-
eralor. This current causes an induced torque opposite to the direction of mo-
tion. The induced torque opposes the external applied torque, and eventually

IMoas] = | Tiaa| @t @ higher speed w.
The current in the rotor will be AV

i ' W\
) = @%3 = %r% 2 jj}an
[j/ Z// 4 = 203 IZI)(INO.m)(025 T~ @ \67/7 LY
/) \ The induced voltage e, is 9
?) eqq = Vp+iR
120V + (30A)(0.302)

@‘ \-

Finally. the speed of the shaft is

e Lado b
el

reed) /\'*\ré~

A

-

a >

P—Jlo‘;"g_)lw
} Cru

N\,
I

Gy

__9'—/6
W)

A5

o= €na Cind 'VP J\ \} ) *
(2/ﬂ)¢ 28 W \ ) ia
129 V _ /5
2X0S m(LOmY0ZS T)  S16rad/s J 5\{
.ag é -

))959;’@
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DC Machines — Simple Rotating Loop

| o 2!
j (e) Sincethe machine is initially unloaded at the original conditions, the speedw =  — 3
| 480 rads. If the flux decreases, there is a transient. However, afler the transient )1
| ** {5 over, the machine must again have zero torque, since there s still no load on

J its shaft. If 709 = 0, then the current in the rotor must be zero, and Vp = ¢,.4. The
shaft speed is thus |

© = €id _ Fing 0525 T |
@/m@ - 2riB Voo
o.¢c ]
= 120V _ |
2X05 my 1.0 my0.20T) _ 00 rad/s

Notice that when the flux in the machine is decreased, its speed increases. This
is the same behavior seen in the linear machine and the same way that real de
motors behave.

st e

65 T Lo (el st 05 colpiio bl QeSS

|
L / = \m
[

IS IR Ty L R e TS
1 iy A LRI v s

DC Machines — Operation

D Yo

> DC Motor, How it works?
https //'www.youtube.com/watch ?v=LAtPHANEfQo&t=1s
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DC Machines — Commutation Problems

e l

» Commutation is the process of converting the AC ,,,MU
AE
l
|

3
voltages and currents in the rotor of a DC machine to DC - il

| Ay
| voltages and currents at its terminals.
| » It is the most (‘\mcal paDol thc dcsnE,n and operation of
any DC machine. — |

» The commutation process is not as simple in practice as |
| it seems in theory, because two major effects occur in the %
| real world to disturb it: .
| 1. Armature reaction Nwls wo e [ |
" kl ’A_\__ ‘ (om(m/‘// b
| 2..L— voltage 2B\
| dt
| % N

' \\76(6 lﬂ) »\0 IAM\\,{ \4’<\(_K

\fé?z%:
N

&
N,

N\
¢

R l‘w‘@_\aﬂﬂ <
;bgf“‘ Gl _ph o ,)nfuﬁky‘y/’

P DC Machines — Commutation Problems jﬁﬁ?

€ B
5

157

~S/( . N
./ Armature Reaction %'O:CJ’ /ﬁ
b o)

;, It is the effect of the magnetic field set up by the armature
7 current on the dlstrlbutlon of the flux under main poles

E ]

[ anN

|
&=
>
Jo9
L/—\|

CarryingINo Current '+ Action of Ficld and Armature Current | -

>
]

; W ,,n,',; .j‘ a g :‘
i A iy . ~ i
.:,' ”{ H . (R W .. o Sy \1'1
i 5 \\ , ?-‘b N q t]]
] 7, Jr [Ow—s, - N l\ - h
YoM “’*««.\-39 3 g
= A ot 13 i
- A 2‘}3 S . | ;t_ﬂ \& - "i
(3B } 19 ’C A . Yl \
AN \ \}‘g J § 1,
-'.}~ ‘\J'»‘
N ribtlon of Fiux Due to Maln Poles” -\belﬂlnlluq/mbwhdrmmw . ) 1 C
Y Gmnmus,,”]ﬂ g No Load \' Carrying Conduetors While ﬂdl&llll Derrtburlan ‘,f Resultant Flux ;,,aw Ad From mllmw ! )O
— 7Y
18 L <) . £ Ko
§ O\ \'gj)\ Np-/) ' \/7 "8)'6 A \6‘ >
5 \ M P ] 0w
——— /‘/ i 7 > c' 9’0/ A k
Scanned with CamScanner



WM%Mu6w£%tﬁhéﬁ)&M&th@m}ggm
Mo 3) g T Coodln
L)-D_)-“&oc (f > A/xz{:,//“é,“
ﬂfmﬂu’({)\co_,/ I35 2 Lo (T

WJ[_,LQJ%JJ CC}
}‘\ 6‘ vaél_}'\ )\s/‘(ﬂ

e CRE/

A VSN G Ly L

PRI JCT N

N s A E SN G0 2 a8 AV,
Nl

a&fé’lég’\‘*ﬁb‘"ai“‘t&) 2
| /%pﬂ_e&p)w&w

,\j_‘J ,/Au’\/
V,SP\L_S &a@\;@ QW\\_}LG é ’

Q‘:”lﬁbn{;v/?/ /\G“){L—Kl‘p—’:—‘g)‘ - )——')‘:b_)\’; CJ-::_C()

Scanned with CamScanner



Armature  Reaction
causes two  serious
problems:

Armature
> field “”

@ Neutral Plane Shift
(/2). Flux weakening

u//"'/(-./u Sh‘cé"’ L)EJ

Ao _
gy aD 5&-’—”

Old neutral plane

N

FIGURE 8-23

The development of armature reaction [n a dc generntor, (a) laltlally the pole flux Is uniformly

dlsuzibuted, and the magnetic neutral plane is vertical; (b) the effect of Lhe air gap on the pole flux
" distributlon: (c) the armature magnetic fleld resulting when a load Is connected lo the machine;

(d) both rotor and pole Muxes are shown, Indicating points where they add and subtract: (¢) the

resulting Mux under the poles. The neutral plane has shified In the direction of motica.

Ceelgdezy e N5 s gs"g&,\g}'\_‘_x_um o
DC Machines — Commutation Problems

» ‘Magnetic neutral plane is defined as the plane within the
machine where the velocity of the rotor wires is exactly
parallel-to - the. magnetic - flux- lines, -so- that e;,,; in- the
conductors-in-the plane is-exactly-zero.

» In general, the neutral-plane shifts in the direction of
motion for a generator and opposite to the direction of
motion for a motor.

> Furthermore, the amountof the shift depends on the
amountof rotor current and hence on the load of the
machine.

» The end result is(a;TEﬁlg and sparking at the brle_l_Qand
this is a very serious problem

P ]
LS

g) s
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DC Machifn'es — Commutation Problems

Armature iD”VC‘ Shaft Stator

A // |
B P . : TAR ol st ps” 7V —
/;MJ/};//\%;%}*[W )‘B)M—? - /: }?r\
777 \ > 50 0 = fal’*’Aq;;;),s.\\ry\S S\

S P (T TN 26

|

DC Machines — Commutation Problems \

— '

o)
> Arcing and sparking at the brushes leadto: “’:\Ji-_,uff'

‘\?“J'Jg (1) drastically reduced brush life
S

/' (2) pitting - (making holes) /of the commutator
segments (A ss =2 Y&

(3) greatly increased maintenance costs _ 7=
B emm i 05 €30 G P97 2250 A i) —
DT 2l e qic
>= » Notice that this problem cannot be fixed even by
placing the brushes over the full-load neutral plane,

because then they would spark at no load. |
/z,?ifu{_n S = ) EPsulis S o s 2o s $Llb( s P

it Sup. ' /N ) |
(0R) s WK JLSad SR gl sl e IVE 2 )
— — -z, . N ST
,___S\-—J)L Cagy C/“'ID_‘) N O%u&ﬂ%/\/»z«g
T ﬂ/to[ "’6'</‘<l"*-5 ol 54 J:\_D\/ (PPXAS J/}’"’(J b\\
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DC Machines — Commutation Problems
» T extreme cases, the neutral=plane shitt can even lead to
{lashover i the commutator segments near the brushes,
» The air near the brushes in a machine is normally ionized
as & resuit ot the sparking on the brushes. o
» (Flashover occurs  when  the  voltage  of  adjacent
commutator segments gets large enough to sustain an arc
in the tonized air above them,

» 1 flashover oceurs, the resulting
are can even melt the

commutator's surface.

(C) ;LJN C"p C 57D

D Mohammad Salah

._i?‘_)\\_\’sv;\)\:ul ‘\‘\“J)g— vybf\‘{ ﬁcj

. A .
DC Machines — Commutatlon Problems

Q) Lanp

The effect of [lux_ weakening is - e " , E §J "
& /
f ) Q

_epEEl Lo
;‘.&SL;.J?sL_:‘Pé‘_q_C“).\ . )

v

simply to reduce the voltage

=
v Y
) K 1 NI AT
)’0 supplied bv fhe generator)for any |, S - _m-
|

= Mohon of gemeraior

given load. e, ; e o Mlkaghawar 9>>. f
» (In motors. thi} effect increases the g L’ = o 4 B "f\ .
>';y? speed and then probably the load: L____.,‘e;';'l T ?‘ / /j{] ’}QJ,}“
resulting in more flux weakening. T N / ) .J)D?)Q @
. . . : agiosioawaive fiece ’ 37 J
» Itis possible for some motors to P 7, !
rcrlch Cj N d 2 F A L
ach aunaway condition. ey B s,
as a result of flux weakening: -
| where the speed of the motor just | AN R )
| keeps increasing until thc/gmchinc - r | \_/]7 )
; IS disconnected [rom the power =~ ) ) ?l
| 2 g L] 0 ~ st . ¢ rachie. AL Uhse polats whes {
3 line or until it destroys itself. b imscwtvy dooporistgrot vl cohramirhid e oot vt | j M
i f‘b \SM—) W i poinis wheee the tnag v forost sl 0 Jinitn the Wotal Dux preasd, Nova
| f‘é f 4150 IRl the neutral poiat of Uve e Ras shitked). i

AN X ’ o M jP\ (;'{
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DC Md(,hlnCS — Commutation Problems

PN C 0/ \N//-/ N XJJ g(‘l‘)n\((’ J\L_j —_ )
-——\\ olt: 1e¢ that occurs iIn commutator segments

buns. bhoucd out by the brushes, sometimes called
Qduﬂwc kick)

——C 3\._ e qu{) Ne Ja) \/
» This voltage is relatively high and naturally causes » < 2
sparking at the brushes of the machine, resulting in oy
e ' i

the same arcing problems that the neutral-plane shift . .2,

CAUSES. el U 5\ Gia B

/)/(.u\,(l
\ <AEX K ‘Q\»LV\Q»«\E’W\'Q\C\“Q*
) . e
/S AN ()t\\_) L\{\\L AN

DC Machines — Commutation Problems

. Ry
Three approaches—have heen developed to partially or _\n, JJ

completely correct the problems of armature reaction | (e
and L L yoltages: L)
a | QLJJ@J os
(1) Brush shifting T e
(2) Commutating poles or interpoles sl s
Q\73 S
(3) Compensating windings (T

——
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» Shifting brushes

ne

may stop the sp(ukmg hut llﬂ
sctually aggravated the flux-weakening effect of the
qrmature reaction in the machine. In addition, the _»

atral plane moves with every change in load, and 5%
the shift direction reverses when the machine goes < o

from motor operation to generator operation. 4
| &)

By about 1910,

the brush-shifting approach to

controlling sparking was already obsolete. Today,
‘brush-shifting is only used in very small machines

/ that always run as motors.

,»XYVf”@'Ei

DC Machines — Commutation Problems

,//w cfsuf/v:ﬁwﬁ

» If the voltage in the wires
undergoing commutation

can be made zero, then
there will be no sparking
at the brushes.

To accomplish this, small
poles, called

commutating _poles _or

interpoles, are placed

midway between the main
poles.

.Aé. mlxu with bnierpules

Scanned with CamScanner



- m__|
o

,a N
f s O oy ye g —0 Yo

A s S
\-uu & ’L‘b\Q
- A‘\ ,,‘C.)\..JLC" -
fJ)ﬂ[/c)Q F{ alfion 23T («9 s

i »»"mc- .-"' Q&k}\\ "a N (( //{q//(} l\ﬂ}

e N

2y ol Sly TS =)

\ . L
Pl S RN (=~
S~
A S e s d@;f
/ - - . (
i-"}’{’id./’;h/L)‘ u; i Cp CM

- Vf' w‘(w ~5\ : .
Lreal m{.ﬁnu/g .- )’d) / \
7€‘ L~ (Dm ()en_Sa,F VLOS
W\\’\A\%‘J

C/‘e)ﬂ\ = NS

“//C/[/( s W g G eems o (—e/ébp,,a@g
? — Rovor o = 85 AR

éﬁ_ﬁ Cely STofs S
O Ve/jé\l):;,wb L
C{%—‘ jﬁdg}p%d\_& e
—_%;r e o /JLP <t _ea)
L Ravs )n;/:_cafj_quu;bq JL?,CU Carncel

égyﬂ%;é’lw_qp&\)\g s wa_f)dbbi’
oty cviie Dol el 3 o etve) An s @

Scanned with CamScanner




DC Machines — Commutation Problems

These —~commurating  poles —are —located - directly - over— the
gonductors” being commutated. By providing a flux from the
commutating  poles, the voltage in the coils undergoing
commutation canbe exactly canceled. If the cancellation: is
" exact, then there will be no sparking at the brushes.

o — . ~ _ 3 )V
> h_?,.“,_se ot commutating poles or interpoles s Very comniom; ) Yoo
)9\’ because they correct the sparking problems of dc machines ata ) \‘4/ :(
“ » They-are almost always found in any dc machme of-l-hp-or,
A arﬁeup&é@)wd'wog W 3,50 s

,q \» It.is-important-to-realize;  though, that-they do nothing for the-
v ﬂux distribution- under the - pole faces, sothe flux-weakening
7L problemis is-still present.

\->) 3%(9 )\O o .9({OWMMQ%{?//_5) <‘-‘—-“
% = ,‘;"-z. ;l oo &LC""" :

P R E A b e “Dr.Mohammad Salah

DC Machines — Commutation Problems

|

l

|

» For very heavy, severe duty cycle motors, the flux-

weakening problem can be very serious. !

» -To completely cancel armature reaction and thus |
- eliminate both neutral-plane shift and flux weakening,

Yo Mre placed in slots carved in

/‘, the faces of the poles parallel to the rotor conductors,

to cancel the distorting effect of armature reaction.

> Tl}ese windings are connected in series with the rotor
windings, so that whenever the load changes in the

rotor, the current in the compensating windings
~changes; too.
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DC Machines — Commutation thlcnm

————

—— ———

('(N"'()("')S' ‘(.\«0\ 23y Dy W s
CHALaf1 O e N Coancel | 0L W

Kok (srmatore) fluy = = = Muy rmm compentating windings

Mewrra) plare not shifag
with leme
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R ’U‘-~\’-;' s
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T T
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FIGURE 8-30 ;
The effect of compensating windings In a dc machine. (u) The pole flux in the machine: (b) the
MNuxes from the anmature and contpensaling windings. Nolice that they are equal and opposite;
(¢) the met flux In the machine, which Is Just the origlnal pole flux.

(’ s~ uw»w@( P (/0’\1/84)\‘_
o Nme —Uge ' Qs =G\ pao

K'DC Machines — C/Qmmutatlon Problems
== The  major m of .

= (.0

1 k J L compensating windings is that they =
wm‘" . (‘, LJ?J_W]

are expensive, since they must be -
machined info the faces of the poles.
Any motor that uses them must also ==,

Poh magaetormolive force Senerator
= Motion of
3/5‘.';2.“:,"““": \: o ma have interpoles, since compensanng s =
IR “eels ! —T =
-y S e ~.o
oo y windings do not cancel L—— effects. :
~ magnelomotive force Fra = Fpy + 5y 45 dt \_CC/
Fu =y Because of the expense of having s
FoA g - "’D

hz both compensating windings and s
interpoles on such a machine, these T

windings are used only where the ] QA
,0/ . gg)ﬁlemely severe nature of a motor's EY
FIGURK 83 ) »
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DC Machines — power Flow and Losseg

——

» In all DC machines, there is always some
associated with the operation.

loss

» The losses that occur in DC machines can be divided
into five basic categories:

Electrical or copper losses (I2R losses)

2. Brush losses

3. Core losses

4. Mechanical losses

5. Stray load losses
o /\'L)\M \

\J»é \)\/3/\
DC Machines — Power Flow and Losses Fcrmeﬁ/’
/\/\wﬁm N

> Electrical or copper losses are the losses that occur EM\EX
(in the armature and field windings of the machine.)— e

> The copper losses for the armature and field _‘_ ]

windings are given by > ,Saa ONEY
; (8-52) _s" a9
Armature loss: P, = IR,
2 \, (8-53) —|to
Ficld loss: Pr=dfRe| + o > o] i
Where P, = amature loss o P
P = ficldcircuitloss o2, 19 0
%
I, = armalure current = /9

P
I = field current ))‘/ﬂ

R, = armalure resistance
Ry = field resistance

I
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DC Ma hm — Power Flow and Losses

-——-f—'/"fo— ‘A‘
» Brush lossos is the power lost across the contact

potumal at the brushes of the machine. It is give n by the

cauation
8D = (('m;)’.« (8-54) |

where  Pap = brush drop loss s VR VAR ENC v (R*\u%‘x\
Vgo = brush voltage crop § ‘

I, = ammature cumenl ’

» The reason that the brush losses are calculated in this
manner is that the voltage drop across a set of brushes is |
approximately constant over a large range of armature
currents. Unless otherwise specified. the brush voltage

drop is usually assumed to be about 2 V. \
o Y s ey w\vp/w.ucevwr (e Bl 50

DC Machlnes — Power Flow and Losses

‘(JL_._. n ;_gq.g-)\ =~ Dﬁj\

> Core losses are the (hysteresis losses and\eddyam/__'fmtl_issgs
occurring in the metal of the motor. -

@These losses vary as the square of the flux density (B?) and
for the rotor, as the 1.5t power of the speed of rotation (n'-).

» (Mechanical Tosse®are associated with mechanical effects and
there are two basic types:
@Friction losses are losses caused by the friction of the
bearings in the machine. 2<¢)

@)Wmddge_lasies are caused by the friction between the
moving parts of the machine and the air inside the motor 's
casing,

> These losses vary as the cube of the speed (n?).

W (’(\’:'\\‘q‘ > ATV (\{‘54,6\ S“,éo” i ,@/,
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DC Machmes — Power Flow and Losscs
_——d‘?f_"l-(p‘n/. Lx\” -

» Stray losses (or_miscellancous losses) are losses
that cannot be placed in one of the previous
categories. No matter how carefully losses are

| accounted for, some always escape inclusion in one

of the above categories.

)

» All such losses are lumped into (stray losses. For
most machines, stray losses are taken by convention
to be 1% of full load input power.

17 R doses ouer [" f"\fQJ )
rltuurs-w L/’J}A\ gg M
for de : (4) generaior: (b) moor. g \Mﬁ;’_/"
D PN o Y AN 7
6l W 1
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DC Machines — Power Flow and LLosses |

i I . o |
- he efficiency of a DC machine is defined by the

equation D SR

‘(\;\\' "g,l\ K])z Enll)x 1000 A o

Q)l" ) f ‘f".}/‘) b {
- Cin | Puld-
P, — Ploss ) Jea
e X 100% > _75}_975) Lo {
Ptn

=3

)J\.f,,,

-
L’I‘= out X 100%

_tOJ\&—QLQ/‘ \-»—PQJ:SQJ

DC Machines — Simple Rotating Loop 520

| ’\*‘“’si e~ OC 0N PC ey j‘ M\! \‘,Q
g e W T
Example 9.8CA 50 hp)250 V,X1200 rpm shunt dc motor)has a ‘ '"‘"‘J\‘*‘L_
- rated armature current of |70 A)and a rated field current o@ D . R
7’? +—{When its rotor is blocked, an armature voltage 0f10.2 V (exclusive ARl e o
&7 “y | of brushes) produces 170 A of current flow and a field voltage of | &~ =
g\ 250 V produces a field current of 5 A. The brush voltage drop Neg N
' ;{ ’7)’% is assumed to be 2 V. At no load \Mlc terminal voltage equal to
k J ) 240 V. the armature current is equal to 13Q\thc ﬁ(.]d current is Blw““ /
N 4.8 A. and the motor's speed is 1150 rpm. ~ ¢
\A‘j é—»\}‘” 0L
@g’ 4‘ (a) How much power is output from this motor at rated conditions? i }J
o (b) What is the motor's efficiency? (7 ¥
ry = ¥ Vi
A\
S )’0)‘ , ,,_\\_,nS(:”/ P «
/—~t"/;’/
9? : =1 e IO w T \
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DC Machines — Simple Rotating Loop

_

| The armature resistapce of this machine is approximately
{ ! { i
| O gV 2 102V _ s
| Yo (Re > 1704 = 0060 £
| N7 — N4
N “and the field resistance is
~—= P,
P L 250V _ @
Rei5A sk ; ;
Theretore, at full load the armature /* 12R losses are / =~ “;; \
\_,—-\/N\N——/ , ¢ -
Ll (170 AY(0.06 ) = 1734 W RN
and the field circuit /2R losses are / \/ i f? B
—— D N
) 3}

(B (S AV(S0 ) = 1250 W j%g
’\‘

-‘ The brush losses at full load are given by J’ ,
Pt = Vapfa = 2 V(170 A) = 340 W

DC Machines — Simple Rotating Loop

The rotational losses at full load are essentially equivalent o the rotational losses at no
.Y load, since the no-load and full-load speeds of the motor do not differ too greatly. These
{ g losses may be ascertained by determining the input power to the armature circuit at no joad

{ .\ and assuming thal the armature copper and brush drop losses are negligible, meaning that Q ?3\?

J‘ the no-load armature inpyl_power is equal to the rotational losses: oD f
( ; 8 é , ;
=(240V)(132A) MW —— P° > vl
f\\(&e input power of this motor at tzll:or:,t)e(c: ;:a: )15 gl::r;:;'w < o 79\/: O 1 j
= ( =

‘ﬁ.\’
_

;) 4))1 iput power is given by e \f’p
{ Pk = Pia'= Piouss ™ Py = Picse ~ Brnsir/— Passy 5 =i g
y = 43750W — 340 W — 1734W — 1250W — 3168 W — (0.01)43,750 ¥ !
NS [ e,
) % = 36,820 W 2 R
\P where the stray losses are laken to be | percent of the input power. ('v"l,:? .
% (b) The efficiency of this motor at full Joad is \hs LS

{

l

|

P |
1]=-,3‘:/x100% g !
!

|

L
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DC Machines — Types
— e
Spee Tsav ¢ r:lDC‘.?MtliblﬂnéS ol Yoo«
| ./ |
"Motors Generators | -0
) 0y e (¢
e
e £) o) =1 [ Permanen{ Magned
ey —B Separately 1 xcnte{l)
/f/ok/ s = ' (_,_,,,l" ~~~~~~~~~ i ‘:J‘/"su)l;,,, xfde
W i (Cirog” ) . /Series e Y I
Y s o Compound T s ool A

| =
\

These various types of DC machines differ in their output (voltage-current)
characteristics if they are generators or (speed-torque) characteristics if they are
motors, and therefore in the applications to which they are suited.

~ -

JV“(/ (I J.)JT—\—AJ—( /\w;' _A/*u

DC Machines — T |
/}LQL:J\'AJ)J 03]} /\Q A\O(JJ/(Jg_. id 9 y )\J_H)‘_zJ Lo LALOM\OJJ) //\
e/ ¢ P
S Ina sepamtclv excnted machine, the field flux is derived
from a separate power source.

» In a shunt machine, the field flux is derived by connecting
the field circuit directly across the terminals of  the
armature.

» In a series machine, the field flux is produced by /4
-connecting the field circuit in series with the armature. T

/> In a cumulatively compounded machine, both a shunt o ey
and a series field are present, and their effects are aﬁdmve i

@ In a differentially compounded machine, both a shunt el
and a series field are present, but their effects ar€
subtractive—.

Z sess
[~ s
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DC Machines — Types

N e I

» Types of DC Motors - Classification of DC Motors
https://'www.youlube.com/watch?v=uth3248pqu

DC Machines — Generators

> DC generators are compared by their voltages, power
ratings, efficiencies, and voltage regulations.

> \Voltage regulation\VR) is defined by the equation D50 P
(. (=t 100% J&
> )

47 /”i

> Vo is the no-load terminal voltage of the generator and 1 o
Vi1 is the full- load terminal voltage of the generator — T’"/’r

> It is a rough measure of the shape of the generator's ”Q;J\
voltage-current characteristic. A positive voltage regulago/n 3

Means a drooping characteristic, and a negative voltage
Itgulation means a rising characteristic.

-
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DC 1 \flaahmw Generators

o ia St . s M X0 %m.g_,._,,rnu.__“ alail L

All generators are driven by a source of uwclmmunl power,

}
which is usually called tthrimv mover ol the generator,

A prime mover tor a DC generator may be a steam turbing, o =~ | ey
diesel engine, or even an electric motor.

Since the speed of the prime mover allects the output voltage ) 75 /)
of \1‘:}_1_151‘1101. and since pnmc movers can vary widely in .)‘(‘_‘?‘.(., ,(
their speed characteristics, it is customary to compare the

\oltafm w*ulanon and output clmmc(cris‘ticq ol' different

> DC 0enemtom are qth rare in modcm power xyxtcmq L ven
DC power systems am.h as those in automobllcs now tiseé /\C‘
(generators plus rectifiers to produce DC power)

D Mohammad Salah B2

‘)\ /"\\,(//;(,;J

aou Nk € | B

DC Machines — Generators “%4 0.
\.\' > fleeud -, ,'p»;,_\ -
s\,-

7> =
I
MA— e
Vr
e /’”
f oS ey
/{ / ¥ )’6-"
( s
Pt Ao
. 'F-— /%’H., 4
A separately exclted dc generator. Rr NP
l‘b\\-‘).) >
\Fora coristant speed | Vr=E, = LR, ')JJ 3 ) )_))*.J (941
LT Ag R S
B \Q\j‘-\h //;’ _’\ e [
\) ' = N
’L “"’L' \Y.MQ (r,.._u‘/q)q;/" 4 Q,\,s:ucx ()
—— U
‘\-»\J\/’“J*fnr-s» > ‘_'__,,.L -..3 Lo a
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When the load supplic

d by the generator is
vy increased, 7, (and therefore 1)) increases.
£y } As the armature current increases, the IR,

LRy d o . e
I drop increases, so the terminal voltage of
the  penerator  falls.  This erminal
characteristic  is  not  always entirely
’ accurate. In generators without
SU— - il [} . . . . .
) compensating windings, an increase in Ly
causes an increase in armature reaction. and
" . L]
; 4 armature reaction causes flux weakening,
Anl (5 51 P . .
~~~~~~~~~ 1A Ry deop Fhis flux Weakening causes a decrease in
. AR drop kli| = K¢ I @)wlllcll further .dccrcas;es the
N . FIGURE 945 terminal  voltage
) ") The terminal charucteristic of a -
gt ¥ Ny F S »
) \\\ \\a/’ separately exclted dc generator (a) with of the gencrator.
3 SA) R I and (b) without compensating windings.
.; . Q\""// N y ,““ ' ] 9‘1
' ‘\‘ / '("\T’w'“ L}‘D‘:::-’ ) . ‘-‘-”«Q"‘) ( ,\,1‘-—2 b >v\>
‘“‘17 N L....\.vtl*“ AR ool v J’——;} /,‘-2" A ) ,J‘l},’ 2 J\D\v -
Q) < — P o RS )
Q‘ RN e

~ DC Machines

Electrical Michines'(110405323) #05 TT

— (Generators

» Since the internal generated voltage E, is given by the
equation E, = K@lw , there are two possible ways to

control the voltage of this generator: e

1.>Change the speed: If/@ increases, then E; = Kgwl
~ increases, so V= E 1

2.>Change the filed current: If(R,. is decreased) then the

— I ,R , increases t0o0.

field current increases (I = Vi/R ). Therefore, the flux ¢
in the machine increases. As the flux rises, E, = K@ Tw
must rise too, so V= E 1 — I R  increases.

> Inmany applications, the speed ran ge of the prime mover

is quite limited, so the terminal voltage is most commonly
controlled by changing the field current.

o .
L\L*})Z&LM:J_&_QJ /r \ (i/\"‘s‘, o s D\ <

o o . . & "\ ” 3 c

., i N ’ \) _‘)
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(2) A separately excited de g with a reistive load, (b) The effect of a decrease In fleld
resistaince on the OGIpat voltage of the generator. - )
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DC Machines — Generators

» Because the internal generated voltage of a generator is a
nonlinear function of its magnetomotive force, it is not
possible to calculate simply the value of E, to be expected
from a given field current.

» The magnetization curve of the generator must be used to
accurately calculate its output voltage for a given input

voltage. 5 S h i Aol b Uyt §) = U
In addition, if a machine has armature reaction, its flux will

b\@ﬁdggq with each increase in load, causing @ ,«iO
decrease.

The only way to accurately determine the output voltage In
machine with armature reaction is to use g@?ﬁ}@@’f}s' |

- . T”"") _
. = \ | \ —
?‘%M) \QA_S\ /—D Al ‘,J\ 1_{2’;;\\’%—&/"&‘/"

(r‘\l\\_b/\t—sg{;:})
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pDC Machines — Genc:1 ators s
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» The total magnetomotive force in a S(,pdldl(,ly Cmtcd
generator. is the ficld circuit magnetomotive force Jegg
the lmu,nctomomf Ioncc duc to armature reaction (AR):

,.,‘/ Y -

Q\; el T AR ) , ‘f’f'.v.fr_";,,‘_;’ |

vy € oo vens (omfuetd®
I (()/'n ‘vhr.)

As with ’DC motors, lt is customary to define an ...y ..
\cguwalcnt hcld uuncnﬁ lhat would produce the same |
output voltage _as the combination of all  the
magnetomotive forces in the machine. |

st Oty e A
The resulting voltage E,, can then be determined by
locating that equivalent field current on the

magnetization curve.

>

2 =
» The equivalent field current of a separately ex01ted

M\ DC enerator is given b
d\ b

NN P

» Also, the W speed of the
magnetlww-i
generator must be taken into account: .

/ i
Z g\

(‘5’)\/;\1)’)\ /«) /‘

T _7/ 47 /@

/‘}
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DC Machines — Generators j"”’“

Example 9.9 A separately excited dc generator is rated at [72kW, 430V,
400A. and 1800 r/min. It is shown in Figure 9-47 and its magnetization curve is
shom;x in Figure 9-48. This machine has the following characteristics: R ,=0.05
0, Re=200, R,;=0 to 30042, Vi =430V, Ny = 1000 turns per pole (a) If the
variable resistor R, in this generator's field circuit is adjusted to 6302 and the
generator's prime mover is driving it at 1600 r/min, what is this generator's no-
load terminal voltage? (b) What would its voltage be if a 360-A load were
connected to its terminals? Assume that the generator has compensating
windings. (c) What would its voltage be if a 360-A load were connected to its
terminals but the generator does not have compensating windings? Assume that
its armature reaction at this load is 450 A-turns. (d) What adjustment could be
made to the generator to restore its terminal voltage to the value found in part
a? (¢) How much field current would be needed to restore the terminal voltage
to its no-load valgte? (Assume that the machine has compensating windings.)
What is the required value for the resistor R to accomplish this?

—_—
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DC Machines — Generators

/

(d) The voltage at the terminals of the generator has fallen, 10 to restore iy 10 its
original value, the voltage of the generator must be increased. This requires an
increase in £, which implies that Ry must be decreased 10 increase the field
current of the generalor.

(¢) For the terminal voltage to go back up to 382 V, the required value of ELis

Ex = Vr(t LRy = 382V + (360 AX0.05 (2) = 400 V

{.? “ To get a voliage &£, of 400 V at n,, = 1600 r/min, the equivalent vollage at
) 1 800 r/min would be

~ Eo_n

\\' EAO g (‘)—‘3)
1800 /min -
Exo = 1600 ymin 400V = 430V

From the magnetization curve, this voltage would require a field current of Ip=
6.15 A. The field circuit resistance would have to be

v
RF+ Ruﬂ; ET}E
00+ Ry =230 = 6090
Ry = 499 ~ 500}

DC Machines — Motors

>

Today, induction motors with-solid-state drive packages
are the preferred choice over DC motors for most speed
control -applications. However, there are still some

applications where dc motors are preferred.

DC "motors = are often compared by their speed

regulations.

The'speed regulation{(SR) of a motor is defined by

—
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DC Machines — Motors

e
» It is a rough measure of the shape of a motor's speed-—

torque characteristic. ‘A (positive speed 1cgulatmnjmeam |
that an molm s_speed. dlqps with mcxeasm;, load dnd a |

wnth mcr.easgpg load. ~——n

» The magmtilde of the speed regulation tells appwxnnatcly
how steep the slope of the torque- speed curve is.

» It is a rough measure of the shape of a motor's torque-
speed characteristic. A positive speed regulation means that
a motor's speed drops with increasing load, and a negative
speed regulation means a motor's speed increases with

~increasing load.

DC Machines — Motors

> The magnitude of the speed regulation tells approximately
how steep the slope of the torque- speed curve is.

» It should be noted that in order to get the maximum

' possible power per pound of weight out of a machine, most
motors and generators are designed- to-operate near the
saturation on point Wagmetlzatlon curve (at the knee of
the curve). -

> This implies that a fairly large increase in field current is

(\,) »\u)
A

often necessary to get a small mcrease e in E, when .
operation is near full load,. o

e \\
iz . \ L , -
i, on gl

J

—
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DC Machines — Motors

—
Separately Excited and Shunt DC Motors
:\S 5
/) (v*; \/\/
‘R" .li .i'; Ry
* Wy
Sometimes
Jumped Lumped
[ together and together and
called Rr Cﬂlde;
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FIGURE 9-§ b

(a) The equivalent clreuit or a separately excited dc motor. (b) The equivalent circult of a shunl
Panbi— gy
dc mo(or
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DC Machines — Motors

» The output characteristic of a separately excited and
shunt-DC motors can be derived from the induced
voltage and torque equations of the motor plus
Kirchhoff's voltage law as 3 R sl

V,=E,+LR, o ”

VT =K¢pw+ IR, |
y Vi=Kpw+ ¢ Tt R where Tpg=LK$
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pC Machines — Motors I

4

that, in order for the speed of the motor to vary

ant to realize
ssion must be constant

que, the other terms in this expre

~—

It is import

Jinearly with tor
: s 68,
as the load change ) "
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FIGURE 9-6 |
(a) Torque-speed characleristic of a shunt or separately excited dc motor with compensating
windings (o eliminate armature reaction. (b) Torque—speed characteristic of the molor with armature
reaction preseal.
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Examglé?l A 50-}1\) @ 1200 eriI{ de shunt motor with compensating
windings has an armature—fesistance (including the brushes, compensating

windings, and interpoles) of 0.06 Q. Its field circuit has a total resistance
R,;*Ry of 50 Q, which produces a no-load speed of 1200 r/min. There are
/1_200 turns per pole on the shunt field winding (see Figure 9-7).

(a) Fi'nd the speed of this motor when its input current is 100 A.

((b) Find the speed of this motor when h & =

~—

/its_ input current is 200 A. VWy
SC) .Fmd the speed of this motor when 0% | Ra e
1ts input current is 300 A. o0
/(d) Plot the to torque-speed @ & " et
characteristic of this motor. Ng=
Lr ) 1200 turns
:4 /\/ ! FIGURE 9-7
The shunl motor in Example 9-1.
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There are two common ways in which the speed of a

separately excited and shunt DC motors can be
controlled:

s busds
flux) @ '

I." Adjusting the field _re_sistaIl(}ﬁz.EF;(El,nﬂth¢th_€_ﬁe¢1d\%{"%éeég

Pl v
2. Afhlljmlg\_\the_ 't_c?_r_minaL_v‘oltagc _applied “gg f/t_h_e ﬁ/\ ;
vw_,g/@ %m \gr v LS

3. Inserting a resistor in series with the armature circuit
(the less common method of speed control). =
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Changing the Field Resistor Control Method

Increasing R causes I (= Vi /R 1) to decrease.

1.

7. Decreasing I decreases ¢.

3. Decreasing ¢ lowers £, (= Kdlwm).

4. Decreasing E4 increases I, (= (Vr=E4l)/R )

5. Increasing I, increases 7;,, (= Kd|1,M), with the change in
I, dominant over the change in flux.

6. Increasing ;,, makes T;,;> Tjyuy and the speed o increases.

7. Increasing  increases E, (= K¢o1) again.

g. Increasing E, decreases I,

0. Decreasing I, decreases 7;,, until 7, = 7,,, at a higher

speed ©

FIGURE 9-12
The effect of field resistance speed
control on a shuat motor's

torque—speed characterlstic:
(b) over the entire range from no-load to stall

conditions.
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