Grading starting resistance for dc series motor

# The flux varies with the armature current is shown
in fig.
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# Let @; and @, respectively be the flux established
when the current is I; and L.
# Let @,/@p,=a '
# Then , dealing with the ¢ and (q+1)" studs

when the currentis I
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at once rises (o the value 1)

ml ]:2 = aly,

To obtain the current I;, the total resistance in circuit

on the (g+1)" notch must therefore be

7+1 : . ST
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Hence by substituting q-1 for q

(1
}‘_ =1

R, = Rl — «a) |-

I'he value ofthe resistance element between the qth

and (q+1)™ stud is then

re = Lty — Ry, = %(Rﬂ—i — R,
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The common ratio is now
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The total resistance in the circuit at starting may be

expressed
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If the magnetization Curve is a straight —line
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Under this conditions all the resistance element have

exactly the same value
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The ratio of the current obtained by equating these

WO expression tor r, becomes

1 -
@ = | *L;l-t\]. -?"’:)

For the general case

1 S

R — bP _IJ': _1 ~ '
: e - L —0 frm
! | J+3XC =

R,

In general, the values of rn and R=V/,will be

known, and n., the qumber of resistance sections, given.
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# The magnetization curve is shown as ODE
# OB represents the maximum current [jand OC
represents the current I.

# The fluxes at these two currents are represented by
BE and CD respectively.

¥ BE represents the supply voltage and the total

resistance R;.

# On starting ,the back emf builds up, and by the

time the current fas falleh to the value OC, the back emf
has attained the value CH.
BE=I1; R,
HT=1; Ry
# On notching up emf at once increases in the ratio

0,/¢, from CH to BJ.

# The resistance R; 1S repfesented by JE

# BJ represents the elemental resistance r,.
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and 2, BJ and BS represent their Valygg 0
g h

Oon nﬂh:h S [

~otches 2 and 3.

« EF represents the resistance of the motor Circy;

¢ The complete magnetization curve need not he

drawn, only the points E and D are required.
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AUTOMATIC STAR TERS

# An automatic starter is one where the starting

sequence 1s not controlled by the operator.

4 Automatic starter is more expensive than manual

startcr.

The advantages of automatic starters

1) They ensurc 2 correct starting operation

irrespective of loading.

2) They can be operated by non-technical personal

3) Adjustment of timing for cutting on and out of

resistance Steps ensures smoothing acceleration.
4) Overload protection 18 provided. This is usually

under voltage and over current protection.
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5y If required olectric braking may be INCOrporyy,

relatively easily.

The automatic sequencing of the starting operation of ,

«arter can be effected by any of three methods.

a) Back emf starter

# This type of starter is used with small and medium
sized dc shunt and compound motors having high
starting torque.

# It is push button operated with a field rheostat

whi ' '
Ich may be present to give the speed required on load

# The
starter relay are set to Operate at various
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# The operation of the starter is as follows:

1) Close main switch and depress spring-loaded star

button.

2) Coil M picks up closing contacts M; and Ma.

3) M, is the maintaining contact which short circuits the

start button which can be released.

4) The armature and shunt field circuits are energized

through the main contact M;.

5) The voltage drop across R,. R, and R energize field
relay F which closes contact I tO short circuit the
rheostat during starting.' This ensure the motor starts

on maximum field.

6) As the motor accelerates E, builds up and when the
voltage drop across contactor 1 falls to a certain value

the contactor operates and the contacts short circuit the

section of the staring resistance R
|



) AS the motor accelerates Ey continues to rise and

1) . *TOrs Py s . 3 - 1 1
confactors £ and 3 operate in turm until all resistance is

short out.

8) The voltage across relay F is now negligible and relay

opens putting the field rheostat back in series with the

held.

9) Pressing the stop button open-circuits the line to M

causing contacts to return to their original condition.
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4 Below a predetermined value the tractive force of

the closing coil has the most effect and the contactg,

closes.

c) Time limit starter
4 In this type of starter the starting sequence js

controlled by timing devices independent of the motoy

starting conditions.

# As a consequence, the starting sequence proceeds

- without reference of acceleration of the armature and will

_proceed even if the armature is stalled.
# As this could cause damage to both the starter and

the machine , some over current sensing device should be

incorporated in the circuit.
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ELECTRIC BRAKING OF DC MOTORS

# In some applications it may be necessary to aPply
a retarding torque in order to causeé a machine

decelerate more rapidly than would be the case if the
only braking torque was that due to the friction of

System or the ordinary load torque.

# In such case the load can be braked by either

mcchanical. or electﬁcal .metho'ds.

# The major disadvaﬁtage with mechanica] braking

is the wear of the frict:
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# The electrical braking are:
1) Plugging
2) Dynamic braking

3) Regenerative braking.

1) Plugging
4 With the plugging , the braking torque is obtained

by reversing the supply of the anhature.

4 When the applied voltage is reversed , the

expression for the armature current becomes




4 The negative SIgn indicates that the current g in

the reverse to the normal direction.

4 The torque produced OppOSES the internal torqye

of the load and the rotating system.

# However, since the reversal of the supply Lo the
armature results in the emf action on the armature circuit
being the sum of the terminal voltage and the back emf

¥ The current is usually limited during braking

operations by a series resistor.

Starting Resistor

BraKing
Resistor

Brake

Shunt
Field
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2) Dynamic braking

# In dynamic braking the motor is disconnected
from the supply and a low resistance is connected across

its terminals.
# The motor field is connected to the supply and

remains energized.
# The motor will now act as a generator supplying

energy to the resistance, until all the kinetic energy in the

armature has been dissipated as I’R loss in the resistance.

# The current produced by this method is given

by the expression

e
FIeRee R

b
eries

# In the shunt motor, since the field is at rated value,

the torque is directly proportional to the speed.
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3) Regenerative braking |

# The system IS similar to the dynamic_ braking

system except that the kinetic power of the rotating

«vstem is returned to the supply instead of being

dissipated in a resistance.

# This can be accomplished by either running the

motor above its normal speed or over strengthening the

main field.
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# A typical application is its use for electric traction

cystem, where there are long downhill runs

# No braking resistor is used with this method and
:nitial braking current is given by

As the speed increases abové"'the'ﬁﬁﬁn'al speed,
the back emf increases and become greater than the
applied voltage, so the armature current is reversed

and returned to the suPPIY- "
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- pC GENERATORS

onsidered are
will be C esis
oads tiv,

combination of them.

rrent ﬂOWlng
t'cal equanons 10 calculate Cu
mathema ]

: i
@ It is easier 10 apply 2 graphical metho

. This method involves superimposing the extemg
& 1his

haracteristic of the generator and voltage current
chara _ |

characteristic ﬁf the load to find the load conditiong

A

where the two characteristics intersect.

a)The load is resistor
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gs a straight line on the graph and where this I;
ine

crosses the external characteristic Of the generator, the

voltage and current for that €quivalent load resistanée
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ng barte

p)The Joad 1S charg!

C cha.r'i
When it 18 l'eqUired 0! findi 0 e Urrep,
4 Whe s

generator to a battery the Procedyr, 2

jelivered by @

similar.
§ The battery char acteristic is obtained so that it ¢,

be drawn OI the same gTaph as the CXlerna|

characteristic of the generator.

& Where the two characteristics Cross this give the

load point.

@ The matching point is the solution to the

simultaneous equations.

for the generator  V=f{(t)

for the battery' | Vt:E:_IRb .
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# The total characteristics of

re taken at constant voltage.

1

the load (OA and EB)

@ The intersect of the total Characteristics of th
e

joad (0 a b) with external Characteristic of the

generator EoG determines the load point (b).

$ From point “b” draw a horizontal line (b b”), the

intersect of this line (b b’) with OA and E B

determines the current in each load and the load

voltage.
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PARALLEL OQPERA TION OF DC GENER o,

| @ In some situations it is necessary that genep,

be connected and 0perat3‘in parallel as the output of %
| ¢

machine 18 insufficient for a given load.

@ The conditions for parallel operation:

i the same terminal voltage

ii- the same polarity




output, should have identical
| €xternal characteristi
er].Stlc-

DC Shunt generators in parallel
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¢ The machine with the more '
ropping

aracteristic takes the smaller share of the load
. .

§ Dealing now with machines €xcited so that their

omf* on open circuit are not equal.

v i Vol £ Constant Speed
=== - Total External
= !,I | Cha racter*?g f ic
V ___________ T B T
% _
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S
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> Output Current

$ The total characteristics is obtained by adding

corresponding individual characteristic.



Subst (***) in (**) yields
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On short circuit, (where Ry =0) the current is




ITC e E]'Rﬂ,u EzRaI‘W
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$ At very light 1oads the machine having the smaller
open circuit emf delivers a negative current, it actually

receives current and acts as a motor.

$ From the figure, when f.he main circuit is open
circuit the terminal voltage of the generétors 1s OV..

$ J The one rﬁaéhine gcneratés V_F ampere and other

receives VK ampere.

# The second machine continues to functionasa

motor until the load currcni reaches OA ampere, at which

point machines II just floats. -
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4 Beyond this load, both machines share the lﬁaq

hine 1 taking the greater part until the loaq oD !
mac

4. after which machine II carries the greater shar,

gttaine

DC Series generators in garallel

4 DC Series machines are not normally used a4

generators.

# To ensure satisfactory operation, when series
generators are connected in parallel an equalizing

connection must be used or field cross COHHECtEd. .

5¥E
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§ When the equalizing connection is used, the two
field coils iﬁndings are connected in parallel, so that the

flux for either machine is not directly dependent upon its

OwWn armature CllITGIlt.
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g Without the equalizing connectiop

~urrent changes.

DC Compound generaiors in parallel

@ Since these mac_hinés possess windings ip ge.:
[1gg
with the armature , it is necessary to equalize thejr fiq
I Tield

currents.

# This is usually affected by equalizer bus bar with I




EME SHEET (1)
'IR’. an(]lll} Eq“ati{}“

s 4 conductors and runs at 300 ¢ iy wound D Hhchine
ot alculat
of Pcnle € the usefy) flux

S

inding 1s used ?
I"T-’e of\“o’lﬂd 2

3) A 4-pole dc machine has a simplex lap winding, @d o

prmature winding has 96 coils of two turns each, the voltage per

i 1S 2.9 volts. The resistarice per conductor 1s (- 00ZC2 0

calculate: i-the generated voltage ,

1i-the armature resistance.

.chine has a 970 conductors. If the
current 18 48.6 amp.

) A four pole lap wound dc m

flux per pole is 0.0 webers and the armature

Calculate the torque developed. _ N\
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- SHEET(2)
acteristic of DC Motor

Char _
v excited DG motot is rotated at 1000rpm, The variatiqy, of 4
. [elV Cat ; m
|) A. separd ~ « ot iisrerit T8 . ay
) aliane as & function ol field current is measured under no-load condij, e
terminal VOIAES & s -

mbulated helow:
02 0.3.04 0.5

115 124 130 134

Q.7 G
, 0.0 0.1 0.6

y 0 30 60 & 102

{

- 17 =241 and the licld resistance is adjustable. The _
The field winding supply =24V and ihe lield | J armature Wingj,
v =130V,

- g
=0.2Q and the armaturc lerininal voltage

resistance RA

a. Calculate the ficld current if the motor is operated with no-load at 1000 rpm

b. The motor drives a load at 1200 rpm. Calculate the armature voltage at 120y ll'pm if th
€

field resistance RF=60(2

.¢. Calculate the torque for the above condition

2) A series DC motor has combined armature and field resistance of R, +R, =] 2Q. Wh
: Tt T en

connected to a supply of Vi=48} at standstill, the motor develops a iﬂrque of 1500Nm

a. Calculate the armature current at standstill and combined motor constant %
f"

b. Ca{culate the torque when the speed 15 500 rpm

n t

3) A seri : o :
: hasnes molor has a termjpg] voitage of 250 volts, an armat
an a 2 dature !
arated full Joad speeq 4 1200 r.p.m where the am resistance of 0.023 ohms
amre current s

dmnp. 1 e,
! 7 A Ay,

the speed whep the
' € armatyge Carrent js ;) amp. Calculate

e
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SHEET (3)
"\l‘l{‘-ull G x}llll ol uf l)( Mntm

"\

. 5 : MY 5 ——— .
he s the mHi lorque un.pmm!- “'“'Chﬂng:_,d rp LW 10 —

H-ﬂl[l-'*
ﬂ

) R(2 . 730 (2 1L"‘~‘~|‘1E‘Ll|\'::

0v. 10 i4p. shun: motor has full Joad efficiency of §50
s o .for th
PR e ¥ . 0. k | i
| - <jred 10 seduct 1S saeed Cy 2% by Insert; . Same lorque it s
Jes

gming tha! al| the ‘osses excep:
as

glue of the inserted resistance and the effi
L

ciency of the motor wh
reduced speed .the resistance of the field he.

rﬁspec:ﬁtfﬂljl

. A de series moior connected 1o & =30V supply, runs at 600 rpm when taking
) | g a current of
50 A, calculate the value of the series resistance which inserted in series with th
_ € motor

o reduce (he pEECi 400 rpm and the gross torque is half its previous value, self
resistance of moloris 0.2 Q.

L)

HA20YV shunt motor has armature and field resistance of 0.2 Q and 220 Q respectively
The motor is driving a constant load 'mrqu_e:' and running at 1000 rpm drawing 10 A
current from the supnly. Calculate the new speed and armatﬁe current if an external

armature resisiance of velue 5 € ix inserted in the armature circuit. Neglect armature

reaction and saiurallo...

A 220 V shunt moicr has armature and field resistances of 0.2 Q and 2_20 Q

¥ : ; : 1 ; :
respectively. The motor is driving lcad torque, T; o n and running at 1000 rpm drawing

| | ent if an
10 A current ;rem (e cepziy (acunale (he new speed and armature currch

| 3 : : ircuit. Nﬂglﬂct
extenal armature resisignee of value 5 €218 inserted in the armature ©

amature reaction and satuaration.




