d iron parts of electrical machines.

p contraction coefficient real and apparent
density.

transformer, rotating machines.
= Design of magnet.



eps involved in the design and
any product:

ification as per contract, if
railal d be read and salient points of
sign parameters to be highlighted.

st National / International standards applicable
11s design should be referred.

culation of main dimensions and subsequently
sions of each part and Performance
parameters, using well-proven computer
programs, established with equations, scientific
formulae, empirical formulae based on previous
experience, curves, tables, charts, etc.




manufacture at works or transport to site
ction and commissioning at site.

oreseen problems should be solved before
lated activity begins.

iration of the specifications of each type
- of materials used in the product.



aration of drawings of each part and

1g to manufacturing shops, Purchase

nt for purchase of raw materials, tools
acted items.

s (Sequential steps involved):
te each part, clearly indicating
 types of tools, machines, workmen, etc.

ting of process: How to sequentially assemble
h part/component.

ing the process how to carry out tests on each
ponent and fully assembled machine to check
the quality as specified by standards.

# Manufacturing the components and carrying out
In-process tests.




ponents are assembled and testing
ied out on full machine

ign, additional tests (type tests)
ne above the normal routine

ts specified.

atching the machine to customer site
it is erected and commissioned to keep
for normal operation.

- @ Loading the machine at rated conditions and
checking the performance.



(minimum and maximum
ut design

of various

ues)
meters to be selected (like Flux densities,
rent densities etc.)

(c) Maximum and minimum values of certain
output parameters to be incorporated

&= (like number of stator slots, % Regulation etc.)



]l proven computer program is run to
10us possible alternative designs.



Important Te
: Active length of winding wire or

nsists of two conductors placed
1 the armature periphery
ich apart as shown in

e separate slo
oximately a pole p
v fig.

uctors lie under opposite poles so that emf
ed in the turn is additive.

: A coil may consist of one or more number
of turns connected in series. If it contains two or
more number of turns, it is called a multi-turn coil.

3 E|



PQ--> Multi-turn Coil

(3 Turns)

8
=
=
8
)
<

ABC-->Single Turn Coil




-side: A coil consists of two coil sides,
ower coil sides placed in

slots, approximately a pole pitch

nd portion of coil connecting
wo conductors or coil sides is

d overhang winding.
_oii-Span: Distance measured in a number
ts between two coil sides of a

= coil placed in slots over the periphery of the
- armature.



Coil: If the coil span is exactly
itch (=slots/pole) then it is full

ort Pitched coil /Chorded coif: If the coil
not equal to a pole pitch (usually less
n it is called Short pitched coil.



| )|

on of armature winaimng

Armature-Windings

D- Full-Pitched




e-Layer: Slot contains only one
or one coil side

r: Slot contains two coil sides.

and bottom/lower side of slot (A)
ected to top/upper coil side of another
which is approximately one pole pitch



inding:|f both the coil sides are connected

to be noted that both first and second coils
ected in series lie under same set of poles. For
ines designed for higher currents more

ber of parallel paths are required. Then it is

1 Multiplex Lap winding.

- @ For example, if two parallel paths are provided, it
is called Duplex Lap winding and commutator
pitch is (£2).



Lecture-3
Wave winding:

Sﬂulh F'ula

i
I
1
I
l
I

u__

I
I
o

-

1, 2 & 3 --> Commutator Segments



TR
e-Winding:|f both the coil sides are connected
mutator segments which are approximately
itches apart (actually the winding pitch
umber of poles and number of

ents?, say, I to X )as shown in
tions are made in this manner,
s called simple Wave-winding.

to be noted that first and second coils

nected in series lie under different set of poles.
machines designed for higher currents more
number of parallel paths are required. Then it is
called Multiplex Wave winding.

\

= For example, if two parall~1 paths are provided, it
is called Duplex Wave winding



Wave winding

1 & x —-> Commutator Segments



Progressive Winding: Back pitch (Yb) is higher
he front pitch and

rogresses in clock-wise direction when
commutator end.

ive Winding: Front pitch (Yf) is

_ itch and winding

ogresses in Anti-clockwise direction when

wed from commutator end.

ull Pitched Winding: If the coil span is

ctly equal to a pole pitch(=slots/pole) then it is
& itched coil.

\ = (h) Short Pitched Winding/Chorded Winding: If
the coif span is not equal to a pole

= pitch (usually less only), then it is called Short
pitched coil.




ing Pitches (Refer above Figures )

itch (Yb): Distance between two coil
coil at the back of the commutator

g of next coil which are
nmutator segment, is

Resnltant pitch: Distance between starting
0 consecutive coils is called resultant pitch

\ (Yr).
- 8 For Lap Winding: Yr =YD - Y{.
@ For Wave Winding: Yr = Yb + Yf.
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1. 2 & 3 —> Commutator Segmeants

Fig. 3.5

1 & = - Commutator Sagmeants




) and front pitch (Yi) are odd. The
differ by 2 or multiples thereof. In
m, where "m" is the plex of the

Yb = yf + 2m, it is progressive winding and If Yb =
'm, it 1S

= retrogressive winding.

= Both yf and Yb should be nearly equal to pole pitch.

\




number of conductors and "P" is the number

t pitch (Yg = YDb - Yf will always be even
netical difference of two odd numbers
per of coils is equal to number of
ents.

umber of parallel paths in armature is equal to
" where "P" is number of

s and "m" is the plex of winding.

mutator pitch Y ¢ = £ 1m, "+ I" for progressive
'-I" for retrogressive

@ wing ngs.
®m Yb=Z+Iand Yf = Z -] for Progressive winding
‘@ and Yf= Z +1 for Retrogressive winding.



ommutator pitch Yc = Ya

0. of coils is equal to no. of commutator
nts

@ (f) No. of parallel paths in armature is equal to

- "2m" where "m" is the plex of winding



ctual transformer design , the constants for the
ircuit are determined from tests on materials

ransformers.

le , the resistance component of the core
alled no-load loss, is determined
lved from tests on samples of
measured transformer no-load

designer will have curves similar for the
erent electrical steel grades as a function of
iction. Similarly , curves have been made
ilable for the exciting current as a function of
ction.

\ = A very important relationship is derived from
Fquation 11. It can be written in the following
orm:

= B=0.225 (E/N)/(f A)



ormer is considered,. For example the
ow of load current in the windings results in high
agnetic fields around the windings .

ese fields are termed leakage flux fields . The term is
believed to have started in the early days of

ansformer theory, when it was thought that this flux
“leaked “out of the core . This flux exists in the spaces
between windings and in the spaces occupied by the
windings , as seen in Figure



ines effectively result in an

1 the windings, the

nt in the windings, the leakage field, and
eometry of the core and windings. The
itude of the leakage reactance is usually
in the range of 4 to 20% at the base rating ot
power transformers



Transformer core and winding:

Leakage Flux Lines

Steel Core

Winding 2
Winding 1




load losses represents the losses in the
ner that result from the flow of load

oad losses are composed of the

ddy losses caused by the leakage field. These
2 a function of the second power of the leakage

nsity and the second power of the conductor
dimensions normal to the field.

= © Stray losses: The leakage field exists in parts of
the core, steel structural members, and tank walls.

= Losses and heating result in these steel parts.




leakage field caused by flow of the
urrent in the windings is involved, and
and stray losses can be appreciable in
rmers.

ce load loss, it is not sufficient
ing resistance by increasing
cross-section of the conductor, as eddy

es in the conductor will increase faster than
e heating losses decrease.

en the current is too great for a single
conductor to be used for the winding without
excessive eddy loss, a number of strands must
be used inparallel.
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