The sub)eot, Eleotrical Machines 1, {g divided into two major taplos,
Thene ares

Part 1

D,C, Machites - covering the mors practical aspacts of d.¢. machines
ut onergy conversion devices with particular emiphasis on machine _
characteristica and behaviour under different steady state load vopditlona,
This seotion will cover units one (1) to fourteen (1h) inolusive.

Part, 2

Single Phage Transformers - which will treat tranaformers from the
podnt of view of the equivalent ciroult of the translommer as a means ol
dotermining such characteristios of the tranaformer as the efficlency
and regulation and also as a means of determining the operating conditiona
of parallel connected transformers, In addition,the practical aspects
of transformer construction and perfomance will be treated. Theae
toplos will be covered in units (ifteen {13) to tweaby (20) tonclusive.

It should be emphasized at this polnt that in the final examination
of thie subjeoct the paper is so structured and marked that the ‘atudent.
{a requi=ed to reach a satisfactory level in both sections of the course
in order to obtuln a pana,

Regurdling text books, there are no books specilically set as text
booka for the sublect as some of the work, partioularly in the areas
asacolated with load matehing and practical design considerations for
machines intended for 8.C.R. drives, i1s not treated in texts dealing
with this subjeot at the level of treatmient given by this courae.
Conmequently, the books mentlonad are for raference only and 1n general
only small seotlons of each text are appllicable, When a partioular text
coveprs some aspect of the course in a noteworthy fashion this will be
veferred to in the unit, A list of references is given at the end or
the introductilon but these are only intended for referange where avallable
and thers 16 no neceasity to purchase such texts,

~ Howsver, the student s roquired either to have access to or purchase
the followling atandard publioationst , | .
1) A8 0 61 =« Power Transformera, )

2) A3 C 388 . Instrument Transformers, .

5) A3 C 319 - The Bleotrical Perfommance of
Rotating Electrioal Machlnery.
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that all students, having completed the course, will be richer both in
the mdmm amd appreciation of the appiications and operations .

4 final note Tegarding the conventions adopted with the symbels,
In general the symbols will be those of AS,1046. However, Shere will be
two major departures from this gensralization,

1) Whereas the symbol for spesd in the standard is "n" wWnere
speed is measured in reveluticns psr second, as in most
grectical situations spesd is given in revolutions mm
this convention has been followed with the symbel "N assigned -
to speed, Thus, in all expressions where Speed 1s involved:
H = I
60
2) Similarly, although the standard uses the term "peirs of poles”

and the symbol "p" the mreusm;lractieeia relfer
&nd hence the Symbol "P" has been used, Mﬁ i Ll

P = 2p : -
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(@) GENERATOR ACTION

(c) MOTOR ACT/ON

info

() GENERATOR ACTION

(o) MOTOR ACTION
- 8 Current flowing out of Poper
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. : an
I the Instantansous valuye of ocurrent in the -:-ar.uluf.‘h-f!t 1g give
by 1 the eleotrical powsr aspooisted with the conductor 1s::

Poeol= Hvl wattns - 1.2

: y fleld I8
The foree On a current oarrying conductor (i a magnelic rlel

given by the expressiont
F= Hli newtons - s
whtre B and 1 have the same signifioance as in equation 1.1
argd i {e the Instantaneous curréent (amperes),
The work done by a force 1s glven by:

H“ FH - l,l"

and the power by:

-lr. = ” = i'ﬂ - -1 l)
t L
Heaoe the mechanical power asspelated with a conductor 1n a magnetic
riell ia:
s ¢ = Hlis - 1.6
i v
It will be observed that the term & 18 in fact velootity (v) and hence
t
= B4 v warte ~ 1.7

Canparing equatisn 1.2 and L,T leads to the doneluslon that 1In
cquilibrium the mechanical and slectrical power asgoclated with the
SOnQUCtAr are equal., In nogvequilibrium conaitions the function of the
E‘.'r;}'.lm'- Will be determined by which of the two powsr terms 18 the greater
Fram eguation 1.2 it 4an beé 2esn that 1 the velocity of the *:.-m‘:-juuu',r .
WRS Increased, as would be Lhe case in the evernt Gl an dnorease in the
armature gpsad in a motor, the plectrionl power will tend to il';ﬂ;*:'-aa:i-
2+‘f!r;~:w?;i0r will Lfmg to 4:rlpemLt: In the regenerative mode and electrical
) 3 pass adk into the system,

' | = - L
j ihis uffeot ocan uloo be adhieved by 1.".-.','1**3554"114..: the flux :!E'I'Eit}r'
TE" i - 1 - - . I o ;
1;:51.-'_:; the change fros motor L6 genaratar operation would only pa
Ci i - " g = b - 2
ved where the termtnal veltage of the motor was matntained oconstant

| ﬁ;tﬂmtlvﬁl.}', _1!' a generator WaS bl'a'[ﬁg dr:‘ﬂl‘h
E;::'. 2 and the field fTux wias detreanad tha electrieonl
it e _ . =" : =W AT
ijﬂ?ni‘:t;‘t;rlei:%sit:-r r:exiut.-.i. s would result In a flow of electrical
s willf r"ﬂ‘. “hine csuning the machineg to cperate am a metop 2
WAy caour 1T the machine Speed and teroin =Yl Again
sonstant . minal voltage ape kept

By & constant Bpeed
Power produced Ly

Hf‘fﬂ‘ﬂns oack 16 the 6 F
v A0 juation o
COnduetor movas in a 2ireular path Iin AL Ut ten 2+2) whare thy

. — a4 radial fie y :
d:fﬂﬁlr,in "-lm velooity temn can be written in terms 1? e oatant S
. 'Mhat {n: °F the angular velooity

gluce 5 = 4 ]
‘t- T 1;&

(Where r g the mdiﬁn ol the condustor path)
Thus the powap SXpression becomes
P « Ry f’?r_' - 1.9
Eleot, Bogg, Gert., III, Elect, Machines I (1)

'

From equation 1,5 the power axpression (equation 1.9) may be written 1

oan:

P = Pp - 1.6

0
t
Since force by radius 1is the turning moment or torgue exepted by

a lorce and 0 15 the angular velocity, w , the power associated with
a ocondustor ma;& now be wpitten as:
P = Twwatts - 1.10

A more practical expresaion in terms of the speed of the amature
in revolutions per minute ts given by

P = 2NN T watts - 3.1
B0
While on the subject of rotational motion it should be noted that
for uniformly accelapated angular motion the following relsationships
apply:

i - g -
'IE\‘ = Ul ﬂt 1112
From which
'\!2 = h..'ll = T - 1112 (,&}
o
or W, -w, =a - 1,12 (b)
t
where ¥ and uy Are angular velocities (rad 5'1}
@ the angular acceleration (rad 5-2]
T the torque (Nm)
t the time® interval
and I the moment of inertia of the system (Nm 152) «

If the moment of Inertia of a system 15 known the relationship
between acoleration torque and accelerating time for a given change of
spaed ocan be established 1f it 12 assumed that the acceleration 1s
uniform and tfriotional effects are negleoted,

Example 1,1

A motor has a combined moment of Inertia of 10 Mn 5° and an initial
velocity of 200 radlans per second, If the torque produced by the motor
was Increased by 20 Nm, calculate:

1) The time for the spead to reach 300 radians per gecond,
2)  The final speed if the torque was maintained Por 10 seoonds,

31 The torque inorease necessary to obtain an increase of 20 radians
per getornd 4n Beconds,

a5

Elect, Engg. Cert., III, Elect, Machines I (I)
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{n aguation 1.12 (a) and using the

[
-
o

b

1]
H _|-\_.-.

5 Frectioe the acceleration 1
L L]

T v 48 No
Ly -‘:.":' L l"" 1 w4 ¥] I | L
DRt Lhne expression ralating

Veily depsrilent tanm .

L linear for constant torque dus
worque and acosleration alao

Efi‘..ld-]i:l_. B yul e
iNe expreseion Bhould be

. wWrittan:
"4

EI » 1 4% 1 Ads
4t rth T - 1,14
Where £

ia the dampling coelfiolent,

A B omay elgs ba funetion of o t1

complicated and, pe s
; ! 1l be ths o {4 L
Lizes of =ote W6 cabes with the . . MILIASY
of tha amra-:zl s 3”?;51’11{:&1 solution s B i i ﬂﬂm}lumt‘irﬂ
1 method {8 the limitation thnt 1¢ 14 Ul'i:.r '?hr:idltmr.wm.r,r,g.;.
= % : Nagible 1o

' over a gilven chunge 1n
bor each of these spesd

nn;t. g -
“ Engg, Cor,, I11, Eleer, Hachines 1 (1)

= P

this method will e erpanded more fully 1o the ssction on
an sRample of a simple problem will be given by way of

Althongy
motor seleation
Introduegy o,

xample 1,2

A méchanical 1oad has the torque speed curve shown io Flig. 1.5 and
a oonatant torque of T«? lm 46 applied to the lsad, Determine:

8) the final spesd of the syatem;

b) the time taken to reach the equilibrium speed assuning

tihgt. t.he?mmnnt. of inertia of the complete system is
U2 Hm 8™,

Solution

The syntem will sccelerate as long &8 the applied torque {8 greater

than the load torque, Equilibrium 18 reached where the two Lorgues are
crual, Henoe:

sl Firal epeed = 140 rid 5”7 -

1o obtaln the accelerating time the speed surve is divided {nto
apesd Ancrements of 20 radians per scoond and the distance between the
o ourves at the mld-point of each section taken as the Aaverage
accelerating torque, The adcelerating time can now be found by using
the expresslon obtalned fyvom combining equations 1,12 and 14135,

Al = ¢

J L
wheree A w 1s the 1norease in spead

I the momont of inertia
T the aversge accelerating torque
arnd t the time in seconds,

For example, in the first Interval, the average accelerating torque
(from curve) 18 7.25 Hm,

Henco

Lt = 20 % .5
==
& l.h geconds
The times Tor the remaining sections are shown In the ftollowing

tabla,

Interval o — Accelerating Time
(pad 5 ) Torque (Hm) (@)

a=b 20 T.22 L
b= ¢ " 6.7 L
¢ = d i 5,0 1.7
d -8 i 2.8 1.9
o = f i 4.2 2.4
- g " 0 5.3
g - h n 1.5 1.7
Total 19.9

Therefore, the accelerating time would be approximately 20 meconds,

Elect, Engg. Cert,, III, Elect, Machines I (I)
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() This e =ade up of iren laainations,
craracteriation and low Lron loae,

with voery good magnetic

) . ¢ ourrent losges further.
‘h} h*l-‘h lm;:—-‘t:\-‘r': i.'u 1:?!'\-‘.“{!_‘“: '.;-_ r't’-."un.'t" Fuﬁtl

(2] Siots are notched on the periphery: The armature coils Tit inte

thsse,
| LA) The more 18 claapsl Tirmmly oethean wwo andplateas and 1o keved tao
' shalx,
£ Mojesx are provided i the fore 9 allow cooling alr Tt pades

through,

ARMATURE CORE MELD IN

POSITION BY ENOPLATES

'
|
| Flgure 1.8
{
i 8B A - COMMUTATOR
A k

(al The commutator bara (or segments) are made of kard druwn or
sllvered ocopper,

{15} Steel vees are sither of éast stael or machined froe a bar,
Le) ITnsuiation vees are sade O mica,
y (d) Tnsulation Letwarn Sagmonts 1s of mloa,
'.I kr | &) Enolt bur 18 slotted in riser portion and armatures cOnAUCTOrs are

then scldered 1n,

| - ( £) ey must be machined o a very high degree Ol acouracy (O enSurs
a sooth tivue surface for hrushes to run on at all spaeds,

— "

Armorure Core D4

-

|

ARMATURE

LAMINATION
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AOFR (Brushbox)

i III el =N 5
(& Inia holds brush in posit
- - Ny

does not aliow aide novement ,

\ D) A Bpring QrTangement presses the i
() It e clamped to rocker amm
* bid g
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< Brush Kolder Spring

: /Cfomp

paling bars

3= Longiludinal

rouah =ibds

gy of Hestinghousa.

to, amatures,

effect

™~ Rocker Arm

Rototion

Figur‘e 1,16

ERUSH ROCKER
(&)

The brush rocker consists of two parts, a rocker ring end z racker

arm,
(b) ihe rocker em is clamped into position on to the rocker ring =nd
18 Insulated from it.

(e) The brush rocker generally fits on a spigot inside the andshiald,
enabling the brushes 0 bs rotated round the commutator untll the
best brush position is abtainsd, At this position the rocker is
clamped and very often dowellad to the endshiesld,

Brism hoicer sifh aos! oot Sieivars g

74 T35} racimckal= intdagandenl of bilah esxr (N BN

g dhietd wiiN brysh device

| ="

.-_.:".':-:—:I'———I:‘_.:-:I—I e —. : — :"I.
y - M

Figure 1.11

- By courtesy of ASEA, June, 1963.
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P ERRATIR, YIETIS may or moy nol obfomn
/ ‘o
: # r £ " > ! Aff!fnahv! ﬂ;rfa.‘lupﬂ_[ IT"
o’ S r RONers £ stcaly o ot it wranis o Methods of - 3
e prest. - e 4 o - : s i iert of " ™ Afm"u.ff
N POAE T8ce facing thm sramtess e r “re punched i
"‘.'f"'_,-' £ m= 2 1?.1 - 2w - oy . ff": L A L .;-: -__"‘r-l-
.0 sr e by ¥ e Ty ..‘ 3 1#] ..",..-r TS o { pig & sy
wisdlze 8. ¢ * : o «Cry
Figuse, 1,173
Fle RAE. (er LlEr Mge s 3 f-
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~oll Tormers (Fig. 1.1k) I l

e on

The matin and interpole colls sre WOl '
and have the following basic insulation system:

bar Lnsulation.

1. [Iatar tua o eonduc
p. Irter winding inoulation, S o 7

3, Main eartn tnsulation,

;l:y Spiry fo oiow
nower/ of oo/ .
e | ™ . Eorth Insulation
/i - < W) SHUNT cOoIL insulation covering
s ¥ 17 | (Inter Tuen Insulotion)
L~ I ; =
7 - 1 | ] :
T JI 'r | } L ] Ll
% N I |
£¢ : | :' , /
gi‘ 1 gy h__:___/;_l," ote [fewer turns
o ‘;'::} ______ e -I_F —’_ E?:{’ﬂs 33'3(3!" 'ﬂf ' dlhegyy wire /o CMJ“
‘ -

Flonge fosrened
ro 4 body

CO/L. FORMER i - SERIES CO/L

Aler witolng and taping the colls are dipped In an insulation Al oF “;I or
at =1 o F-._.'f- :I- 1 e 1 . '-'-"‘-1 16, Ut =4 LI ii [: Wit i:+t:_':' ':,II&QL:’ }'n'luhf' C' ’ng
£ dnter turn iInsuletion t ming worn throvugh due to yibration, The | -
a1 - 5 i

preventing the earth Iostulation being worm through.

Infer winding
insulation

A Orocs sectlon of tne shunt, compound and series codils

o2/ initerpole cofls Fig., 1.16, and compensating wind

| i

n=

: / - Lorth insuiotion
Series COMPOUND COIL

Fortion

Elect. Exge. Cert. III, Elect. Machines T (1)

| Figure 1,13 .
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=
-
- 20 Support Woshers
S % of Insulotion Moteriol
s P : % \\\\
— N N S Insuloted Wire
f};ps;ﬁ" N Earth Insulotion

INTERPOLE CO/L

= ———— e ——

~-—+4— Moin Pole

T — — A S— N — —

Lxtra Deep
Shoe

insulated
Conduclor

COMPENSATING WINDING

=¥ |

Figure 1.17 (=)

N - - | | f %
Flect. Eomg. fart. I1I,; Elect. Machines I (1)

Elect.

Fish Plate Splits

The standard construction yses in-
dividually bolted connecliocns as
shown on page 10 However | pre-
ferred by the customer for fast dis-
assembly, Fish Plale Splis pictur=od
al the left can be turnished

- By courtesy of Westinghouse.

. Machines T (1)




ASSTHMENTS - UNIT 10, I

HEVIEW QUESTIONS

1} A conducter of length 1 metre moves at constant spesd in

2 Hield of one tesla st 5 metres per second, Calewlats
t.hﬁ EIM'nf. imce'dl -

1) What {5 the function of:

g) an electric motor; |

| iT the conductor of questian 3 AS
i a ki i 1w CEFTYIng & owrrent of

wlar machine 15 acting

- Jc
What factors detemmine whether &8 parti

Bl as & mobor or as & generatort | A} the force on tne SRR -
s an D s 1o e assocolated with : ! b) the work done in 20 seconds;
3) From considering qtlﬁ LEE. e mati:-:ﬁ show that b e) the power diszipated,
< a canductor and for angulsr s I
. . e 20 3) A system has 2 momert of inertia of 5 Mo =2 and is
P - :T“ : | oberated on by & constant torque of 25 mewton metres,
6C . rven load depends on the ' Calculate:
. ") sgelerating time for a g2 :
&) o R the mement of inertis of the SyStem. ;
spplied torque BNRG The meme |I i . a) the tim= taken by the system to accelarata
. wrst 1s the function of the following parts of & d,c, machine: . %o J0 radiens per sscond; Asiom ¢ w5 =0
2} wnat 25 WIS 2 ﬂ b) the angular velocity after 5 ssconds,
n) yok 1 4) A system 1is required to accelerate to 100 radians per ;=0
8} armature: second 1n 30 secgnds, If the moment of inertis of the
N Somsitabar A REOR RS System 13 2 lim 8° caleulate the magritude of the constant
a) oo : ) Torque reguired to achisye this spe=d 4in tie required tioe,
d) main fiald systems
Lo 7) The torque speed relationship of a load is given by the
I expression
| [ S VT
100
and the torque applied to the system follows the law
T=50+ 0.2 o
where T is torque in Hm
J and w 41s the angular velocity In radians,
| = Determine:
x | a) the equilibrium Speed;
!! q b) accelerating time, — Aff.}ﬂt‘ ﬁ""'"‘_){
¥ o€ Tnestta T oAJ)
II ~ 5- Mm If"{
I ]
-I
i | il
| ll |
|
1r '
i
Elect. Engg. Cert. III, Elect. Machines T (1)
i
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RLECTRICAL MACHINES Wt 3

URIT Ng. 2

DIRECT CURHENT MACHINES

SUMMARY , OF OO TERTS

™is unit vill cover the folluwing Lopics;

] Introduction.

Y Types of aymature winding.

e 3 Cpll construction,
Je & Cold piteh,
Cummutator piteh,
b Armature with more segmentn than slota. *'
€. 1 holny elements in wave windinge.

g Parallel puths in armature vindings,

o Purpore of squaliner connections in Jap vindings.
g, 10 robleamn aspociated with the use of S.C.H, drives,
Jelection of sultable voltenge for S5.C.R. drives.

12 Design restraints for armaturcs of machines intended
for §.C.R. driven.

©«d3  Specisl coharacteristios of vindings of armatures used on
S.CyRy drives,

Revisw gqueptions.

ARRI gnmente .

cvd INTRODUCTION

The e.n.f, or the force produced by one conductor in a motor or
gragrator o insufficient for practical purposes and armatures in
practical machines require many conductors to perform effectivaly
fhis unit covers the method of interconnection of these cunductnrel.
& the connection to the vommutator Lo enable the necepsary tranafer
ef electrical enorgy from the armature aystem to the E#tcrnui cirouit
ta be effected. “hin comblination of conductors and ¢he p4soeiated
coll o commutator cannection oyetem lo termed the armature ujndins.

2.2 TYPER OF ARMATURE WINDING

In Flgure 1.2 4t wvan shovn how the srmsture conductors wers
cennected at ope end to form an open coill and, at the other end, the
cedl leads were connected to the commutetor. This {g the buni¢' -
flructure of the armature winding, The calculation of the numb
rEature conductors and the number of turne in each eot risi il
la later work, '

Elect, Engg. Cert. IIT, Elect. Machines 1 (Book I) (2)

The s Lwis
Placing of the SOLle Ao the armature slots and ‘sofites fn

t'“‘."ﬂl Lo f-hju
C R LRimutator - .
Uypeu of b UL AT vj:f 16: taimed vindlng the amsature. There are Lo

wnd Ha‘i“lrﬂ w;"“l“nﬂ- .‘ai.ﬂﬂ ll_‘.lf.‘i! an modarn ety mfﬂhiﬂﬂr‘* called !Iﬂ

In

mont Banen ¢t y
l':-nrn )Tl . e actusl

COLlg are Lhe pame, the vindings difre
oL hep nly in the manner ip whieh the Ieaﬂ: nre ﬂﬂnnactad-ran

Lo Lhe .
W eI, 0 o Eiving the soil And wionding patterng as In Flgur= 2.1

The diesuneis
that 14 rhilﬁ ulJl‘-!un on windinges will be Iimited o simplax v{ndings
S onvolved, - Modifiontich of tha comsutator connections énnr

ine " hnie h
' ‘e AuUmber of pat B

§ETVEETM AR FARTEAE T
TR
DT RR
TR T

Colf

= s

LAF WOUND WAVE WOUND

Elect. Bngg. Cert., III, Elect, Machines I (Boock I} (2)
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2.3 COIL CONSTRUCTION

Esch srmature cofl s made up of one or Bore elensnle

, depending

oft the ratio of armsture siots to commutater gegments, each element
coneisting of one or wore turns of copper vire. The insulation system
of the coll is as follows:

1.

(=¥ |
[

lop holf pulled

s way \

Inter conductor insulstion to prevent a short elrouit
oceurring betveen tums, either of the same or adjacent

elements.
The main earth insulation is in the slot portion of the
¢oil To prevent mnoy of the conductors goling to earth,

By insulating ml]l the coil supports under the coil over-
ible to useé a thinner insulation oo the

pog it is possible
oil portion outside the core slots. The coils are formed

1
r Tirst wanding the groature wire round two pins as in
gure 2.2 (a) and then pulling the coll out to the corract
1l span a5 in Figure 2.2 (b). The coil slot portion is
1y angled mnd the coil overhangs slightly, curved to
it to be fitted gquickly end vith the least amount '

LY

F

-

B = il

‘l
1

i

h

¢oil
slight
engble
ef handling. The above shaping is done automatically on a
coll winding machine prior to insulating ss necessary |
(8ee Figure 2.2 (c)).

Fins on which corl
wouna

\ Boltorn holf oulled

s wo y

Elect, Engg, Cert
Yoy III, Eleet, Machines 1 (Book I) {2)

- 3L -

Krrchle
PLULD T LG LU

Coul ' owerhiong
shaced b swl T

curve o Armolure
surfoce

This port only eccurs
on .MUt fuen cons

insulahon Sleering

Col leadls 3 Elements
Creyows bottom holf of skt

Figure 2.2(b)

3 ElementsColl

Conauclor: 000

Insukion 80 4 Turns /[ /ement
Q00O

Man Earth Q00

insulalion

Section fhrm.gh
s/ portion

Figure 2.2(¢)
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1 the tot st depth.
=4 ] 2 hnll the T tﬁ-l 3l
The slot portion of =&ch coil is e 3 in first
The coils occupying the botiom hell of the glots are giﬂc;f r;t;nd -
and wihen the sl span has besn reached Thc‘cci: tTP fi: ‘;iiﬂ =22

{ ¥ a2 (3Y), After CTITTIORS, M8 &F -
£ill the slor [(see Figure oo« - g W T S
cjnﬂE:tﬁﬂ to the commstator rise this 183t OpETRUIUL A4

finally determines whetber Lae vin

It 1E :
iing i= a lap or a8 wave winding.

_Armature
-~ =2 Surfoce

CO/L SPAN [/-X

Botterm Sihe

of cavl
uTE 1)
! X
T 11 =i " th ig under 2 pole of different
Lard % 15 dmportant that the coil sides, =35 far as possible, be
1 8= glative positions &t all tinme ne reason for this is
showm An Flgurs 1.2 where It can bs sesn that if the oppesite sides
Uhe coll epre In the same relative position under thelr respective
pe~< isces, then the maximum e.m.f. will be induced in the coil as
all the e.=.7.2 induced in each elct portion of thne coil will be
3dd3tiwe L  Auring IEsUTavion escn coll side will be st the
ITL‘- > | r . - . - - - - —
a2 point of commutatior The coil pitch is therefore made as near
- = - 1% o - | -
L 3= = 1 iE 7 r- - = — 1-1!-—: - "=l ) sl - |
F & pol Ay, £iVing the following equation:
Y - —_ + 5 >
p: D e = c l
3 = coll piteh' in slots
A _ . -
& = total number of armature slofs
P = nmber of mein poles
X = & fraction that is eitj i
*& elther added to or subtracted
from 8 to make Y an integer. This 1= o)
= . s&4s 1hls 18 necessary,

for in the practical senge B fractional

is meaningless, eoll piteh

£lect, Engg. Cert., III, Blect. Machines I (Book 1) (2)

-3 = /
Example 2.1

Caleulate the aall pitch Iu and ipdicate the alot aushs=rs in vhich

t
dh: first coll is wound for each of the folloving cases assuming that the
Eralls rafer to a U-pole machine.

(a) B = 35, (b) 8 = 236, (e) 8 = 37. (d) 8 = k2,

Sulutiona

From equation 2.1

(a) ¥
' E=QE-+]1‘--=9; slots 1 and 10

alternativaly

Y
8 = 12—-%— = B; slots 1 and §

(b)) ¥ Qﬁ-:ﬂ=

L)
"

o

3 slots 1 and 10

(e) 15 s QE_ d %I- = 9§; slots 1 and 10

alternatively

Y
5 gg— + %- 10; slots 1 and 11

(a) ¥ _ L2
g8 = T

o [
"

10; slots 1 and 11
alternatively

YB = E—‘E— +412-; = 1l; slots 1 and 12

Example 2,2

Repeat Example 2.1 for the following cases asauming that in each
instance the data refers to & 6.pole machine.

(a) 8 = T2, (p) 8 = 957, (¢) 38 = TT.

sSolutions

(&) Yo = I% £ 0 = 12; slots 1 and 13

Elect. Engg. Cert. III, Elect. Machines I (Book 1) (2)
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- 35 = 4=

]
It w111 e f

noted thnt X .
efreult . - In Figura 2.3 the winding forms a slosed

i 2 Gl

o) ¥, ;_g__

glote 1 and 10

- -|,.|||.-.l-
[ 1]
e

nltemaetd

vely

-

e ——
| 1 ] = } = =
() i - Ll &« = = 13- lots 1 and 14 i = - | =
& = . A
B f I !
: . 6| bl
mils nti 1% L | I |
'q = e = 12; slotg 1 and 13 I
g i -
- J
n-reach o She above examplead, MWHere LWO alternatives are Ei"-"“j‘ﬂ s /
the most probable cholce would be bthe lesser of the two values. ﬂ
2 MEITAT IT 3
g | / 2
Thig pe Lo The span Of coamytator bars to which the armature
g A=60S wre allmchea, that ds, the nusber of segments betveen the C.
NG ind itads of each coil, The commutator piten 15 denoted &amm. A
: e Sy gment '
RS ¥n ih Flgure 2.2(b); all the coils have the same shaps, only L‘P WINDING
L i conipection of the coils to the armature sepment will wvary.
Col sk occypes o holf of skt
! #L &
ndlngs | ads of esch ooi) acent " o BB | SRS 5 =esieis Coil swle occuyprs bettom half of skt
no2 CoEEAuas MiE ASads of esch coil are connected to adiacent
=u0Ls.  Wh HE 1esds progress around the arost ure in the same
il &S 1t 168 LEIEm=d | nrogy v Jif;;ii[“-’_ "!.I‘I"'i Flgl.lre ;_}._1
- B) Wave Windings
rAETE The lends Do E
In simplex wave windings the cireuit returns to & segment adjacent
P g
¥ > . . P
: to the starting segment after traversing 5 coils.
|
IS e Frle Al u;,_ q_u-j‘f _1__“*_ I
. : F
- Hence in wave windings the pitch of — coils is C £ 1
- - 2.2 o
_ ’ vhere P {s the number of poles
sa8 poz Ve BiEn denctes a Hl'ﬁ'-'ﬁﬂ"-‘?—'F-i‘-'ﬁ" vinding. !
- ' . and C the number of commutator segments.
ihe negative s iif_f'ﬂ lenotes " “:":'1. rogressive" ‘-"lhd'ir‘;p
3 ' Hence the commutator piteh of one coil
FAPWrE .3 shows & sirmlex iup vound e muature vhers o - a. l
' 1Lm e T - 3 - MERE W > ) = ’ .
1 TEEREr of commitator bars = 8. - { vhere ¥ = commutator pitch in commutator bars
. . |
¥ H I
= TF *TU .= 25 coil piteh = L to 3, C = total number of commuitator bars 1
Y y and P = number of poles
C b - 2 icr &implel lanp

Elect. Bagg. Cert. ITI

» Elect. Machines T (Book I) (2)
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is given by the axpreseslon

A cholce is su this gives the shortest
The zost ‘cosmonly used cholce is -1 ss this gl t

e length of comductor furn,

Exssnle 2.3

P late Lhe ccomutator bar pitch for the following four-pale

aloll
ay

simplex wave vound Ermerures:

L] "'1'-. LErs. (b} :l:'r,,'. DATS, J':LI 171 bars
S0 ong
\ = !9-__ _;_ ¥, L 0 ‘!"'EI" %
= 40 oar 4i; piteh 1 = 81 {retrogressive)
1 l =y egive)
L \ETOEresSsSive
| 1 . . ] T\
) = 05 or 6b; pitch 1 - 60 (retrogressive
< 1 - &7 (progressive)
o g * 1

]

(=) 56 bar: (1 66 ba { 300 bars
salutions
5] 2% - 1
—'L‘::—-— = B5; Piteh 1 - 86.
(b) 166 - 31 —
—a— = 55. piteh 1 - 5§
[ o) 58-:} + 1
- = 127: pltch 1 - 128
Figure 2.4 shovs » simplex o (?
. "~ 8 simpl WEVE Wound a a8 =
dimber of comsutator bers = 9. el m R % pe
YE _ 5 1 =
e el B slot 1 to slot 3.

[
r
]
ra F
..—l
n
(2|

7 3 oATr 1 to bar 6,

| " -
=lect. Engg. Cert. IIX, Elerct. Machines T (Book I) (2)
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s —— — | —— —p— —

\EhW'JWb
WWE WINDING

— Coil sl cccupies top hal of skt
———Co/ sk occypres bottom half of skt

Fi e 2.4

2.6 ARMATURE WITH MORE SEGMENTS THAN SLOTS

When the number of conductors regquired for a given cutput has been
calculated, the number must be subdivided into a number of coils. There
Bre the same number of slots as coils.

The number of slots chosen takes into account the following points:
(1) The flux density in the teeth must be below saturation
level; hence, the teath must have a certain mipimim ares
in réspect to the total flux per pole.
(2) The greater the number of slots the more the totsl
insulation on the armature and thus the less space
avallable for the copper.

(3) Too few slots on motors can cause uneven running.

(L) The teeth must be strong encugh mechanically.

Elect. Engg. Cert. III, Elect. Machines I (Book 1) (2)




= 28 = _ = d
i 39 r,

l*. It is often pecessary and advantageous 1o divide the cﬁi;ﬁ into & i
nunber of elements reducing the number of turns per alemant for the
folloving reasons:

ltage varies with the BQUAre {

alement and & high |
commutation. |

(e) The commutation reactance vo
af the number of turns in each
resctance voltage gives unsatisfactory

(b) Esch element is connected to & commuTAROr bar (except
where & dummy coil 1S used) snd there is & limit to the
maximum voitage betwveen bars.

the number of bars in a commutator 83

There is a practical limit to

- - - *
the pusber of bars cannct be increased 0 such an extsnt that they are
too smell to take the srmature conductor,.

mrutator bars and turns per

Thuys the pumber of slots, number nf Con
izse of a1l the sbove consideratlons.

e Bt B

21 DUMMY ELEMENTS IH WAVE WINDINGS
Tn yave windings the number of commutator segmenis (and coil -
= = | elemant=) pnd the pumber of poles on a given machine may be such that
b . € ~ result may not be an integer. To overcone

. S th ane or more of the elg

w— o 3 o =~ Fo4)
17 equstaiin .3 13 USE4 Lhe
1

! s not connected to the commutator
- sleptrically but are retained on the srmsture for mechanical balance.

n the initisl stste the number of elements and segments is the
also involve shorting two adlacent commutetor segments to

reduce the effective number of segments.

Exs=nle
4 poles, 37 slots, 4 elements per siot, 1 turn per element
total number of elements on winding = 3T x4 = 148,
¥  1LkB =) 1Lg 147
O - - b L ———
5 -:
= = Z
et - e, A = - & - 5 e~
neiiher of which ansvers is a&n integer. ' one element ds mede = dumm >
elez=nt then i

‘ v L7 # 3
C = . 13 or T4

L L]
be elemept that 1s not connected is called the "dummy element"

and not connecting it, all the coils are then made the !
Rigure 2.5 - Simplex wave winding with "dummy" element,

§15ts in the mechanical balance of the
& + armature. Also
T the dummy element were omitted me form :
r - & ; 2t = 5:3 o rn “Jf ﬁlﬂt
be required in the two fo : = S IS 1 15 i F 1?
he two half-slots the coil fits in. r . N FI6 24, 29. 2? 4;“ 5?9!

L ¥
og
d

s u}

\/ - Et{i L4 -~ 2 = "';j.—? J flf"fr-—{- ' Y
) = L = 28 = e L 18 Shefs

e }
i =~ #
— —_— =

| 4 Pole
2 .Ef:mm{’/ﬁ”
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-hﬂ—

The general rule sbout vhether a wave winding will have & dummy

elemeat is that ¥ _ € + 1 must be an integer and 1if this is not
- g -

possible bty using the totml number of elemente then one or more elements
must be Ieft unconnected.

The folloving points should be emphasized:

(8) The dusmy ¢cil is not connected o the commutator and is

therafore insctive,

By comsencing at bar 1 and tracing through the winding to
slot 1, slot &, bar 15, slot 8, £lot 11 and then to bar 29,
the ermature surface bas been traversed once by passing
through p (pair of poles) coils. By tracing through the
ressinder 6f the coils from bar 20, the winding will
aventusally close on itself at its commencement at bar 1,

(t)

PARALLEL PATHS IR ARMATURE WINDINGS

-
=,

shows what is termed & "developed" winding for a b-pole
baving the same number of commutator segments as slots.
sajscent poles are in flelds of different
thgse conductors will be in the opposite

h individual conductor passes
L1d oI the pext pole this involves
nt flow. Cne of the functions of
0 short-circuit the mrmature coils as they pass through
& lap winding this
les and, 83 shown in
ve the use of 4 brush

5 =
he ponguctors under

/LI b

e m o o

=l
4 ¥

1
1
. |
-1

|

0y M ﬂ e
r

(= f
e ol - - - - 1§ = bs = = -
*1LBLEEs A5 many brush sets as

n ¥

; :
3 | nows thet th
t

. 3
0 5 parallel groups,

T -~ o - = = " & & . 3

:t GEL De ctsted 83 & rule that in lap voumd ermstures the
LNJuUClars mEre vided inte g =& T 11l r
S w8 Bre divided intc as many parallel paths as there are poles
n rush gaets Ti els - . 3 . 5
:;J 4 Be ihe number of parallel pathe is denoted by the symbol

Elect. Engg. Cert. 11T, Elect. Machines I (Book T) (2)

Y the developed

= | = =
s 1l, 2, 5 and
e

- 4
r_ "‘l;
Short-circuited coils 11, 2, S, & 3
=
Active coil diagranm. » 7~6
= +

Figure 2.6 - Developed Winding Diagram, Four-pole Simplex Lap.

_ Figure 2.7 shows the came armature ss was used in Figure 2.6
developed as a bepole wave winding. From the wvinding detaiis shown in
F?gure 2.7 it will be observed that in order to develop this as 5 wave
winding it has been neceesary to reduce the number of active slements
1o eleven involving the remaval of ope element from tha circuit and, as
& consequence, the shorting together of two sdjacent segments to redice

the effective segments to elsven as it is necessary that the number of
Segments and elements be egual. It =8y also be observed that the dusgy

element has still been reteined in the winding where in practice it
Serves to essist in obtaining mechanical balance.

In a vave winding, as there are P co0ils in series betwesn two
adjacent commutator segments, one brush will simultaneously short-cireuis
2p coil sides or, as shown in Figure 2.7, a ceil side in each neutrsl
zone. As a consequence, regardless of the number of poles, in wvave

wound machipes only two brush sets are required.

Thus if the short-circuited coils for the particular instant shown
are recorded and the active coil disgram drawn, it can be sesn that the
coils are formed into only two parallel groups compared to the four groups

formed when the winding was lap wound.

Elect, Engg. Cert. III, Elect, Machines I (Book I) (2)
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The nusber of egualizer conpectionn reguired on 8 E:v?n a;mfture
deponds on the totsl nimber of colls and the aumber of FGIE;'_- ;l .
exanple, in the winding represented by the developed dihgr?m rjr“g .
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Figure 2.1]1 - Wave forms for S5.C.R. Drives.

As 8 result of this gating Action the sharply rising wvave front
leads to high induced &,m.f.'s und the associated transients predoce a
significant proportion of the problems associsted with S.C.E. drives.

<.11 VOLTAGE SELECTICN

The cholece of a voltage rating for machines intended for S.C.K.
drives is & compromizse between the following considerations.

Firstly, from the point of view of the dssigner of the 5.C.R. drive
the preference is for voltages of the order of 500 yolte as this voltage
does not require an excessively high reverse voltage characteristic of
the 8.C.R. and this higher voltage reduces the current for a given pover
requirement and reduces the necessity for parallel operation of 5.C.R.'s
with the attendent problems assocliated with the simultansocus firing of
¢ parallel connscted devices.

Secondly, from the point of view of the motor designer the lower

the voltage the less turns on the armature and the lower tha lndnﬂtguEE-
As the coll inductmnce is an important factor to be congldered when
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industynos by reducin;
recallad from esrilis

is develnping torgque,
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‘mﬂlf Somsutation, the lover the voltage the lower vill be the
Probability of comsutation problems. ol

The tendency is towards the use of<abe V as n standard for 5.C.R,
Grives o5 this is already s standard voltage and as a result many
SXISting machines oan be used f(n vonjunction with S.C.R. drives provided
Ehe other conditions can be satistfied.

.18 DESIGN RESTRAINTS FOR ARMATURES FOR S.0.R. DRIVES

In genersl the deaign of o d.o. armature and windings is painly
concerned with the fallowing basic considerations:

1. The provision of an adegunte bumber of turss in series for
2uch parallel path to provide the necessary terminal Voltage
AL Lhe rated spreed and mvailsble flux.

. The provision of sufficfent slot space to accept the ponductors
Wrallow for the use of a conductor of sufficient cross
BESTATnel area Lo give o satisfuctory ocurrent density under
Nl lead conditions.

1. The selection of an armature tooth of sufficient eross
Sectionel area to pravent saturation of the iron.

Jiber factors to be considered were the selecticn of & Suitable

=ale O tums per elewont and s Sultable segment to slot ratio but
< “E¥es Tactora listed sbove vere of primary importance.
noEre the zgchine teraingl vGltage is denoted by ?t the squetion

o# armsture circuit voltage conditions can be written gms:

LN

b -
- M.l Qriyeae =fe "'Lf'-_r:-*t' rippla vialt
S e FLPPAC WL

AT 1 itage and the resultant

ez L AL 1GNNS ih TIEE T 5 - {. =% %"

= I WEATUre current are o#gligible and ss a cornsequence the
:_ -"'7-: *. i:" ™ -"-T-rl-' ™ s b= - o — = - ™ a —

i ST BRSNS can be meglected. In 2.C.R. drives this term
ST be cousidersd

= SO0 one of the des LEN restraints js &

O reduce the coil
nioum sinee it will b=
UCtance of n tircuit is

18 the number of tUurne to & mi
: ] r work ap inductance the ind
.IL.I"" P': I“|.

=1 o % = -
HE DUEDET Oof turnes sausre(

Ty -

AARACTERISTIOS nF THEE AP 2o
——_=OTIES 0 TANOINGE OF ARMATURES USED FOR S8.C.R. DRIVES

The degipn o Ny .
N o7 armmtyrs vitndings for machines specifically intended

or 5.0 N Qriveas a4 34 -—.-._'
e MEEVES St therearere fonslge ne
; \BFe consider the Presence of the 1, ?i Lerm
Wi equation 2.5, X

canditian

TArstly, undeyr oormal conditions when the ai tactor is due ¢
- ' t I E Q
cirrent varlstions cmanating from the S0

darce, that 1s, vhen the Eonductor

- b9 -

_' Eﬁﬁﬂﬂﬂjwa under !hurt“uirnuit_cnnﬂitinns_#btnitﬁu_uﬁil.ii-
Undergoing commutation during vhich time the %%- term is due to the

(CYETSl of current in the cot1, In this instance tha :"-t- term 1s &

funetion of the coil paremstera and ie given by the expression:

R

di . L.

where R and 1L are coil parameters
and E 13 the magnitude of the ccil voltage

before commutation.

. Commutation will be coverea more fully in the next unit but for
this discussion it is sufficient to say that for gocd commutation the

time constant of the coil circutt (2) mist be approximstely one #1peh
of the Eammututiun period.

Therefore it is of primary importance that the coll inductance
be reduced to a minimnm.hy:

1. Reducing the number of turns per coil to & minimum, ideally
one turn per coil.

2. Forming the slots in such a way that the coils are not deep in
the iron bdbut close to the surface, in this way increazing the
leakage flux and reducing the coil inductance.

The limitations on these design techniques ars that in the first case
the number of conductors is fixed for's given flux and speed end if the
turns per coil are reduced to too low a value this increases the number of
Segments necessary on the commutator vith the consequent incresse in the
size and cost of the commutator.

In the second case, if the slots are too wide and shallow the
tooth cross section is too small for mechanical strength and will have
an increased tendency to saturate.

Both of these problems can be overcome by building the machins _
on a larger frame but this again will add to the expense of the machins.
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: ASBICHEMERTS
I
RREVIEN QUESTIONS . Marke
| 12
| 1) The average e.m.f. per conductor in & d.c. Eeneratar a¢
M. . rated speed is 0.5 volts end the generator is rated as
1) Suggest the ==in reasons for: 2Lko voits. Assuming the conductors to be grouped in - I Y
= atnres; ! 4 pArallel groups, calculate the effective canductors - L -
a] multiple conductors on arm ~=h required on the armature. — o
; &= "#f?..:- r ol
b) sultiple elements in colls. | (Note: The reason for paraliel grouping will be 2 . . :
. covered in Unit 3.) ~ e o,
T O Mnalle determines whether
2) Wegt Iz the most lmporiazt factos PR finally de : |
& particular winding 15 lap or Wave: ! <0 2) An armature winding is msde up of 324 conductors arranged
" i:iei.i ::ils, EtE'lEn;HtE perdcoil. Ifhth'e machine for
vd ratrogréssive ' c € armature is intended has = pole fi=]gd systsm
3} 8t 15 the difference between progressive and retrogres ['I calculate: . '
w2 ijl'i-.ir ali — pe [ _l:‘:ll-’-’.- n"_,.1"._"l ::'é.-+ — T— =
por 8) turns per eoil: = - S Jw - = |
o] ARSI dIRES L . b) turns per element — O 3= Lerwy €
vaye windings? c) numbar of slots; e 2 7 I .3 =b
II < - - g 2" |
.' d) coil pitch; -~ ¥ =25 =BG =Lt A)
¥ i 2 t i $ f & -
Why are "dummy'' elements scmetimes necessary in vave windings? b e) pole piteh. -~ /(:, b .3 = )
Whet is o "‘iuﬁfj; " slemant 1 ~ _‘_‘r:"' — = A
| -
: a jeens : 2k 3) For the following 4 pole lap armatures calculate the sgil
- Hoy can the difference between s lap and & vave wound armeture Span, commutator pitch and number of slements per coil.
De determined by obgervation? {
a) 8 = 29 E = 58,
L - A L
oy Expisin the formstion of paralle) paths on: b) 8 32; C Q5.
' e) 8 = WT; C = AT,
- 8 Wound machines:
0J . weve wound machines, 2l L) For the following wave wound machines calculete the
L commutator piteh.,
1) Wnat i= the reasnn for using egualizer connections in iap wound - a) P = b C = 139,
ermatures? Why sare these connections not €CeEE8rYy On wave wound £ '
——"_i : r ¥ n 8y Oon wWeEve woun . ) P = 5; C = &8,
| el P = B6; C = @61,
|
) SXpiedn ‘how equelizer connections are fitted to lap wound machines.,
i 20 5) A 6-pole wave wound armatire has 37 slots and each coil is
! made up of 3 elements. Calculate:
o) wnat is meant vy an S.C.R. drive and now is the voitage controlled? ' ,r
'I' a) the number of coils on the armature;
10) WHAT sre the bas IC design conslderations for ¢ €. ammature wiﬂdinga ' b} the commutator pitehs
2nd what extra design restraints are necessary for machines intended || ¢) the number of sommutator segments.
for uee with £.C.R. drives? i
f In addition, drav a sketch of the commutator showing the
1 start and finishing segments of three coils in geries,
I |
- |
1. I
|
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ELECTRICAL MACRINES I e

UNIT No. 2

DIRECT CURRENT MACHINES

SAUMMARY OF CONTENTS

This unit will cover the Tolicwing topics:

£ {1 Generator Action.

-
-

v ]

The Commutation Problem.

Magnetization curve,

¥
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3 Effect of spesed upon voltage.
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3.3 GENERATOR ACTION

in = ] o El
o jeger&tur gction is due to the fact stated in Unit 1l that when a
~HRCUELOr mOVESs Beross a magnetic field mn e.m.f. is induced in it The
VElue oI which depends on: ‘

1. The rate of movement scrons the magnetic field

-
c. The total flux in the srea swept by the conductor.

Lat
-

T. » - .
;?e151nt uf.tn& gogle between the direction of the magnetic
field end the ermasture conductor motion.

The relastionships outlir ]
: utlined sbov i 5 :
shows 4 Flgure 3.1 € are illustrated in the disgrams

Elect. Engg. Cert, TIT, Elect. Machines I (Book T) (3)
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—~Direction of ~—|
motion of
Conductor

View in direction X

1 = pffective conductor length.

Wxl = total flux area per pole swept by conductor,

e
[l

Figure 3.1 - E.m.f. Induced in a Conductor passing through a Magnetic

Field.

As, in d.c. machines, the conductor can be considered ss always
moving at right angles to the field,the sin 8 term can be neglected.

Under these circumstances the relationship between the flux and‘
the rate of cutting is such that the magnitude of the induced e.m.f. is

angle conductor makes the direction of main pole
magnetic field.

numerically equel to the rate of cutting in webers per second.

Where one conductor cutting or intersecting one weber is termed a

linkage, the general expression for induced e.m,f. is:

ay

e = F

where { is the symbol Tor linkages.

- 3.1

For one conductor induced e.m.f. per conductor

. 4%
= at

where ¢ = magnetic field in webers

t = time (seconds).

For this expression there is no restraint as %o wheather the fig;ﬁ
moves relative to the conductor or the conductor moves relative to the _‘
field and equation 3.2 1s equally applicable to generators oOr transfor=ers,

city as is
mi.rmient

namely

Where the conductor is rotating at unnstant.nngulnrﬁ?tlo
the case in the steady state conditions in d.c. machines & more C
form of the generated e.m.f. expression is that given in Unit 1,

e = Blyvw
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The derivation of this exgpresaicn fros egustion 3.2 and Figure 3.1

presents no proble=ms If it is appreciated that, for the copditicns shown - |
= 1mPlications of these last three condftions sre summsa up in

lL=giz " :
S :hifﬂiﬁ.[ch states thet the Alrsctisn of an {nducesd acmf. 1z alvays |
b1 poonda Lo set up & current opposing the sotiom or the change

d¢ _ Bda _ Bl 4¥
responeible rop inducing thar =.=.r,

at a6 = dr

can be writlen as v Fl '
: crlies iﬁrls s Hight Hand Rule is one way i vhich the wbove lev =an bs
_ . g S iy E=nerators. If the firer finger of & 4 ' -
To detemuine an expression that can be used for practical machines in the 3irection of the magnetic Five En&?thg o be iiﬂ?hgh:§:¥:§£§:1::Fﬂ
ﬁ;;ﬁ :flzhe cenductor relstive $o the magnstic fleld, toen the middle
£id &t right angles to both the thumb and £ o |
the directson of c.m.r. namsk first Tingsr repr=aents

for constunt velpeity conditions.

l"mir.n
i

and

the folloVing assusptions are made:

i The socductor op=rstes at constant velocity in a circular peth '
# bl s M % ——
I rafics v poatre:
Wigs ¥
’ The rotaticnpl speed i= sxpressad gs "N r.p.m. ' 1
- | | “Motion of Conductor
- The Al fertive area gaph pols is ————— sgusare metres and -
e Lot CTluy par pole. 16 § Wwebers
Iy Serme ass\mpiions 1, snd 3 and for one conductor, the bssic ‘ f:j
- EXTrS8s 10 3, EjuETicn 1, msy be written as =
- . V.4
- - & | 1 / N
=& P e w K '
$P__ 1 x 2L /
7 Direction of Freld
1 - _ & BN . Q
.p = —h— yolts — 1.3
Golvonomefer
nEre -~ Ermature is wound with "2" conductors arranged in "a" )
&l paths EVErEgE e.:m produced by the armsture is
- 7 6o - : b |
1
_Ir_; E 2oE f Ti=T 3
= =L L.;.z1. =-UESBLER U¥ S0 ermaturs and can be dencted by
£ symbol T ifT ¢t EAChine ¢ -
. i A= BAchine Terminal voltage is dey oted by the symbol .
4 +L: -i-‘-_ql.{."".':-_ sl D hotyvaary E e A 1 : : T
: =W UELWEon s =110 1'1 =11 D= Fritien 853
- - I -
Figure 3.2
: Ba s - 3.5 | Fleming's Right Hend Rule for Generatars
. 1
vaere (L R ) ig the LERe dAran i iy
a5 ToNESE S50 Lo the armAture cirpuit ragistance gur
~E " Fi e 1.1 (a) and (b) showed all the possible combinations of
Efustion 3.5 can serve s o : direction of armature current, msin field flux and rotatien for =
- - = 2C e B Ori<corian = Py
" SHErEY. flov and whether so it ol Xoy determining the directisn gEenerator. Figure 1.2 (e) showed that the srmsture current was R-1v
bzl #& =acline behaves as a motor ar as o slternating current which the comsmutsator rectified to d.¢c. (see Figure 3.2).
The direct current thus produced is, in fact, due to ths sum of the .= 7.
IfE 5 ¥V the Eachine peacepre induced in each conductor in cne of the parallel psths on the armature,
- . Cnlr PESSEE pover to the extemsal s Elex a
oZRaves aa 8 F‘EL':'I'E..*QI'. ; - : F
|
Example 3.
ITE <V the merht ~ : Ill e ors
£ g o= SALOine absorbe electrical enaspsy + ' :
= - HEl kY 1I'aoE He simedayr :
&Y fr ‘e supply . . A six pole wave wound d.c. generator hes 410 active conduct « X1
the generator is driven st 750 r,p.m. calculste the open circuit woles if

end behaves es & motor.
the useful flux per pole is 0.03 Wb.

=.=_4b 2gusl to Vv there 4 - %
E t *& 2B no . pover flow for under these

CUrre i8 Z ! maditi
nt 18 zero., This CEmdition s termeq "¢

n

conditions th
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= = BD TrE L 1s the inductisnce of the mrmaturs coil, '

| ‘ snd .
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T et T - T . = _——— nis w13 :f’:‘i:: =T ‘:r:i_'t ::':—'__._ - - 2 e | = "f‘:l 'i"‘ - 5 k| -
ivstly, 2= commfation time gl S Y = e resctence., ’ F Wilho e flgn lseksge
=== of Ssgmects on the POEESTEICT, TOf WATEED OL LE€ sS4 ==
-k p—— : a® e e s =eams AT s ge s e in Fal-0H ::-—:t_‘-‘: e - =
Ln sceibe * zex e oz o spesg gf IOSETIOD I8 T.i — W= - — y
S e =¥ em Re—chk B3 T [(sesmentes] the commmtation Time iE thes : Pl SUEPs are taken to redice the induetance bhere wikl
= span of = < =3 5 iEEVITEDLY be some inductance in the armstore circutt and this
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. | —_ fEVET=E=: of the Ccur rent.,
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- - Figure 3.3 (2) oo sparzing cecurs. For other conditicns eitker wmder - or
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r - See Figure 3.3 on next mage I
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. 1500 x 250 I'
. I
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I
- |
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: i
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For & particular mschin :
. e wher=s the puabsr of poleg, the ausber of
:‘f:::;-tnﬂhcturs &nd Tthe paralie]l paths on the .ar:sture‘:m be
*red =8 belog constant shese =y be denoted by a symicl K 3 test (=
o : ]

™
a
i

|

2] . | = 3!9

[y

and in terms of this constant, equation & can be written as-

=
-

g = Eﬂ o N wolts - 3.10

Equation 3.10 cen now be used s & mesns of determining the manner
in wnlcn the generated e.n.?. will vary for changes in flux &= speed,

From equation 3.10 it cen be cbserved that the msgnituds of $he
generated e.m.f. i3 Jirectly proporticnal 4o the field flux. The
practicel problem iz tg link this relsticnehip 10 So== r=sdily messurshis
parameter l1n order that t{he genersted e.m.f. under g serisin sst of
conditions can be more readily predicted. The mesns chosen to Trovide
this link 1= the sagnetization curve which gives a graphicsl representstion
of the relstionship:

When the main fie

lelds zre =xcitsd ths =.=.7. obtalnsd produres a
flux in the magnetic circuit, the strength depending mainly upon the
comtined reluctence of ¢ LG

& VEr 5. HBovever, due to the presencs
of different materials in the flux path, the ralationship iz peither lipear
nor =asily calculable, It is

resentetion essentisl. The reason for the problems sssac
elculation of the flux can be seen from the folloving discussion.

.
-

=

Fol
-

Each main pole megnetic circuit consistis of two magnetic sireuits

in psrallel (Figure 3.4 (a)). It is the movement of the armature conductors
through the gir gap fiux that csu=es an 2.2.f. o b2 induced in the
conductors.

The m.m.f{. produced by the fi=ld must be egqual to the s5um of The
n.=.f's reguired to produce the appropriete flux in the various sections
of the magnetic circuit. Thus:

I, 8, = (1 R) =+ (I H]*+{Iﬂ:l__+iIHJt+(I!i] - 342

field circuit.

=i
]

by

H = total turns per paole.

ampere turns required for ycke sactioca,

~
=1

=
[}

turms required for pole section.

F
;
n

(I ¥) = a=mpers turns required for gap sectiom.
(I §) = ampere turns required for testh sectiom,

ampere turns reguired for core sectiom.

——
e
=
o
Ll
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lwe poralle! \\
magnerc cirgufs\\ \

\

e 3.4 (a) - Typical magnetic cirouit (4~pole machine),

]
[
M
g
L]

annrzng any stray flux the ampere turns necegsary
required flux 3 by

to produce the

i e L -~ s Sl - 3
+OF A given 1ron section are determined by obtaining the

flux density | Flux ) d
Y Vires of Section anc using & curve giving the empere turns
per metre, flux density tionship f ;
f-,‘”- ¢ AUX density relstlionship for that meterial This gives t}
~LIISLisiny force 1o Ira T - ' : 7 : i ? v -
R fp; :,; i0 Bmpers turns per metre. Multiplying this by the
HEVH ©F the Tiux path in metres gives the required number of ampere tu
UL TEQ I i Ampere rne
<l tne case of the air gap
for air B = U
H
i = P
B
M
d
B
[ = gnpere twrns per metre - 3.13
- 3 = 3 .
b = x 10 :
(T8} = Hx2
£ E
_ B 1
£E &
4 M x lﬂhT - 314

Elect . .
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flux density (vebsrs per metre " ).

1g = effective length of air gap, metres.
H = magnetizing force mmpers turns per metres,

U = permeability of fres space.

Equation 3.1Y% can be simplified {f the constent terms are dsnoted
by KE vhere

K o= 1
L 7™ x 10
Equaticn 3.14 then betomes:
(Tw) = KB = 3.16
=4 g g

By making the sbove calculations for various values of flux 3% i=
possible to obtrin 8 flux per pole versus ampere turns per pole curve, and
if the value of ED and the speed are known it is possible to ceiculate

the e.m.f, This gives a curve of e.m.f. yersus empere twrns per pole.

Examination of the flux per pole versus ampere turns per pole curve
shows that the curve for all intent and purposes is coincident with the air
gap line until saturation commences in various sections of the magnetic
eircuit, generally the armature teeth sectiom. This shows that for 1ow flox
levels the major portion of the field m.m.f. is used in overcoming the
reluctance of the air gap. The curve tends to level out as saturation
increases. A typical breakdowvn of ampere turns for & moderm machine would
be 60% air gep, 308 teeth and 10% for other sectioms of the iron circuit.

Figure 3.4 (a) and (b) shows a typical megnetization curve &nd the
magnetic circuit. It will be noted the machine has an gutput of‘Ef with

the field unexcited. This is due to residusl msgnetism in the circuit.
A more useful form of the curve simply shows the relationship betwe=en
e.m,f. and the field current.

If the magnetization curve is taken with ascending vslue of fisld
current and, vhen the maximum open circuit volts are resched decresasing
the values of field current, the curves in Figure 3.5 are obtained.

The reason for the difference in the curves is due to the hysteresls
property of the iraon.

See Figure 3.4 (b) on next page,
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3.5 - Magnetisstion Curve Showing Bysteresis Effect.

OF SFEED UPON VOLTAGE

IT the
eJuation 3.10

field current is Xept constant the flux will Y& conctant and
can be written as:
= !{7 § - 3!1T
= X_ ¢ - * 318
L

Thus for a given field current the genersted s.m.f. 1s Qirectly

0 the spead leading to the family of curves showa ia
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35 LEmcace puux «

As : : '
f!@l:ith 85y mametic device, all the magnetic fiux produced ¥ the
"‘iﬂtﬂ gt 1dn-eﬂ“ Dot keep vithin the {rom cireuit: & certain amcust aqusl
tn;m- 3 &nd 20F of the useful flux by-pesses the air gap and
:?ﬂ mlem-nnﬂ. un* nf the mametic circuit, circulsting oaly tbroudx the
Tond Sy yoxe porticnz of the magnetic circuls. This flux is caliad
B8e Tlux §  20d 1s shown diagramsstically in Figure 3.8.

00 % RPM.

S0 RAM

0% RAM

Generated EMF £

- LY - 5 Bell o
on Magnetization Curves.,
et ]

y \
&N l""’ﬂ
e {
=
W
o Figure 3.8 - Leaksge Flux
£ ( r
g 3.6 EXCITATION METHODS
<
> : It will be spparent from the discussion on field systems that before
E & machine can function effectively scse means must be found to produce
j this field. The two obvious methods are:
i
1. permanent magnet field;
I
= éPM 2, electro-magnetic field.
Although the first alternative is used in some small machipes and

has the advantage of having no electrical losses the method has the
marked disadvantage that the field is constant and this precludes any

Figmare 3.7 = Coen Ciroud =
e - - --u-]-t- 1"" T i -]
. F4ﬁl§353 2gainst r.p.m. for Varying
iE Current = i '

L methods of field control.

The method almost universally used on all practical machinss involves
an electro-magnetic field system, This field can sither be ssparately

excited or self-excited.
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.7 BEPARATELY-EXCITED UGERERATORS
saohinen the exciting current {1 derived from

W \ " ...iﬂ'l:l arn
SUernal soufEd vhisl can be n goo )l auxilinry SI:IIL!;'M ;"I;nz:l"' g
" 'y I & i - : =1 E
l““:11v w .0, bus Zvevem OFy &% (8 the case = ?fm:' :btherﬂ ;5 ne
ﬂltm "iel contifieor ihit, In this methed of excitatio ‘t 3 voltnge
o I“-n ~f‘rrn;3 l3ak v exiot between the machine gengrate S
[ AS il | _'}' % Y | " A . -

1_ll—|-lu."'. ‘_l.‘b'r'gr'j t ".r r'. f'lhi ﬁb ':'t mb

tn sepurat sly-sxoited

Il kb
r - e d _.'
af the operaticn of geparately excitea

: ral e nlvsis
- 3 \oae invalved than the cquivalent snoniys
A A R : «ant conditions are
Y - ta UNe fact that field current COIRAE

Wwhth regard to the anilysls

pachanesn ,
! { . [ E - A i
-'i.lf‘"p““lrl-"'l PRI TIES B A1)

= A Ay =i ] 'fﬂ.l_t-ﬂ,,ﬁ-
independent gl thn giehane terminal B

Ly

1 =PIt ":'l:\i." "l :
¥ = = 1 J
she exciting current copes directly trom
= | i L e ' = w T b ! . N ~ e
eachine iz classed as either a shuhi Or SEries
Ve Wl 0] - = | ] | 1= :
' . . i . - - | =
! 3 » J\  wtlonship between the exciting currant and th
oL e el o « =hunt eonnected and the field
i 4 A nrnctice, mOat machines Arce =hunt. e : :
) i . i - % ¥ - . ; - o .'_.:L:-L
‘v smaller thah the il losd current. In series machine
e S : e reasi
X - 1 xofting current and Bs A consequence iNCreasing
1] dve &n increase in flux and, 48 & coOnssguence, an
E > - =4t Rlila ROt : . E
erated el f Far this reason series excitation ol
I | L i i Ak ¥ vim - ; : i3 i -
eidc i #s 5 sole meays of providing the field flux bjt__
] - L ) = B
vion with shunt feld systems to provide & COmpENsSAting
) i ML AR e atid *abdl =fILALLE i ald Yo . : : :
- | hines following discussion will
Jhit are Lersed compound machines. The following discuss .
he tonfined to factors associaved with shunt connected machines.
AT [ SELF-EXCITED SHUNT MAGHIRES
gon ; - re iz rotated at rated speed there will be ‘&
[ jues to ¢ resagual Tlux This e.m.f. acting
3 . ! s curyent resulting in an Increase in
¥ - ! Ccrease I the penerated e.n.T. This Pracess will
r = . build up until the open circuit &.m.T. 1S
fleld reudt For if E 1is grester than 1 _R_
E, -
- £y
TEns = T Lo incresse wnich, Iin turn, will incresss §
1 H snverse vill be true
i = = RS 4 it g - L L= - -
F i
- 3 B ohedit o
i
x = - _:_l"
£
As showy ssuaAtle 10 the generaied e.n.f. for & given machine
- £ Frisien Bs
w - T Yt - 3.20
= 2
X 1z the simuitanecus SoiUtion SO Soese equations thet gives th
epuiliirice walue of E
<
AF Lhe Tw0 expressiocns have four unknown variable ier=s, 10 obtaill
& BCLURICR It 3z pevessary o impose restraints by specifving that tw
of the Tariatles ba coasidered as velng coostant The tvo velues : 11iag

= 57 =

Sre usually the fig ' . -
155w gtven han 2ld reaistance and the spead, Thisg leads ta s solution

: of conditlicns. If either of these v ablez are ait '
the solution to the equation will vary. gEl P Lo

Nees 5§:ﬁ:ﬁ:1t;ﬁn. as i:e relaticoship represented by equation 3.20 has
: 0 be non-1inear, an snalytical solution ie nct prasti e
the problem must he solved _&:aphicany ' PR

The procedure adopted to determine the zquilibrium valus of E for
8 given spesd and field resistance i3 to E
curve for the specified speed and an
relationship given by egqusticp 3,19,

plot the machine magnetization
the same set of axes plot tne

This 1sst eurve Is termed the res
Figure 3.9, the solution
of Eé Is found from the

magnet{zation cirve.

ietancs line and, as shown in
fo the problem vnich gives ths equilibrius yalue
intergaction of the field resisteancs line =nd the

o

Gererored EMF é‘

Shunr Freld Current Iy

Figura 3.9 - Open Tircuit Curve Self-Excited Censrator
showing Criticel Reszistance Line.

The build up =zechanism can be more rsadily understood by referring
to Figure 3.9 as it is apparent that, if for any valus of I! the gemsrated
e.z,f. is grester than the dorresponding value of If Er,the generated
e.m.¥. viil continue to build up.

in practice, a machine may not build up for any opne or =ore of tae
Tolloving reascns:

1. No residus] magnetism, ss ststed, it {3 the residual magnetism
that gives the build up process the initia) {=spetus,

Eect. Engg. Cert. III, Elect, Machines I (Book 1) (3)
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2. The clirrent which flows fn the field circuft as s result of ' |
the &.5.f, produsesd Yy the residual fleld may be in a L & on% of rated spesd the curve wvould change ss shovn and the
direction surh thet the resultipg Tield opposes the residual , machine would not build up as the resistance line 2 is now the
firld. Under these conditicns the machine is sald to "build { critical reslstance line for the 0% curve, The maximm speesd
aown™ at which bufld up will occur for & given 7isld resistance is
termed the critical speed (rafer Pigure 3.11). The trivial
The resiatance of the field circuit may de too high in which case 15 where p = 0 in which ease the magnetization curve
sane the resistance line is rotated ing an anti-clockvise coincides with the Ir nxis and EE = 0.
direction and intspseets the magnetization curve at too low it
The highest vaiue of resistance that prevents i
build up Is tersed the eritical resistance, E

Lal

& woltage.
the e.;. 1.

Thi= is ghown in Figure 3.9. I
i
An ebvicus, but trivisl, speclal c¢sse of excessive field :h‘ Criticar
resistenee i3 vhere the fileld cirouit is open circuited, In this case, ! ' Spee
the repistence lins aocincides with the wvoltege axis Intersecting the : £
sagnetization curve at E , the gensrated e.m.l. due to the residusal flux, | W .
= | |
| 3
As =hown by Figure 3.10 the critleal registance value applies only & ’ ﬁ;
o ’
Al a sialed Epeai k
= : : g
1% can be ghown that for & given machine _ Gg
L
" *r ’ = "I
- 1CR1 _ 1
r = T W - 3.21
: 2 |
riticsl . i
- |
Critrco/ A g L | ‘W -
earsrance Lines RRPM.
00 c Figure 3.11 - Open Circuit Volts sgainst r.p.m.for
%  rategd speed Self-Excited Ceperator with Consteant
ff r Field Circuit Resistance,
%% rated speed ‘
|

80°%, rated speed

Genervred EMF E

Freld Current I;

Figurse 3.10 - Family of Magnetization Curves taken at variocus
epeeds showing there is a differdat critical
resistance for easch speed, .

11 ! S
??erspeed Of the machine is too low., As shown in Figure 3.10
-ﬁ :hf ma?hine weE operating et 100% retaed spesd the t*itféﬂl‘
r-Siﬂiﬂﬂ:E l?ne would be line 1, If the fieid c‘rcuit-
resig.::te line wvas nov lidne 2 %the generated e m‘f would
reach the equilibriuwm valus g~ O Tel)
. Eg' IT the Bpeed now fell tao

Elect. Engg. Cert, IIT, Elect. Machines I (Book 1) (3) Elect. Engg. Cert. IIT, Elect, Machines I (Book I) (3)
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machine of guestias
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ga

1
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[ir
'L

Triticsl resistance at s Speel of 1000 r.om.

oiround

g2
> fh
oy
:& i
=]

<=
£ 1280

% E SSwen field ux ze3 whick of thess factors require 80 \r' 3+ By drawing 2 nest of =Sgnetization aurves for the sackize
y BRI T CEYT Je EvEilahls spere furned - \ of guestion 1 ap speeds of 258, 500, 750, 1000, =50, 1500
8ad 1730 r.p.m., plot the carves of =.2.7. agmiast spesd
for Tield circuit resistance yalue of 8C, B0 sad 100 o=
- PIEES _ L AL 8nd determipe from these curves the critical speedy
associsted with thess resistarss yaiu

15 S. Zach pole of & scepound geserator has 130 shunt field turas
= By and 18 series Hi=18 tarns.  IF rated woltsge is developsd
when the shumt fisld slon= is separstely excited, wmdar
32wt = = Expressioc which cozdition it takes 3.7 azps, how =uch sorrent wopl
gl it De neceszary to supply to the :eriei fiald for the ss=e
F = £33 = nersted e.n .7 -
o = L‘E:":?H)
: Stese Flemice's BSobt Band Sl e 15 2. If it is assizmed that the airgap =.=.{, represants A0% ar
- - e the totel =@, 7. for the fiurx pEth, calculate the amgers
“UWrns necessary teo produce a flux density of 1.2 tesls
= SP= GBe relaticmehic Deturen the Sreeis mmd wefes 1 o (weber per square metre) iz an sirgsp of effestive lesgih
s e Ry B =D S CEXCIoml Fesigtance of 1 mm.
=iect. Enge. Cert, III, Hlect. sachimes I (Bock I) (3

(3! Elect. Engg. Cert, III, Elect. Machines T (Book I) (3)

|



bl -
“l't-}' .r.¢1-ﬂ‘

|
L d N i rivadopan i

[ —

. Elguce 4.4
Fhguws & )
Mot Lo ol n CUrreni Ay line coll in Mt | flela.
] ".||1.’1' 1M ”“rl.ll ':'.‘.”--1" ik l""'f-""l .1
| o
The expresnion
i i 1 _..'ll-r“l ."|3||n inti |\r||!1|'ll N U LNy Ll 'r'.l".lnrr l
| % BL T
L
MM {pat Pliled! Pl velers only to die condue nor ROy Al vaR Uhe ¢nen with d.c. geheratars
Pt eded oy PERCtLon] applient LGNy the torgue developed by one elogle
. i - At tor Lo of Little prac tlcal gpe and A bures are generally wound
- A el wilh many dovnduibim T
U At N L iuiy r
Nhere the arsnture ulndlm_; COmprilnen LTTVRY .}nnduptaru‘ onow wanin
Hrioted by the avmieg e ind these mwre arvanged {n "a" parallel Pathe,
‘. | | | I‘ L} it lll-f WA LT In!'; i 11 Rl o :"l ':;I..Illln ﬁl'-““l"ulll 41.;‘1-1.”1“-. I“‘ t“l:. t""'"l l”rl'llu" ﬂ“‘eil‘ﬂh' h: ‘h
W 1 L ¥ ;.‘- L FL R & el | ." - Ir
AP P i il 1' NirY v il the | (%0 11 fiun I AT » f‘!' v '3‘ L ""'l]l-l.ﬂ‘rh'l'l.
¥ L [l jo I
i ) AL arkid s way (¢ WNE B Feintively Ampsd | & T = R | T | " Nm
| ' ¥ LY i \ l 1 E!
' n
AT Rl et LS I' Flgure | 1 "G 1 1 i (5 i 1385 54 |
' T b ) 5 - | . I i L ! will 1} wheve % tu the ofMecLive aramture Condue Lors
i i 1 & | Al | i i T | ! ] i ARV
¢ LM o) I by bat) ' o Lh 11l willl [ h  the number of Paraliel patha
I td 1Y “ A i | kY ! ') B ldd | ) MONn J,
| LYY ln The armat uwre current in mnperes.
0
in teras of the s per pole, which s readd Ly ehtninable for
given fleld curvent Wolng the methods of Uit Iy and the physionl
disenaiong of the machine the lux deneity, B, can be viritten as)
U LEadl I‘ MY il | LY L
pole Area
I| w
gy 1, .
g
I ' ¢
I ar b = 2 ; 1 - ‘a!
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. - Th =
-~ |
" The torques oan noy be writteéen as I| i
' " 1. _ oUnit 3, 4t vag seen that the a.m.f. genersted by an sematuce, ¥,
T = E—ﬁﬁ;—I- x 1 X In x 2r van given by the relationohip LA
8 Z 1P
E = gTL n
y L L A 1 ! 1 |
o 3 = e a . ! Substituting B | b
e z nto the expression hob wlll glve:
It should be noted that the torque developed by an armature is .
smdependent of the motor speed. P = B, T, vatto.
|
|
Exsmple 4.1 This 48, in termn of the electrical quantities spsociated with Lha
armature, the magnitude of the power developed. It will be sppreciatad
A bhepole lap wvound srmeture has & toterl of 720 metive conductors. that not all of this power 1s avallable at the ghaft but = prreantage ia
if the flux per pole is 0.0k webers and the armature current is 31.M abnorved in overcoming frictional losses. In mddition, loswes ooewr in
amneres, calcilats the torque developed, the armature iron cireult due to the altesrnating nature of the flux in
the armuture. Where all these losses, vhich Are termed rotationnl 1onsns.
it S , are denoted by the symbol "W' the mechanical output of the arsature beeomss:
From equation 4.3 | Pnut = EB Iu - W = AL
¢ ZF I (
. = - 1 8 ; |
2 W a Example 4,3
i
: 0.0b x 720 x & x 3.1k f The e.m.f. generated in a motor armature 1s 250 volts and the
= 335 X 5 I i armature current is 40 amperes. If the rotational lows im 500 wattns,
H caloulate the power available at the shaft.
= 1LL ¥m. [ Soelution
T, - —~ - & - - . |'I
if Terms ol The above expression for torque, the power developed From equation 4.5
by the armsture can be obtained from the expression |
| pll oy AT
" _  Z2nmnhNT \ out £ 8
ey —%0 1 = 250 x ho - 500
1 =
_ 2 E 1. GZPI , = 9.5 kW
- A0 S a
& i
_ Example b,k
- P pZHE | 1 :
T am = ; (0a = & - L4 IT the armatiure of example 4.3 was rotating at 1 000 r.p.m. ¢nlculute
the available shaft torque.
Exampie 4.2 I
_ Solution
_ [
Aﬂﬁﬂiﬂg tHat the srmAEtUre o = A EECTR) BT Fvd 3 o -
458 That the current was {neressed to ro . o) ¥oe rotating at 1500 r.pim, From equation 1,11
o _ *- £ J-..L - WBE ingressed to 50 amperes, calculste the pover
“EvPdl ol Tne mechine, P = ennT
| &0
Scluticn g
60 P

i hence T = 5T N

. _ B ZNP T A
= dev. - ;..'.lf}-E. £ i ! = 60 X UU
.28 x 1000

.ol 790 & |
0.0 x 720 x 1500 x L x 50 ' = 1 Nm

g
s %]
o
=

As both E_and I can be obtained by mesaursment and & knovledge

of the resistance of the various motor circuita this gives a convenlent
wethod of determining the rotational losees.

= 1k.L x 25 x 10°

€ kW

Elect. Bngg. Cert. ITX, Elect. Machines T (Book 1) (L) /1 Elect. Engg. Cert. IIT, Elect. Machines I (Book T) (4}




If tha nacNine {= operats=d at no Ioad eguaticn 4.5 becamas;

P = 0 = E

- 154
Y - ‘

R B

E B
Ihug 1t =ay b stated £hat
i 3 a -
srgaturs = psusel 16 the rotatlicnal issses.

Iz zhowgle be poted thHet ss rotational losses are depepdent o1
sp==S That this particular loss will oniy apply st a

Onder leosd eoniAdtinns the armsture condtetors

irrene Ahd LT CLETENS producsEes A lux pattsrn as
4

rathcazs the individusl condactors are conctantly oo
Fosition o tThe arsatwe, there = alwsys on= conduct
1t ' EonsiEnt Siresciicn A2 & result the Ersature ©1
-3 '..'_"_l_-:"_']"'.... anS StaL:hmerTy Ain EDEDE

}";;_{.__-:r 64 B o x e

- . 7

I i g — -

— = T 1pr _r;': __L.J_:...

B -

b = A58 SUurrent an 't
258 40 Te 1inTar

-

o

t. Eogg. Cert. IIY, Eles

GYUuTlon due o Armatur
=T % i in - - 1 -4 - -
i BRI LR LIE S — B F U *--...r‘r"-".-..f.l*:r
'[‘_.- resbture TrruAie 3
E e R fd 3 _,.I L EE ;_4&:,
=4 s &% - v
S=in f3£ld gaps rigure

L. Machines I (Book I} (k)
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s

et no-losd the power developed by the

—

F o !
S FIZUre 4.5 on next page.

F- b 4 :‘ - . =
“igure 5.3 - Relative position of Main and Arsature Polas

2« The field produced by the ermsture conductors lies epproximataly
4 - : I - - ks s .
one halfl u? & pole plick from the mein pole of the sams (ssg
also opposite) polarity.

3. The nst Fesult is that the zrmature will fend %o sotata due %o
th; Ei:"jit.ﬂ.::ﬂ'ﬁus repelling and attracting effect of tha =ain
Pelies of like end opposite polarity o the srmaturs roles.

j'l‘

This is an slterpative method o
produced in sn armstyre,

L |
i

Xplaining how rotatiso is

gure 4.6 shova the resuiting flux Fattern due o the interaction
n and ermatiure fields ansd the tonsequent shift in the msgnestic
15. As current will flow io the ar=aturs conductors when the

machine is cperating both as a motor and 8 generator the direction of
conductor rotsticn for bBoth csses is shown.

Generays,.

T e

/ Magnetic Neutrsl
Axis

Figure L.6 - Effect of Armature Field on Main Fiela,
Blect. Frngg. Pearty TIT TBlarmé Ueshldiesas T ffasawe 7Y 1LY



h. 3 MOTOR COMMTER £.M.F.

In-mobtors the a.6.7.

"tk e F. " or "ecounter eim, 1L
atill be veferred to a3 the generated e.m.f. und denoted by the aymbol EEL

prvivent wny confiaion with

sk Lngre) .

the Armaiure plroultl becomays:

- ) -

pensrated {n the armmture is termed the

for convenlencea, however, bthis will

E (commitation e.m.r.) or Ub {Brush drop

Uaing V, for the terminal voltage of" the machine the equation for

i :
¥ =B =T = - = 1 R 2 0 = 4.7
% f |\ it i n
5 3
7 ] P !
! ppply (Lerminsl) voltage
L]
.
M ' back. o rated e.m.
agh drop
- i L [P [TTAE. - ltucy
] - - - - -~ -, - o
i il e &S isEanceg ™ 1.h-;" SImOtUre
=2
.'.'._ ¥ Te o g LT I = Ll.i = Jr - L] i = # 3
L LET S B RC Cedle - will O GQuaLtio
v i L T -
i3 : m BRd Beneryitol
L]
~ — ey - - - o : .
14 WE 1. L 1 XTIO 2 a1 3 i
—
W 4 - - - - - T - -
d Ll wWEd L .'-."1:1, k ] 1UQ s 1 The
-l -, ¥ AT - T 7 i = o
-~ - =
— A -
.
BT 100 o} 3 1 iy ! a=1l ng
XD mal i . : - - : .
= T -
.n 3 — - -y
T 5 &
ey ] i ver input $ the armature
4 ¥ . .
-_1 iy | LCBS 2 j- 381 0L the B=rhanical Ly
; 4l L Lh A=t uTr
_Tyan * L
B 1 Il \'-ﬂ,ll_-_ - ks - - e — - -
" - X b ElRATUr rasistame
a5 &= ¥ '-‘ " g B o e g Y
. -— — 5 ol E ks Y [:-.._h"-?:r IENut Bl [ = o b
= e - - . - & 8 : . I i - S R
E = e s Wl -~ L .
¥ - N s =« . &%
1l "y - = a7 - ]
o l oy - - =4 |
i | r |
- | Iy p— - - ¥
-l - 2t { Elan~e 4 =
- = - i - --'Fhl -y !J: 1.’—:_._: L 2X = "-.'

s B

e e

-

Example 4.5

The input cirrsnt to a shunt conmected 240 d.¢. motor oo no lo=d

ic 6 amperes. If the winding resictances are:

R
L1

B

= 0.1 10

= 20 N

determine the value of the rotationsl losses (W),

Solution

The field current is given by ths expression

e

p=l
Hr
- 240
24D
= 1 ampers.

The arsatire curreant IE is then

b=

]
=1
1
—

= 5 ampares,

For no load conditicns

or

wil
gl ¢

1
LE

e gl S
1 s

equatic

:} . ] - L
I -I "R -¥ =0 (from equaticn 4.310)
o) & &
2
= V. I =1 R
T = 2 =&
2
= 2D x5 - 5 x 0.1
= 1200 - 2.5

1197.5 watts

be ohserved that in the above example if the asmalare =0
pper loss is neglected, the arror in the valose of ¥ will

approximstely 0.2%5.

wd

]

t

Ele-t. Engg. Cert. ITI, Elset. Machines I (Book I) (%)

.10, for no load conditions, can be raduced to:

&
a8

As this i3 =ach legs than the accurscy oF
the meter readings the 152 Ru loss can be neglected and Ia practiss

k.23
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| | |
TALIG betveen the shunt o.m. T, and series m.um.f. at a particular load, . A8 shown 1 Fgure .8, TP T R W .
~ N {Refer Figure 4.7.) mOLor is linear, the speed gradually decressing ss the load iporeases,
: ; ' This 15 in accordeance with the Pindings of section L.L but gives a mare
| . precise definition of the relationship. '
&6 MOTOR SFEED RELATIONSHIPS . .
For s serisa motor, {f the effects of saturation are sgain
Pram equatien 0,9 ::g;::ztg; ::: ;tlabionnhip of U,1L again applies, BExpression 4.19 now
canm orm
= T z = u.AT
e = Yo7 " A T
T T RT
. . & a
Substituting for E  the relationship |
-
whic P
E = k&N = %.18 h becomes
£ A vt Rn
R o=t _ & = 4,20
E i = W -1 R - k I& t
L a a
Fros shidch The expression has the mathematical form:
N = Vv - R - h_l | = E g
:-:_. "&- ] IE 9 H IE h
s shown Figure 4.8
For a shunt motor where @& 3c constant, eguation h+19 takes the form This inverse relntiqnahip is owvn in gur
N e . T . As a consesquence, the speed of & seriss motor rises rapidly as
R = e-81 the loed decreases and in practice = series motor should never be allowed
( to run at 1ight loads as the excessive speed may result in damage to the
‘e standard form of 8 linear eguation machine,

The speed-load reletionship for a compound machine falls between
that of the series and shunt machines depending on the degree of

Z//Manmum Safe Speed compounding.

| |
' |
;gfhunuﬂ? I
J‘iﬁ/‘.‘l‘i“’i Full Lood

Armature Amps I,

Figure 4.8 ~ Motor Current Speed Curves for Shunt

(a) Shunt.
(b) Compound
(o)

ceries,

Elect, Engg. , _ .z ST
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REVIEN QUESTIONS

Whst LS Ehe basic expression for developing the torgue relationships
ol g mator?

Explain how motion is produced in a 4.c. motor.
LEFT

State Flening's Right Hand Rule for d.c. motors.
o

Parive the Torgque reiatianship for d.c. motors.

What is meant by the counter evm.r. of & o
.i'

d motor and what is
the importance of this e.n.f. vhen determin :

ng-:

2scribes o method of

-

20

25

Elect. Fngg. Cert. III, Elect. Machines I (Book I) ()
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ASEIQS MENTE

The following inforuetion is given in connection with = certain
notor: arm.dis.~ 15 em, B - 0.8 v‘b.!ﬁ&trea, Z - 258, _
I, = 120 smps, 1 - 18 cm:  Waye Wound, four - pole. Calculste
Lhe torgue developed.

A L-pole mschins operates et & full losd gpeed of 1500 r.p.m.
If the ermature contains k32 conductors erranged In & kpols

lap winding and the main field fiux is 0.0k12 uebers,
calculats:

8) the torque developed for en arsaturs furrsnt of 150 empares;

b} the output power A7 the full loed current iz 200 saperss.

The full load spsed of & 2L0 wolt shunt d.e. motor is 1500 v.g.m.
and under these conditions the armature current is 100 amperss.
IT the armature current on no lgad is 5 appersg And the

4

armature resistence is 0.024 ohms,, caleulate the no load speed.
Assume thet the brush drop is 5 volts op full lcad and 2 volts
at no load. (Neglect any change in field,)

When run on no load, the input to & shunt d.c. motor was
10000 watts. If the motor hss a reted voltage of 500 wolts

& shunt field resistance of 125 ohes and an armature circuit
resistance of 0,01 ohms, caleoulats:

&) power input to the armature;

b) the back e.m.f. -

¢) the armature copper loss;
d) the output pover;

e) the rotational loss.

A d.c. motor develops & full losd torque of 100 Bm for an
armature current of 60 amperes.

a) For a shunt connected motor calculate the torgue for:

i) I, = 30 amperes;

ii) 'Ia = 60 ampares.

b) For a series motor, assuming that the magnetization curve
can be approximated by a linear relationship, calculete

the torque when:
i) I, = 20 amperes;
11) I, = 80 amperes.
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ELFOTRICAL MACHINES I

URIT Ho. S

DIRECT CURRERT MACHINES

This unit will cover the following topics;

=

9.1 Magnetic action of armature ffeld distortion.

#5.2 Demagnetising effect of oross magnetizing armature
reacLion.

#5.3 Brush shifting.

5.4 Voltage of self induction.

2-2 Interpole and compensating windings.
2.0 Interpoles for d.¢. generators.

cparking at commutstor with S.C.R. drives.
Reviev questions,

ASsignmants,

® These sublects are Don-examinsable but are included for reference

purposes only,

MAGNETIC ACTION OF ARMATURE FIELD DISTORTION

: In the shunt motor and machines vhere the Tield and armature are
supplied from different Bources, the main field mum.f. is constant
’.,.r_-“.- o & &) - = Y =4 o - 5 '

HYEFAELyY The magnetic field produced by the srmature varies directly
wANL 0T armsture current. The interaction of the main Tield flux and
Lhe flax producsd by the armature field has two elfects:

n 3 e

i It %tr#ngthfnﬁ cne half of the pole and wveakens the cther
Nels of the pole (ses Figure 5.1), Due o iron saturation
whe overall affect iz to demagnatige, that is, to reduce
the muin ield Strength. This can be geep from Figure 5.1

vhere fﬁr effect of the armature E.m.I'., can he defEned ;n

teres of the =sin f{sld 2.8.T. as preducing a change in the

anin fisld cUrran®t Af " = :
¢ current of I.- In the section of the pole where

L=

L
~p B5S15tE the msln fielg there wil]l be an increase in flux

h

and E represe d oy the 4j .

. presented oy the distance a~-b. Where & I_ oppose:
!n rl l ¥ r -~y £ - -

eld the decresss will be represented by d-c. As

A
- - . - -
EFeuier than a-b the net effect is an oversll reductic
wotal fMux per pole, s s

Hlact, Brgg. Cert. LII, Elect. Machines 1 (Book T)
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Fieltor len EF)

O - Fﬁﬁﬁtipﬁgnl¥¥§tllf
Cenmlre of pole

& - Flux Ferrsiley ot

Cergmrenn/ecald r~ole *p

b o Elcon ﬂ!’tﬂ';;fj oA
reciaces poole flio.

c Norrmeo/ vadee of
#‘r

Frelor Corrrenl L/II)

J‘;jﬁaff?- od Efiecsr OF Orarcfecre Kieler O

7ofns Lrelter fix.

na

As a further consegquence the majn fisld is distorted; that is,
the neutral exis of the main field ias displaced from the
geometrical peutral axis by & small angle. Figure 5.2 ghows
now the net result is a distortion of the main field and =
shift of the magnetic axis.

Ta overcome the sbove twvo effects a further auxiliary pole {= addss
between each pair of poles. Such poles are called interpoles or commitating
poles. They are nerrower than the =main poles and carry 2 winding excited
by the armature current. On the larger size of machines & further winding
called & compensating winding is sometimes used. This winding is Pitt=d
in slots in the main pole shoe and is also excited by the armature current.
Both the interpole and the compensatipg winding sre coonected in saries
with the armature circuit. As & result of this, both interpole and
compensating winding field strength vary directiy with armsture current.
In this way variations in the armature m.m.f. and field sre automatically
compensated for es the load varies.

Thecretically the armature conductor current should reverse where
there is no field, namely in the magnetic neutral zone, and these vindings
endeavour to bhring this about. The s=bove windings sre illustrated in
Figure 5.2.

Elect. Engg. Cart. IIT, Elect. Machines I (Book I) (5)
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Exeaple 5.1 LAF f

) i haa 1
eter of & sin=pole, generntor
e ﬂ?c aof 0.17 metrea.

re LUurns.

An armature 0.5 mel .
S1R condustors, carries 800 gmperes and hes %'TJ%QHN ;
Calzlat# the crops magnetizing armafiure reacLion p

= AR ® (o)

——

i) Prom equation 5.2
- , |
polar arc =)= ;1%‘1?'} - e 10.B5 |
= n oS x M
pole plich |
|
11)  From sguatiof 3.l _ :
. 0:.65 x 378 % HO0
sross magnetizing ampérc turnsfpelie = > x 6 x 6
= o L At _ |
2140 I,J'F:‘_.'l.r;- |
|
|
|
|
)
Chomfered |
Short arr polke shoe Poke - core lomination .
I : 7| with one fip—
W )
2T QoD /
: -
Armaolure -core surifoce Armature
g) € 7
(@) Chomtered oole design (6) Lomunation with one pole tip
Figurs 5.4 )
Sipce modern machines gperate in the saturated region of the .
. 1 I
ESEneElizatlion cuwrve, the armature ield additive effect is 1ess than
i vl '-j'-L"T--I\.-}_."'_""‘ O 2118 R J o *i= 1
'
ine dsmsgnetizing ampere turns are strongest af the main pole tip,
reasZog Lo the | nire To counteract this affect the reluctance
. : g : _ : |
0L Tthe argsturs Tield Miuyx :-_[J!:".'*.f. =8y be dinecreased at the P'jle "_i_.'[..ﬁ b:.r I
=ither of the two alternative methods 11lustrated in Figure 5.4,

These methods may be described as:
L9 & . 5 & . _ i 1
g Lhe gap graduslly Jram the centre of the pole to lIts
tip. The ratio of the sir-gap at

air-gep 8t the centre of the pole is between 2.5 and 3.5 to one.

T

vse pole laminations with only one tip and alternate that tip,
rirst on ane side of the pole and then the other. :

Both of these methods dnerease the reluctance of the flux path at
the pole tips.

Zlect. Engg. Cert. IIT, Rlect. Machines I (Book 1) (5)

t the edge of the pole to the : '

- G3 =
3.3, ERUSK SHIFTDIG

IV was seen b

¥ﬂ$1t1¢n to ahife
Figure 5,2 )

oW fleld flux distortion causes the magnetic neutral
when no praceutions ars taken to oyercoms thin.

ol I the brushen are noved $0 She magnetis neutral, the
rmature f4ield axiz 13 nho lsngar st right suglas to the sain fleld. The
armature conductors cen pow be divided into t%0 diatinet groups, each group
praducing a component of the armature fleid vith an axis having & 4&finite

relationship t5 the main rield axie. Thege groups of ooils and the =ffect
they produce nre-

L. The demagnetizing empere turna. Thess produce = 1613 with the
Aame axis as the maln ffeld but opposite in diresticn. The
tonductors that contribute to the =.m.f. producing this field
Are those conductors included in the angle 2 B where B ia the
orush shift angle: This ig 1llustrated in Plgure 5.5 vhers,
for slpplicity, a twvo-pole example {5 used.

Cemsgretizing ampere tiwwns/pole = § x § x EE% x ZE& =1 B3
360 a

. BzI

30 x &

2. The cross-magnetizating ampere turns which are formed from thoss
conductors outslde the 2 £ are in each interpolar space and
which produce a field in quadrature with the main field.

The reaultant of these two componsnt fields produces the
actual armature field.

The number of cross-magnetizing ampere turns per pole i then found
by the following method:

360 - 2P B
260

i) Totel conductors producing field = 2 (

if) The current in each conductor will be I
“a
Hence, the total cross-magnetizing empere turns per pols become:

- 1
Cross-magnetizing Rtfpn1e = EﬁﬂasuzP B8 LE x L

- Aby /;59 - 2P 8 - 5.l

aP \\ T20

in practice, If the coll span is made fractionally leas thag.tha _
pole pliteh, some of the colls included both in the arc 2 8 and u%an in the
remalnder of the winding do not carry current in the same direction and

consequently the net effect in both ceses will be less than the calculsted
effect.

Example 5.2 (Non-szaminabie)
o4

If the brushes on a matres diameter commutator are rocked
0.03 metres circumferentially, find (a) the demagnetizing ampers turns/pole
and (b) the cross magnetizing ampere turns per pole (assume armature is
lap wound).

Elect. Engg. Cert. III, Elect. Machinea I (Book I) (5)
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Nambar of peles = B, sanductors (¥) = 378, etrrent (I&] = 800 amperes.

To find the maspitude of

a° = 1”*”3 x 30 = 8.60°
X D

{a) From eguetion 5.1

i I foal e
Jessznetizing smperes LUrns/pode “380a

(b} From agusticn S.U
_2Ia (360 - 2P B

pross-masmetlizing aspere turns/pole aP 750

378 = 800 360 - 12 x B.6
¥ hxb 720

*‘\

378 x BOO 256.8
. 36 720
= 3000 At) .

poie
See Flgure 5.5 on next page.
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5.4 :

ﬂuring the process of o atis . =
|  diradtion e L omutation, the surrent In Sn arssture eo4d
rg?zra:s %2 direction fras + 1906 te — 100%. Likewiss the flux 2

HfffF**d.bf' Ehis current changas 4%s drection. Assuming fdesl, that is,
T * 82d flux reversa, a constant vnitaae
= . sresture ooil and according o Lerz's
law QPPEEEF the changes of the Tirrent. FigurE'S.Engllustratzg:tn. -
Hndergoing commutation. It will be noted thst the €iax
Patl around the armature cenductor is in iron rethsr then sir and she*
the total change of Plux fs tuice ¢

The voltage of self-induction Ei = ﬁs volts -
T

N = furns per cofl short—circuitad during commutstion.

o
[ ]
wn

¥ = %ime during vhich surrent 15 raversing.

The local circ(it around which Ei B2is consists of the resistance of

the turns in the shori-circuitsd element, the carbon brush r sistance and
the contact resistance at the brush face. Because this resistancs ig
comparatively low, heavy currents sould develop causing ercing &% the
brushes which results in the commutator being demaged. Howeyer, ss stated
sariier, this can be minimized by using high resistance Brush matsrial,

The brueh contsct resistance pleys a very important part in limiting
tne circulating current when the brush short-circuits thes coil, From ths
RDOVE wa can see that if ap e.m.f. could be induced in the arssture coil
s2 that it counterected the self-induced e.=.f. of the coil, there would
be an improvement in the machine's commutating ability. In non-interpole
machines this is schieved oy moving btrushes slightly untii tha coil
undergoing commutation comes under the infiluence of the desirad main pois
flux, In practice, this mesns =oving the Brushes forwvard ir the directicn
of rotatisn in & generator and backwsrd in 8 moter, I is this moven=nt
of the brushes that produces the brush &xis shift referred to in Sestiem 5.3.

245 INTERPOLES ‘AND COMPENSATING: WINDINGS

Any d.c. machise operating on & fluctusting losd would reguare
continual movement of brush position to obtain ressonsble commutstion
due To the armature field varying and moving the magnetisz pneutral.

Jee Figure 5.6 on next page.

Elect. Engg. Cert. III, Elect. Machinss I (Boox I) (5)




Mumber of poles = &6, copductors (2) = 378, current {Iu] = 800 amperes,

Solutfon
To find the magnitude of

; AR uiﬂ ™ A O
8 ﬂ‘r £ 360 8.60

(a) Prom equation 5:1

Jesagmetd eine anpere Yurns/pole = 3608

B 40 x 378 x 800 - ,
: —- 1210 At/
Ih) x» B pole

b=

() From eguation S.4&
L . /bl Zla 360 - 8P 8
-sugnetdizing anpers turpns/pole = = —=
- 7y } ar =Y

i
-
s
. = [
o =
- L
r
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e Ty e

Oirection of armarure -

demaymn: (ng ampPeres - rurns

Dfm c?nehzﬂy aclon

Figure 5.9
Effect of Brush on Demagneticsing Ampere Turns,

Oirection of

P < ﬂ“'""?’”"ﬂ'!ﬁy ampere-turns

C'rnss-#w&#y acton
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5.4 VOLTAGE OF SELP-IMDUCTION

| Ipuringlthn process or cammutatidn, the current {n an armature coil
FEVErSEE 1ta direction froa + 100% to = 100%. Likewise the fiux ¢

producad By this cwrest changes [ts diraction. Aggumming ddeal, that ias,
linear ocomeeqiation whan the current and fiux reverss, & constant voltage
of geif—{oduction ia induced (n the armatire coll nnd sccording to I.i;':a;’:s
LAY SPPOsea the change= of the current. FPigure 5.6 {1lustrates sn
arsatire coll unlergaing coomutation. It will be noted that the riux

path ‘ursund the arsatire conductsor (s in iron rather than alr and that

the tatal change of flux i5 twice ¢

L

The valtage of gelf-induction E,. = "z *c volts - 5.5
i oW

t

r - - £ - -y N - S
! vurng per coil ahort-circulted during commutation.

£ = bioe during which surrent s reversing
- ng.

i = 3
ihe doeal cireult arcund which E{ 2cLs consists of the resligtance af
'f.f.'!*. L'.“CJ"L—'-C.‘I !"‘1.'.‘!.1_' 1 F‘{i Pjp'l-'_pqn" = = = +

salst at g £Eent, the carbon brush resistance and

T Ch LAl reslstence Lhe 1= Wl
F-ri“_t 11 J_ 1-" ‘ F..hr . .'].I.r. bl J-.-h tELEJ -E!".'ra._lﬁf: t‘?‘lis r'?ﬂ_i{jf_ﬂ,ﬂt‘& lﬂ
parstive O heavy ecurrents could dsvelc s el
e : = T Tehta could develop causing arcing at the
¢ \ ATk seEUllTs Inmoo 0 } = % =y 5 -y = -
riler  +FY :;uh Lo -Ne comutator being damaged. However, as steted
b - can - lm &l ¥ ® - 3 e =
- = Ainimized by uslng high resistance brush material
The brugh contact ranletans
I WIating B “"—'!.‘;_- SO WAnNCe pll_l:ff_'a B ""E'T"_n’ impi}rtunt pﬂ.,."t. i1 ]_j_mjtlnq
y h'L R -*;*f“- when the brush short-circuits the coll From the
if Can ses that 1 _— S, : = EUaL, i the
sv thet 1t countar é--i1+?n E'uif' could be induced in the armature coil
e a !nrr_;;m.;;;?;”:: s §e1171u1u¢ed a.n.f., of the coil, thera wanld
~£  AHProvemen g machine's commutating i S e
muchines this I cUmEmutating ebility. In non-interpole

i8 achieved by moving

brushes slightly until the coil

WOUErguing comutatis 3mé
|+ - il As _'rj '?|_|'_F':"i|. —J‘ u.l,j'_.. ] 11,: ] 9
= Al <UD e dnflyenco F + = ¢
Flux. In practice JENCe ‘o the desired main pole

y :_-f‘rl-i: ‘-[:L.:J.'I.- r-'l-"”]l_" . -
= Wealls moving the brushes fo
rotatien | ¥ Jsties. forvard in the directi:
Lo oon ANA generator and backward in & metor i the direction
=i A i 2 Lor.

Lhe hrus tien that nroduras ke } ' i m:;l-l:'::m':nt
produce; «¢ brush axis shift referred +o in Section 5,3
r L | = -t AW N

TRRDAT v r—— S
LOTERPOLES AND COMPENELTING WINDINGE
TN L

any d mac kA
" A WEENLineE operating o F s :
continusl movemant PYETREING on 8 fluctuating load vould reguire
' obtein reasonable commutation

E2gnetic neutral.

v ey of Mrush position ¢t
= ad nk" ELNTRS t un = f'_'. L = : j .-"llg_:'_'r'j .rip: .".":'I--j oy | :'*-ro +r it

'Z;nnnmﬂ,mma
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commurotron

Figure 5.6

Armature Coil Undergoing Commutation

To overcome this requirement an equel and opposite fisld to the
armature field, plus o small extra field to assist in the reversal of
current in the coil undergoing commutation, is reaquired. The Tormer
effect is obtained by means of a compensating winding, which ia & winding
equivalent to an armature winding, but set in the fave of the main pole
shoe, Its field is in the cpposite sense to that of the armature.

The latter effect is cobtained by means of an interpole winding.

5.6 INTERPOLES OF D.C. GENERATOHS AND MOTORS

As stated earlier the interpole is s narroy pole Titted ip between
the main pcles. The winding on the pole is connected in series with the
armaturs,

Elect. Engg. Cert. III, Elect. Machines I {Book I) (5)
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Sioee a compenskting vinding 18 very expensive, on ssail wnd eedls
.
::"'1 8:¢. machines this Vinding s oalvted and 10e dntsrpole winting b
CoRpensate fUr all the SEpers turmns of the srsature field plus
:?mltﬁt “hloh i3 (a)ected into toe wrmature (otl wdergolng commatntion
( ]ﬂﬂl‘?ﬂf Lhe self-indoctance of the armmiure coll: Pigures 9.7 (k).
vl, (o) {4) and (w) fllentrate corves of mos. . flux avd flus denni Ly

Sgainat positlon tur An Anterpole machiine. The rules for " :
of the Interpales are . . i

Genencior, The polarity of e interpole in the sume as the
Sucoeediog =Aln pole 1o the Alrsction of rotation,

Mrdor, The palarity of the interpole Ls the seme ss T
Preceding maln pole In the direction of rotatias.

o
= g

SCARKING AT THE COMMUTATOR WITH S.0.H. DRIVES

Un mmohines ased in confunction with S.C.R. drives the arsaturs
Crrsnt is not constant buv Includes an appreciable ripple content
e to difference ia the relative industances of the interpole aid
armature circuits thers will be & definite timo interval betwveen Uhe
inatants that the twe fields veach thelr maximum value., As & consoquenss,
Aing one part of the commutation pericd the effect of Lthe ioterpoles will
be to over-cltmpansate for the armatire field, tor another portion of the
commutation period the two rields will cascel sach other and for the
resalinder of the cycle the armsture fleld will be over=compeEnaat el

The sparking that resmults from this type of fivctuating compensstion
¥ill actually vary in intensity but wild appoar 10 be coostant, For this
ToASOn apparent faulty cosmutation fodicated by the sparking will nor be
AS inharious to the cammutator surface as vould be the case where the
machine vas supplied Mom & ateady d.c., sowree. The Cleal sriterion
af Lo the harafulness or othurvise of comsutator sparking will be the
candivion of the commutator after a prolonged pericd of use.

Slect. Bngg, Cert, III, Elect. Machines I {(Book 1) (%)



- '“1'1:"'

- 101 =

' AB3TtTan MENTS=
REVIEW QUESTIONS N
I nd i Aireme ZNTERPOCES
| Dessribhe hiow & rotating system of donductors can produce & field i ) 15 8 8 o
‘ that i= constant 1n megnitude and direction.

Ver fnput to sn 8pole 500 volt d.o. motor is 200 XW.
11 Ir the

urmature 15 lap wound ana coprises 2000 effective
| conductors, caloulnte the cross-magnetiving
3 Explain how the action of the mrmature field vhich causes 4n incrense

F

mper e~turns
I
; ? Additignal date:

i0 the Tlux over one half of the pole and a decrease in the flux over I

‘he Ty t lecra in the total

the other half of the pale results in a net decrsase in e t iy B b ren s % . (o

iux, !' surface length of pole face s 400 =m

ddaneter of armature - 1.2 netrey,

3 Why are there two expressions (na=ely equations 5.1 and S. L) for |
. 3&1“UT#EEHE the cross-magnetising ampere turns per pola? .

| 15 2,
I

Explain the difference in the Tunction of camtnutating poles and LI

coxpenEating winding,

A coll of vwn turns vhen not
Lo be in a flux of 0.002 Wb.
the coil 1f the tummutator

beling commutated cun be cansidered
Caiculate the =.g.7. induced in

s rotating at 1500 r.p.a. and
.| }}3}5 contains 2L0 segments. Rach brush can ba assumed ta short-
} f;fﬁﬂ eircuit three segments. What Wwould be the maximum speed if
N . the induced e.o.f. muat be limited to 12 voltal
What are tvo wnys in whick the self-induced voltage in 4 coil '3 :
-..t--i-v*p‘_cr"_r.,.: cammsutation can be opposed?

develops a crosa-magnetizing m.m.f. of
3000 ampere turns, If the asin fields of the patar each are

wound with L4500 turns, calculate the value far the term A Ir
shown in Figure 5.1,

v A d.c. motor Armature
I‘

The commutstor of a d.c. motor hes o diameter of 500 mm and
the relationship between the armature and main field ls such
that if the brushes ara moved to coincide with the magnetie
F neutral axis this involves a shift of 12 commutator segments.
ﬂ If the armature is wound with 720 elements, each having one

turn and the machine is l-pole lsp wvound, calclulate:
|
a) B,

b) cross-magnetizing ampere~turn,

¢) demsgnetizing aAmpere-turns,

| if Ta is 500 amperes,

Repeat Problem I assuming that the movement of the brushes
represents a distance of 20 mm on tha cammutator diameter.

| In addition, determine the extent of the brush movement in
’ terns of ths number of segments,

Elect, Engg. Cert, III,
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ELECTRICAL MACHINES I o

UFIT No. 6

DIRECT CURRENT MACHINES

Seis upst will cover the fellowing topics:

§.1 Percent voltage regulstion.
6.2 losding & generalor.
£.3 Polarity of self-s=xpited generators.
6.4 . Control of terminal voliage.
Review Questions.
Assigoments.
6.1 FERCENT VOLTAGE RECULATICH
When load is epplied on & self-excited shunt generator the terminsl
roltaps will drop due to three effects, These are:

"
Hj
M
in
H:‘
= |
m

sigtance of the armature windings which is

3. The resultant drop in V. due to 1, &2pnd 2, will cause a drop in

the field current which is a function of ?T. This, in turn,

& the generated e.m.f. The ratio of the change in

Tne Inherent regulation of a
CI

volts due to load to the load volts expressed as a
is

termed the percentage regulation.

my

[ 'the British Btandard Specification:

. gelf-excited generator is

ljl c-l
dejined as the maximum change in voltage, ezpressed ag a percentage
of rated valtage, occowrving at any load, wien the load changes from

=

jull toad (at razed voltage and speed) to ww lover load, including

o %o:a{ without change in epeed and without adjustment of the
eExXoytation eircuit,

Thet is:
Percent
v =
FL
E =
3

regulation = g~ 'FL x 100 = 6.1

full load (rated volts)

no load or open circuit (generated) volts.

- 103 -
: Or, in genarsl:
Regulstion = ‘g 't = 6.2
v
+

where ?t represents the termipal voltage.

Example 6.1

Vo1 of & shunt generstor is LBO volts. What is the percent
regulation if the open circuit voltage is 51017

Solution

Using equation &.1

Percent regulation = iluhEhPSO = 6.25%

Example 6,2
A 75 kW 500 vyolt generator hes & voltage regulation of kf.

Calculete: !

(a) the open circuit volts; and

| (b) assuming the voltage varies uniformly between
' no loed and full losd current, calculate the
| kW ocutput for a terminal voltage of 510,

Solution

From equation 6.1

| (B), X = Bx=73% o 300

500

00 x 4 00 = 520 volts.
-4 100 2 3

! 0 :
(b) Full load current = I%%%— = 150 amperes

-~ 520 - 510
i = Isap * 520 - 500

10
= 150" x 50

T5 amperes.

' 510 x 75 x 107°

38.25 kW

6.2 LOADING A GENERATOR

lord conditions particularly with regards the be :
voltage, the Tollowing relationships are required:

Elect. Engg, Cert. III, Elect. Machines I (Book 1) (6)
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- 6.3 - 105 =

(3]
]
“-l
.
g}

-
J
:
|
5
b
g

i

3
5

:

'

¥

;

= - 6.5 | 4) The ayature m £ (Ry) ~ This Tactor is memmsd o be
f : constant as fn practics it is unlik=1y that eny varistion
5 . vould be made in the arzature resistance.

- .6 A) Separately Excited Machines

8] WNo demagnetizing effest,

¥l

=1
ey

[ ]
"
]

>
]
=
F
i
e
(3]
]

- Specisl Hote: The block disgras representations used in this ansliyeis
are essentisl either tn the explanetion or the end result, They ara
sod mssus=ing thet Is = I, included, primerily, simply as & mesns of representing the relstionship
. between the various quantitiee. In a lesser sense they serve a5 an
' introduction of this type of representation in applications vhers sha

1
£
L =

= = V. Output of & system can exercise some control over the input. If the block
e ] diagrams preasent any difficuity to the studens they can be completely
8y { ignored.
e g =S il S The use of block diagrams will be covered mors fully in esntrol
Separding thess expressions the following comments should be =sae: | engineering subjects where the time constants of the yaricns et
are coneidersd.
3 - . - - = - - "'hF-
Por caonstant spesd the expression 6.1 can be represented by
mesnsfizaticn curye of $he gensrator. | Where the =ffects of demsgnetization are negiscted only squeticns
] ']l 6.3, 6.4 and 6.8 apply.
- - — = - ¥, Pp—— N = = - f 'l-h:.
Foustion 0.0 is fTue TOr sSsSpHEHFAtely 2rciten Eenersilors DUt che
a Sy = - o = - - . - - - | . _ .
scsumrtion iatrofuces e s=mell error ino self-excited gensrators Although some operationel and deésign restraints have besn isposed,
due to the fileld current, I_.. At full jozd this will be about [ ] equation 6.8 still has two unknown variables. To simplify the probles,
' nitude can | vhick 48 to find V_ for a given load eurrsnt, = value of Ia will be
5% of the ™l lasd current but an error of this magnitude can .
be neglected in practical spplications due to the fact that a - assumed &5 a reference quantity. With Ta ss the indspendent warisble
graphiral sclution iz being used. , the simultaneous relationship can nov be solyed o give the reguired value
= - = ] E’f 1? -
€
At Tarst glence the simultepesous solution of the set of equetions
$sct above sSDUeaPs & Pormidabie task mo the 11st Includes 12 veriabless 1 To solve for V_ in separstely excited machines, it is customary te
rractical :+:;;;i5 ceEn b= considerably simplified by the impesition of - gasume A no load valus of Eg. Under these circumstances, the problsm now
FESTralints $Eicn, In effect, 2ssign constant values to & number of these - simplifies to & solution of equation 6.4,
Eriables -ne more ugsusl of these restraints gre:
- . 18 o8 The relationship betwesn these eguations can be illustrated as shown
1] The ferminai voliape J = This guantity may bs considered : in the bloek diagraz of Fimire 6.1.
ronatant where s m=ackhide 316 connected to s grid system in |
“n:oh tons totel input pover iz greater then ten times the = =
power supplied by the generstor concerned. For this asnslysis, : Constant N
SUwever; woere the emphasie will be on the output cheracteristic
ef The ziven machine ¥V, is the wvarisble which will be the finai
. i _.... . —— a .. I
mriterion O machines behEviour. ;4“-3 ;_._I_'E-‘I,rﬂs-; :,:‘; ::r.-:— analysais : B 5 i = {ZJ | = -
wiil e o obtaig a relationship betveen V. and T . (1) ‘: J]
t =
2l The Field circuit resisionce i — In practice, this factor ;
generally ie varied by some control device in order to give &
eenstant V_ For this enalysis the £i{eld resistsnce will be P
2 g Xa
beid constent fo pive & valid camparison of the behaviour, ﬁ&t 3

|

Figure 6.1 - Block Diagram for Self-Excited Machine - No Demsgnetizstion,

Elect. Engg. Cert. III, Elect. Machines I (Book I) (6)
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e system shown In Figure 6.1 can he considered as having one
output variable, the armaturs current dencted by L and two ioput

yariables, the speed (W) and the fleld current tlf)' It s sonumed that
yhe armature resistance (R ) and the loud resisbunce !HL) are constant,

In the diagram block 1 represents the relationnhip between the
generated e.m.f. (EF} the fisld current (If} and the armature speed,

Thue Tor a Cﬂ“ﬁtﬂntlﬂptﬁd the input K can be neglected and the output
of the block (E ) 14 then a function of If only. This is indicated by
£

the disgram in the block which represents the magnetigzation curve ¢f the
machine. Thua any variation In Ir produces a corresponding variation in

B . The nop=linearity of the relstionship is indicated by the curve.
£

T™e next eirele enclosing the symbol L is a swming polnt. As
bath E nand Ia R are shown as entering the summing point and ?t is shown
g M

as leaving the junction this Implies that

This 18 the relationship expressed in equation 6.L.

At block 2, the input is the output fram the summing Jjunction. As
given by equation 6.4 thia is the terminal voltage V.. The output from

block &£ is the ionput multipiied by the gain of the block., That is
: 1 1
Iu 1'rt . R,
L
= "'1'-_
R

A Teed-back loop links the output to the input through block 3.

The output of block 3, L, R.» Is fed to the summing junction. The fact

that thils iz & subtractive input is denoted by the minpus sign.

In Figure 6.3, and in following figures, where the gain of the block
is unknown this {s undefined. For example, in the armature reaction
feed-back loop since the elffect of armature reaction cannot be defined
without & Enowledge of the machine the geln of this block is dencted by K.
Thus the effect of armature redction on the main field 1s:

AT = KT
§ a

As an alterndtive to holding HI conatant and varying I, the ususl
4 4 l' =
practice is Lo Rold ¥ =, : )
: 5 Yo hold ; aod N congtant and Vary EL ag will be seen when the
external characteristics of d.o. penerators are discussed.

dee Figure 6.2 on next page.

Elect. Engg. Cert. IXY, Elect. Machines T (Book T) (6)

N Full-toad
wltage Ve

1"f,,fﬁa&i rheastat

Separote
ao~c,source W |Load
i -

Shunt freld
Full-leod

current lnr

B)

Armature current I,

Figure 6.2

External Characteristic of Separately-Excited Machine - No Demagnetization.

With Demagnetization

Where the effects of demagnetization are neglected in separately

excited generators, there jo no resl problem if the correct reatraints

ure impoged, To introduce the effects of demagnetization involves the
inclusion of equations 6.6 and 6.7 into the problem with the consequent
increase in the difficulty of the analysis. The modified block diszram

for the separately excited machine, including the effects of demagnetization,
is shown in Figure 6.3,

Blect. Engg. Cert, III, Elect. Machines I (Book I) (6)

See Figure 6.3 on next puage.
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Al c) Seif-Excited Machines

1

' In self-extited mashinss the MMeld current, and hence the Eenerated

P e.m.f., 33 a Punction of the terminal voltage. A4s a consequence, the block
disgren for this type ol machine must include a Jink between the ield
EETEat and the tersinal voltage. Mathematicslly, this is represented by
sonation 6.5 and this aquation must be included in the analysis.

Step (s

= the point on the resistance line directly below the point
found in Step U wil) give the full 1osd ¥ '

8] No demagmstisation,

tl‘
The block dlsgram for this casa is shown in Figure 6.5 where the It w11l be noted that at this point
Vi-I_ link kas ¥een included. |
: r {If. B) - Tu Ra = I, Ry - £.9

From the curve {t vill also be chserved that there is a gecond
Point thet satisfies the above equation (equation 6.9) but, it will be
Seéen vhen the externsl characteristic 4is plotted, this as=cond point (5')
ig in the unstabtle operating range and, in practice, this Point can Be

neglected,
~ : | _The complete extarnal characteristic of a =achine betwveen no load
i .o L | and 125% full 1oad is shown in Figure 6.7 where, for convenlance, the
2 T—‘ = . ‘ - solution of the foregsing equations is plsced in the second guadrant,
|
rfh;
v‘rﬁ ‘?.::; f I
EL i 'L
III

- |
Figure 6.5
1 1
o P | 3 - =, P, = T . e
Block Disgram of weilf<-Excited stnerator -
without Dens netization '
1ae sslution for 'y, E1VED & value of Ia 4= found from the simul taneous il T 6.6
: s found. £ the simultansoys i See Figure 6.6 on next page.
501l UTI 00 UE £ IEZL10one & 3 o] It i ¥ o 1 ' - z !
s 5 U Ons 2y .8 and 6.5 AE 1u the case of $he separately L ) -
eX0ited machine €quation 6.0 rcan be neglected i1 |
- e | -
—— .- I
=4E Steps In pbtaining &b goluticn are s} : 6.6 1
Orfact - b s osULlon are shown in Figure 6.5 and the 1t
-4 ELE Drocedire may UE Summarized 3 follays {
- [ .‘
e el ::.:' - ..:.:.:'.'-ll' b viEe ma NECiTaE*1rr UIrtre 1 i - o il = ' |
; ~eHELizetian purve for +he specified speed o |
\Egustion 6.3} - ,
1 > ' '{
E‘-"-'_J_:'r: {,._:’I'- — Yy The f1a - - i 4 3
; o, codSuance line (from.eguation 6.5)5 the £
10% erag i0in r B - F T O N | § 1 \ r
ke on of the CUurves gives the SCiution for no lcad |
onditions . that 1. 8= Un 3 ‘
D5, that s, for Ia = g Under these conditions ! 1
L §
t o
- g

]'; 1 --‘I.. — A, - - = -y Y I
P Tor full logd conditions, pJote thu

AT 4 e 14 . =
“vAVE- positions where the Iz Ra drop can

ET_..-E I.L' ) - T o Zordoaa - 3 :
==Pp 15 ;--:rﬁr*-v;?:ﬁ conditions, the “Peration position is f'ound
1ETE Lhe differepce betveen the generated e.m.f. and the
{ vOitage 15 equal to the Ta Ra drop (equation &.4)

Elect. Engg. Cert. IIT, Elect. Machipes 1 (Book 1) (g)
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v) Wk desagne tisation.

|
When the sffects of demagnetization are copsidered with self-

excited generators sil the eguations, 5.3 - 6.8 inclusive, are considered
with the provisise thet vaiues of Ia will agein de sszumed and the
relsvant values of V, determined in order to cbtain the represantative
Léind eharactericstic of this clags of generaior.

o The biock dfsgram representing the relationship between the
eguations fs shown in Figure 6.0,

Al

" g
~
=
A RUTE
3 - -3 = P— - - = =
Si0CE UEEram Tor Self-Excited GCenersator
Al S | p— - - o & — . | & — g
HIOWIng I9r tThe EiTects of Demagnetis=ation
3]
=
:—"."L— R = Lo o man 21~ o8 o = 3 1 [ F
- 238 SSEpE 27 ETEDNOICE. ANslvsils are sumerized below (refer
FIFUTE 0.9
e 0.5
:"g—_:.,— | - Tl = e i - - - i~y - -
] el ESSENEVIEELICH urve (egqueaticon 6.3
] :
- =
- ¥ :_.-L = L = ] =, e - R a Tl : - - -
1 e W LY el bElllT 2108 1eguAatzon o. 5
M) o Ey
-
o el — —— - .
DEED = JESUMICE Trisngle hevios & base egual to the affect of
— - o . - - LA - - N L
| P ——— oy - - pe— = s = - - — - =
“==SplsLLsa8sian 8t Iull losd and & vertical side egual
S e e & .."'_ = - — " et =
o the ™31 load Is Bs drop This is known B85 & "Potier
irisngle .
. ™=
- r S| - - - = T b |
=t X ii — _...-:SL 2 16 —Q-'h_p'_t = | - "P‘: - - -l - = - 1
- 4 a8 —— - i = 3 = i 3 =
) b E W L Teslsvance fine I'CsS Ches BDEaXY 0O
= B Py o ) . -
-IE . | . k - - - e o — - ¥
i Hﬂtﬂ__e - e - -&tn%r,:&t _.:__ I_...._L?--\E
e Py B g d - -
=tep § - T ‘hie - ST wad otn Chk . . .
== pessStL QOWAlIned In otep & drav & lipe parallel £ T
= i 1el ¢
aypotenuse of the t» o T
L == Gl Lae Triang! e int capdd - 3 1
. = 2l = Ko, T LOLErsection of this=s la=st
= SO T&Eslstlance lipe will pgiv 3 3 rel ES
- allIs Wil_l E Ve | T y = = |
E If. 1204849 VEIEIDNAR]1 %% i.?. =
- —_
» |- o S —— oy e T -1 - 5
et o r WwiET L 218 ElEds Mgrhines T | T 4
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| _ From the dtagras it '
‘ B3z0ciated with ty s o AL CAD be 3sen that the conditiins in t sachine
q ; . tedﬂtgthgmt_iﬁuﬂniu;uf?t satisfy ﬂ-;'the:l;l:;ﬂMH
Once mors, it will Be observed that thers ars
cnship but the lower value

equation 6.4,

|J Where EB is due to residual only as If = 0,
| )

Vﬂ%ﬂ 3¢ cole

B . [
EF Ve / l::l”,/ ' \

]. /
| /
| £y (Full loag)

N

rﬂ‘ '?' (Fy.ﬂl’ fﬂ-ﬂ#}

— — — — —

—— m— —— m— —— — —— S—
— — ——  — (—  —— — — —

Al
(Fett toowr)

Eielar Cowrreny C;h}

Figure 6.9
Steps in the graphicsl determimation of V, from a given value of Is.
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Figur | - tic of & self-
¢ £.10 shows n complete external characteris

exeited mechine where the effects of demagnetizatisn have been included.
In this Qiagra’n‘ for sanvenience, the magnetization curve has been placed

in the secopd quadrant.

max
s
50

. g =% = N

;c: = —

: R
~ D i gK? i
%5 N Q Al o
C o — 5!
£ 3 5 :
'44‘(" @g S

Q SRS it o ) B Qq;\s"%

2
%4’ A
0y
", Sl _____.___9_}@

J.“ lI B
= |
B ¥ B QS

800 400

f Q =5
S S Q
' =
- 0O
> S S A
3 S = -
W D Efy 12 8
C < > O =~
T N
*“‘:'..‘:} g N _
-@831::* = _§
I E© 0y
3 -
W
TH & -
Figure 6,10
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Zxternel Charzcteristic of belf-Excited Machine. vemagnetization ineluded
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N

—_—

—reld ampere-turns =

> Armature current I,

%erminol volfs ¥y

_;ﬁhﬂa&tn: has a series vinding this is termed s campound comnaction.
The analysia of compound sachines is possible but difficult due to:

—_—— —,

[

At e a LT

= 117 -

1
Whers, in addition to the shunt field winding, a self-syaited l'

1) The variation of the effact of the series field with variations
in load current, although thiz can be treated {n the sama

GANNEr as the armature reaction but as & positiva A I’_r vhere
A If is a function of Ia.

2) The fact that the saries £1eld m.m.1.
Oppose the shunt field m.m.7.

can either ssaist or

Figure 6.11 shows ths comparison between & shunt connected generator
and & machine in which the series m.m.f, opposes the shunt m.m.f., This is
termed & differential compound machine.

As a finsl summary on the external characteristics of d.c.
generators, Figure 6.12 shows a comparison of the characteristics of &
number of different methods of connection whers it is required that
the machines each have the same terminal voltege at full load., Ths
three cumulative compound characteristics represent differsnt ratios
of shunt to series full loaed empere turns.

IS0
/40 Figure 6.11 - Exterpal
Characteristics of Differentisl
130 Compound Generator (showing
characteristic if geries

120 vinding omitted).
/1 OF
100}

90 Breckdown points
80

70

60

SO0

J0}-

JO

Currents with armoture
20K short-crcuited
10}~
0 1 | | 1 | 1
0 10 20 JO 40 S50 60 70

Armature currant .‘
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ﬁﬁmmmmimm@-mlﬂﬂ.&t

The external characteristic of 2 self-or=itad shuet ratar
- i _ gEmsTetar s

Termizal wolte 144k 242 186 3133 127 120 102 100
Lice szgeres 8 1o 2% 3} %W S0 &4 &5

Deterzine (a) the 1oas voltags snd cworent for s lced res{stacss of S
clmes;

tE2 lcel resistancs und cworent for & generstor tersionl
voltage of 120 V. Figuze 6.1 shows the grsphie ssliztico.

iced recictance =

thiz enabies the Ioed lime t0 be Srswm.
Where this lirne intergests the charsctearictic

= 113 wolts and :L = S£.5 smperes

-
=
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. Uslng the same s¥ternsl characteristic as in Flgure 6.13. th "
R R
== o . s ) 3 nnd sn opan eireuit yoltage of 160

v, amperea, I, R, = 25 x 0.4 = 10 volve, Flgure 5.14
Bives the Yoed point as 50 amperes 120 volts,

1o

Characeristc of food resistor (V vs I)

S0

lermming! W/ Tx
O
o

4O

JOI-
20

/0

o | ) M R S S (R T T (e TN A SR SO =
O 5 /0 /5§ 2025 30 35 40 45 S0 55 60 65 70 T
Lood current ; 40~ __L:
Figure 6£.13 | ! JO- —
| irsphical Bolution of Cenerator with Resistance Load, | f—-.EO"'
L

ging current delivered by a generstor Lo

When dealing wvith the char
E

~Charag
‘ _ L IgChe qing current,
*:a‘ t:t.-'.e.i'}'., H 5;:1.13:: jf.l_""f:l&iurl‘_'." 1i used The battery characteristic is | 0o | 1 | ] | 1 ] | | | | |
=beeined in terms of volts and line amperes go that its characterigtic '
) ) [ 1
CEn e drawn on the sage graph as the external characterigtiec of the (@) .5 /0 /5 20 25 JO' J5 40 ﬂ S50 55 60 65 70
eCNEraTor and, where the two cheracteristics cross, gives the load point, ' Lood current
ine bsttery has sp internal registance ?'!p ant, therefore, & volts drop 1 I
¥ T R. and = ol bl e \ o L= : . Figure 6.14 - Graphical Sclution of Generator with Battery Load.
= =y P 806G = characteristic can be drawp of T, i, Bgainst Irs The
oatiery Is concidered to consist of v ltage supply source EB connected
g eri i r I IT a generator has to supply current to two types of load in
i geries vit Egsistance 1 I H® ne erefla rPOaaE . - - {
L SRR ne d; By line therefore crosses the parallel, batteries on charge and resistors, the two systems just .
voltage ordinate at E_, A describved have to be combined,
. ' |
1 The 2.m.f. across both battery and resistor is the same and the

current must divide properly between them according to their regpective |
values. The open circuit battery voltage point is noted on the load

resistance line as point "&" (Filgure 6.15) and the total characteriatic

ie taken from thie point and through point "p". The intersection of the

Elect, Engg. Cert. III, Elect. Machipes I (Book I) (&)
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. DWttety characteristis and the resisiar load line will

&rn—m: chevocterisine of perrotor
e

L
. Batrary - lood chorocteriste
120 @

/&0~

f |

00 o Torallood charocreriste

Kezistor - lood choracteristic

o
T

F'l'f.e‘p.-'w.-"s,r‘ vo 7 ¢

a‘s%

3 §

fve potat e,
Fhe dlvtance frop 2 voltsge ordinste fn "db", making gh-:" equad "ea",

MM&}] it

|
0 | ] | ] i | ! | I | I |
o 35
0 15 20 2 JOHﬂJSSOﬁJOdS?OZS
Lood current
P F = - — & .
Lapure 6,15 . 1 Apnice]l Boclution of Cenerator Vith Bettery snd Hesletor
AR
Yelng the gase external churacteristic as in Plgure 6,173, & =e f
EILitel Shunt serersss geldvars o 8 B "0 & Pt
s i :::r.-r,, Atar delivers current v twnp WORMs . one & repglptor
‘U omE, the other o wsitery, iaternal resiutance K

of D.5 o
264 an oren o

r B }.l.. I---l—ll L Fi ﬂ I:JJI L ,-‘E-_au-lﬂ- f
! L1 2= el Il-'q f{..dd. -EF. Lid L+ L ‘ ) J. _.! LAl I ! l‘ I ""’ l
i o & LS d
L ¢ - *‘ -rl- 'E-lf v "E-u [ L .'Jt-a r.... ip=
fj—l l - Ei -—': el IE-‘J IEJ - d&- i'- i

{ Ty
01 the current BRG power delfversd Lo the resigvar;

1
(e) the bEttery TRArging currens .

Elegs Erpg. (lers. ITI, Blect,

Machines I {Book I) (6)

= 110 vyity : = O1.3 emgeres
a5 torel & 2 -

(&) L etaser ™ Aﬂ& * 1.5 engeres  Powsr 1102 27.5 = TS wmtnn

() tlnﬂm ® B15 - 27.5 = 5% waperss or.
J.*'.

IH = %_ﬂ B uo SNDETHS
6.3 POLANITY oF m-m;g GESTRATORS

Ar has been shesm weiicnaly , whether or not
Wilde wp depanas upcn the follewiag factors:

1)

& self-sxcited Lraerator

The main poley must retelin sufficient regidas] EREnYt lam.

2] The twotal shunt field eir

fuit reslotasocns sust be Below &
certain laftisl wmlus,

st
o

The srmature speed must be Shove & certaln crivicel wniue.

=
LT~

The ahunt field vinding must be connected % the correct
Armatures terninal for s gives dirsctice of rotetioz.

Figure 6.16 (a) and (). Potnts (1}, (2] sod {3) Bmve pesn
dacussed in detail previously, A sizmple way to check
point (U} is to cbperve s voltmetes contiected acrose the
Srmalure termionnle =» the field sireait it opened. 1! the
voltustir deflention rises slightly the £ield termimals are
Gt connected to Lhe forrect brushes.

[f & aackines bullds up with the VI'ong polarity this ==y be
corrected by:

(a) Peversing the pelarity of the residun] magnetios in the

Biln poles. Filgure £,.16 (b).

-

(b) Heversing rotation aond interchangiog fisld and srusture

connections. Flaure 6.16 (&),

Methisd (b) 12 not to be recommendsd as the trush posizicn {s
generally get for one direction of rotaticn.

Filgure £,15 {ilustrates the poselble systems of copnectian for
the gelf-excited generator. In ordsr to raverss the residual sagnetics
A0 the main field pole, the 1614 {8 disconnasted from the armatiyre and
& volismeter {o conpected werogs the arzature tersinsls so that 1.1':
deflects backwards vhen the arsature s rotated ip the norsal direstion.
The shunt field {= connected to & low voltage d.o. supply =0 that tia
Voitmeter deflecte upwsrds when the armatiurs is rotated 4o its pormal
direstion. The regiduni magnetiss ls nov reversed.
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(6)

ited shunt gensrstor
station #nd inter-

connections.

(b) Changing polerity of self-exo

ited shunt
generst

Cr By reversing residual megnetism,

Figure 6,616

Connections for Self-Excitea Shunt Generators

Elect. Engg. Cert, II1, Elect. Machines T (Book 1) (6)

Elect. Engg. Cert. III, Elect, Machines I (Book I) (6}

e over ¢ TAZSters To ansure that
voltage. ief 29 varled to compensate for any drops in the terminay

The control methed will depend on the type of machi ¥
separataly exoited machinss e o

i . geveral typas of control ars poasible; for
self-excited machines tha simpleat and most dirsct metnod of cunt;ul
is field control. The prin

ipl '
s Ciple of field control say be summarized as
.I;,
| = ——
~
3
% "fg (c) Iﬁ.
‘?"V;
A (d)
(a)

Figure 6.17 - Basic Field Control Circuit.

Consider the circuit shown in Figure 6.17 (8). Witk 5y closed the
circuit resistance would be R, + RHh and a certain current If] would exist

In the circuit as shown in Figure 6.17 [(B). When S; was opened the
resistance would increase to R + Hf - Rﬁh and &8s & result the field curresnt

would fall to & lower valus as shown in Figure 6.17 (e). TIf the switen
could nawv be arranged to operate in a cyclic manner being alternstively
opened snd c¢losed the field currest, neglecting transients, would appear
85 shown in Figure 6.17 (d). This introduces s mathod of controlling the
average field current by varying ths ratic of b2 toc t1. The range of
variation in the field current is from If1 to Ifz’

The obvious result of this is that if the terminal voltage of the
machine can be sensed in some manner and this signal used to control ths
ratio of t3 to t; the device can be used as s voltage regulator. One
device that performs this function is shown in Pigure 6,18.
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the terminal volitazs la compared
_ source. The output from this
Comparitor is explified, sither electronizally or by & magnetic amlifiar
and the resultant 5ignal used to {nerease or decresge the fieid carrent
either by altering the resistance of the field circult or by 4irectly
controlling the output of the field excitation device.

Altbhough it 13 assumed that ihe speed resaing congrast io prectice
speed Fluctustions scour, The fi21d rezulator can sles compensats for
variations in EE ceused by fluctostion in spead,
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REVIEW QUESTIONS

What 12 meant by the regulation of a generator?

What factors cause the terminal voltage of & generator to fall
with locreasing lesd in

a) self-axcited generators:

&) separately excited generators?
fow can the polarity of & self-excited senerator be reversed?

What are the problems ssaocisted with the analytical solution of
equations 6.2 to 6.817

Under what conditions or Resumptions ean the operating point of a
generator be established by analytical methods?

When obtaining the externsal characteristics of a self-sxcitad
shunt generator thers are, in mogt cases, tvo values of ' V

given Ia.

for a
Why {5 this so0?

What is a compound generatory

In vhat wvay doés a cumilatively campounded geénerator differ from
8 differsntially campounded generetor? Which of the two would be

eXternal characterigtic was reguired?

e

VHNE ST,

= 129 -

1331“i".g.'§§

25 2) Tha external charscteristic of a d.e.
by the following table:

Ve 1l

g2nerator can be descrided
122 s
137 1% 1 127 3 10€ 1o

I 0 10 29 30 Y 55 g T0
Determine the operating point of the Eenerator wvhen:

8) a load of total resistance of 4 ohms;

b} & 100 volt bat
of 1 ohm;

both of the above loads in paraliel,

tery kaving an effective internal resigtance

a)

25 3} The relationship between the terminal voltage of & 3.c. Eenerstor
and the load current Can be considered to be linear betwsen ns
losd and full Josd, If the no losd termingl voltage is 270 volts
and the full load terminal voltage 4s 250 volts snd the reted
output is 100 kw:

8) Draw s curve shoving the relationship between power snd
Terminal voltage between no load and full losd.
Hint: Use the linear relstionship between V. and I tofind ¥
for a given I and calculate the mssociated POwer from
the expression: P = Vi I
b) From the graph of part (a) determipe:
i) V. vhen P = 50 kW.
ii) Power when ?t = 260 V.
25 4) The magnetization curve for

& k-pole d.c. generator ig given by
the following table:
I =0 0.1 0.4 0.6 0.8 1.0 1,18 1.32 1.56 1.92 2.4 3.04
Fz = 6 20 B0 120 160 200 220 aho 260 2680 300 320

Drav the curve and use it to determine:

a) Field resistance for an open circuit e.m.f. of 300 volts.

b) The terminal voltage when the Ia Ra drop is 30 volts,
neglecting demagnetization.
)

The magnitude of the demagnetization effect in terms of Ir..

if the full load V., is 225 volts vhen demagnetizatics is
conaidered, Ih.,{.‘ = .;..:il} E 'gg'.__m.m‘“‘
Elec
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Marks
15 5) Froa the curve drewn for Problem U determine:
8) the terminal voltage at
i) 75% full load,
ii) 1258 fuld,

/ = L] L
neglecting demagnet{zation: A;Q = 0 5"'"

’ b} the current under short-cireuit conditions.
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