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Power flow in a dc motor

e




y = E5+ IaRa.
y = Kn @ T IaRa

y - kng (12)
b B

Substituting the value of I from Eq. (12) into Eq.

(9). yield
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From Eq (9). the relatlen between the torque and

armature current at eonstant field flux (@) 1s shown in

F1g11 B o - _
e W &5 wa:%~%n\

| ———P“" | v \\\
'1.—1—'2@:?30— - 60'\\(\\ o oy




28



Characteristic of dc series motor

s
oo | s
(a) Torque-current characteristic & QW FK’R
N
I'=kol, \
@ 1s proportional to I¢or I, . _,
’
; | 2 2
AT A AR ’
(14)

A

{ o
3 --- ]ﬂ =k3‘VT _-.

% ol |
&

¢

' The relation between torque and armature current is

parabolic and as shown in Fig. 12.

. : : 29
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ur\:-'—l"‘
- As a consequence of the inverse. relationship

between speed and torque, the speed of a series motor

Qses rapidly as the load decreases;'

——

- In practice a series motor should never be allowed

-'—'—-'-"'"'-"" e

- e e, i, I g W i, W, ¥ --..,._o—-_._\__-r-—.,_\_—"-.._-—'—‘-..\_—-——i-—'—'-\_

to run at hght load as the exceste speeds may result i in_

i — ﬁﬂmﬁf&“ﬁ; i _.—l'\—._.-t-'_‘—\—,_r-____rl'._ e

S W W W e Wiy

dmnawe rnachme due to the mechamcal forces

- H.--"—'-n._---F

present at these speeds.

g N P

[15]

- As shown_ from Fig. 13, the series motor has a high

starting torqug',_whilc_,_ -.thre s_taxjﬂng torqqe in the shunt

mofor is limited i by the value kd)VfRa as shown __

3 : from Fig.lO.

© . Series motor is used in traction.
. - . h -. ,= r=-' - . : . [




ent characteristic

q) Torque-curr

Tk

o kt]a(wshiq?sér) =
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(b)Speed-current characteristic

Sha ol P N
k (QD &h T (9 ser)

N =

Sl

——

di Heceakial -

< Cphmu\‘*‘fl"c

& ‘ '
|

(c) Torg ue-sp eed characteristic

v
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This equation shows that there are three methods for
vmyiﬁg the speed of a dc motor by:
a- Varying t_hé applied voltage (V)
b- Varying the flux (9)
C- Varying the resistance in the armatyre circuit,
(Ra) o -

:

By



~ a- Varying the applied voltage (V)

Varying the voltage applied to the armature circuit

can control the speed of an armature.

i- Operation on a rectifier supply

e
- “_l"!'

C

# The advent of various types of rectifiers, static
- e LA
variable voltage systems is used wherever possible.
# The advantage of this method is a smooth

variation of speed can be obtained.

# The disaavaﬁtage is the cost is high.







iii- variable voltage control by Ward-Leonard
method

# This method of control not only gives a wide
range of operating speed, but also reduces to the very

minimum of waste of energy that may take place at

starting.
= The disadvatage is hlgh cost

# In this method, the motor armature is connected
directly to the variable voltage generator.

4 The main control is performed by varying the

generator field current.

Motor Field
Rheostat

L]

~Speed Coatrol

37




# As the field voltage 1S general]y constant, varying 1

will cause the field current to change

producing change in flux.

“4 The advantage is wide speed ranges can be
ey v
obtained (we can obtain a speed greater than the rated

speed).

/# The main disadvantage of this method is that .
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for a dc shunt motor

- Freld
- v\

for a dc series motor

Diverter

DIvERTER METHOD
oF I''ErD CONTROL

2

4 U
- R
o
=i

™
%,

TAPPED-FIELD
‘METHOD OF CONTROL



» , sz # The disadvantage of this method is that the loss of
s power in the resistor.
# This method 1S used:
. only where operating efficiency 1s not a

major factor

2- a small wide range is required.

i- Series armature resistance variation

=
-

d.c.
"'“PP"Y _




ii- Shunted armature connection

L
e ] . Y
U 3
Y
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1t of a dc m(}t{)

3-the rcSIStance of the axmature mrcmt.

These factors are related by the expressmn

¥8\‘&2\"‘ N

e
.Ra

[ sl

1, e

: 42
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4 To limit the armature current during staniz_lg an

additional starting resistancwgl

P

the armature.:

-

/ . If the resistor is made variable as the speed of the

R

armature increases the resistance can be gradually

reduced in order to ensure that is sufficient to E roduced

=

.-'-"_-

the reguired torque. , | _ e

/ # The starting current has'two limits:

& ;/ugger' limit is determined by the maximum
/ current can pass in the armature winding

/ -lower limit is determined by the minimum

e

L™

~ current required to produce torque in order

to accelerate the load.

+3



= tors
startin of de shult e
istance is cutoutip ,

mg resis

llowing figure shows ‘he schematic diagram

e-point manual Starter

~ for shunt wound dc motor.

4 The starter enclosed by broken lines has three
terminals, L (lin_e .;enninal), F (field or shuntvtefminal)
and A (aJmature terrmnal)

# The start . '
er arm is held in the Oﬁ' position by a

strong spiral spring,

\



I T
W

Starting 154" “7

Hddmg coil

Shunl freld

lr-l—l—--.—--—-—-..-..'l—p

1

Startifig Resistance

43



[he armature now begin to accelerate and after Q
o 1€«

or handle should be moved t4 the

few seconds the start

second stud.

4 This reduces the resistance and allows the curre,,

4 This procedure IS continued until the last stud hye

been reached. .

r‘

/7'# The iron handle will be attracted and held by the

magnetic poles of the “holding ( or no-volt)” coil.

# This coil is connected in series with the shunt field

and acts as a protection device since, in the event of a
/1/7 -.
power failure or open circuit occurring in the field

current the spring the handle returns to the off position

# T C : r
hus ensuring  that the motor should be rest:f:Lrted

when the Supply is switched off.



# This arrangement provides further protection
against open circuit field if the field circuit 1s suddenly

broken, since the motor speed is inversely proportional to
the field flux, the motor would try to over-speed.

# The break in the field current will also cause the
flux in the holding coil to fall thus allowing the spring to
return the starting handle back to the off position.

# The main current passes through “overload
release”.
# This overload magnet attracts a pivoted iron

armature when the current reaches a certain amount,

causes the armature to make contact with C and thus to
short circuit the terminals DB of the holding (or no-volt)

coll.
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from being left in the ©

2) prevent the st e

on” position when the motor is shut down or

the supply voltage fails.
3) Prevent the possibility of the motor starter
haﬁdle beiﬁg leﬁ on any intermediate studs. %
4) Switches off the if the f'll-el.d éﬁrrcnt 1S weakéned (

avoids the possibility of a too high speed).
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‘o )M)\ 9 I.Tx

rading of startin resismnce or dc shunt motor

4 The starting resistance is reduced 1n steps

# For n resistance elements (r1, T2 5 T35.--

steps (n+1 studs)

# If then on the g™ stud the cu
,the rcs:stance in the circuit is reduced from R, to Rg+i-

4 The moor speed being

iy Ia

L+

e

] R?'L*I-T

- instant, the back emf 1S unchanged.
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) ,and n+l

e Toms

rrent has dropped to 2

unaltered for a small



»tL followin Lnutc 4
ont at the instant S "
iI‘
= the value 0

where J,
' ujp.
m%t. E‘xnm‘rﬁ then that I, _,_E‘.L

; § b .{{q-l.*l | i t
ffl S tlctcrminctl by that ol the totq]
5 LI

rents 1
The ratio of the currents 0 studs.

- ] i E t.‘\
resistances in circult on th

|
[I
\N
A
g
s /
S, 2
)
'y

— Jime 3
| sy b -‘IE
VARIATION OF STARTING CURRENT WITII LI

The resistance values thus form g ge
tcemmon ratio of whicl is simply the r

atio of the currents.  Hence if
k=11,
I V{4 (Ll |
N ™1 X il %4 X n-=| ' R R .
. g . e T— X --.---.T.I,t___ — 1 'R
RE 'Rﬂ R" Rﬂ+1 al e = ;—3
- P r l
Fi’ being the nlumber of resistanca elumuntg : s
n+l = 7. = the resistance of the in o
. e | may ' » and
L. armature -L interpole windines. n Circujt, of the motor
- »
Hence . SN e }_f:
4 r"‘
This gives at once :




~ ! . : number of
[f it is desired to keep the ratio L to n (ixed value, tho
stops necessary 18 given by

R,
n log k = log =
- Nt '8
m
R
' o n = loy S log & . -
il ',‘.Fl'l-

Where the maximum current on ecach notch is specified (this 1s
the normal case)

) ,yjlzfl _— s V : 3 ¥ g
Ilrm Ilrm

and when the minimum current on cach
minimum current is determined by
torque at starting and during

notch is specified (this
the maximum valuc of the load
acccleration),

HEOf T’"__:/ v _____““‘:/T
V jl-rm kfzrm I 27 . ‘ :

the ratio T is simply that of the total voltage, to the voltage
1'm |

actually applied

at starting to the armature circuit of the motor.
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Procedure

* BE represents, to scale, the total resistance in the

main circuit on the first stud (R,).

* To any convenient scale BO is drawn to represent

the max. current I; and then OC marked off to represent

I.

* The rectangular BOAE is completed and the

construction indicated 1n fig.

* Then HD = CD x (I,/1;). and represent R,.
* The value of the first element is then r; =BJ.

¥ In a similar manner the values of the other

elements are obtained.

* FE is made equal to the armature resistance of the

motor.
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