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INTRODUCTION

In the first book covering unit 1 to 6 inclusive the d.c.
machine wae discussed both from the point of view of its construction
and also from ite operation as a device to convert mechanical energy
to electrical energy, that is to say, the operation of the machins
in the genersting mode.

It has been emphasized in the earlier units that basically
there is no fundamental structural difference between d.c. motors
and d.c. generators. Recent development in the increasing use
of d.c. motors in conjunction with controlled rectifier power
supplies have introduced restraints on motor design. As a
conseguence the tendency has been to incorporate design features
in d.c, motore that are not essentigl in d.c. generators to give
the necessary characteristics required of machines usead on
5.C.R. supplies.

These units (7=14%) will alse cover the atarting of d.c. motors
using series resistances as a means of limiting the current and
the methods to be used in assessing the requirements of motors
intended for particular drives.

Again the student's attention is drawn to the need for a
systematic approach in his study techniques. This is of
particular importance in correspondence courses. At this
stage in the student's programme he should have received units
back from his teacher, One further word of advice, in regard
to returned unitae, If the student has not reached a minimum
standard, units are sometimes returned to the student for
resubmisaion. In other cases the student may not be satisfied
with his own performance and it is then suggested that perhaps bs
could reyork the problems taking note of any suggestions offerc .

by the teacher.
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This unit will cover the following topics:
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\ | DIRECTION OF ROTATION
- T, . _ - _ :
| = The direction of rotation of a motor is dependent on the
- ‘l 1= - xll : o - - ' ey . - 5 = .
Xt - GiTECT1On oI the armature magnetic field, relative to the
> girection of the main pole magnetic field. Reversing the
- = - ErT 3o shi -l A, I = =} - - . - '
2 *f direction of i_th- ef these 51¢1 reverse the armature rotation.
= in praciice this means reversing either:
e
1 . ) thea e snt 1 o0 i [ ;
Lo L2 “I& current ilow in the armature, that is, reverse
-~ orush polarity, or
- . . I
- rl‘-l' - i - .
" b) reversing the direction of the shunt field current.
-
- In the race af ' S OMT ALY T ; -
: : € cace of € compound wound motor if the shunt field
g . s LF o el o =
=g CUTrent 1E reversed, the series field current also must be
- rE'-'t'I';::'-'i- lr I I 1 - = =y - e : . -
r SR ot ey T -hf armature series field circuit current is
b w-d.‘hn- Series 1ield portion must also be réaversed to
-4 g BEAlNialn the same 3 $ f ] :
| - '€ Same direction for the magneti 1 '
. fox | =tic field
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Figute 7.1 shows how the direction of ratation af a
Shunt sotor is reversed, '
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Figure 7.2 - Reversal of rotation of Compound MoYor.

Figure 7.2 shows how the direction of rotzation af a
compound motor 1s reversed.

REVERSING INTERPOLE MOTORS

Where interpoles agre fitted to g motor the interpole must
be the same polarity as the preceding main pole considersd
from the standpoint of the direction of rotation. After
interpoles have been correctly connécted to an armature they
are Lreated as part of the armature circult. ig. 7.3 shows
that this rule heolds geod for eitler main field or armature
current reversal. (See Fig, 7.3)

SPEED REGULATICN OF MOTORS

The pameplate of & motor gives the rated power, velEs;
current and speed at which it will run for a given length of
time without exceeding a certain temperature rise, the speed
being tmken at the end of a heat run.

In the case of compound and shunt wound motors, the no=load
speed will be greater than the full-load speed fov ?uﬁatnnt
shunt field setting. The speed regulation is specified as
the change in speed betwesn rated load and no=load expressed
as a per cent of the speed at rated load,

N.L. - r p m.,. rated x 1060
r p m< rated

rpm

per cent regulation =

Example 7.1

If the no=load r pm of a 20 kW 1150 r p m rated motor

is 1210 r p m, calculate:
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(a) the percent regulationt

-
(b) the motor speed when the output is 12 kW assuming
a siraight line speed-load variation.

Soluticn

From equation 7.1

(a) percent regulation = 1210 - 1150 4 400 = 5, 20%

1150
(b) rpmy, = 1150 + (8 x 60) = //50 + 29
20
= 1178 r p m (by similar iriangle).

The fact that a compound wound motor has a series field
winding means that the no-load speed is governed by the shung
field Tlux strength and the load speed by the shunt field plusg
the series field Strength. It, therefore, has a greater
regulation than the shunt wound motor since, as it will be ==
ghown in & later section, S

EP"‘Ed ol 1
. /0) Orvginal rofafon ( b) Field reversing,
clockwise counter clockwise
OROROLOLOLOA¢
[ (¥ QUL
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(c) Armoture-circuit reversing.
counterclockwise
{
ith

Figure 7.3 - Reversal of Rotation of Machines
Interpoles.
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The following example illustrates the effect of the
series rield on regulation. | : |
{ 'a serice field 0.6< ohme |
| : . 18 a connected 1o :
iﬁ:p:und_and the torgue ndjunted te the Iu11-1n,:a,i:ittq 1
o Ergzui drops to 1075 r P m. and the line currsnt to lﬂﬁhuﬁ‘
p SH = 2 Amperes. Calculations show a 10% incr;nui

In flux over the shunt _ :
eI mnFar. Detormine the percent speed
P m Ve -Ya Ta ¥ .

A S (Ejﬂ_ﬂx; (5-2) 0.3 ~ fy-z)prol

Exanple 7.8

The following are ahunt motor data!

230 volts, full=load current 20 amps, speed 1200 p
No=load current 5 amps, armature circuit resistance
0.3 ohmg, brusgh drop full-load 2 volte, no load 1 volt
shunt fiela resiatance 11% ohma. ﬁauuming no loss

of flux from po=lompd to full=load, calculate the

percont apeed regulation.
Salution
As seen in Unidt |

N = ¥, = I R
1 LJ A8 rpm vhere K = Z P
N @ 60a

(230=1) = (5-2) 0.3 = 228.1
X o X o (as I shunt =

Full=load; 1200 =

(gjn~al_ - (20-2) 0.3 = 222.6

Ko = 2P2.6

thus Y M == = - -
s r pomog o = 1200 x 228.1

222.6

n

1230 r p m

since E ol ) N

or N

i

1E§U ' pom

Percent regulation = 12%0 « 1200

1200

x 100

LI

2. 5%

E
lect. Engg, Cert.IIT, Eleot.,
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220
115

= & ampa, )

7.4

10795 = 230 ~ 2 - (0.05 % 16.4) - (18.4 = 2) 0.3
1.1 x K{‘

s ¥ K = 222.3
1075 % 1:1

]|

1075 x 228.%1 x 1.1
2223

thusa ' P mN‘L' 1210 r p m,

i

% regulation 1210 - 1075 x 100

1075

12.6%

In all the above cases it is assumed that no armature
reaction effect is reducing the main field flux on load.
In practice armature reaction causes the shunt wound motor
to have an extremely flat characteristic and it is possible
to obtain g negative regulation; that is, the speed riaes
with load, the machine being unetable. By fitting a very
small series winding the near level characteristic can be

obtained with stability. 7 = iy \
{ ‘r’na j'{!“r.’;"-’i(&ncc I;HEN}G.?IHJ

EFFECT OF FIELD RESISTANCE ON SPEED AND TORQUE

rpm = Vi - IHRﬂ K = 27
K @ 60a

Weakening the shunt field flux ( ¢ ) by decreasing the
gshunt amperes can be @een to cause the motor speed to rise.
When resistance is added to the shunt field circuit three
changes take place, namely!

@ ZNP, theback

60a

1. The field flux is reduced and from EE =

e.m.f« is reduced.
2. The armature current increases to balance the sguatiecn

Es =2 V = IﬂRH. The increase in armature currant more

thian compensates for the drop in flux and increases the
torque (T = K® I, ) which accelerates the motor.

Elect. Enpgg. Cert.III Bleet. Machines I (Baok 11) (7)
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rensed sufficiently to compensate

{ inc " - . th i : =
3 fhen kg ﬁpea?nh?;ux. 4 state of equilibrium is reached © % current incresse = 46.7 - 18 x 100 = 160%

I?r the dlﬂPE Joad torque A6 previously, increased powsp 18

wl:hu:hguzsiﬁ higher speed and increased armature current, .

cutp the % torque increassge = 37.4 =15 x 100 = 159 P

(Since output = Eg Ia} 15 ‘ .
( I b o
Example 7.3 Iﬂh c) ac % (K @]c = Iag x K P = Rtorque
Motor particulars 3.75 KN 230 volts, 18 amperes, 1750 r p m.
gto pal' v oy s el Fu -~ I i = 18
> yolts on load. <j7¢"y¥ i = gﬁ ¢_§ = 18.75 amperes
My = 0«3 ohme, brush drop = VO ; 0.96 K ¢ a
Calculate! =
. SRR = Y4 = brush drop L. By < (339.3) - 18,75 = 0e3

rush of armature current and corresponding

(b) Initisl
rque &t the instant the field

momentary maximum Lo ‘ ‘
resictaence is inoreased to reduce the field 0.1222

]

222.4 = 1820 r p =

rhecatal A1
#flux to 0.96 of the original value,
: ' power = 2 7 NT
{g) The final sermature current, EpEGd and poOwer assuming G0

the torque is as in (al.

]

2 x .14 x 1820 x 20.4

£
.
-
=
(i

60
| T = 60 P = £l 1750 = ——
] U= —E P]' Ej“g 3?‘?‘:'0 AT e B o ? 2 _88 \V
" n ‘FL L - X Lf.? = }8?0 ”atts;} ' :"'3
—r o E
|| =" - - = F' T — () - - " = b -~ = v
) speed Ngy = A brugh drop - IR 230 - 2 - 18 x 0.3 = 1750 r p m When weakening the field of a motor it is, of course,
K 9, K ¢, necessary to go to the magnetisation curve to obtsin the field
ampere turns needed for the field weakened condition, and in
K 9, =228 = 5.4 = 0.1273 the case of the compound wn?nd motor one deals in the total
En number of ampere turns required to preduce the correct flux
17 ¢ ' for a desired speed, and from the tofal numbér of ampera turns
F o : : the series ampere turna are deducted to give the shunt field
% flux reduction x K Py = Ut -~ brush drop = IﬁRa ampere turns.
iy
0.96 x 0.1273 = (230 - 2) = Iab x 0.3 = 228 = 0.3 Iat 7.5 TORQUE AND SPEED RELATIONS IN SERIES MOTORS
1750 17250 Since torque = K ¢ I,
228 -« 0,3 I = 214 -
« fab = 220 - 296 o g9 amperes for a series motor, until saturation of the magnetic ecircuit
0.3 starts, then
Torque K'e & I | T o= K I8
= 5 3 b x "ab where E'T = .159 x %2 x P -
orque -
T ' 0a x 1 a As saturation commences the flux increase becomes less until
- - at saturation
torque = 20, :
e q a
¢'a 1 I
= . : current.
= 322.9 newton metres. ) Figure 7.4 shows a typical curve of torque against load current

= 056

Elect. Engg. Cert, I, Elect.
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" rpm = - B, = arm. resis. + aeéries fld. resis. +
I - T 1 ' interpole fl1d. rasia.
cliort / .
- P L | 2, n 2! "ntil saturation & o0 1
Sectiom z Al 4 i
<
v G 1:5

In the case of a series motor the effect of the IR, drop

, on the epeed is small in comparison Lo change in § with a
change in I,

Since ¢ varies with T,, if a very light load ware put on
the series motor the field lux would be very amall and
extremely high speede could be remched. There is, therefore,
a minimum load on which the motor can ssafely rum. Wilh Reavy
overloads the machine becomes saturated gradually and tends to
go slower. Thege characteristice make it an extremsly suitable
motor for traction and similar duties. In order to determine
the speed-=load amp and torque-load amp curves, it i8 necestnry
to know the magnetisation curve of the machine. This is
found by separately exciting the series field and ¢riving 1t
A8 a generator.

!/—- 1007 hod Earque

_—-.—--——__-"_

2.6 ARMATURE SPEED CONTROL BY SERIES RESISTANCE

Fer cenr Fu.’f"bcd Tmr?yg

___ Minimum load 1or

\ma,r.fmum safe speed

Figure 7.4% = Torque=Current Curve for Series Motor.

to the back e.m.T:, E, and inversely prapertional fo the flux.

- For a given load since Bg = V¥ = Iy Ry, 2f V 18 veried Eg can be

fpa,é' rofeel coprre, taken as nearly proportional to V. Thus speed will vary
P '

|
| The speed "N" of a d.c. motor is directly proportional
|

approximately directly proportionally »ith supply volts.

=" (Until Iy Ry is large in reepect Lo V.) The simplest manner
in which the speed of a d.c. motor is varied is, therefore, to
pult a resistance in series with the armature cirguzl.
Unfortunately, this can mean & considerable loss ol power
{in the resistor as it has to carry the full armatures load
current. It is, therefora, only used where operating
efficiency is not a majer factor and only a amn;l spesd fa?EE
is required. Fig. 7.5 illustrates the connectiens for this
method of speed control.

Per cent rored cerrent

Example 7.4 (} b

AR

| A 1§‘kw =20 volt series motor takes 80 A. at full load
8t a speed of 1150 r p m. What torque is developed by the !
mEEhlnE when the line gurrent rises to 100 A. assuming at
100 ampe the field flux increases 12 percent?

torquep , = £QP = 60 x 15000

2 [N 6.28 x 1150

125 newton metres

t—ﬂl'q'lje.‘i{“} - K 4" 100 I"!r_}f:l

B
F.L, K Prrlp.1.

Ltorque

tDTQue1DD

125 x 1.12 x 100 |
1.0 a0

o . -~
Fig, 7+5 = Armature speed control by series resistance.

Elect. Fngg. Cert, III, Elect. Machines I (Book 1T) (72

175 newton metres.
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’ shunt metor armature resistap
530 yolt 1750 r p O 6 2a
R k“naéhunt field resistance of 62.2 ohme.

Exarple F-_:i.j;
= — (Fig, 7.6) It i& general with this type of comtrol to fit

a very light peries Tield winding, commonly c¢alled a stabilising
winding. This is meant to counteract the fisld demagnetising
effect of the armature reaction which is more pronouncesd when
the fleld is weak and thus eneure Lhe epeed drops as load 1ls
incressed for a given field setting.

0.35 ohm has
7.7 A., and full load efficiency 86%,
rull load, 1 volt at nco-load, caleulagta

(g) If no load cutrrent 18

brush drop 3 volls at
the percent regulation.

‘w) A 2.65 ohm resistance 15 placed in series with the armature
(b s Celeulpte the new speed, percent regulation and
geries resistance in respect of totg)

:']..rl:ulla

percent pawer Lfﬂﬂ 1?
nower input &t full load,
I - W x P46 = 37.7 amperes O
. =
l.l-l - A
2730 x 0.06
I, = 2% = 3.7 amperes
Lyl ——
£2.2
I ; 37 - 3.7 = 34 amperes
1w 7.7 = 3.7 = 4.0 amperes
| 1
Ny, = 4750 x (230 =1) - (4 x 0.35)
(230 = - 3 x 0.35)
[ 3 il | - ri .
= 4750 x 227.6 = 1850'r p m
2151 o - &—

percent regulation = (1820 ;?;ZEU} x 129 Fig. 7.6 = Field Control of Armature Speed,
0
= 5.7%
Example 7.5
[ 27 ' ! 0.%25) - = i ield current is reduce 0 c«/ BUPSs
(230 = 3) = (34 x 0.35) 295 calculate the speed if the fie Asgume this reduces the

hunt field resistance.
e s by The motor torque remaina the same.

percent regulation = (1850 - 1020) » 100 = 81.5% field flux by 20 percent. ; .
1020 Determine the power loss in field resistance.
' g 3 T = K & I
resistance loss = I_ R = (34) x z2.65 = 3060 watts Since a
= g sz
total armature power = 230 x 34 = 97820 vatts K 0.159 x

percent power lose 1in resistance = 2060 x 100 = 39.2%

a

Iﬂ muat increase for constant T

1
7820 {
I .
I [ g 2 3[} - ha.ﬁ AMpS. ( flux is rEduu!‘d to Bw)
7.7 SHUNT FIELD RESISTANGE CONTROL 8 =
1i91d5}qzi tge ﬂrmitu#E “peed is inversely proportional to the
Sekona 2.% tz ;e? e?lﬁg_thc Main field we can obtain wide speed | _
(el 4o “iNE quite common and, up to 5 or 6 to 1 (230 « 3) = (42.5 x 0.25)
o K puﬁﬁl le;, though less frequently used Th : ! 1750 x 58 K :
this type of control . e drawback to rpom = .

: iB that 'H'E-akgnin th "
the tcrque available at fu17 load turient?5§32idTﬁi}1¢ﬂiEu Fedi
nl

E
lect, Engg. Cert, IIT, Blect, Machines I (Book II) (7)

Elect.

(34 % 0.35]

[Le;o -3) =
K o
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= 14750 x 212.1
EE?.1 x 0.8
i = -“': - -7.2 - 2 Dhﬂlﬂ
field resistance F, = 230 62 3
Dt
j L
i 2,77 23 = 167.5 watts,
Is Repy = (270 x &3

¥ L

AEMATURE VOi 1AGE CONTROL

the armature 18 fed {rom an independent

In this systael e
b By this means, speeds can be Vvarieg

-15-
(a) by means of some type of friction breke;
(6) plugging;
(e) dynamie braking;
(d) regenerative braking.

Examining these thres last ssparately:

1. Plugging (See Fig. 7.8)

Uging this system for s shunt motor the shunt Tield
gircuit is not disturbed and powsr ie supplied to the

- s woltaEge auppll.
:frfi-zi ;-:;;i u;d}hrange, oince th? Eh?nt field is also motor armature in thne opposite airﬁﬂtiGE_Fﬁ ﬂ§f151-
excited from a separate supply the available torque output of Thus, the, molor kries o run Ao LR& oPpPOSULE CAEECBIOIv,
frr‘ﬁtt r will not be affected. We thue haveﬁﬂ constant but just before it d?es-tvis' ot i “h?n iy e -
e Oy o bie spéed aybbem up to the normal full load speed et rest, the malo sy1tcn iS5 OGENEd. At the 1natgpt the
¢ the motor snd if desired above this a constant power motor is plugged, =hne ?upglyrvalts RN N gy
riable speed range by shunt field weakening. For certain Aﬁ;i_ e.m.f. are nsarly equal (I_ ig very small) and as ;r?
avplications a motor gemerator set system 1s used to produce supply voltsge has just beem reversed They ire_?ud?:L?f:
ehe variable voltnge supply, but with the mdvent of various instead of being in oppositichs @ e O e Ik
:T[arw f rectlilers, static variable voltage systems are used the initial rush of ﬁurrén? S thiE cidjiepii-wabzrlE
R TRl tatay=} The M.G. set system is generally thereiore thf arma:urehraaa?zfr:?: ‘ lfr}i iuz:iufry D
referred to as the "Ward Leonard" system, as in Section 7.6 il g - 5 S Ml ‘a*lZEJt _;‘J-uu:-:n':bﬁ
+he speed is approximately proportional to the supply volts. The plugﬁlng_renistancen;s aEDE.Jt::_?_q?ttfr;ndtl:u;4
= ERRC At B s Mewd Tor . . - tarting resistance. Fig. 7.8 illustrates the plugging
Fig., 7.7 illustrates the Ward Leonard variable voltage syatem, Sl shunt i mot
¥ - i circulrt for =a shunt woung =moior.

: be noted that the speed control of the meotor is
=HYoaved o b/ FE 1 1F 1 e Lor 3 ] ! ! 't 5 S -
chieved by varying the generator field and thus %5 voltage 4 the allewable braking ciurrent, the

Where IBP . i
is glven Oy

plugging registance

R = Vg + Eg- Vg = B - Tl
leg
N\
GEIE )
- ———Starter
MG Ser
Mo G

&3 ¥> 4 Shunt
. G+) Maoror

O— 1

[Jﬂ: irelion bug bg,—s

é
I | -
DPOT
Swirtch

Ward Leonard Control. |

BRAKING |

The braking of an electric '
k ic motor requires that the kinetic
€nergy of the motor and its l1cad be dissipated in order to bring

the motor and losd to rest
when the ¢ : .
Thers ‘ave favr Sopme € electric supply is cut off. I

o= n 'ways of doing thi -
mechanical and the remaining threegelgi:;i::§.first ef wWhOIEEE

‘D”U}j'f"f? resistor

Figure 7.8 = Braking by Flugging.

Elect, Bngg. Cert, 1II |
: . . ¢y B ; }
lect. Machines I (Baok I1IY (7) £lect. Enggs Cort. 11T, Flect. Machines I (Book 11) (7




- 16 &
2. Dynamic Braking
* —~—3faorter
L A
= y)
F‘],Af D |
L J
5 |
SPQTsmkﬁa/ '
® |
- |
Sfﬁ‘?fﬁj rﬂ:smr—f' -—j
Shunt Moror

Fig. 7.9 = Dynamic Braking for Shunt Motor.

| In this system the motor armature is disconnected from
?he supply and a resistance of comparatively low value is
inserted across its terminals. The motor field is kept
energised. | The motor will now act as a generator supplying
energy to the resistance, until zll the kinetic energy in
the‘armature has been dissipated as I2 R loss in the
resistance.

The value of R is given by

R = EE = vb - R ;- ?'}

A
=
~EBR

becaijrﬁze zn-cr slows down the motor back e.m.f. which has

pruduceé nn% nerator E'm'fj* reduces and gt very low speeds

It ie ther Y & small braking current in the resistance.
erefore necessary to fit a mechanical brake to

bring the motor to r -
. egt, FlE- ;i i :
for dynamic braking of a shunt mntzr Hlustrates Ve cdEciig

In the case of a series
can be used, Firstly,

across the supply line i

oz mn?ar twq alternative systems
“f€ series field can be conne: ted

: n series with s
re ! a cup :
eistance. This system ig wasteful in en;iE; Himibing

carry the armature curre :
- nt 1 ¢
flow of current in the mutor?n;h:t:?EE TAFRCCion aEtElS

- Shumqy resistor

O

iﬁ?kayrrwsﬁ

T T e

|0 N ] |~ A |

| N |

| 1 = |

|£’ JV‘ l = ¥ l
L_&_ J —

TRDT .s.if.nr.ﬁr:v‘;-3 Sermes moror

O

Fig. 7.10 -~ Dynamic Braking for Series Maotor,

: In b?th the above systems the armature power is dissipated
in a resistance as for a shunt motor. Fig. 7.10 illustrates
the dynamic braking circuit for a series motor.

The braking current of a 230 volt 58 ampere motor, series
wound, total armature and field resistance 0.28 ohms, iz to be
limited to 1.75 times the motor full load ratiog. Calculate
the value of the dynamic braking resistor. Assume E_ is 94
percent of rated voltage and brush drop 3 volts. =

Soluticn

Using equation 7.3

(0.9% x 230) - 3

T - 0.28 = 1.82 ohms.

2. Regenerative Braking

This system is similar to the dynamic braking syst=nm
except that the power is returned to the supply instead of
being dissipated in a resistance. This means that the motor
back e.m.f. must be greater than the supply volts. This can
be achieved by running the motor above its normal speed or
overatrengthening the main field. This system is used where
it is desired to limit the speed of a motor rather than stop
it, that is, for electric traction systems where there are

long down hill runs.

Elect. Engg, Cert. III, Elect. Machineas I (Book II) (7)

Elect, Engg. Cert, ITI, Elecet
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REVIEW QUESTIONS

Briefly describe the Ward Leonard system of speed centro}
riefl ceri

What sre the basic principles behind plugging, regenerative
snd dynemic braking?

Describe the altermative sethods available for reversing g
a e alt

compound wound motor with interpoles fitted.

curve of load current-torgue for a serieg
Describe, with the assistance of the

expressions, why the curve is this shape.

-

ating the various methods
« MOLOrE.

the speed regulation of a motor?
and disadvantages of the different

n the various methods whereby d.c. motors can be

d electrically.

ASSIGNMENTS
UNIT NO. 7

1. The following are the particulars of a motor 18 kW
220 volt, 900 r p m. long shunt compound wound:

R, = 0.42 ohms, Ren = 183 ohms, R, = 0.06 ohms,

full loading efficiency 87%, Assume bBrush drop of

4 and 2 volts at full and no-load respectively.

If the no~load line current is 5 ampe}ea and the
full-load flux is 10% greater than the no=-lcad value,
calculate the percent speed regulation.

2. A 3?.5 kW 550 volt shunt molor has an armature
resistance 0.088 ohms and takes an armature current
of 7% amperes at full-load st 1350 r p m. .
(a) Calculate full-load torgue,

(b) ,ﬁssume a brush drop of 5

Engg. C
Bf. Cert, 111, Elect. Machines I (Book 1I) (7)
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A 15 EW 230 volts shunt motor hnas a shunt field
recistance of 69.7 ochms, With a 1.41 ohm.
resietor in the armature circuit the motor takss
74.3 awperes at full-1ssd torque, Celeulate:

(8) power taken by the field,

(b) ypower loss in the inmsrted armaturs resistor,

A 37.5 kKW 550 volt 1400 7 P m sbunt motor has
armature resistance 0.26 ohm. shunt field reéiatanca
220 ohms. If full=load efficiency is 89.4% apnd
no-load line current 4 amperes, caleulate:

{(a) percent regulation, assuming brush drops of
2 volts and 2 volts at fulli-icad and no=-load
respectively,

(b) the total power loss in the armaturs cireuys
at full-load,

L

B

(c) the power taKen by the field,

.

(d) power loss in rheostat. i
i

A 45 kW 230 volts shunt motor hss armature resistsnca
0.04 ohms. and field resistance 28.3 chas. At the
moment 1t is developing rated torque it is plugged.
Determine the value of the plugging resistor if the
latter l1imits the instantaneous grmature current to
200% of its rated value. Assume brush drop 3 wvolts
and motor efficiency 88.5%. If this motor were to
bo dynamically braked, what would be the value of
the braking resistor to keep ithe instantanecus
current limit to 200%?

Elect. Engg. Cert. III, Elect. Machines I (Book II) (7)




8.2 CIRCUIT CONSIDERATION

FLECTRICAL MACHINES T

For the purpose of snslysing the behaviour of the

UNIT NO. &

rectifier circuit it can be aseumed that as the basic
c??z1deratlan ige yith variations in current, rather than

8.3 Introduction to S.C.R. drives. :;r uizrrent magnitudées, that the resistance of the arﬁgturg
dﬂvg : ican be peglected. AE a conseéquénce, if the rectifying

8.2 Circuit consideratiens. t_CE E assumed to beqa half wave rectifier without BNy
gating control, the egquivalent circuit of the rectifisr and

8.3 Type of control. armature is shown in Figure 8.1.

8.4 Block diagram of system.

| .
8.5 Heating effect of current ripple. H >
B.6 Derasting of machines.
o L
8.7 References.

Review questions.
o .lfa
+|.

Assignments.
----- —— E
- |
8.1 INTRODUCTION

The purpose of this unit is to cover the subject of S.C.R.
c?ntrgl of ?.c. motors from the point of view of the rectifier oy W T . "
circuits and the effect of the different rectifier configurations ACRERE 2 R
on the behavicur of the motor. - G

e R . ii) Field may also be provided from separate
: lthough it is F?Eglsle to control the speed of a motor variable d.c. source.
b{ meane of a controlled output rectifier applied to the shunt
field circuit the discussion in this unit will be limited to Figure 8,1 ~ Basic equivalent circuit for rectifier
epeed control by means of varying the average e.m.f. applied LA S
to the armature circuit. The method of controlling this !

In the diagram as well as neglecting the resistance of

e.m.f. will be by means of variation in the conduction period |
the armature cireuit it has been assumed thati

of each cycle as shown in Unit 2.

I (1) The dicde ie an ideal device having a negligible forwarad
registance and an infinite reverse resistance.

(2) The parameter L includes the ipductance of the armature
as well as the transformer leakage reaciance.

(3) The instantaneous value of the back e.m.fs, eg , is due
to the rotation of the armature in a constant flux field.,

Hence any variations in eg are due only to variations
in the speed, N.

A method to completely analyse the pirveuit should be
cognizant of the mechanical aspscts of tha motor aperation
such as the inertial energy of the syatem andlthepdamping 
coefficient but as this is essentially a qual1tat;va_rqthar
than a quantitative snalysis this aspect of the mapzlni
operation will be neglected apart from the comment ;:s
during periods of zero current the output of the machime

Elect. Engg.
g€ Cert, 117, Elect, Machines I (Book II) (8)

Flact. Fnoe. Cart. III. E._lgct" Hﬂ.ﬂhinﬂﬁ 1 (Book II) La]




- £k =

|
]
somed molely fros the inartial energy of the rotating i
Fi - . .
0 m : _
Aa a conseguence of this thare will be a Amall drop 1a o .
( A W) duriag such periods, - Ae soon a8 the point on the cycle 4o reached whers v, is
j 1t 58 3 greater than ;E the conditions of equatiom B.1 spply and
0 .
The basic loop law for Lthe circuitl o igure 5.1 oan ie currant will oW In Lhe pregturs cireuis, Due, Ecwever, te
yritten asf 0 the inductive naturs of the cireuit “he current will neat rise
instantaceously but will rise following & complex sxpressiczn
. s - 8.1 including an exponential and a sinuscidal cORpoR=nt. As the
vD-L di *"E o CUrrent rises the znergy etored in ihe srmatups fieid will
Ty increase dues to the inductance of the srmaturs. . Ths Energy
thue etored will reach a maxisus at the instant Etha current
reaches its maxisusm value which, due 1o the delsy in ths
Dus to the rectifying action of tng d:ﬂdﬁ current f1loy current rise; will cccur at approxisstely the instart v, fails
¢an only commence when the appiied e.m. 1, v“) le Kreglep te & valus egual tao € e 1f the armaturs circuls soptained
than the back e.m.[f. I"rJ’ resistance only the current would again te Zers st this
= : instant (i.e., when %, is agsin equal %o Eg} Ut dus to the
i - L TE - o’ 'r'if" 1 L ¥ 17 3 p
Once conduction has commanced the current increnges ?:G;;a Eﬂ:rET 'E& ﬁ,rrgn. :uat sl Ant;h =i Eil*?pﬁ‘ﬂa
| - F - | - ‘.-'-' E T - % = .:.-l'.'." 5.- -mi i ol = ‘..
gradually increaesling Lne epergy stored in the magnetie fela rngtﬁr:dgrzr*: 2f:§{r'?' '3ffpﬂpb“' d f fze'fi ':C?anat
¥ p"'lll‘j '-‘:I:r 7.,-'|‘ Ili!'lr I'E:-r' i 7 ;.l.. f[!!I 5 - - = - - ki . A - Y ¥ L B b et | R - e - - -
#ﬂ?#r"..,i.f ?ITT~ ; f’ ,rT; - ix?' "'iEJ m:n} bie torque can only be produced when there iz zurrent in the
FERREEES W VRS SISTER Wien vl cOXyRiy veeéine to fall g ermature circuit, thie prolonging of the pericd of durrent
CoOnE Y G B A LR £ e gIraoe L O oy | il B | 5 - = . - I = @ ) - = 1: i N
) SERPRER SBSS FRAD S8 U N wllow this dischapge 8 flow regults in an increage in N with = consesusnt increase
I otored energy the conduction period, that 1e¢, Lhe duratiun Ain the inertial energy cof the rotating system.
af current flow will e oxtended past Che ins Lant Lhat vﬂ ig ]
egqual o ags Ao u repult, the period during which Lorque g Thip condition glsc eztisfiens equation E£.1 for a= the
deveioped will be increased and a shortex pericd during which current begins %o fzll d1 vecomes negative and this sccounts
Powor 148 ..-[ufr}.'.": Gy Ltne inertis of the r;y-itrfrn dil] meéan a ot
sacuther flow of output power. for the fact that v, ie less than =g,
The {hJTilﬁnhLJP etween the applied e.m.f. and 4he Yo =L di ~fg = 2
hﬁrn wefele 30 phown ino Figure £.2 whers, for easier explanse G
tion, the genorated e.m.f. curve is ahew t ' ong '
: n.{« Ou 8 ahown Lo be constant.
from which
v = @ = L d4
1 o 4 —t

T —— — . m—
E— —

-~ T— =il o o

iy
N e e

e for falling current di is negative
at
: 2
m——— nence v, - e_ = =Ldi
AP at
which implies that
QE > v
When the energy stored in the fiesld is resleases gurrept
w
. e ———

' will cease to flow and in the absence of current no tn:qu:
will be developed and energy will bes passed on to the -ig .
by the system giving up inertial energy. AB & cgniegg_:;
the speed of the system will fall. This rise :n_ a s
speed means that the speed curve can no longer be reprey
by a straight line relationship.

F
lgure 8.7 . Applied e.m.¢. and back g.m,f

¢dreult of Figire B ~.curves for . The foregoing discussion illustrates that inductance o
. 4 o the armature circuit can be beneficial im Fhat §h§ prese
of inductance lengthenes the canductiop per;ud and redtees
fluctuation both in armature speed and develaped t?rqi:;u'fincc
It ahiould also be recalled that &he prefetgennﬁl::;: to a:hiu#e
in the actual armature makes good commuta ' =
a:d'the inductance should be either due to a 1”“_ hiu::u;‘ or
the IEakngo reactance of thntirmnture.t_deemrzlatt:Eaiﬁzld
- ; & llis 4w -l g
' between the applied e,m.f., the generate A
' tﬁe current in the armature and time are shown in Figure 8.3,

Elect. Engg. Cert, I11, Elect, Machines I.(Book I1) (2)
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Figure 8.3 = Current voltage wave for half wave
rectifier.
Ihis analysis applies to a circuit in which no centrol

18 possible except by wvari in the maximum wvalue of %
This would inveolve a varia
number of tappings to obtai: . As stated
earlier, the control of th age e.m.f. is increased by
varying the point in the conduction cycle that the rectifier
begine to conduct.

0 L

TYPE OF CONTROL

- Thg rectifqing device used in d.c. controlled rectifier

:;;;izt;i ;:friﬂatne silicon controlled rectifier (S.C.R.) or

equivalent o; £h;5 : Ehr?e EEPmlEal device, the solid state

relationshiv for ooy o iode. The idealized voltage curnent
REAEP for euch a device is shown in Figure B4

III
y Elect, Machines I (Book II) (8)

8.4

Corhooe I

Ceerrenr }_::

Figure 8.4 - Tdealized 5.C.R. characteristics.

As shown in the diagram the S.C.R. will not begin to
conduct until a very high e.m.f. is applied helween the anode
and the cathode. Under these conditions Lthe current in the
gate circuit is zero. If the current in the gale circuit is
increased the difference in potentizl across the device
necessary to initiate conduction 1§ reduced. Hence; il the
gate current is of sufficient magnitude the S5.C.H. will behave
in the same manner as the conventional two terminal diede.
The control problem is then cne of adjusting the gate current
so that conduction commences at thé appropriate point in the
cycle. The methods of achieving this control such as phase
shift control and relaxation oscillators together with their
practical refinements will not be covered in this course, the
consideration of gating methods being confined to the statement
that such methods do exist and are used in commercial control

units.

BLOCK DIAGRAM OF SYSTEM

It is obvious that a single-phase half wave rectifier as
ghown in Figuré 8.1 even under the most favourable operating
and cirecuit conditions would produce distinct fluectuations both
in the speed and armature current of a motor supplied from the
rectifier. As a consequence a more practical control syst?n
would either be a single-phase full wave, a three~phase semi-
converter or ideally a three-phase full converter. The latter
type of rectifier gives & pulses per cycle and, as a consesquence,
produces an output with an inherently lower ripple voltage.
The basic circuit diagram and the resultant output voltage
waveform for maximum conduction conditions are shown in Figure
8.5 (a). Note that no gating circuit is shown and that the

Elect. Engg. Cert. III, Elect. Machines I (Bock II) (8)
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maximum conduction period 18 assumed.,

8.5 (b) and 8,5 (c) ¢t .
od ie shown and in thEE,::?'_fbr
For the S0% “ﬂnﬂuctiu:"d
g vertically which ignore Came
¢ive effect of the circult. It will aleo bes nota ths

the total conduction time has not been ed

materially altered the average voltage has obvicusly b

varied. In addition it 18 apparent that the ripplz een

of the wave for 50% conduction is obviously higher th“ﬂntlut

vave for 100% conduction. Although not as marked an thy

be the case in the single-phase helf wave rectifier 48 woulq

Figure 8.3 there would still be a tendency for the O |

te fluctuate. The degree of fluctuation would be :E:::
Verneq

by the inertia of the rotating system.

In one case in Figure
the maximum sonduction peri
cage 500 conduction is8 shown.
the rise trace 218 shown riein
inguc
that although

Fet! concleclion

5 AV

L ]
S0V, Concluction

— e — — —

k| C i
— s - 4 - |
- ™ am in

()

W

=

Figure 8.5 - Three-Fhase Full Converter.

Elect. Engp, ¢
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The clireuitry of th
¢ block ah
and ¢ontrol will depend o the res

;qd the telerancs permitted in
Circuitry belongs to s Motar Qo

! Ha' will copnduct whenever the
The S.C.E."s in group 'a wi :
ting conditions are correct and the transformer éugm%nn%
E: positive with respact ts the cathode and the S.C.B.'s in

. s . ting conditions
sroup 'b" 1 cbnduct under the correct ga
g s B : 1 i& negative with respect fto

!ar_n:n!in;. reference
degree of sophistisstion required
the output paraseter. Such

_ the transformer termins o RLrol orientad subject
??d load For example, for the phasor copditions snown in lhﬂ? A subject whers the primary emphasis is oo lichin:‘th‘r
ol ey S and 5 will both genduct msnd the construction and behavisur. ' '

- B | -
Figure 8.5 the §.C.B.'e 2 | :
copduction period will be from tyq to %3 &8 shown in Figure

8.5 (b). The resultant voltage output wave for Lhe 8.5

B’ L - — —_— — — —_—

a HEATING EFFEC SRR N
three~-phase full converter 15 shown in Figure 8.5 (el g ATIN FE}ELT OF LLREEHI RIPPLE
. 0 A T _
Without reseorting to cirguit components it 1is poasible ] Frudurgs Uittﬁu tlflgtn ﬂflun ¢lectrie current ia that hent in
havi { the converter and motor to be represented h \ whenever ourrent is present in the pondustere This
for the behaviour o 1684t 158 a problem from

5 - T . j 15 shown the point of view of cot LEEbutd
: - | ack diagram. This representation 15 S ' : tributing to
in the form of a Dblc v the loases of the machine and,. alsoe, the tesperature rise

. z r . - t!".l ;.':ﬂntral l:'f thf’ gﬂtinﬁ - r
in Figure 8.6, In this diagram | ags0ciated with thiz hewt o |
*ircufl is influenced by thie output of the machine. e Parwit*;dit:lhh tih CNNB BN Cause damage to insulation it
;s'ni*udﬁ sf the converter output voltage can be influenced ) of the‘1uad‘u;Ef?m- Exceoagive. As this hnnt i3 a function
il?ht; by the output torque of the motor or by the speed currunt-uh=p1-ﬂ {t m?Lhanu it 1z the heating effoct of the
» - = . & badd TIED Fa g : » . 1 * T i
depending upen the mode of control. In this way the loop af a machine trﬁr_r‘ ?iﬂC‘ *mlti en the effeéctive aulput

I 2 = s b e . - <Nl praciice, n macbine i= generally fitted

- : sant o viveuit forms a feedback loop . : _ ol wmil & ally -

through the gating conirol CIyen : with some device that will eanhance the nor=al cooliag acticn

gsince the input to the aystem then becomes a function of af the

rotation of the arsatdre and in Lthis way Lhe #i5£1rntion

*he output. of heat is improved and ihe vermittad load cun be increaged
: J' i T o S d 1 =
~For this discussion 2l _will lie aesumed that tha only concwrn

L
- td : hvu'iﬁg effects of tﬁg_nﬁmp
average current supplied Trom a ateady d.c. soupce and the
neatang eflfect when supplied from u silicon controlled rectd fiar
4. power unit. : :

will be H.'l_l.h the comparison ¢f the

Irnoced F R Ltrmis L Aodor Sensien

D i _There are iwo reasons wily a machine supplied from a
i controlled rectifier unit will tend to produce wmore heat than.
if the same machine was dri ven from a siraight d.e; supply,

FlrsL}y, the current variations inherent in tbx;_cypa of
' supply produce fluctustions in the flux in the armature.
/fJ The flux variations &0 produced fulfill the requirements for
E: ' an _e.m.f. to be produced and this e.n.f. causes circulating
currenta in the topth seclion of the srmature whers the
fluctuptions are mosl pronounced. The overall offegt is to
. dncrease the heat produced in the ired and to contribute to
the overall temperature rise in the machine. It sheuld be
noted that Lhis losas, which 35 in effect an iron loss, is in
addition te the iron loss produced by the normal rotaticn of
the armature which is preaent in all machines.

Gotrng 5

Crrtoes!

"F:l'l'ffrtﬁcc

1

[

I

! _Secondly, although the torque produced, and as a conasquence

: the oulput al a given spced, 15 dependent on the average value
of purrent supplied to the armature, the heating effect of thia

| current is . function of the R.M.S. valug, _the R.M. S,

value of the current is higher than the average value it

follows ao n consequence that the heat produced By the eurrent

is greater, This latter fact leada to the conlcusion that

the heating effect of the current derived from a 5.0.K,

source depends on the form factor of the wave. 1In geheral,

as controlling the average current by varying the conduotion

period inereascs the form Pnptpp_ghg_gg@pp;itﬁvq_ggagipgﬁ L

effect of the current tends to ingrease as the average surrent

in reduged, The ratio of the R.M.5, valua to the average

tends to docromse below the half load point but in this

region of operation the hpating effect of the current is well

below the full load effect and is not ag critical,

Figure 0.6 = Block Dineram of 5.C.R. Controlled Motor.

Elect. Engg, Cert, ?iuut. Engg. Cort. III, Elect. Machines I (Boek 1) (8)
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REVIEW QUESTIONS 23

AJSIGNMENTTE S

quation for the circuit of Figure 8 1
il s

I
W a down the loop law @ ‘ :
: 3:1151v¢ the significance ©f the various terms. I AT Lhe Peans
Ml ! e i . »
[ quElitative i atment of the material in this unit has been emsentially
? N nature the work to be forwarded will be in the form

»f Queation 1 which terms can be negledteq of & revision of the work done in esrlier assignments.

B In the expression ¢
when considering: ﬂ
(i) ocurrent waves with a high ripple content, rka
- toullp, | 15 1. lim |
(ii) ecurrent waves with negligible ripple® A ihpn1ﬂ E}mplex wave wound armature has 47 slots and
! each coil is made Up of four wlements.
: _ ol [T " I Determine:
% Explain 'n'l'-jr’ conduction can continue wien Lg 18 greater
than Ve (a) The pole pitch.
oL : . . e (b) A guitable coil Span.
4 The presence 0l inducgtance in the cirgcuit of 1'1gure 8.1
iroren 1 X sMaracter of the save fTar ¥y nr s
improvées the charascter o1 .}4 wave *J:m._ Q} should this (e) The commutator pitcech stating whether the winding
inductance be external to the armature windingswy 15 progressive ar relrogressive |
¥hat are the various methods of introducing this inductance i
in the circuit? [
20 2. A syunt generator has an external characteriatic
: < defined by the following relationship:
B Why is the f?:qﬂt produced by the conductors puleating in
Nstul'e and wiy 1s 'l.f.‘ni’ nr?f: u:‘-L."(::ru t r.mrqm:f. r‘:‘:lati‘.’el}' const,_ant? vt EBD 2?'& E{’S 263 2:"1" '?L'E E“?& 212 1‘96
What part does the inertia of the system play in this lattep
respect? ~
SpEC | IL Q 5 10 15 20 s 3Q. 35 LO
|
Ce nat 1s the EOST comman rectifvin e =
« CLlicn rectlliiying device now used in : & PR
controlled rectifier drives? S IR D
l (a) The terminal wvoltage when supplying a load with g
2 T e . IO, : total resiastance of 9.6 ohms.
tame. the various types of rectifier configurations.
(b) The regulation assuming that condition (a) is
2 Whet ¢ for full load
g igL f&l‘:tﬂrﬁ inc an ' P n ] EArES
\crease the heating effect of the current in :

machines driven fram EvBoRY nnw -
d R+ power supplies? , (c) Load resistance when the current is one nall of

' the full load current.

(d) Explain why one half of the full load current
does not give one half ef the full locad power.

20 Ba A d.c. generator has an armature wound with 478
conductors and the winding is 4-pole lap. IT the
machine is considered to be separately excited and
when runpning at speed of 1000 r.p.ms in a field of
0.04 webers produces a current of 100 amperes in the
load. Assuming the rotaticnal losses to he 600 watts
and the armature resistance to be 0.1 ohms, determine:

(a) e.m.f. generated in armature.

(b) Terminal voltage.
(¢) Load resiatance.
(d) Power input to generator.

(e) Torque applied by prime mover.

Elect, Enge. C
_ EE. Vert. 117 Elect, Machineg 1 (Book 1T) (8)
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The open circuit curve of a melf excited shunt |

generator {g defined DbY:

. 3 Y 186 216 25k A :
bg 10 50 11 137 I b 2% 263
l" {ﬂl 'h .H 1.;:' .11-{‘:" Eo{:l E_-h E-B 3 0
i . l
(n) If the effects of armature resction are nﬁglﬁttQQ"

determine the value of the field rheostal reflns
to give a terminal valtage of 200 veoltae at fu11
1o6d if the full load armature drop is 30 volts |
field winding resistance 1is 106 ohma,

=)
tang

and the

FallW )
T = ¥ s i 4 of 20 = = T a8 L] o Ee
(h) If, Lq tlJ_.lﬁld registance chosen; the actual
terminal voltage due to armature reaction was |
180 volts, determine the new value of field
" arnt '-\‘.-'.." : ] v i = F Vi B - - s
[..'.'rqﬁ.,,-. At resis .f}L-:._r to compensate for the ﬂﬂﬂ!‘ﬂaag,
in flux proauced Oy the armaturs reaction. [
I
My - L " T | - - ~
'he input to a d.c. motor on no-load was Y5 ampares
at 240 volte and the shunt field carcuilt resistance
was measured as being 96 ohma. Neglecling the
resigtance of the armature determine the rotationsl
losses. N ‘ 9.1

R

= 30 =

ELECTRICAL MACHINES 1

UNIT NO. 9
0.1 Introduction.
9.2 Torque speed relaticnehip.
9.3 Torque apeed relationship for various loada.
9.k Matching motors to drives.

Review Questions.

Assignments.

-

INTRODUCTION

In Unit 7 the relationships between torque and armature
current and epeed and armature current for various machinea
were developed for series shunt and compound machines.
Theae curves provide useful means of comparing the oparation
of different motors for the same armature current but are of
little use when comparing the performance of a machine againat
a given load. The purpose of this unit is to develop a
relationship between developed torque and armature speed for
the shunt, series and compound machines as a meana of aelecting
a motor for a given task.

The relationship between torque and speed ie chosen a8
the most workable criteria for choosing motors for specific
loade since as shown in Unit 1, the relantionship between the
same two gquantities can be used to define the behaviour of

a load.

The characteristicas of both the motor and the load can
be plotted and compared and using the techniques discussed
in Unit 4, the accelerating time for a given aet of conditions

can be determined.

TORQUE SPEED RELATIONSHIPS

The torque speed curves for a motor in a practical
situation would be best obtained by teet as this would be the
best indicator of the motor performance and behaviour. In
the following discussion, a& a guide to varioua technigues,

a mathematical relationship between the torque and load for
the various types of machines will be derived by making the

following aspumptions:

(1) In shunt machines the field current will be neglected.
Thua the following relationship will hold:

p— E i P |



LT

B
| Lot W -
l-\ The aflecntn of anlbrat Lo will |l';' neg :.lll "II;I {Al‘l n
‘ L i 1l e '
sonmeguence ol fhie anaumption i i e
{""l 811 phunt madhinen
d oY, g, h Phrdioa
{!“'l Vil Ao e ||'|;|.}|I|I|IH
o - 9.3
y
(%) Tha frlottonnd torgue due Yo windage and Frdetion, yhisk
In & funotion of Lhe ppeeid, wi 11 he hopgloobed,
A, Uhunt Moahlipua
Var & given maohine, in fervis of the phiove LU RLLN (RIS 5111 ‘u-.
Ny
-
i hy » s 0ok "
1 . - ‘
R T ¥
. N L iy & pf
e - 4 ‘ 9.5 . A
o HH-. A
alon I v [0
" 1 h N
from whioh
Try
| (]
by 'ull |“ el 1_‘1“'
i | %
t
b - | : -
i I" F'_ T N ! W,
Hh' ol o i'l.l g l.l’llI | ‘I]iil
f.””
L=
[] l M 1 qu i*' I[1 ” =
ri 1 . p d r IJ a fj ,‘ g -
]
f
F'.ul:lulilnl'lul’. Lo I Figues 9«1 « Targis Bpaaid Lurye fur rlh.,lui H"..L"-'.L‘

valum ~r _
9ol will sige; fa i nquation 9,9) for Ly In squablon

Li I Il
F v Ky 0| Vi
4 L R : At Lonad Anfovmatban Lhat oan his abbainkd fram bhs
“n 1 relptionahlip glven In squation 2,10 fat
)
e @V, K " ] (1) Blpone Tlux 1w propovt iansl bte supply vyeltage bhe
= ! I T N = .10 borque Ie proport ionsl o Lhe agusre of bhs pupply
N I, TORTTOr

"1’? 'l*r.rr‘qu- L Invntm-iy pi‘r:q,iur'lliunﬂl bis bhae vanlabahiue
il Lhw mrmmbure sdevidl,

Thuw 4 i
: e | TQue of 8 shunt Mmua kil ne

Lhe Hpumd 'I'h Yo !
. o 11 - mni'leny invaer
Bpssd 1 plysi Ill*;:':.',:,:n:;h;l' .”'Fm’"” thin '.I”Jplll'ﬂ”":::;";?]'jf =
Thuw, LF the parsmelers of s glvan meohins srs khoawn
niuation 90 gan be evalusted,

Franple 9.1

A lwpide wave wotnd armsburs operation to & Tie3d of Flus
0,00 wabsin I woind WEEN 300 aemsbien sendushors,  Ustagming
bhe sxpranslon fov borgud ge & Fupeblion of spssd A f
Vg = B5%0 vyallb and B, & .Y 01 .

5
Lésth, g, Gery, 111

' n’u*ll' "itl = e



r— : L _J
-

Splution Example 9.2

(i) From equation 942 : Asguming that the no-load epesed of the motor in example

. - 9«1 is 2065 r.p.m. calculate the fricticnal torque.
t = £
c W & ' Solution
= 1 x 4 x 360 . Using the results of example 9.1
°B
6. 20 2 T = 2860 -« 1.38 N
= 1145 = 2B60 - 1,38 = 2065
{ i: '! Frﬂt"‘. E‘q_uﬁt'i on 9#'9' - EEGD = 28:."0
K, = P2 = 10 Hm
604 Example 9.3%
= &4 x 360 Caloulate the power loss due to friction in th2 machine
60 x 2 of example 9.1 and $.2.
- 12 Solution
Thus the intercept will be: Recalling
0 P = gmNm
Kt Yt = 114.5 x 0.01 x 250 60
Rg 0.1
P = 2 x F.142 x 10 x 2065
= 114.5 x 25 60
= 2860 Nm = 2160 watts

The gradient will be: B. Series Machines

2
& PKt : : Wteg X 138 X ('Gﬁ)a For a series machine
‘a il : o
i -
T = Kig la
= 1-1'|:I§ X 1“1
: 1.7.1
‘ II - 9-12
Tl‘ﬁ : I or KEE IEH = "."t - IBHE
= FXpression for torque as g function of speed would be:
- B . ! Note!

ould speed up until the

|
2860 - 1,38 § - |
o 3 = 0 . : te singe the
i difficult to evaluva 3y
nd ag a cﬂnaequepce are . xplicitly.
or N o= 2860 ] ielatinnship petween & and Ig is not known EXPAIS
e h

From 9.12

KES i I, + IH L
R Ry
Ia Kegh_+ Rif i Eﬁ
Ra Ra

= v

= 20?0 CeDuam.,

[}
-

In_ Practiese |
tﬂ!‘qu'e halﬂnCEd
accelergtin
8peed woulg

the : .
out tth?i?ntigld ‘Ncrease until the developed
4 tﬂ‘[‘quﬁ MO -l nal tDI‘QUE at which Pﬂiﬂt the

Juld b :
© Z8ro and the equilibrium no-load

1
be reeached,

70 La ¢ - 9,13
Elect, Engg. Corty Tx Kesl + Ra
I~ £ . L, Blect, Machines 3 ( Book 1) ( on T (Tosk 1) (9)
- e 9) - Fleet. Engg. Cert, III, Blect. Machines
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F 3 tion 9.11 Wi
b3 e for 1, il €equa ' Will .
z this value a * Blyg
| pstitutlng e . —
- "’ v e - 9.4%4 G.3 TOEYUE SFEED RELATIONSHIP FOR VARIOUS wmaL
g =" K S - r
i — =i T 3
Kol + Hg _|| Due to the varying nature of the loads that d.c. motors
I may be required to drive before a motor can be prnpe;lx
: '3 ¢ y ; ] i to campare the
the problems associated with the evaluation gp - Sateugd P Jond gt Sigl Tnceanany Snd Mhe doud
Due to the PIC far as this expression can be takep torque speed characteristic of both tha motor an e . .
Ktg snd Keag this 35 45 ":':rq However, the expreseion 1,1 The characteristics of different types of loads will bE_
":h'—"h'ﬁ;“ meaningiul g VT e E“*f-"a'f‘ characteristies of gsovered in more detail in a later unpit. The subject uilj..l
2 o =ed to deduc ieveiasl & AT - . specifyin
thie form can t‘ Isec Theee may be listed as: : be introduced gt this staga in a sgngral form by sp : {hﬁs
the torque speed CUrve. ~ e - a t,DI'qu.E EpEEd rElatiﬁﬂEmP ﬂathematltall}' 85 ﬂhﬁ'“ in
) : A0 ollowing:
.} Torque is propoerticnal to the square oi the termip.4 : -
i voltage Constant Torgue
. Mowmsnp 19 11 :_--r_:_-;"r PJ"‘QF“?I'EL{"nﬂl to thE Equﬂrﬂ ﬂf th’ A [‘:ﬂ]‘.‘lﬁtaﬂt tﬂl"que 1‘33&_ is one in Hh.i..'l:h- thea tﬂrqug 19
11/ LipLN N ) '| independent of apeed A typical targue gpead. curve
sroature spetd. . , .
=k for such a load is given in Figure 9.2.
¢4:+) Targue vaeriss inversely as ihe square of the armatyre
- S A st r—“,:“ET-'T'!-:A'L' { i 11
il d s - . - - :-II\."'I'-- = -
THus e the general form of the torque speed relatipaiiliae —
S PeR T _‘; sotor can now be sketched the final form A
e e I - = of the relationship betw i '
e adge of the _L_.j:_t.f.r.s_;n‘,h Qe‘\-.eers t:ne i Tﬁr’-ﬂr (A )
| the arpatire current and, in addition, a knowledge .
flux =nd o armaLure culi i . - L ' f n
of f irictional torque speed relationship for the machine .
= [
running free, | I;aﬂﬂ
In addition to the information deduced from eguation 9,94 ‘
it zan be geen that if the frictionsa torque was 2zZero the :#,[1
arsature gpeed would tend teo znfimity. AS 3 conseguence, as ] [H'tfa
stated previously when dealing with the torgque-armature current ,-;'*.-I'
sharacterisiic, there 1s a lower lamit te the load applied 9 ;d‘-
8 series motor to emsure that the speed of the machine ddes ; e '
not becomes excessive. i . 7T = Q cCornrs2ntr .
th
C. Compound Machines
T
The difficulty in obtaining an explicit relationship irso
between torque and speed for a compound machine is made more Jhacreoe
difficult by the fact that the flux has two components:?
[ ~ e & . 1 s . e . - - |
(i) -'uil.!:l*._']uf Lo the shur i1eld which is g function
01 the terminal voltage and cen be considered a k Jfoo
constant, TR :
(i) That due to the

field which is a function

= 185

of the armature current and is therefore load 8]

dependent. ' “:..??r- '
unknc.ig :igifiﬁq‘ the relative strength of the fields is
opposing or ;éei:}?laa Fﬁiaible oo fields may, be BURERS

i : 4 - ns_ a fa C":!HEE' UEECE 1t 1 e s ~ ___q___——-*-———
Stated that, depending on the . au will only b i o Y 2000 Zéroe
Ship, the torque speegq avove factors and their relation= doe em .
SomeEwhere betwee f:e t:h'ﬂ"'"a”-'t*l’-“:flat:i.az: of a compound motor iB
L thst of g ghunt and that of a series notuf!, S;prrﬂ' tfﬁf’—m)_ .

Figure 9.2 = Constant Torgue Characteristic.
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B, arguée Proportional to Speed
With sonme classes of loads the inteéernal tnrqug de
by the load may be a function of the angular “’Elnvtlﬁ“"
the load. It will be recalled that the torgue ity or
expression for & rotating system can be writtep =
e
T = B W+ s |
= 9.15
vherea 8 4is the dampl or fricts d ap
a aMPing riction coefficient
w the angular velocity
jr the moment of 1nertaig
and g the angular acceleration
For constant ed loads tli o
or constant speed loads the acteleration tefmiSHENS
#E:J.r.'- =L rll-' L E :1-'15.:- _::'E .:Ii- 1 -3 -U'E :f"'l".f;'.."__"' . E
' = 9.18
| B8 all J »
JEINR iy 1N FJECE' oy ”u. L &
: S ol Ior The angular velocs
pore gapneral form ~f L0CcL
8 more general form of equation 9.16 is ¥
T = kN

= 91

LE.:_":' -1,-_54-._.;'1}‘__ o
+ WEOLIilOEE a3 10a0 where +h": & -
: - SR 5 L IiE kﬂ.rcue . - - : .
wilb Lhe anoci —re : 1 varies 11 .
= Bhguiar velocity (armature speed) neﬂ!&?
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Figure 9.3 - Torgue varying linearly with Speed,

Torgue Proportional to Speed Sguared

As well as the increasing speed increasing the torgue
produced within the load due to the friction coefficient
there may alsoc bz other factors present that will act to
increase the torque as the speed increases. In such
cases the increase of torque with speed will not he
linear but will increase asccording to a law based on
gome power of N. As a representative of such systems,
the case of a load where torque varies as a Square of
the speed will be congidered.

The relationship batween speed and torgue for such a
load can be written asi

T = KN _ 9.18

Elect, Engg. Cert. III, Elect. Machines I (Book 11) (9)




- Yy =

. -« to which N die raised { _
In practice the powel 9 56)lda
an fnfpgfr but varies from one to three. Ia Eumelggi | v
the load may not follow A rugﬁlur law but the Powes ABoy
which N 18 ralsed may itself be a function of thejtn

A typical curve for a load that varies a8 th I3 0 Foob g
) he : ul | 7 g

Epr:-l:*{i.
square of the

i
—

speed is shown in Figure 9.4,

/ / Cocre : :’E&+arf25" _'."
/. / “ T= so #m& ol e Al

: I
@) T 309 825 NP AR,

Vi D Ml et

T Y v . —
o do0 soo oo /& D 2004 Z¥a0o -
5
JSocer ﬂjﬂtn&/ , ﬂ;l
) il 1 Pl
l - Joo Boo /200 o ————— {é Figure 9.5 - Composite Leoad Examples.
28 icoo 290 y
! - s < These would be more practical examples of losd than the
: PR  (ro ) t }!_!- &simple one term loads of parts A, B and C. The curves
| - - I ,rqﬁﬁ' shown would represent loads that had a censtant torque
Figure 9.4 - mgp 1 By e OB MR factor and a factor with a frictional content that
LC_Varying as the S ‘ ‘ | |
; Speed, § th quare of the varied with motor or load speead. In fact, part of the

Cumhinﬁd Lﬂadﬂ

speed dependent load could be contributed by the windage
and friction torque of the motor itself.

one thﬂt hﬁﬁ a

It should be appreciated that in practice it is seldom
Varie

possible to have loads as clearly defined mathematically
ag those shown in the preceding examples. Where
industrial loads are concerned such factors as the
moment of inertia of the load must be considered
together with aspects such as static friction as
opposed to dynamic friction all of which tend to make
the mathematical prediction of load characteristics a
complex task.

| Pixed obey a simple
8 either e, Component ang a Cﬂmponenf thi:wliﬂ

Two &
L
€k loads gre shown in Figuor “0 some power of N.

re 9.5
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E Figure 9.6 -
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Example .l

For thie example the original motor expreusi;g w:ilgb;
used and matched against both the loads aﬁoun i: 1ﬁ§tgn¢.:
in order to obtain the equilibrium speed in each

Solution

(a) For motor

T = 2860 - 1.38 N - %)

(p) For loads

(¢) T
(44) T = 50# 625 x 10

- (2)
=2 - (3

50 + 0.125 N
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Torgae Cur)

1

- 48 o
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A ofor
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-

Figure 9.7 = Solution to Exasple 5.5

Example 9.5

cteristic oblgined

Repcat example 9.3 for the motor charac
by doubling the armature circtit resistance.
Solution
(a) Motor expression
T = 1430 ~ 0.63 N - (1)
(b) Load expression
(i) T = 50 + 0.125 N - (2)
(1i) T = 50 + .625 x 10°* W@ - 3

Firstly
equating (1) and (2)

Flect. Engg. Cert, 111, Elect. Machines I (Book 11} (%)



0+ 0.125 N

J1

I

L

4430 - 0.69 N
,125 N + 0.69 N

1430 = 50 -
1380 = ,815' N
N = 1380 = 1695 r.p.m. <
.815 Torga® C Ny )/ / /
\ £ -
Secondly be \ /
equating (1) and (3) ‘/‘ A
1430 - 0.69N = 50 + .625 x 10=* N2 2%. A
: -4 2 \
625 x 10 N + 0.60N = 1380 = O
: . —
=0.69 2 0.692 +(4 x .62 W _ / \ ;
i J = I 21270 x ot A / { i LT ,_fcf?:lf-f/v
Al - _— - -
2 X -{1-2:' x 10 /‘ / l .f) T==50w /3TN - - w
~0.69 = \‘/{-.i’:?@'} +  .345 /56 - / i) T=50 ¢ a5 V™ . .

1

' Moo r :
1.25 x 10~ / / 747) \T= rf30 -0 EFAF 1= - == =

-0.69 £ /.821 R=e ~ /// f/f \
" . \

. i/ / //l \
-0.69 I 9061 g0 L .— \

1
Z Nz 1700 rpm. Me /740 1 pim
2161 x 107 \\l‘ /

1400

]
—
i
ol
[
i
-

1]

Soo /200 /oo Loopo

doo
Speed (r.p.m.)

]

1735 r.pam,
The graphicsl o ; to thi
p al solution to this problem is given in Figure 9.8

Figure 9.8 = Solution to Example 9 5.
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pnoerli aid phunt o motarons Lo Doteirmine the hqu&@;ﬂrfw” npend of Lhe synlém.
(13 apnlind sameds WV 7, 20 (2] A 500 valt d.c. ahunt motar han o “=pole isp sound
armature comprining 580 donductors and thn armature
i ] el & r { ’ 1l o ) ] 4 i i L k- in
{2 yrmature i L resiptonco {““J r'“rl“f"“ ¢ 38 V-5 ONNE, Lt tho 1! Per pads oo
(.02 wabar detarmine the &xpression for Lng
r‘fl"’“ll]jI'fllt ,l';'l"l'llilf- b o :.Jt‘-‘h.'- Ilr-‘f' .'_,i‘ ;jfr- il | ] 'r:‘,l'--':t
I' | H!r!' i I I Flm il L "'f':" 1.l ' i I I':'llll il .-‘JI-{" 'II'i-f ,I"lr'r."l | l.ljfr ]‘f“f’rlll'i‘luﬂrlfl'i ‘l'.r‘lrlir: f‘_!.r.’l'hr‘_l- Ur |1{NII':.'JI* ri‘.j'. *-'jl‘*nl:'l-
I'r;! !IT'*JJ .'pl L LM ||lli"l|-|,,'l |
| L) (%) Yor n miachine with a torgque speed curve deflned by
__: o
‘ T = 2000 = 0,2 N = b x 107" H”
|
|
dotermingi
| g _ | _ ,
| 4« Lho no Joud apead A Lhe frictional torgue 18
I 5 newton motres,
' b, tho availpble losd torgue Al the apeed
| vegulntion on foll load 16 108
1
¢« the full lond output POWET.
1
!
[
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ELECTRICAL wacHINES g

fgd he torque speed relatiopanip glven in o |
;i::szgej'ifferciue the operating speed and NIT )o. 10
;Ev;lgpﬁd torque if the losd supplied requires
; c;netant torque of 100 newton metres and tha
frictional torque af the motor can be representeq

py!

10=0 N2 Sraphical Setermination of R.M.S

T - 142&" X
Duty cycle Calculations,

Manual =t
the purve for the loads given in Figure Etarter for d.c, mctor,

9.5 and,from thia curve,determine the resistance Series motor contrall

= LtNe armpture aB Aa ratio of the originﬁl el
replatance for the motor of Example 9.2 to Acceleraticon of 4

to wive an equilibrium epeed of 1750 r.p.m. ik

on Lthe linear curve.

Hodraw

Review Questions.

Agsignmentc.

INTRODUCTION

g a motor that is capable of dave
sufficient torque to drive & loag at the required-speedfeizzin!

motor sc chosen must be azble to provide this torgue and not
quf%r any undue damage as a consequence to the hest producsd
within the machine by the currents in the various wiJ;inégh.
Hhere the load 18 constant thie represente no resl pruhlem'
as it becomes a relatively Bimple matter to then select &
machine_uf‘the appropriate power rating. Where the load

is C?cllc in nature the average load cannct be arrived at

by simply considering the losds as such and the durstion

of the loads but as the heating effect is a functieon of the
R.M.S. current the R.M.5. value of the load must be obtained,

Again, if a mathematical expression for the load cyecle
is available this R.M.5. wvalue can be obtained analytically
but as this is seldom the case the only alternative is to
regsort to grpnphical means.

GRAPHICAL DETERMINATION OF R.M.S.

The student will probably recall the mid-ordinate
method of obtaining the area under an irregulsr curve used
in earlier subjects. In the general mid-ordinate methed
the base line ie divided into sectiuvns of equal length and
the height of the curve gt the mid~-point of each of the
eections recorded. Thes total area is then the averags
of all the mid-ordinste values of the function multiplied
by the length of the base. If the average value of 'the
function is required over the range of the function the
average value is the total area divided by the base, and
thie is aimply the average of all the mid-ordinate values
with the qualification that where the functibon is zero
over one of the base increments the mid-ordinate value must

be recorded a8 zero.

“ il :lpnt E
2L En Con
F' EE, “8TL . II];. Elf‘l“"
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Thia can be yritten in enleulue notation an I - -
1
A
s 3 / x dx
... = :
ave 4 ~ 4ola I Seolion | i |
y . n" | hd point “iﬁ-hrdinulu Arsw -_]
1 1
where x i#& a function of time, ' el e
;) N
. h . 1 ‘5 Orﬁ 1‘?
As an introductien to this present topic thia Methay '
vill be used to determine the area of a triangle. 3 v 1.0 5 0
}i. F
/ 1.4 2.8
[ 5
2 ¢ .
g | 7 VB 4.6
2 W, ] S— (— ——— e, | | — S (S ) (S—  —
Totvul 10,0
Table 10,1
. |
‘ > Alternatively, using squation 10,1,
l s ﬂ*utau v 10
I - || :f . / U-E]’ dI
| l . Vi
’ . . 10
o - [ ' l - 1.0.1 5
I 5
| I .
| | = 0.1 |10° = oF ]
| I ) I i
- (
: | [ l | i “ 10
| I I
| I | ] ’ | It will be cohnerved that Lhe Enme resulls would Bavs
' ' I ' | | been obtained by using Lhe gevmelric aypressicon for the ares
| i ! i J J ! i ] - of the triangle, namely’
/ 3 - J /
_ ’ ' 7 ‘o arca = ‘baoc x Helpht
i "
_ - s .
Flgure 10.1 = Digoram « ) 1J'i 2
Yigiki d 10T L]":E'.'"'E.-lf: "S,f:. - s
f
= 10
As this {0 the eguivalent of using the sid=trdinate
method for only onw secktion ip Lhe basa whiloh would sgks Lhe
E cidwordinate 5 and the value of y corresponding Lo
Lranpls 10.1 | x = 6 4is 1, Thin lends to the conclusion that for
- aversge values of linéar relaticnships the acenrsey of \he
B a1l “he midesrdin, s, . ' reault ie not affected by the magnitude of Lhe insremenie.
& triengle of Fio.. SeLlhod to defesr .
= = < i __i"'"",:i‘_ [ -:E.';r_r.l 3
. - : ‘L,.‘.I_ ne the aren 'Df The B.M.8. walue of 5 funciion in defined ut.hﬁ“ti’:lll’
Solutinn aBt
A BRown 1s +%
fiva €3us] F.‘J_:.--‘-._.,:An- :’l-‘&?_—'.fﬁ'., the baaal-1a — ’- |
04 9. Binre ¢hy . ®d=point, :;’ ;l”‘-’ i6 divided fante x " / [ ¥ ax = 0.8
PN Be obhtnt. . - CULYE §iu 1 = Wi which ' o
o ¢ "b'r;#!;!j arnd 2 L ill“:‘r’:.‘,l‘ an = L are 1' 3. 5‘ ? R-H'S- r . 9
*;-h E}‘d-'ﬂr:';a" - lrEf "_l_'. ’_,E'llr--ij.#'ﬁ ;?’;Etiﬁn fﬂr "he cur'ﬂ
“HEB LHE bedon alue g1 T T the waly
g - BElght or 4 "t %X. Th . € of y for _ the R.N.8
TOCTERERL . Mhe -“"""--fﬁ‘rw: 8T8 of each sectiop is Beforring again to the diagrae of Figurs :‘,;1 .
.l- = s hnfr U E F',l - - -
"Rt are tabluias ‘*tiplied by the base value of the function over the given interval i8
A .« weg in Tﬂhlﬂ' 1.:’.1'
_nu"El-l-i Eti';, s
= rEr & EII -

Zlwct, Engg, Cert. I11, Elect. Machines 1 (Book I1) (%0)
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a
I B / (0.2 x)°
-1
xF'H‘L' s 0
B 10 2 e
1 f 0.08 x dx
=
0 Y o
7 10 [ Y
4 i 0Ok K'J
= | X —
10 2 O
"
- ¥z
- 0.04% X 1000
il s _—
] - .h
r= L F
= 1.153
TV i B i I=f g ¥ 11' ?"‘ --ll.\'-.:-.‘|‘I tne F‘:‘r-:‘S. value Gf thE‘
The procegurc = : . 3
. : sennted by rigure in Giagram in Tigure 709
f\-j-n,_-': 10N 5‘;‘_—?1'*;!1-::5‘1_*._’-\..: L _—
mey be summarlzeéd 85 1944%
P numbe incrament
(1) Divide the base into sn equadl ber o incrementos
] N 1 I A 1 8 F: I"" . = g
EE} Determine the valiue 0Ol the mid-orainake iJr csach htcPinn
either by measurement or oY calculation 1f the equation
of the expresgion 15 Known.
(3) Calculate the square of each mid-ordinate value,
(4} Sum the squares of the values.
(5) Determine the average of the squares.
(6) Extract the Fquare root the averzge.
Applying the technigque to the Figure 10.1 the results
are as tabulated in Table 10.2.
ReEkion Mid-point | Mid=ordinate | Mid-ordinate
Squared
; 1 0.2 0.0k
- -
: 2 .6 0.%6
1- -
o h.l
; 1.0 1.0
4 7
| 1.4 1.96
\ 5 n
== e 1»5 5.21*
Total 6£.60
hrergge 6.6 = 5 = 14.32
— - -
RMS. value = o33
—_ ‘32
’I,'-‘-""‘l - T 1-1!"9
Elect —J0E 0.2
Er.'hl EEEE' wE"t- III }:1
[ ﬂl‘*‘ Ha.:r.

o
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That is, the R.M.8 -
Ao the average value of the function ia“::;iuz XL
ad stated in the sectign - «0 this shows that

n .
current in 5.C.R. I the heating afface of the ripple

drives that th : .
is greater than the aversge valu:.E ".S: value of a function

. This last
shows that the BCCUrsacy of the 28t rzsult also
number of divisions of tha baﬂeriiﬂtt is dependent on the
As the diviedone of the B 8
Example 10.2 it was not peces AS€ were of aqual length in

gary %o firat
in order to determine the B.M.8. valye, I;gzizziiitﬁt::ea

duty cycle of a machine will genersli
11y have perio
different loads of unequal duration and the gfea 3:dzi Lthe
squared curve must be determined to find ¢t '

: ha aversge
ordinate prior to extracting the square root. .

ke W

- Powaer

|

1 - r —

|

|

=

- (5

{ i G

I L3
: ; — - z 7

of a function and ae an example
examples will find the average
the function shown in Figure 10.2.

Time

Figure 10.2 = Diagram for Examples 10.3 and 0.4,

Ag a further comparison of the sverage and B.M:5. value

and then the H.H.S5. value of

Example 10.3

-

Detormine the average value of the functipn shown in

=Froormolr

of this technigus the following

Figure 10.2.

Solution . .
Section Durgtion Value | Area
a 3 2 6
b 2 - 8
Tatal = 14
Average = 14 = 10
= 1-'* kw _I

Elect. Engg.

Cert. III, Elect. Machines 1 (Baok IX) (10)
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yalue of the function of the {hegny.s - 61 -

Thug the average

——— = . -

p « Y kW.
I-‘I ["-.' 1\ . 1
Py r'._i‘l __ll_'lr- l 1@ 3
- o : » of the funetiao r——-—____
Netermine the R.M.5. value of T ; N &hown in i
! - i d
Figure 1 I
- _.L_.H‘li . |
1 S ; A ' ’ 1 !
[ Ipction Buration Yalut Value =S{quat d g “.-.ﬂl t“nﬂliﬂ"
o g R ':‘qln'lrﬂd 1
=< g0 |
I & 12 ‘ - ' Cuc/e
| 3D 1
\ 3 ) | JE i —
: X
I." | 1'“ |
M o o
' <
Average Il.'r 1 5 1 o
L
RoM.S 1.11-1 ] 4 J
Henece the R.H.S5. value of the :'Flllh."“ii“,‘n IIL'-PTQEEntf*Li h}‘ .
the diaggram =hown in Figure 10.2 is spproximately 2,1 kW,
One agnin it will be noted that the R.M.S: value is Ji
gEreater than the nverage. In fact the only circumsLance
when the AVEeErGESe ANa 5*'5.-"'..5. ".’:":_'.'l' of 12 f-'lﬂl - i_i_:n aro E'L{uﬂl v
= 3 . " o N -‘1!' YT + = cong I ;:‘_ .:; 2 N ; . 5 5 . "l'. L |
ie when the Tunction ie a ol Lal with respect ta the I ;. fL' 20 .3,_] & e f—ﬂ‘ R
base variable, | Time - Tecarmoy '
l Figure 10.3 - Dlagram for Example 10.5
10.3% DUTY CYCLE CALCULATIONS 1
|
B n da vk : _ . The tabulated results are shown in Table 10,
Fhe t“'hﬂlq“ﬁ” gqumonstiraled in section 10.2 can now be ﬁ il 5 S S L
used to determine the R.M.S. power of & motor to provide 1
the power adequate for a given load cyole Although . : - 2
practical duty cycles aro rare) imo) i ey bd Section | Duration | Power Required | Power Squared | Pawer= time
. L o U arv rarely s nple ifunctions an _
e T L are nad ARkl : : ) roguct
genc T'._‘[.Il) ire not econslant for any period it will Be (Eﬂcﬂndﬁ}i P
AGsUmed that the duty cycles will be: constant with respect -
to Lime over Lhe durstin - B W 20 100 10000 200000
DV ne durption of their -'-‘Pj‘llk:{illﬂ'n. | a =
0 0

Expeple 10.5 b 10 0
($F 000
e 10 120 14400

A eorlain motor has :
NLOY ]-Iu.-. L) ‘Flrl'-'.’liiu" th{\ pounr rp t“h"‘i\'E n 1q!d

that requires an intigt = - Ty .
Bt e --‘1-.- .‘r.‘_jk.,:r“i,lr";: O kW for 20 seconds, runpis d 20 Lo 1600
Cruandas ter the next 10 seconds the i : 1 # mg?é co
Totnl '

r‘;“'q'_]lrl d ill;"h' li1- \ l-'w !
_‘ A ot 21 g lln:'] ].‘Iﬁ'"ri h g " r S
ﬁh{n the power required s LA e En;'_d ;:%ruui pufiﬂ: Total 60 !
¥ A . ter Lhis the cycle >
Average S 51 r4
R.H-E. '_ﬂll_“-" - I’Il"s' 7 'Jé

32%00
INTRTIR

1

16 o cated, :
= S Determine the ReM.8, val
quired from the motor * Value of the power

Solution
e

The duty c¥cle for

L L] ]
(6o Seconds) ig ghown 1§ he motor ove

: r the
n Figure 10,3 cycle duration,

L

Table 10.3

Elect, EHEE, Cert, 111 Elont M
S 3 - r . | ﬂl
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OvVer

- bl -

I Section HUL@rdlﬂntE }'”"rl"‘q”“"‘j-""l'uﬂll’.:ﬂ.é---W 3
I b
e c £); 5 :‘ CI . 09 '1 1
Q= 2 -
: 10 1 1 ¢
. - 3 {
10 - 15 Vel 3.06 |
15 = 20 5.76 |
‘1r- _1,: 2-25
) - = |
s = ry *—1 “ 11‘;{1
L C ) =7.71 1. 249 |
35 - 40 -+ 9 0.25 | '
“0: - : 0.25 |
| = K ! T '1_56 I
- 'T,*Il 1_'_:”3 I
L L | 1&5)&
: i
loxtim b ; 0.063 |
. - | |
0 = (0 L l J
Al :‘":_FI - '}.':J h
."-'."_!!'! ']*J*;jl-..' i
R.M.5. 1.2%
I i'

T;tl{ |:--H. :"- I'Ilrl‘* i b I Hll I I 1 ul E |:.
...] A L :-l'|" ln g j
LI!! -Ltl t. t“! ll"?-J- P‘ 4d W ‘-.1,"

| m L.’l' '_"""1 a) e -
[ ¥ \.J‘d.ﬁ.q- J.r.-ll-_p l"r!h i__.. Ia j"*l:.-

Can b

Btand
Bhip,

IE = |lft
Ha
In mon
L machinen 4
iﬂ Lhe ﬂrm&tu;p p;:ﬂ”_lr thie CUrrent {e :
distortian of ih.. cuit tha resultant £q Permitted to flow
- - & Ir'ce

dieturbing re
torquen
BYotem,
COnstant ki
liMILtd i

AB shown previously

¢ found from the vie armature current in a d.c. mokor

L i e S10n:
I - i "
i 4 'HE
R,
As the bae)
“HE DACK @.m. i |2 '
: . 1) @y 13 3 ) I
I';‘L:Ll‘l 1_‘_]'“3 Elrﬁlrl.,l_:['{- ‘_'H?r{‘r}[_ Lr?;-ﬁ;" lﬂ-nal 'I'..U tph'E 5pﬂﬂ'd| at!
i i 1} o

given by the relabtion=

r‘lrrr:u!__u,-,_. & can cause

a8 well as seriously

A L} ‘M .
l L") thL VETI hlgh anrtinﬂ

Syt meehnn:
ﬁtf§uvn1131:ns? C;:HLE&] damage to the drive
ALY way in wh1th-£h§uner“llf Ltaken to bhe

E:mfturﬂ current can be
? the armature circuit

. . wWindi .
'uupl}i:f -I'IF_J-E_,
U' kF ]
Produces - Jetem,
- AN cpups

‘Bigtanes
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by means of a variakh
?Egﬁzzgﬂithen Beres € can be
. n ord - : Buccens

Pt t:; Lo ?nuur 1150 ent ﬂurrzniltuLf~

£ the addsd que ig perm ; 'Tﬁu . in praoduge
zu  tmiEas turzﬁiﬂtar iz BUER that the_atnnﬂutillazﬁit&"*“
: _ etwean 125% and 150% 6f the < rent

hue for shunt machines fUll lopd eurrent,

| this implien ¢
is limited in the same ratis.  The atgztizhe ﬂt:rting A
generally only intended for 1ntermittant U.ﬂpg resistance is

ie short time rated. and consequently

Thare are two standara t
Ypes of manual starte
d.¢. shunt and compound motors. (See S ngnrtirﬂ for

Figure 10.5 showa {the gchematic
%i:E:TZrizz iazhzﬁizgﬂitzmgt?iﬂnr for a shunt wound motor.
F (field or st - corminals labelled L (line terminal,

: shunt terminal) and A (armeture torsinal).
Thg Starter arm is held in the off positien ny a strong
gpiral spring. Yo start the motor the starter arm is moved
to notelhh oaned and the main awitch cloped. Hainp this Pfﬂﬁpdﬂrﬂ
the circuit is made on the mastar switoh and nq{ on Ehe -
firet resistance stud. The armature should now hegin to
accelerate and afler it hus done ao for = (ew seconds, Lhne
starting handle chould be moved to the second notoh,

and actugl wiring

This procedure is gontinued until the Iast notch has
been reached. The iron keeper on the starting handle will
be attracted to and held by Lhe magnetiic poles of the holding
coil which 18 connected in series with the shunt Tield.

In the event of g power [gilure or open circuil ccourring
in the field circuit, the starting handle returns to the

of f posxrtion thus ensuring that the metor cannol restart

if the supply should be remade.

If the field circuit were suddenly broken, since the
armature speed iz inversely proportisnal to the field flux
the motor would try to overspeed, but the breask in the
field furrent will also cause the flux in the holding coil
to fall to zero and so allow the spiral spring to bring
the starting handle back to the off position.

To stop the motaer the main switoch 1s apened ang since
the motor back e.m.f. opposes the line voltage the;e.m.r.
across the blades of Uhe awitch will not be very h?gh; tha.
1ittle or no arcing will occur. The elﬁctromagneLlc energy
in the shunt field circuit will be dissipated in the
armature resistance and as the armature slows: down.

This reduces the voltage in the c1r?uit. ‘ The starter
handle will be released by the holding codl and_retg:ts
to the off position. The drafbaek to the three-pguceﬂ
starter is that 1f the shunt field c?rrent Hﬂri iathe
below a certain value by the ghunt field rhﬁoidathﬁ
helding coil would not be strong Epough ;g ggitign
atarter arm and it would return to the off posi P

e T (Book ITY (10)
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]
i Q uﬁﬂfﬁﬂgrg4qfﬂp_f
) Q reepzr Holdling.
' % C"'LJ'J" -
[
I N"_ Starfer orm
. S bemstic . ~=sint starter. : ‘u\\ F"Gfif:ﬁrg
\\‘ resistor -~ |
ol ol —_ Jpiral Hg}%? /
. X X5
orirg .._=t ‘
I /;3" I !
| |
! : -
- ] 'Ffaﬂ
T )
1 : [ |
|
| Main switeh —— .' L.
, ="
=
e L=
! Q
] 7'-0 d’C ~—
I Souroz =
. 3 A
L
i 3
| :
5
: I (1) Wiring diazgras of S5~point starfsr conzmecizd to shoct
| | shunt compound motor.
|
E I I
Three-point / s Freld _ i Ha:‘o?r:g oo/
stgrigr : fﬂ§v¥fgf l
- .
/o ¢ g Starting resisror
2oyrey
E%%
g Ine @ )0 { | | b i
Series freld
% Wiring dicee.s
T r~point slar)a : . sonnected to
FABITe 0.5 < Beps e 2 2 | (2) Schematic di;;:_r._anu:: :;::::t gtarter &on
2lecs 3 Mireecer: —2 Miring Diagram for short shunt compe
= e - a I':-ifi_r- !:t:'t. :-u. — = AL *‘T*‘*r " i *Ii & ﬂ 6
B ) | ,F*‘:"_‘ }L- ; = —'"'-__
Aines 3

‘ Bagk i1) (40 )

chives I (Baok IT) (10)
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yiwetdon the helding eoll {n i

ey
Py pveraame ‘:t_l_ ahunt flodd cdrouitt "'“! L vi :
i parallied AT R fabor. i necennitntos hr.""ﬂiﬂa
) |:|.II! '.-“*‘J reis ]
T CUrvens o 1,n|."|||l'||'il ( ) e

aul anukhng

wnd echomatie dingram for o pauss

dingiav

™ & ._.,-J.m‘.“  hert aliunt pompound yound molop Ara
poind nf.'tr"j". I. "“' %
ahowts dn FAgwrs e
v SERIES MOTOR _.'_..‘-?EL'I":-:I'H'IJI Lihe
= - tavtar hng dnoorporated 4m it mome Moann of
When a4 SEart ) 'I af the motor 1t e oplled an ul “"-H‘_la
guntrolling rz“l ] it waple functiona of the cmirollep
pontroller, tho ma T.;l”” decoloration, mpeed and
hre coptrod 4‘”1Irf:: ||.;I.: continuounly rated an “Eﬂiunt
,U“‘I.I-:“T:-1 ' r.“.l::r I" LI} throe and Ioue '.Ill_'linl. Htﬂ_]“turn..
ihe mhort (pie ut
arn A Y o conkroller conalata of a "“*l"itlﬂ
e BRI \ ari [ i halt, whicoll can be Maved i'n
EIBaRS KARNE: LN ‘| ntrul of I ponitlorn, The CIma
gilhe .lu: , ,1_\4I| Ty lod capper nMera oy Conlacty
“‘”. '. . : 1y . i 1 bhitweon conluets o)
,,I,”.”!‘ (e | W aut ool 1 ined |t conLrol hl{.lHH WL Lhe
*oniaoet W
u6  ACCELERATION OF HGTOIK
When operating at lond; npeed and outpul and
ABRUMINE conegtant [lus v A Ff., Vi = i"j,r_ whane HR -
armature back e.n.f. snd L dependent on Ltha Lond.
Re ntated oearlid Py A% MEpndetill F g ip zoro becauso tho
Armatiure in otationary and reslalanes et be inturted
to limit the current, Atv Lhe molar nperads up 1ta buok
g.M.0: bulldn Hp and 1t8 current dropt |-,-||“r“,'“..ng A valus
BUTIlciont Lo overcome the Lond torque, In practice ULhe

mrmo U l"'['ll'lr."l”' ooinm “ul e LNl A nerinm (II Tlt.f']lf]‘, ‘4}’”“
obknining o smonth otart,

The armnt ure of

L a2 volt shunt motar hno n resiptance

of 0.87 ohm. and tankon "f':.." nmperap ut '] L loapdi

CESTY A PR P : b

(] ! L. 10 nal Lo mx eed 150% af normal full load f"ul‘r.ﬂt'
nt ll.nr'Hnﬂ. caloulate Lha

starting rasintance, and
(k)

dotarmine |

(aasume

il lf nrei f”n]"l

ing
brunh drop thy

Febilntanos
on 'l'rljiﬂj;

o Inonertad

fie .5 x 28,0 . 3 B() '
' 5 _': !J l"!f! ;l ll) IH 1.}
a2 4 1
-'ﬂ'rj
olimy .,

277 alnH roy s

 Mathings 1 (Book 11) (10)

e T EEe—

M T E——

-

—

- r.ﬂ’.I -

The e p

of stoapn L1
reslatunce bolus '

L L .
B0 anch mis o L"G .

ﬂ‘l"li ”’l
P may ba b

& ound
detnrminag " = h

8 follows:
Awnume that the

i denotad by IH nona thy UMD agn
A the {nal reidinbanos i the

Artntuys only the rnuluhnnné G
will be R,

indtinl Yuliie

] ‘I'J f"hll
elrgust

i thim
the final or iy ¢ 1}TL atud

At rﬂ,ul'l.!ll.l.*‘“i the
Limitad ta I, by the
and the sdded utay
in denoted

cturront iy ELs iy
hotal :'tmi_utum.u {
ting roesing oy, It
Ly l11 ihien

LRI Cloouly in

i Lhe BFfalUure

thie talny FRaintance

LR (1)
K9
Onao current appoanrs ‘n Lhae Armatule direult vhe MUt o
will commonew Lo Potaks nud the Ronnrnted outhe ) will rine
until
[l‘ 1 Elﬁ_" Lﬂl ()
h_1
At thim podnt Uhe armaturs Clreult rantialanve ix
roeduond Lo H:._ suoh thut
I s
H o
But rrom squation (p)
y! = I
LH1 V‘ lr H1 L)
Subatituling this valuy of Eﬁ1 iy sgquation (%) will
Bivel
ao® Yy = Yy o+ IR,
oy
il
from whigh
Iy = Ry (5)
11. H;:r
Gimilarly
| R (6)
1 - Ry W ;:_i L U R - I 1]
0 ﬁl——-
ﬁ? Iy n o+

but as Ry 4, 4 % R,
H

(R (R4)

ect, Engg. Cort. 101, Blect, Haghines X (Bapk 11) (10)
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+ i |
Ly T F'eE ELATICH i"."-"—'r-"“ 'Ién:"' e StUda iﬂ EiVEn hy
ilif A
Ry_(we) - R = R a1 = 0.5
p-|r1+ I
'y [':';__ s UL o :- '-!rl‘liit"-":rrl 1rl|'3 :IFL‘ mk]ltlpli&d br th!‘
- ; left hand side ol Uhe ‘expre
torm in the brack Le ‘Pression
I,.,“‘L r.._' ‘[ £
™ ’ - I.'*’i
- * | s : b - IJ-I|
it - ( = " ) — -‘;;—
r I i

s I, R4 = V& ss may be seen by referring to

eguation (1)

Then

- AN, |II II1 L & 1

[} " : r ] ] - .‘I
T \ g _.";l 4 T - il
J '.'._ il \
shie eliminates tne need to speéecifically determine R1

prior %o camlculating the number of ate

steps. The minimum

(]
']
current Ay 18 dictated by the “orque necessary

to accelerate

¥ g b A
'-.hf. UM«

1t oy he

iraftora ] " ig 4
: | preferable in some circumstances te refer
¢ the cuUrrente involved 206 : anac 1 :
i ? : mayx And i.:0. 1n preference 'to
‘tr '_"Ijr-l JL' H

Exnmple 10.R

The ropde n..
S L.’L“l'“ﬂme aliarmature of g 240 vyolt 4 ¢. shunt
L 1_|. ;;: | i - = - > - )
- AEBGLM AV Y.l # b T '
itarting be o LAt 1t 18 required that the
Lo 2000 of the full lonad

and tho cirrant A :
REENL 218 10 amperes determined

1«5 ohen
ourrsnt at

. imite 3|
current

tull logd

{ﬂ} e Loty

romigtance of L

t t } garmatu ro f"lrl"u.j.t -ﬂt- Et‘nrtmsi
4 L ? Lim
he number o1 Btudr On the a) anrt
L - 3 | ! X1
le) 1

the resi
I'~C.lnfrjnr;f- Ll“'.'r”_‘l'fn ,.“r,h gk j
4 =R R S

r”}ll..il ifln
_—-—q-_'-__

(n)

xr
20 amperen

- L]
1 %L 2hn
4] _‘:.f_}
= B ohme

El-—tl- n " o I iI III L I‘){t I H II IE‘}
II‘ t||'\ *AF 5 H{ilhll ( 'D k )
‘I E = [:I {

(b))

/

From equation 10,3

3 n
R R,
_ n
22 = B
15 0.5
2“

from which n = kL,

n
5 ffr Ve
- ;2}r ﬁgq

-~ 240
TEE f b
= 53;2 {:nfgtj%ff] .
= ¢ = 5*eds s
=g 2Rer. iV

Ir
3o)nff
~
Fd

Nt
nti
77

;?g5ijfnf;lt v

Hence the nusher of Gluds will be 5

(c)

From equation 10.4

The renistance between atuds 1 and 2 will pe:
(using equation 10.5) s

Ricz = Bq = By = BE=
= 4 0
Similarly
(1) H} = Ry I, = & x 15 = a2
Is 20
and Rp_3 = Rp - Ri = 2 M0

(i1) Ry = ByI, = 2x15 = 14
——_—
I 70

N
1
—
]
i
=

and

(1ii) Rg = RyI, = 1x 15 = 0.5 R
(I 30

= T = U-EI - a'ﬁ i

il
=

-r

1
=)

and Rh_5

The arrangement of the circuit is shown in Figure 10.7.
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REVIEW QUESTIONS

Wh

ered when sele
gt factors ara to be consid cting 5 mot oyp
for a E'l.‘r':-.n I_.:,.EI‘:J

Describe how the mid-prdinate method can be Used to

detarmine:

the asverage value,

(a)

() the R.M.S5. value

af a non=-l1linear funcitlons

'
q -b:ll.i-

does the operak:

braking mcde have on:

What effect

mode or the

[ ! & = ™l s
V& ) the average value,
) v M OB Sl
(hll LhNe NReflsvs VEILUE,
o :' i hE.' P‘!:";,l-"'.-.' T 'I‘_:--,A '.'"_;'E"IE‘ 0 : a mo i_ 0T 'I_-

why is it necessary for added resistance to be included
in the armature circuit of a d.e. motor when the malor
18 started” Bow does the inclusion of this added

et ot = T k . - " =
reésistance affect the motor starting torque?

¥hat is the eeeenlial differe

_ et WEEDN
four=poi

nL manuzl sLAarters

Sketeh the o di
\& ‘Bchematic diagram for a three-point starter.
Derive equation 10.3,

In l‘}' P‘ J_mpﬁrf

anv output
and controllers 5

BE Yar :,’:

do the res

(10) '

A motor an kthe driving

three=point and

istors used in starters

|

.

:HJH

ﬂ#:nf
K
b
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Aasluﬂhtnma

having a

2 {E}

29

15
20
25
50
(b)

al-?i 3-

- 25
- 20

~ 60

the figure below:
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Use the methods
gBiven
average and the R.M.5 .in :

Determine the R.M.8.
to perform the follow

.uqqﬂlu Hf““ll"

!i._
||
li "

val
maximum value of g;0n£

his unie

Lo

-0 (braking)
=30 (braking)
=20 (braking)

!i‘ll lL i LI
R
,.mt:,h' il‘l JTHE:'-? }thi

1t“ﬂ“lll :}Elluﬂi] J%,

I'”‘ . i 'ﬂ t

to obtain the
8 Binuscidal wave
1lovatts,

Compare the R.M.5. valie of power with the
average power output of the motor.

Determine the R.M.S. value of the power shown in

J'- ﬂ]?

1%”“{
| III
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1d resistan :
RS The armature gnd shunt fée e u:E of g 235
15 h. ¢ shupt motor are 0.2 ai zé h.m_ reﬂpugfiq
;;lth: starting resistance 218 3.22 ohm, fﬂ'l-tuiﬁtl:‘ll
t at instant gy . B
m tg]l line curren T
(a) ;Ezu:ins brugh drop to be three volts, thﬁ;
ot i
(b) The total line current if no starting 1
: reglstance is used. - }
e " P
4+5.¢ (éolp) :
ce of a 456 kW 240 vore o
T snture resistance O o1t ghun
2> 31, o Hf?zzitﬁ? ohm and the field resistarnce tﬂ_lht
ﬂi-zip.g It is dﬂ-ﬁir“d that the motor d““'ﬂlnp
1;J$ full load torque at starting. i
(a) Dgleulate the total starter ?aﬂiﬂtancﬁ‘ R
8, Réguning full load motor efficiency of h
83,84 and a brush drop of three yolts,
(y) Determine the number of ragistance steps
in the starter and the resistance befween
egch step if the lower current limit ia
100% of full load current.
;
Elect,

o -

._mml CAL Hlﬂﬁm I

UNIT No, 119

p Intrndugtign_
hceel&ratlun of d.g. fiotors.,
113 Rutomatie starters,
11.4 Back e.m. ¢, Btarter,
11.5 Serisg 1 g
. o9ckout (curpant depandent ) gtarter,
11.6 Time 1imit ctarters,
1.7 Braking,
Reviay QuUesticne.,
Assignments,
1l.1 INTRODUCTION
As the power is supplied to & motor the armaturas will
accelergte up to the equilibrium speed where the develsped
torque 1s equal to the load torgue. = The way in which the
speed builds up will depend on the method of siarting and
the reduction in torqie as a tonsequence of the reduction
in starting current. The methods of producing a decsleration
in motor speed electrically will also be discussed and tke
considerations of current limiting with the various setheods
of braking.
11.2 ACCELERATION OF D.C. MOTORS

The current in the armature of s motor circuit is given
by the expression.

. g - 11- 1

where in this case, for a motor where a atnrtay is used to
limit the starting current, the armpturq ri;cu1t-rgzi:;ng:a
is the resistance of the armature and the added resis :Eu .
Thue equation 11.1, for the case where a starter is ur

becomes
I 580 Vg =i Bg - .3
1 K
as ?t = IE - 11_}.
1

Elﬂct..ﬂngg. Cert. I1I, Elect. Machines 1 (Book ) (1)
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: the armature cu
The geperal expression for Treat b!q‘“_lﬂ
i, = Ig = 1-
Ry

& ~ 1. k

Equation 4.4 is a linear expression and can be Pl |
a8 shown in Figure 1.7 I -“l_-l-;

o

o T
J0

-

Y Fetl fooet &5

Armature Current wi th

f

) |
ife carve FEDrégentin: ‘
"PEEEEDLANg eguatio ‘ .

Yo fha Folyir i 1.4 will reach s point |

where I_ g gausl ) HI‘,HE !i
% qlL-‘- s 1 - - .—'
iull loag current, Ir; at the poin :

Py . v
FUtting 1. equal to I

r 10 equation 14.4 will give

o]
i
=

T e~1 E.,
H E |
1
from whieh

E =
81 R1 {IE k Ir}
If, at ¢

hie
18 reduceq 4o . LOiBF) th

€ re - '
B5 Buch thet Slatance of tpa armature cirguil

F

- 79 -

the armeturs current will rigs

The equation for the ey _u.pr““ the fnieg.y Starting eys
. - g ‘ . . . r

sion for

.‘:.' -

be ArRature current i1y |
o= < g _
B R - 1.5

At point "b" on the ai
vﬁa{ahntzamuu;g current ';ﬁaz:i:iﬂr:hﬂ.y. the ney
¥ e Bg1.  Substituting these =, Ue value of Eg
will give: ues in eguation 1155

IE - EE _— R1 {I

- 2

s = 1)

since  Egy = By (Iz~. 1)

but Vi

igRq (fros 14.3)

therefore Ip

i
pd
= o

-
L]

from which = :91

I
= il |
I R,

This is a result obtaiped previgusly in Unit 10.
Referring this result to the triangle Osf in Figure 1.1

showa that as

= IE
IT

I:'-'IC?
)

then if the length of the side 0Of of the triangle is

calibrated to correspond to The resistance of Es the ilength
hf will correspond to the resistance of B, 'Ihiﬂ is the
justification of the graphical methed for the defersination

of starting resistance given in Unit 10,

Th dure can be continued to obtain the values of
e proce s

Rz and By and any further values of resistance requi
at the same time, the value pof the generatsd e.,m.f. at any

particular stud can be obtained directly from the bvase

calibretions.
i : to be
1 rors where the fltx is assumed fo
e At ' re 11.1 can be calibrated in

constant the base lipe of Figure 11.1 ¢ e
terms of the no-load spead. Figure 11.2 {a) shows the

arrangement of a typical starting sirguit uh;rfh? :;::!H:::
starter is used, The diagram of ﬁw:t:;'ﬁf 4 iEyras s
modification of Figure 11:1 for the _!rt_! :lﬁ"ﬂim R Ehl
where the base line has been calibrated an £ -
no=load speeds

Elece, | = =S
Elect, Engg, Ceort. III, Elect. H!“?WS-IJ rmm-i‘ﬁ'ﬂ ':. il
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tor pocelerates the srmature gurrsng vil)

4s the ”hcl,ﬁincrﬁaﬁi in the venerated Cam.§, ¥
dug Lo ”.md-»-rff'ﬁi“g current the accelerutina' S a
fhf .:; h;twa“ the aeveloped tarque and th
mr-c{f-_‘-'_'_aﬁh If the mowent of fnepey, of 8
(s mesumed to be conatant the incregee |-bHE

syscen J.-:: ?“:‘Hr will be exponentiasl, T‘hg o
specd with X 3-::!;1 on the torque speed load CuUry
relationship wild I l._.j,:m; frietional torque. As 5
combined ”“”aif;“Jw=cﬁfo”t versus time and tha

Jecrense A
consequenye v
torgue, tAC Can
logd torque Widil
Ja ‘.,t_lnf .
4 EXaeoy

-3 of

LhNE

spEeqUONCE; r cgun time curves will nave the fopm shoy
.-:l-'---l.T-JI'E' ii:r_: r:._'-'IjI t:li.ll 'l"l.__ﬂ nctq.jal vﬂluEE i}r EPE&&
# CJ LEAAL » »

jn Figure 171

+he opd 0 BOY Eik*jn iz!f_f_'l“‘a’ﬂl 18 Ei?ﬂ'n by thE

:r.r & 11'-.*.'. > n X FL - 11-6

I i the full load armature current
HETE r -
i the resistance of the srmature Sircuit
~  alone
F‘, 'l ';-;,,.. resls t RACE O ! 'l-lll--‘-q dI"l'ﬂE!. t‘-JrE circuit
arid startLi Ii:'_ L r:':..:'i;.‘:t..::lflfif &t t.hl? EPEGifitd

er_ the full locad E:;JL‘-r‘:Ll {rpm:l

ihe full load speed of the armature of a 240 vplt motop

18 1 L'EB ‘ang the resistance of the armature cirouit isg
0.25 ohms, Lf the full load current is 40 amperes calculate
the speed for “a - +FL Wihen the total armature circuit

€ BnCe 18 3.125 ohns

From equation 11.6

N = 240 - 4o x 0.25 x 1000

- 20.-10 x 1000
240 - 125

-~ 5!::'{'} r'plﬂ!l

1) (11) y "

- 81 <

|
‘EJChnﬂﬁf*ﬂifme;uhmy

) Circulf diogrom
" | I l

Time

@) Seeed vs time curvas

Figure 11.2 = Curves for Motor Starting Data,

1.3 AUTOMATIC STARTERS

An automatic starter is one where the s;nr::ns .::2'!.:::#
is not controlled by the operator but once the ssguence ha

Elect, Engg, Cert, III, Blect. Machines I (Book I1) (11)
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tyol is exercised by conditiaong eithe

. - 83 -
X tHe con th
ceﬂﬂigfss ;rtuuhm the starter. iy '
h more EXpensive thap o (5) The volts drop across Ry, Bp and @
A&:rﬂﬂ?};i z;‘;?ml advantages. The most impnrt.mt_ n:‘l rolay o ircuiting the rhgnnt“_ fielq
startera ©
- the motor accelerates E. byit. __E
these are- | (6) As th . . Y Sp builds gp
t start irrespective of loading o valtage drop across Ry falls to g “f_t:ﬁ “ben the
(1) They emsure Borte @ hnical personnel after x shopg Sl operates end reldy Contastn Vaviap e nifc:ﬁ?t;‘ﬂ"‘
- et | {:.1-1- ¢ - s \ . s L : " - . .
be ﬂps;-l'il:;s ;zrfmi. whereas if nperatlzdg atm::ua]_ ““‘ir section of the starfing reaistance By, L
instruc » glosed or opehn a & Coprvast
o h must be € Orrept : . .
the main wltf‘r $ar could be damaged. (7) As the motor accelerates the relays b .
b{me or the starter €O in turn until gl1 the res"i;st:nnc:::ri.-d uh::‘:éi :ﬁ:m“
an stations for starting and stopping oan be | st
(2) Pusb b:“_:;: ;1:341 ar remote control.
teq 1 gaS I

(8) The voltage across relay F 4s now negl
lona

F opens putting in the field rhegs

igible ang -
sint, Relay

iming for cutting in and out of Fesiatan.
’ N Lot " l'l|.!-!l.t. a bia 2 ; H W

(3] Adjustment .cf _soothest acceleration. 6 (9) Pressing the stop button demagnetises M CBMSINg contacts
gbeps ensures ov ' s, m and r to open, HRELVE
. sy bhe incorporated r&lative]y faEil:

|'_.£ A E.I;L'I_'i.f"lr L’: ?th;ﬂE l"-'II'-1I| be p il" ThiE type Df Btﬂrtf:l‘ is UE‘L‘

4 wibth smaly
sized motors having light star

) . £ ] 2 1= -:-I.-‘iIJ -L:- .: ;'l'ﬂri-'; J.A} p D dFd
1- h'. 1‘"!’..'1 _-."--Ih.i‘-l' A R

ing tEFQUEE!

{.--} Start mnd stor "‘I'ﬂ{-""it'.':.l:‘ﬂl; Tha:ﬂ" he Hutﬂmﬂtic EEEiEtinE iu

(3] oTACL 'AIG SRR W2 o - T &

. rocess .w—.-r-]-'rg“. I‘:E‘I_ﬂrf.‘ﬂ':t’ Lo I‘]-EUI-E 11-2 Ehﬂ'ﬂs th&t
nrocess - LI 34N & i . i
the automatic sequencing of the starting operation cgn
;;'E}EEEEPG by either of three methods.

(See Figure 11.3%)

11.2

CURRENT DEPENDENT STARTER (SERIES "LOGKOUTY)

Firatly the contactor shorting out the resistance Eteps

figure 11.4 shows the wiring diagram for u typical
can be made dependent on the motor back

controller of this type whepe t.hc_ shurit contagtors are neld
) ) €m.J, or open, that ie, "locked out'" by the ssries relays until the
- B e 1 = . 3 . A =
speed (Figure 11.2 (a) ). current falls to 4 predetermined valve. The shunt
: ;mtactor then closes, short circuiting the appraprigte
Secondly successive contactors can be arranged to close . f the starbing resistances together with the
as the armature curreat fglls to some predeterming secf:mnrzlav S nc ther «
value of current (Figure 11.2 (b) 1. Eeries s
Thirdly the starting sequence ca

: - squence of pperations is as follows!
n be operated by a timing The saguen

device., (i) Press START button. Coil "a” picj&s up cluamg
contactor 1, auxiliary contacts K and &. _{Lo_ul
cireuit through X and A provides mq-mj:-mxng-
circuit short circuiting start huttony)

11.4 BACK E.M.F. STARTER

Figure 11.% shows the wiring diggram for an example of

e M : (ii) Ae centagtor 1 closes armature ?:-mkglujfﬁt;fnﬂsh
11?1:.- type of etarter, It is push button operated with a ieries relay 1 and resistance na; Rza_n i 3,.
field rheostat which may be present t3 giwe any [inal spead ;Trh' inikinl current in seriss relay 1. opens’

8T Lo operate at
values of back c.m.f. and an overload
| rmined current valua. The
Etarter {s as followa:

" 11y clogsed!),

| L | 111 antacts (shown "norma. -Loged
Various predetermined aﬂux}i;::ﬁrz zﬂcerer&tﬂﬂ‘ Mot ‘ul K
2t ' . :11ary can &
predetermined level allowing avxaliary ¢

to cloge.

relay operates above a predete

Operation of the

(1)

Close main switch

\ al'!d dEIjr._r.
outton,

. - ough guxiliary contacts om
‘8 5pring loaded 'start" {1 "b" picks up through ,nu?ﬂ._]: o WL
(114) 2::&95 relay 1 closing shunt contacter 2. ¥y

and series relay 1 shart circuited.

(2) Cos 1. losi
011 N picke “P closing contacte 8y, m and r
8', ecoil M

; Dﬂlng main

taine itsaey
releaned, 861l and the start
(4)  The armature and =

"nt fielq circuits are epnergised.

Elect, Engg, Cert . ITY, %14,

. Machines 1 (Bagk I1) (11)
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Argature picks up through serigs re _

resistance B2 apd B3,  High initiai"a"’f_'_ﬂ ang

holds open series relay 2 BUXiliapy n:::riﬁt

tacy,

i+
Picka up

Procedure repeated until codil Mgn
«1osing sbunt contactor 4.

~ontactor 4 ¢loses B3 shorteqd gy
direct to armature.

oyidi

t s\ess,
ng hold-in for Mgh OBty
rom potential coilg i) CPehs
ctors 2 and 3 to open. P LR
contactors 1 and 4 mﬂiﬂtain g
=

. -
3 open, armature dlrect-un,]
ine

3 DOW

1 d=o-=1 o 1
: n claﬂlng Contgpg,.
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Sequence ig somnbes
: ontpay:
Starting cﬂnﬂi‘t;:hq
¢ Proceeds withoyt .
ure and will Procegg

the starterp and tha

=
should bE'incﬂfﬁﬂhﬂ{
[

Y L cause a machine )
the case if the only
ction of the systen
?asss the load cag
ically, The
he inewitzhle Wear
nstant checking and
1se electrical F

mented by mechanical
( |

r;_ i

= ot E M
= | 1]
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i
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= ol
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e
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I
= B
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| piall i gl =

&1
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from which

current is limited tq
full load current, times

drap iﬁ.ngn

At standstill the mofor ﬂE?Elﬂpg a torque dus t
= € to th

"vt - Ufb
( R, + Ripp)

& current,
I =

a?d ?Ggld. if not iMMEdiately disconnectes from
s-art to accelerate in the opposite direction. To prevant

this the machine can be mechans . :
and automatically ﬂe—aneraisﬁd:c&lly breked at standsril)y

the supply.

Example 11.2

A 240 V motor is required to be br i
1f the grmature current at full lopad ia&}‘:gg :i;:ﬂ:ﬁg:g.'tha
armature resistance is 0.1 ohms calculate the resistance of
the braking resistor if the initial braking current is to
be limited to 150% of the full load current and fhe bmish:
drop is taken to be 5 walts, i .
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Srar ﬁhj resisror
Jf##

NNV

Series mofor

Braking - Series Motey

armature power 1
Figure 11.7
motor.

a8 dl&sipi

.5 kW 230 volt 58 ampeges

re. and Tield resistance

. 75 times the motor full logg

the dynamic braking resigtes,
orush drop 3 voltls, '

1.82 ohms

'}
=1

16 -BYpLem 18 5in 3 C 1€ dynamic brakiﬂs E:{Etﬂﬂ
EXCEPL that the vower is rat, €4 Lo the supply inabead of
veing diéeipated in g esistance Nis means that Lhe

;;:hrrzﬂlt .".21.'7... bEe r_tr-'._-at.-':r than Lhe supply Vﬂlts-‘. ,
~ % can be achievad py FURNing the motoyr above itg normal
_ ] qrfnTTt:mnquﬁﬂning Liie main field, This system

6 Used where it i desired to limit the speed of a motor

v WHat is, for slectpie traction systems:
are long down 11l runa,

1 1 =
rather thap stop it
where there =

ineg I rE—':”jk I1) (11)

:.'7.3.:'.-1.1:Et,_r-j;_t[Irl

REVIEW QUESTIONS

Explain why the fallﬂuins CUrves are nat Linesr:
(a) Speed yersus time ﬁuring-aﬁﬁziingh
(b) Current varsus time during Starting,

What are the advantages of automatie atarters?

Explain the principle of GpPeration pf:

(a) Back e.m,§. 8tarters for shunt 4,¢, motors,

(b} Series lsckout Biarters fos d.c. motors,

What is the main disadvantege of definite time
startera?

What are the basic principles bahingd plugging,
regenerative and dynamic breking?

Explain the dif ference in braking torque developsd
by the three methods of electricsl braking.

Which of the methods mentionsd in Question 5 is best
auited for traction work?
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- r calt shunt motor h_&nrurmuturu resq
snd fleld reaistance Weal Ghims, !tnlﬂhu
daveloping rated torgue A¢ {y Fiu S5
g tancr of the plugginy rhnLqE:!ﬂ'
” lislte the ::,Pj".ﬁ_n'-ﬁh'—'l-i':ﬂ urmntur‘ .
- SO0K fated (wll ioad valuae,
o bresb drop of throe voilts snd molos affy
/ ber wassa b bBu "JTf-f'I.ﬂ‘lf:'I.l]:f hr;:h‘q
af ¢k Lruk.ng r6uintgr tq'd*
._ recus current lisiv Lo 200% .
e % of ke
¢y haa an _r,r.*--I::.:ar*" reslotaneg of
- p ing Ivwll lopd tha ipeed i,
. m roa b g irrent af 100 li:-plﬂ'll,u.
i a i braked ”J"'“""']"Illlf
. aaed resistor 4T the
. 170 aEpPeTOB. wnf;t. UWIQ
. , . ,,rl qo Ve %'.-';r'-'-.‘- Gy the eLtor
| \ d W N 00 rpm? Asdume Lhe
ko ,,“--,;.-r- rolts, At what Epead
: < far the ‘ viiere the gashins in
plugging. AlRo, determine tHe
when the = Rrmature im stationary.
& motor of Problem 2 was to tre
gonerat ¢ 6inG ampliah this the
- nr : by %, determines
|0 \=ing torgque;
: f X g,
d | : given . :hr- motor in Probles 3
- - felalkicnenlp between

e re Lo IGFJD rpm'

ir. Elnnt

™ Hﬁr.hlnr‘” I

{Baok 11) (13)

-?‘3-

Uﬁli_'ﬂ,_]g

2.1 Introductisg,
2.2 i

ccelereting ¢4
= TARe conglay
Fallons

12.% Vetsrsinaty
P . L0 Sf geee)
TeRAtTMLing flisee
w
12,5 Mot exiastinn
Ff'flri ",tv'!p-.-‘-lqﬂ-ﬂi
Azelonsénta.
e ————
NTEOUDCTION

The work done i previcos wilts bas red
- - TLYe Anpecy
pesis of

=lec T’

100 wnd scealeratisn and dum & - ad '8

pultabilitly of moiora {or a wiven 1oad ‘:3‘;1‘:" ;‘1:,1":?1'
f Lhis NAIL & Lo Teiale Lhe werlous sipects of o e
performance al S5ariong o snsure tEat o ASTST cho=gn Lo
prodice & given Lorgue 1S capablis of scomlersting the
o r nted yEtEE, irida e LT restrist Long ;—h:p: ou dhh
teveloped torque by the vss of current Jisiting rexiatoes

starting, w60 a suffliclently sncet serind 6o prevint
the short time rated renlnlors Lrom sumtalsning cssazs.

CELERATING TIME CONSIDSRETIONSA

In Unit 4 it war shown tnatl Al She Larjus spesd curye

cf both the loed and the solor wers Enown sud, alse, 3
the moment af inertiz of the systes could bs dstiarmisst 1L
waos posnible to caloelate tue Tise fgken for Lhe syates ta

pecelorgte betweesn two valuae of Spusd.

In this unit the following assusptions will e amde

for nhunt connocted Sachines:

offeect of desagnetizatlion @6e 59 arsature resctisu

{1) The

o be neglected and Lhe torque Spesd carve, a8 N

ronsequence L5 linears
(2) The shunt field curreat oxn Be {grared and Bence

Ia = ]L
' £

(%) The moment of ipsertis of tae l?r-“ Er::m

and that nll valliss ars pafarred 10 LR

opand.
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Detarmine thy MAELsum
N saphasia fn thia partionlsr undt gnd the Brmeture ocurrapt du't“.m:h:lllllu! _
B e learily concerned vAth the sloctricy) ~ For ‘wxamplay I\ Wiy b gygqqls b8
raeld A wign and application, it 1b not thy PUrpong . impased by the supply hdﬂrii'g
of watol g ¢ put an axhanative -"‘*lh‘i)’ of the l“li.lq' . Pnrmlttud ¥ -
% fh:T:1np or bo treat Lhe topic of St
Pt loNNL =W .
0] FWiaEs

alus of CUfran
Ao ' Lhe OBy load armaturg cNeront,
§ ]‘ '.II i.fl"r r-:”-'l‘ t‘ "' }' . “n‘t ‘nﬂ 'llrﬂﬂd
ineT'IiN of & Loty - 3

the Uoing sithery the
= ria - of a systes can be determinsd rr“,m
.‘.'-'-"T.- y E p:-! | . . ]

_ method determine
ad amatry of the retating membery and Eh realalancs ot T
Knowlegfge © favelved and Dy relersnes to Lhe .

.[. "l-'li'

che unit

wpyvioualy in Unit 1. Where r-{-qu:-l'fﬂul
210 At L-:Ilr im a . b

Annlytions O Lhy
the husber of Wi
hontyp in the 4

Hotet  Thae metnpn hery

Eraphiag)

"I wng (py

treatfant Ehe momént ot o

i for the load and for thHe ;ﬁtqr pEnumpt lon Lhat thillziﬂrituhun&{ Fﬂ
. maonnn ol an “"tﬂlﬁuthj "lu!‘i#fh:"‘r.d

elealrical factors ln?ﬂ]!qd. tlon with n_tﬂpfmd L

L of dot. mok org the With ﬂqﬂ.lh ﬂ['lyﬂln cuy

Blarbing deuld he h fu
rirf:ulll"fp'.

\ Unit 1 fon Lha
volocity | “ ) F From the informption nb
N -

. A Wors Lthe apoeed of the Mo s by

. i anE”lnl‘

HEY minute
Laone pe

tnined |y Etnp a

det
f wl sgen vrelny

Mlart bng firriod,
| Annuming ]Irlt'nrit‘f far Lhe Lafqu- T Curye gt
B ﬂinuu : the mGtor determine the ncluni gunt bon for I'.Iw
radiang per torgque apenldl curvi vl woep Lhw Apaad .,',,1"-,.
clorabing time canleulated in Brtep %, '

e dend and Lihe

e E Plot Lhe spoed Lorgue cucva far
0 f{ . ) sosenda notor Vel abtnined bn Suep & op

torque mpued gup
Lthe onme not of sxen,

Uaning the Ltacihniquons of Unit 9 dotisrmineg L
average aceelovating Lorque valuos and lighing
oblaln the regquirad acoolevnting Uise,
NHote: Duo te the fael Lhal the dovngnutlzing
alfoche of armatare reaction have Lusp
neglestod and Lhe mesnlure Lorqurs ngeed
eurve Lo spseumed Lo be linear Lho olarting
Lion of Lime doatermined will bo a podaimisble

e valus Iin eatimabe and LBe netinld ntnrtlng 1iso
rdinate yalos should be leoaa than the culevlated Yalus,

. Exanple 12.1
ARG Tie nnﬂ':lﬂli'id
FpEont that sither A 100 kW SO0V d.c. shunt molor hao an ;rﬂ;t;;; Fapohe
: tne nroplom resiatance of 0,204 shen snd o Tull 15"‘7“1 '_".FEF :' l.lﬂ.'ftﬂ':*
ores the Lorgue If the load hae a Lorquo Apesd surve which sy
medl fied by Lthe axprasaliont
nion af

in Umit 9,

-t g
T = WO+ 9210 ¥

I i : (Al |
=, —- ‘ndﬂptgiﬁ' | and the motor sreature particulare sr
e of the lon

only. 2 = 756 copnduclors
P »~ 4 pole palro
« B parsliel paths
s 0O.0h wetiers

| | ok 317 €92)
F9ct, Engg, Cart. I1T, Bleqt. Heshinea B ERGEEESC ;
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and if the cambined moment of inertia aof Lhe Tog
sotor i® 120 Nms= gnd the atarting current 4. lid |
1508 of the full 1ﬂt-:1 *-‘-“”‘:l‘ﬂtlﬁ*-' th; Uuppep limitn;b:ﬂ; '
%o T land curr the lower Iimit : n :
the full lond curren at 1 A8t a . O
tuken 10 accelerate the motor to the full ﬁper:T;n +h At Tull loazd
time delay in the operation of the Startap ﬁg:f .
. NEQ

any 12 )
ﬂl"-t‘l'in_‘lf:ii. Asgume an '-‘I‘rll?lﬁ‘nr_*}' af [jiﬂ;_

=

Splution
—ei
gy = 100 x 1000 x 100
500 x S0

220 ampeEres

20 x 1
(1) At the

(d[0]

s

330 amperea
= 240 » 90
L & 7 b H
£

and lp
100

200 ampercs
hence

from which
E
200

= 198 voltg

The apeed at the snd of t "
poriod will be nd of Lhe firsy neeslerating
Ne = Np, x 198

k56

= D20 x 194
456

400 r.p.m.

is a constant for thio problem and will be
used in nll further calculationa,

At Lhe end of the sccond accelerating periog

In = P00 ampéeres
Rn 2 RE = 0,92 ohms

hence EBE 500 = 200 x .92

500 - 184 = 316 volts

111, Mlect. Machines I (Book IT) (12)
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The actusl I _
the interserct|am of .;:'Hl mj‘.. -
notor #Eya_iﬂﬂ.’ tnr . m \os l

990 1oy, TTIE 1gg PN

The spesd will taem be

l . . o B
H e 2-91: ’ Lsa

.
From Unis 9

= 2,02 x 316

= 625 ra.p:n,

.
{£44) Ar the =nd of the third accelerse
ing Peric, whers
| — o0 EEe
L, 200 ampéres Ky = 9z
: ’ > G [5) .
ff& = --3 = LI S 3;5 Ghzﬂ - = 9'!
_ and Kt = PE
hence - = S00 - 2 == _
% 00 x ,555 Z%a - 45
= 389 volts from the sotor dats
The corresponding epeed will be S 2 - %_m
3 -
L = 2.02 ¥ 389
= 12.6
. r-p--". Enr'j
; A & = nd of the fourth F‘E‘Ti(}d Kt = ZPZ = g-%-ﬁ
- ¥a 16 «
“5 = oL aEperen
= 121
K = R = 1. 32€ ok
3 i S+ OIERS For ths pRotor unds - :
) *F disciseion sqqs |
- - now oe written as % eq3ation 3.0 as
arrm .Li:_ — :_-";"' - 200 ‘335 _
Tor 1 a a0 = 23 2.6y e
= 500 « £7.2 BE - R. 2% .
= 433 volte = 2420 <« 24N
: I ";__",- wil o ba ﬁa HE
{ .
: \1) 1In tha fi | preasion
RO In the first laterval, the toryis sapeesst
22 eCcoOmass
|
P T - gz - N
PO 1.51 1.1
o d b +'_7_"_ 1:,"':_1’-_1__‘.::.\1 .,_? i .
rEeictanrs 1. Ating period the ressioisr '
Bee 18 due oy be 0% = 4600 - .62 10
AFRature.  Ax g _a:r,p:._iq"r F' ;‘L“Giﬂtnnca of the 1 1.62
UTTreEn® Af ==, s ..;;_., i E K ', z I R T =
-::':.d!"- VEr .. ,.f-.‘ .‘. :}*;.‘l::-‘frj 'JI‘;[_‘ld bp Q;Sg:ﬂp‘:f '-I At th! cg-mlcm“ nt t'n i.m“ Im
falls &5 ;'-f..*‘,';:i,:;,':‘:jmr‘”" Lhat Lhe current operd 15-540 ShELNEHERLRENEE
. - . Il
: T; = 1600 - 16220
2 T Y= I B
B B
= 1600 Fa ' |
. :r{r - DNy .
<A x -2'}4 |
= - ¢ - II |
& A - -.4':4
Il n '
Wi :'LP- 'YK I - ‘ |
finalls . = P o
Md & mes m s"nm
- YL x 2.0 - : 2 [ 49)
Clect, Booe - : g3 "“te Engg. Cert, III, Elect, Mochioes 1 (Beok 13. R -
wea -reri;' Ty o r'I‘f"n :
~ad Ej.ﬂ'*f,‘ " . .—*— F‘ - I
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- 100 - ' .
. (v) For the fina1 i1uc - -
Vhen the current falls Lo 200 amperas the | -iﬁ_a;L *“!‘Eﬂl . W
Lorque will be! ' T = a% .‘hl -
T, = 1600 = 1.62 % 4op 20k %t
I T . u
= 4600 - 650 l = 1500 - '1‘,1*"95 § - '
i = Aouge . |
= 950 Nm L fﬁﬂﬁim = .
. § |
= f v - 1
(ii) For the second interval equation 9.10 hEEdm.E'. | | 16&'“ lﬁ :.;|: .II
- i T & 1 . ' I o '
T = 2420 - 2.44% N | £ = 1900, . W8T o S
92 .92 . = 1195 x 935 SEU P
= 800 N : , .
= 2620 - 2.64 N | the sowphers faig ERE 2 IR - -
€ “nulle o thig Bt g et r
in WAl s ‘ 2% MAY now be 4ox 2l
= 2620 = 2.64 N as shown in lalile 734 © TRV nOW be tapar, e
| i : | t- _E H En
and I, = 2.620 - 2.6% x 400 ' 2 T e T,
_ r;:;: fa = voi?::%j HF_mal.;J_ Torque | 2 | 3
= 1620 Him | {rePnd  Bxpression | A | -
- —— - —_— ;«l_;_'-'-._'_h'__l - 1
T, = 2620 - 2.64 x 625 | 1.51 198 400 1600 = 1.6 i i
=870 Jin 2 | -FE N 625 | 2620 - 5.6 y| ..
i \ . I 2 I
<555 389 780 4390 o 4 2mwl
(iii) For the third interval the torque exprassion i, 3 370 = 439 M . *
T = 2420 = 2.44 N - 336 22 870 7150 - 7.4y '
555 + 555 5 . 204 458 | 930 11900 -~ 1195 N I
= 4370 -~ 4,39 N 3 - T LA :_|'=.1'-"'
Table 12.1 - Results for example 12,2 : : '._l
The torque values are then! ==2 > : L I
step 5 o -l | -
T{ = 4370 = 4,39 % 625 ek O e i =l :
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