design procedure:
alculation of Armature main Dimensions and

omputer Program in MATLADB

uential Steps for Design of Each Part and
Programming Simultaneously.

= Design of Rotor
= Computer Output Results for Complete Design



Electric Machine
‘machines can be used as motors and

and generators are rotating
lectromechanical motion

ic motors convert electrical energy to
- motors convert electrical energy to

| al energy Generators convert mechanical
‘energy to electrical energy



Electric Machine
achines can be divided into 2 types:

_ 1achines
T

- Permanent magnet



' machines have:

hembers (stator)

(rotor)

arating stator and rotor

r and statr are CO upled magnetically



DC Machines

m Schematic representation of a DC
Machine




ure winding is placed in the rotor
cted to rotating commutator

re winding, ride on commutator



ature winding consists of identical coils
slots that are uniformly distributed
eriphery of the rotor Conventional
re excited by direct current, in
age-fed converter is used a dc
led to the stationary field

inding

ce the excitation magnetic field is produced
e field

ence the excitation magnetic field is produced
by the field coils. Due to the commutator, armature
and field windings produce stationary
magnetomotive forces that are displaced by 90
electrical degree.




Magnetic Flux in DC machines




DC Machines

m The current is induced in the Rotor
Winding (i.e. the Armature Winding)
since it is placed in the field (Flux
Lines) of the Field Winding.




Orthogonality of Magnetic Fields in

- DC Machines

a mmf produced by the armature and mmf
produced by the field winding are
orthogonal.

F=ILxB=ILBsin(90°) 1© gy

90° |
L Magnetic field due to
field winding _ B

. Magnetic field due to |
armature winding




DC Machines

m The force acting on the rotor, is
expressedas (- |1 x B
——

[
Due to Due to

the Armature  the Field




nding is placed on the stator and
ent (voltage) is induced in the rotor
ich is referred also as the armature

winding and the 1
ure winding are at rightangle with
ect to each other.

e torque is produced from the interaction of
these two fields.



Commutator

Brushes

R
AR

Armature






t current (dc) machine can be used as a
1 generator.

most often used for a motor. The

of dc machines are The major
nines are the easy speed and
ue regulation.

rever, their application is limited to mills,
s and trains. As examples, trolleys and
reground subway cars may use dc motors.

past, automobiles were equipped with dc
dynamos to charge their batteries.




ven today the starter is a series dc
lowever, the recent development of

il used by industry and several thousand are
sold annually



DC Machine Construction

{-hxin

_<Commutating feld
< winding
lemmutator
4
 Beries fiekd
J winding
/

"\ Slhwunt Feld
winding

Btator yoks "

/
o
Armatuee oee

Armature winding /




DC Machines

The stator of the dc motor has
poles, which are excited by dc

current to produce magnetic
fields.

In the neutral zone, in the
middle between the poles,
commutating poles are placed
to reduce sparking of the
commutator. The commutating
poles are supplied by dc
current.

Compensating windings are
mounted on the main poles.
These short-circuited windings
damp rotor oscillations. .




DC Machines

m  The poles are mounted on
an iron core that provides a
closed magnetic circuit.

The motor housing supports
the iron core, the brushes
and the bearings.

The rotor has a ring-shaped
laminated iron core with
slots.

Coils with several turns are
placed in the slots. The
distance between the two
legs of the coil is about 180
electric degrees.




DC Machines

The coils are connected in
series through the commutator
segments.

The ends of each coil are
connected to a commutator
segment.

The commutator consists of
insulated copper segments
mounted on an insulated tube.

Two brushes are pressed to the
commutator to permit current
flow.

The brushes are placed in the
neutral zone, where the | ten—
magnetic field is close to zero, |

to reduce arcing.

.""E-i:lunn.ll.ﬁq;
winding




DC Machines

The rotor has a ring-shaped
laminated iron core with
slots.

The commutator consists of
insulated copper segments
mounted on an insulated
tube.

Two brushes are pressed to
the commutator to permit
current flow.

The brushes are placed in
the neutral zone, where the
magnetic field is close to
zero, to reduce arcing.




DC Machines

The commutator switches
the current from one rotor
coil to the adjacent coil,

The switching requires the
interruption of the coil
current.

The sudden interruption of
an inductive current
generates high voltages .

The high voltage produces
flashover and arcing
between the commutator
segment and the brush.




DC Machine Construction

Rotation

Rotor |
Winding -

Commutator with the rotor coils connections.




DC Machine Construction

Mica Insulation
between segments

Copper
segment

conductors

Details of the commutator of a dc motor.




| DC Machine Construction

Muotor

DC motor stator with poles visible.




DC Machine Construction

Iron core

Coil commutator Insulation
» between

interconnection /
,x“'f segments

Insulation
between

\ segments
Commutator

Coil insulation  <PPET segment

Rotor of a dc motor.




DC Machine Construction
F

- Spring
4 Brush holder

Cutaway view of a dc motor.
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aximum flux density in the teeth at
m section should not go beyond 2.2
wb/meter square



e obvious as higher flux density
d iron losses

d increased cost of copper



lux reversal in the armature

Dy I=
igher frequency will result in increased
ses in the armature core and teeth.
ore, there is a limitation in choosing
Bav for a machine having higher




1ge machine, space required for
paratively more.

neter less space Thus for a
1 diameter less space available for iron on
riphery leading to narrower teeth

ofore, lower value of Bav has to be taken.

_ wise teeth flux density increases beyond
permissible limit




ies between 0.45 to 0.75

s from 0.64 to 1.1 Wb/ m2



density in the air gap Bg =

x density for lower rating
nes and high ues of flux density, for
ating machines is the usual choice




vecific electric
mperature Rise

_.,_‘, ge
tage
'—_f Machine

nature Reaction

ommutation



emperature Rise
e of armature conductors (ac)

g 'again to poor heat dissipation because of
d surface area. Both of these results in high



achine, ventilation is



Lecture-5

h voltage require large

> for insulati us for a given diameter,
not be possible to reduce the space

ed for iron because of the limitation

d by flux density in the teeth Therefore,
for copper is reduced.

er value of 'ac' is used in such cases.




With high value of ac,
ire ampere turns also increases.

nter this, field mmf is increased and so
of machine goes high



orsens the commutation
. From the point of view
value of ac is

lue of ac usually lies between 15,000 to
amp. conductors /m



Advantae of having more number of pples’ '
~ Weightof amatue core and yoke i reduced

1. Cost of copper in th field and armature i reduced

2. Overall diameter and length of machine is educed

3. Length of commutator i reduccd
4, Distorton of ield form is ot excesswe -




. .

 Disadvantages of having more number of poles

L. Frequency of flux reversal i s increased and causes more
iron losses.

2. Labour charges are increased

3. Possibility of flash over between brush ams

Guiding Factors for selecting number of poles

- The following may be taken as guldmg facturs far thc
~ choice of number of poles: |




Guide lines for selecting for number

of poles

1. Keep frequency of flux reversals in the armature
between 235 to 50 Hz. Lower value of frequency is used
for large machines is advisable. |

. The current per parallel path is limited to 200A.Thus
the current per brush arm should not be more than 400
A.

. - The armature mmf should not be too large. The normal
values of armature mmf per pole are listed in Table




Table Armature mm

Output in KW Armature mmf per pole
(AT)

4. If there are more than one choice for number of poles
which satisfies the above three conditions, then choose
the largest value for poles. This results in reduction in

iron and copper.
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A rmature Design
Mean erﬁf induced per conductor e, = B,y LV, (volt)
Peripheral speed V, = nDn m/sec.

Number of armature conductors

On full load, in case of generator, the emf induced in the
armature winding exceeds the terminal voltage by an amount equal
to the sum of the voltage drops in the armature winding, the
interpole winding, the series winding and the contact drop at the
brushes. |

Thus, the generated emf in the armiature.
E = V +1,R,, for Generator v (2.25)

E = V-, R,, for Motor .. (2.26)
Where V. = Terminal voltage

II,_Rm = Sum of Voltage drop in armature winding, interpole
. winding, series winding and Brush drop. |




For 500V machines, IR, ~ 2 to 2/2% of Terminal voltage

~ For 250V machines, I,Rm:'S to 10% of Terminal voltage
Thus number of conductors in series
7 = ____L_.__. - £
¢ Meanemf perconductor e,

For a simplex lap winding (with single turn coil), Z. represents
total number of armature conductors per pole

(Since Number of Parallel Paths = Number of Poles)

For a simplex wave winding (wiih single turn coil),
Z. represents half the total number of conductors on the

armature irrespective of number of poles (Since Number of
parallel paths = 2)




hoice of armature winding

Simplex windings are normally used in comparison with
multiplex windings because equalizer rings are used for multiplex
windings which may make the machine costlier.

Simplex Lap Winding Smlplex Wave Winding

Mumber of parallel paths = Number of parallel
Number of poles Paths=2
2

Current in each path=1/p Current in each path =

of full load current half the full load current
3. | Each parallel path will Each of the 2 paths will

develop an emf =E developanemf=E

Total number of armature Total number of armature
conductors are large. conductors are less.
Current per path is less. Current per path is high.
Therefore conductor cross Therefore large cross
sectional area is also Sectional area is
reduced. required.

Equalizer connections are | 5. | No equalizer connections
necessary which makes the and less cost for
machine costlier. machine.

Normally used for large Normally used for small
machines machines




| Factors to be considered for choice of armature winding

(1) Simplex Ilap_ winding is used for machines with current

rating greatet than 4004,

(1) Simplex wave winding i used for machines wih
- cumentrating less than 400A

~ Nommaly, single tum il are used, f mult g cols ae

10 be used, maximum voliage between adjacent commutto
segments should not exceed 28 to 30 volts |




Total number of conductors Z =P * Zfor simplex Lab' Winding
- =2* 7, for simplex wave winding

Number of coils =-§- for single tum coils

[ S——
T

¢

Where T, = Number of tums in one coil.




Choice of number of commutator segments

Number of commutator segments = Number of armature

coils

| Number of armature coils should always be checked as the
number of commutator segments cannot exceed a certain [imit.

Thickness of commutator segment at outer surface =3 to 4 mm
| Mica insulation between each segment ~ 0.8mm
. Pitch of commutator segment ~ 4 to § mm

Commutator diameter D, ~ (0.62 t00.75)D depending upon
the voltage and rpm. |




Commutator pitch = -E—gf- shouldnotbelss than 4mm,

- Where C = Number of commutalor Segments or armature
coils, ' |

Number of armature slots

~ The following factors are to be considered while selecting
the number of armature slots.




(1)Flux Pulsations

Flux pulsations mean changes, in the air gap

flux because of changes in the air gap reluctance
between the pole faces and the irregularly shaped
armature core surface under running condition.
This flux pulsations give rise to eddy current
losses in the pole-shoes and produce magnetic
noise. The flux pulsations are reduced with
increased number of armature slots.




(a) To avoid flux pulsations, the air gap
reluctance per pair of poles should be practically

constant which is possible if the number of slots per
pair of poles is an odd integer i.e., the slots per pole
is an integer plus 7.

(b) To prevent the flux oscillations, the air gap
reluctance under pole faces must be kept constant
for all reactive positions of pole shoes and armature
core. These conditions are approximated by




(i) Properly chamfering the tips of pole faces.
(if) Making the number of slots per pole shoes an
integer plus %2

In actual design, the number of slots per pole arc
should be an integer with slots per pole equal to an
integer plus 1/2.




mber slots, lesser number of
ot. Therefore cooling is obviously

th Widt
rge number of slots, the slot pitch reduces and

e ’g)c})lth width. Two problem occurs by reduced
vidth.

density at the minimum section of tooth
ses causing increased iron losses

difficult to support the teeth at the ventilating
vithout obstructing the ventilation




on point of view, large number of
of conductors per slot are

st A smaller number of slots are desirable

lering the as the charges for punching the
ncrease with their num’ Further with smaller
or of slots, there are fewer slots to insulate
refore the cost of insulation also goes down



s for choice of number of armature

e of slot pitch lies between 20

t in case of very small machines, where it
e 20min and even less.



10NS

ts per pole pair should be an odd

Inimize pulsation losses.

ber of slots per pole
6 to prevent sparking.

tability for WindingWhen selecting number
s, we must confirm that the number selected
e armaturewindings. The number of slots

e should matchthe value given in Table



Table Number of Armature slots

~ YKwto SOKW Il .




rns per coil and the number of
at the voltage between
is limited to a value where



Dimensions of armature conductor

Arma_tufe curr_ént L= % *1000

Alsol, = I +1yin case of generator |
- = I~ 1y incase of motor
- Wherel, = Line Currentin amperes, |

ly = Shunt field current in amperes. |




B
Now conductor Cureent [, = j—

- .
', Conductor crogs section area-Afg- mn

"

- Y
Where , =Curntdensity narmature coductors, A"

-




)0, 45Almm for large strap - wound armature with
 very good normal ventilation

)3, = S Afmm’, for small wire- wound armature wlth very
g00d normal venfilation

©)8 = 607 Al for fairly high speed fan ventilted j
maching _




Design of shunt field winding

ﬂesiéu Procedure
Assume a suitable depth dg, for the winding from Table

Calculate the length of mean turn. The length of mean turn is
Lo =2 (Lp +bp) +2dr

In order to allow for voltage r®@gulation, in generators assume
that 15 to 20 percent of rated voltage is absorbed by the field
rheostat. .

.. Voltage across the shunt field winding = (0.8 to 0.85) V
and voltage across each shunt field coil is

_ (0.8 to 0.85)V
P

as there are as many shunt field coils as the number of poles
and they are all connected in series.

T, pL
(4) Resistance of each field coil R, = —£22m _
ﬂf-

1,7, PL,, _

E,

or area of shunt field conductor a,=

E,




Choose a suitable cross — section for the conductor. For
small cross-section, standard round wire should be used. For

larger cross-section, square or rectangular conductor should
be used.

(6)  Calculate the winding height

The space for winding ﬁlnng radial height is,
hy = hp - height of pole shoe — insulation and clearance
= hp— (0.1 to 0?2) hyi l(O.l t00.15) «
(7)  Number of turns provided 7, = -S—j-li d,
| /

Where S = space factor for the winding

= 0.8 (d/d,)* for round insulated conductor . -



