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SYNOPSIS

This project presents an efficient, simple and
flexible sof tware for the design of medium and large siz® Dc
machines. The sof tware package is developed in Turbo-¢
which can pe easily remodified. The software gives the
accurate results with the constraints of efficiency and
economy . The Design constraints and Design procesure are

incorporated in the spftware.

More over this package gives design data and
instructions to the user. The model design and SOUrce

program 1isting are also presented.
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CHAPTER 1

INTRODUCTION

The computer aided design deals with the exact
dimensions of the machine while computer aided design and
Drafting gives the diemnsions as well as the drawings. The
Design process of single machine may be divided into three

major parts.

i) Electromagnetic Design
ii) Mechanical Design

jii) Thermal Design.

It 1is clear that the design of electrical machines 1is
an iterative process where in the assumed data may have 1o
be varied many times to arrive at the desired design. The
evoluation of design to meet specified optimum criteria is a
matter of 1long and tedious iterations and this 1is the
biggest factor which has led to the widespread wuse of

digital computers for the design of electrical machines.

1.1 DIFFERENT APPROACHES OF CAD:

ANALYSIS METHED

This method is depiced in Fig 1. In this method the
choice of dimensions, materials, and types of construction

are made by the designer and these are presented to the



computer as input data. The designer examines the output of
computer and makes another choice of input,if necessary and
the performance is recalculated. this procedure is repeated

till the performance requirements are satisfied.

The analysis method of design is an excellent starting
point for one beginning with the use of application of
digital computers for the design of electrical machines and
in fact most of the designers initially started off with
this method.

1.1.2 SYNTHESIS METHOD

This method of design implies designing a machine which
satisfies a set of specifications of performance indices.
given a set of performance indices an infinite no of designs
can be produced to satisfy them. Therefore the synthesis
design should be such that it produces an optimum design
because the object of any good synthesis program is just
that only.

The greatest advantage of this method is saving in
t+ime. The flow chart for this method is given in in Fig 1.2
1.1.3 HYBRID METHOD:

This method incorporates both the analysis and the
synthesis methods in the program. Since the synthesis
method involve higher cost, the major part of the program is
based upon analysis with a limited portion of the program

being based upon synthesis.
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2. DESIGN CONSIDERATIONS
2.1 CHOICE OF SPECIFIC MAGNETIC LOADING

Choice of the average flux in the air gap in DC

machines depends on the following factors.
2 1.1 FLUX DENSITY IN TEETH

I1f a high value of flux density is assumed for the air
gap, the flux density in the armature teeth also becomes
high. The wvalue of the air gap flux density should be 8O

chosen that the flux density at the root of the teeth does
g}
not exceed 2.2 wb/m”  (Theoretical Max.value) otherwise the

mmf{ reguired for the teeth would become excessively large
which should mean that the field mmf should be made large
hence copper losses. The magnatic circuit of a DC machine 1s

shown in fig.2.1.
2.1.2 FREQUENCY

when the machine rotates, the armature magnetic circuit
alternately comes under the influence of north and south
poles. If the frequency of flux reversal is bhigh, iren
losses in armature core and teeth will be high. Therefore we
chould not use a high value of flux density in the air gap

of machines which have a high freguency.



2.1.3 SIZE OF THE MACHINE

As the diameter of the machine increases, width of the
tooth also increases permitting 2 increased value of gap

fiux density without causing saturation 1in the machine.

2.2 CHOICE OF AMPERE CONDUCTORS PER METER

The following factors affect the choice of Ampere

conductors per meter.

2.2.1 TEMPERATURE RISE

A higher yalue of Ampere conductors Pper meter results
in higher temperature rise of the windings. Hence it should
be used only in machines which can withstand higher
temperature rise. Also the ventilation factor plays a Very
important role in the selection of Ampre conductor per

meter.

2.2.2 SPEED OF THE MACHINE

1f the speed of the machine is high, the ventilation of
the machine will be better and hence greater losses can D€
dissipated. Thus a higher value of Ampere conducters pPer

meter can be selected for high speed machines.



2.2.3 VOLTAGE

in high voltage machines large space is required for
insulation and therefore less space for conductors. This
means for a high voltage machine, we must use a small value

of Ampere conductor per meter.

2.2.4 SIZE OF THE MACHINE

In large machine it is easier to accommodate
conductors. For given geometry of armaiure COTE, the sioft
area 1s proportional to sguare of Armature diameter.

Therefore greater the diameter of the machine greater 1s the
value of Ampere conductor per meter which can be employer

for it.
2.2.9 ARMATURE REACTION

If 2 high value pf ampere conductors per meter is used,
the armature mmf becomes high or in other words the armature
becomes magnetically stronger. This means that under load
conditions there will be greater distortion of field form
resulting in large reduction in the value of flux. In order
to prevent this, field will have to D€ made stronger. Field
mmf will have toO be increased. This means that the cost of

conductors used in the machine would g0 ub.



2.2.6 COMMUTAT ION

A machine designed with high value of ampere conduciors
per meter will either have 2 large number of conductors OTF

small armature diameter.

The machine designed with large number of coils will
have allarge number of turns in each coil. The inductance of
the coils 1is proportional to the sguare of the number of
turns. Using small armature necessitates deep slots. Deep

slots increases the inductance of armature.

Therefore increasing the armature conductor per meter
ijncreases armature inductance. The reactance voltage 1In
coils undergoing commutation 18 directly proportional tp the
inductions. Reactance voltage delays commutation. Hence
larpev values of ampere conductors per meter WOISEns the

commutation conditions of the machine.
2.3 CHOICE OF THE NUMBER OF POLES
2.3.1 FREQUENCY

Frequency of flux reversal increases linearly with the
number of poles. The frequency of alterations of flux in DC
machine should not be very high as it would give TI18E to
excessive iron losses is armature teeth and core. Generally
tho value of the trequency of flux reversals lies between

26-50 Hz . In certain cases such as DC turbo generators ithis



is a deciding factor . Whem Wwe ijncrease the number of poles
the dimensions of the machine decreases which is shown in
fig 2.2 . But the design is complicated for a larger pole

machine.

2.3.2 WEIGHT OF IRON PARTS

YOKE AREA

Flux carried by yoke is jnversely proportional to the
number of poles. Therefore by using greater number of poles
the area of cross section of the yoke 1S proportionally

decreased.

ARMATURE CORE AREA

The weight of iron in the COTE can be decreased Dy
using a large number of poles but the increase in the number
of poles would result in higher iron ioss in the armature

owing to jncreased frequency of flux reversal .

OVERALL DIAMETER

In a machine which uses lesser number of poles, field
mmf{ per pole increases. AS @ result the number of turns and
hence height of the pole increases. Since overall diameter
of the machine depends on height of field. Hence moTre number
of poles decreases overall diameter and hence weight of Iron

is decreased .

10



2.3.3 WEIGHT OF COPPER

ARMATURE COPPER

The portion of conductors responsible for emf
produetion is called active copper. Hence the portion of
conductor embedded in slots is active copper. The portion
of conductor in overhang is called inactive copper. Length
of overhang decreases with the increases in number of
poles. Hence for a machine with 1ess number of poles, the
length of inactive increases and hence the total copper

wetght increases.

FIELD COPPER

Field mmf per pole varies inversely with the number of
poles. Cross cectional area of the pole in a machine with
lesser number of poles 1is greater than t+he area of pole In &
machine with larger number of poles. Hence length of mean
turn 1is also greater in the machine with lesser number of
poles. Thus the total weight of field copper decreases with

increase in the number of poles.

2.3 .4 LENGTH OF COMMUTATOR

The number of brush arms employed is equal to the
number of of poles in case of machines with lag winding. In

machines with wave winding number of brush arms is two but

i1



usually number of brush arms are egual to the number of
poles. Length of brushes reguired in each brush arm 18
reduced with increase in number of poles. This results in

reduction in length of commutator and length of the machine.
2.3.5 LABOUR CHARGES

Number of conductors increases with the number cf poles
and hence the number of armature coils also increase. As a
result number of commutator segments also increase with the
number of pcles.

The number of field coils is equal to the number of

pecles. All the above factors lead to larger labour charges.

2.3.6 FLASH OVER

As the number of poles increase, number of brush arms
alsc increase. Distance between brush arms decrease.
Therefore in high voltage machines there is a possibility of

flash over between brushes.
2.3.7 DISTOCRTION OF FIELD FORM

Armature mmf per pole varies inversely with number of
poles. Hence with smaller number of poles, armature mmf per
pole increases resulting in distortion of field form and
reduction in flux under load conditions. Distortion is flux
causes poor commutation conditions and sparking while

reduction in flux causes lower emf .



2 .4 CHOICE OF CCRE LENGTH
2.4.1 COST

Manufacturing cost of a machine with large core length
is small. This is because proportion of inactivé copper 1o
ackive copper 1is smaller, greater the length of the core.

Therefore it is desirable to have a long core.
2.4.2 VENTILATION

ventilation of machines with large ¢€OI€ lengths 1is
difficult since the central portion of the core trends to
attain a higher temperature rise. Hence ventilating ducts

must be provided for very long COTres.
2.5 CHOICE OF ARMATURE DIAMETER

The following factors have to be considered while

selecting armature diameter.

2 .5.1 PERIPHERAL SPEED

The peripheral speed has between 15 to 50ms“5

the
lower values corresponding to low speed machines. The value
of peripheral should not normally exceed 30 m/s. If this
speed is exceeded the binding wire for the overhang should

be extra strong. This is done to prevent the overhang flying

out due to excessive centrifugal force.

13



2.5.2 POLE PITCH

The pole pitch may be used as a check for the number of
poles. The normal pole pitch values are

Poles Pole pitch mm
2 Upto 240
4 240 - 350
6 350 - 450
above 6 450 - 500

The pole Proportions are shown in fig.2.3

2.6 LENGTH OF AIR GAP

2 .6.1 ARMATURE REACTION

In order to prevent excessive distortion of field form

by armature reaction, the field mmf must bhe made large

compared to the armature mmf. A machine designed with large
air gap requires large field mmf. Thus the distorting effect
of armature reaction can be reduced if the length of air gap

is large.
2 .6.2 CIRCULATING CURRENTS

The air gap 1in the case cf multiplier lap wound

machines should be long because if it is small a slight

irregularity in the air gap would result in large

circulating currents.

14



2.6.3 POLE FACE LOSSES

1f the length of air gap is made large, the wvariations
in air gap flux density due to slotting is small. Therefore
pulsation loss in the pole face decreases if the length of

air gap 1is increased.

2.6.4 NOISE

Jperation of machine with 1large air gap is

comparatively guiet.

2.6.5 COOLING

Large air gaps providing better ventilation.

2.6 .6 MECHANICAL CONSIDERATIONS

Wwith small air gaps there 1s a greater possibility of
appreciable unbalanced magnetic pull developing and causing
rotor to foul with stator. Therefore air gap should be large

enough tgo avoid this.

2 .7 NUMBER OF ARMATURE SLOTS

The following factors should be considered while

selecting the number of armature slots.

2.7 .1 MECHANICAL DIFFICULTIES

1f a large number of slots are used, the slot pitch

15



becomes smaller and hence width of tooth gets smaller. This

may lead to contraction gifficulties.

2.7.2 COOLING OF ARMATURE CONDUCTORS

If a large number of slots are chosen, the number of
conductors per slot is loss and hence only a few conductors
arc bunched together. Thus better cooling of armature

conduefors cccurs.

2.7.3 FLUX PULSATION

Flux pulsations (ie) changes in air gap flux due to
slotting give rise to eddy current losses in the pole [faces
and causes magnetic noise. With larger number of slots, the
flux pulsations are reduced and therefore there is a

reduction in pole face losses and noise in the machine.

2.7.4 COMMUTATIONS

Pulsations and oscillations of the flux vunder the
interpole must be avoided as they cause sparking. A large
air gap and a large number of slots helps to reduce the

offect of slotting upon the flux under the interpcle.

2.8 SLOT DIMENSIONS

The following points should be considered when fixing

the dimensions of the slot.

16



2.8.1 EXCESSIVE FLUX DENSITY

The dimensions of the slot should be so chosen that it
does accommodate the armature conductors and the insulations
without producing excessive [lux density in the teeth. Since
slots are parallel sided, the teeth are tapered and hence
flux density at 1/3 height from root should not exceed 2.1

wb/m?2 . X .
. The typical cross section of an armature slot 1s

shown in fig 2.4.

2.8.2 FLUX PULSATION

Wide open slots produce greater pulsations of the flux
in the air gap then slots with narrow openings. Since flux
pulsation causes extra iron loss and affects commutation,

slots should not be to wide.

2 8.3 EDDY CURRENT LOSS IN CONDUCTORS

with conductors having large depths the eddy current
loss in conductors increases. Therefore depth cf conductors
should be limited to 18mm for 25 Hz machines and 15 mm for
higher frequencies. The depth of slot in normal large size
machines should be limited to such a value that is just
sufficient to accommodate & 2 layer winding in which the

conductor depth is about 19mm.

17



2.8 .4 REACTANCE VOLTAGE

with deep slots, the specific permeance goes up and
hence the reactance voltage is high. The reactance voltage
retards commutation and hence this 1s objectionable in non
interpolar machines. Therefore in non interpolar machines,
ratio of slot depth to slot width is not allowed to exceed

4. For machines with interpolse deeper slots may be used.

2 .8 .5 MECHANICAL DIFFICULTIES

Due to deep slots, thickness of teeth at the root may
become too small in which case flux density at 1/3 height
from root may exceed permissible limits. Additional support

have to be provided to teeth at the ventilating ducts.

18
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4. DESIGN PROCEDURE

MAIN DIMENSIONS

1
1. output coefficient Co = A Bav. g X 10-3 ... 3.1

where Bav

Average flux density in air gap in Tesla
or wb/m2 (Magnetic loading)

Armature Ampere conductors/metre

£
1}

(electrical loading)

Bav and g are selected from Design data book page 123 Table

6.2
2 D2 L = Pa/Con metre3
FPa - Armature power developed in the machine
n - Speed in rps.
3. D = \3/ {(===-===) l=m=m—====- ) metres ....3.2
Co N KK
1
D - Dia of core
P - No of poles
K1 - Lﬂt ratio = (0.45 to 1.1)
T - K D/P

Check
1. Peripheral velocity

Peripheral velocity Va should not exceed 30 metres per

sec. At best it should not exceed 50 ms_1 at any case.



2. Armature Ampere turns

Armature Ampere turns per pole ATA should be within

limits.
= .D
3 L = K, —=—===m=~ metres
1
P

L = Length of core.
4. Number of ventilating ducts

Nog = L/0.07

Correct it to nearest whole number cf reject fraction

(ie) one duct of every 7 cm.

Each duct has a width of 1 «cm.

5. Nett Length of Iron
Li = [L - (nd - wd) 1 Ki
K

Stamping stacking factor. Slightly lesser

[
1l

than 1.

6. Length of Air gap

1 T mmemmmmem———e——mm=— L 3.3
& 800.000 kg Bg
Kg - 1.15 - gap expansion factor
Bg - maximum flux density in Air gap in Table
Bg - Bav/w



8. DESIGN OF ARMATURE
CALCULATION OF NUMBER OF SLOTS

(i) Slot pitch
YS = A - D/S m
$1ot pitch should vary between 0.025 to 0.035m except

ir the case of very small machines.

(ii) Slot per pole

SP = S/P

Slots per pole should range between 9 and 16. Using the
above two criteria (ie) slots per pole and slot pitch, the

maximum § minimum number of slots are fixed.

(i1t } Conditions to be satisfied for number of slots

(a) S # X. P/Z
X - any integer

The number of siocts should not be multiple ci pair of

poles.
(b) q;S/P = x +0.5
be - any integer
\y - ratijo of pole are to pole pitch.

This conditions may not be possible to be satisfied i=n

all cases.

(c) —-=m=-- L C & ----=--

Dc - Diameter of the commutator in mm.

24
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{d) ZS - Conductor per slots

ZS - Should be an even number or even integer.

9. Slot Depth
s1oth depth can be assumed from the table given below.

(Sawhney page 528 table 9.7 )

Diameter of Armature (m) Slot depth (mm)
""""" ColTTToTTTUITIIIIIIIITIITIIIITTTNS
0.20 27 .5
0.25 32.5
0.30 37.5
0.40 42.5
0.50 45.0

10. Current per winding

W = Kw/ V.A
A - Number of parallel paths
A= P for lap A = 2 for wave.
11 . Crosgs sectional area = Kw/V.A -§a
6a - Current density - 4 to 5 A/mm

12. Assuming simplex winding

A Kw
HEight of winding e emme—m——m—————— mm
V.,A.da D
s
D - Depth of slot



13. Total height of slot = memmmmm———— + 8.5 x
VA da D
14. Depth of Core Dc = —-—:é ------ metre
2 Bc L.
1
Bc - flux density in <core - 1.25 tesla
1; - Length of iron
gb - Main flux

15. Diameter of shaft (max permissible)

DSh = D - | QhS + 2Dc] metres



DESIGN OF FIELD SYSTEM

SHUNT FIELD

1. Leakage Coefficient C1

The values of leakage coefficlient can be assumed from

the given table.

KW Leakage coefficient
50 1.12 - 1.258
100 1.11 - 1.22
150 1.1 - 1.2
500 1.09 - 1.18
1000 1.08 - 1.16

2. Flux in the poles

Bp = Cqi @ erriiienn 3.4
3. Area of Pole Core = Ap
AD - qu/Bp ma
Bp = flux density in pole shoe

4, Length of pole - Lp

L = - 1.5 cm
D L

1l

L - 0.15



5.

6.

width of pole - wp

Ampere turns reqd. at full load ATfl

AT

£1 (1.1 to 1.25) ATa ....... 3.6

ATa Armature Ampere Turns per pole

. Ampere Turns per unit height

ATyn = 10% x fap sg g,

df = depth of field winding

Sf = Copper space factor

Ay = permissible loss per unit windin

Height of field winding -~ hf

Depth of field winding

g suriace

28



Page 541 Sawhney Table 9.8

Armature Diameter (m) winding depth (mm}
0.20 30
0.35 35
0.50 40
0.65 45
1.00 50
1.0 & above 55
10. Voltage per field winding - Ef

11.

12.

13.

Length of mean turn of shunt field. LmtS

Lmts = 2(wp + LP) m

Cross sectional area of field conductor —-CfS

Cross sectional area of conductor

fs



3

SERIES FIELD DESIGN

{1 Pure Series Machine

1. Ampere turns required ATSS

AT
S8

where AT
a

= (1.1 to 1.2) ATa

- Ampere turns per pole {(Armature} .

5. Turné n the series coil. T _g

Ia

P

3. Cross sectional area of series field CS

S8

4. Diamebter of

————————— turns

armature current

Poles

S

2

[

Ia/5 mm

Current density - 4 to 5 A/mm‘r2

bare conductor - D
bss

x 107 metres




31

DESIGN OF INTERPOLES

1. Length of Interpole Lip
Lip = (0.6 to 0.8) L metres...-.. 3.7
L = Length of armature core.

2. width of Interpole Wip
T
----------- > W, = 1.5 yS

3. Length of air gap under the Interpole - Lgi

L

gi (2 to 3) 1lg. metres

length of air gap under pole.

ig

4. Maximum flux density in the air gap under the Interpole

-B_.
gi
Ia AL 1
Bgi = 2. 72§ ~—==——  ==--= 777777
A . Y
ip a tC
Vo o= Dn
A — Values page 563 Sawhney Egn 9.72
5. ampere Turns required

(i) If compensating winding is present in the pole shoe

(To compensatle armature reaction).



AT,

AT

AT
a

(i1)

AT .
i

without compensating winding

800,000 Kgi Bgi 1gi +



2.

[a%)

DESIGN OF COMMUTATOR AND BRUSHES

Number of Brushes - Nb

2 Ia
Nb 2 mmmm—mmm= i e e 3.10
70 P
P - Poles
Ia - armature current

width of brush - Wb

2.5A DC
W 2 memm—m—mm—es Metres ...3.11
b
C
2 Ia
(urrent carried by each spindle = —----==-77=77 ampere
p
Ab
Length of brush =  m—mm———-- metfres 3.12
Nb' Wb
Length of cemmutator
LC = Nb (1b + 0.5 cm) + 61 + c2
Cl _ Clearance faor nrush holder 1 to 3 cm
CZ _ Clearance for edges not allowing current

to end plate 1 to 2.5 cm

width of commutator segment - Wc

wc =  memm—m———— - (0.2 or D.l] cm
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DESIGN OF ARMATURE WINDING

1. Simplex Lap Winding

{i) Back pitch - Yb

K may be integer or fraction which makes the whole

relation as an odd integer near 2C/P.

{ii) Winding pitch Y
Y = +2 Progressive winding

Y

13

-2 Retrogressive winding

(iii) Front pitch Yf

(iv) Commutator pitch YC = Y/Z2

2. Simplex Wave Winding

{i) Back pitch - Yb

2C

K may be integer or fraction which makes the whole

relation as an odd integer near 2C/P.

3é&



3.

4.

(ii} winding pitch Y
Y = +2 Progressive winding

Y

-2 Retrogressive winding

{(iii) Fronti pitch Yf

(iv) Commutator pitch Y = Y/2

Duplex Lap winding

Back pitch Yb = e —

|+

K 0Odd integer

Commutator pitch YC

1l
[+
]

Winding pitch Y = + 4

Front pitch Yf = Yb - Y

Duplex Wave Winding

Back pitch Y

£}

b -_—— + K (0dd integer)

winding pitch Y

Comutator pitch Yc

Front pitch = Y -Y



LOSSES AND EFFICIENCY CALCULATION

1. Brush Contact Loss = Vb Ia ..... 3.13
V, = Brush Voltage Drop
Ia = Armature current

2. Brush Friction Loss =#*Pb Ab p VC 9.81 Watts

K = Coefficient of Frictiom
Pb = Brush Pressure (kg/mz]
Vc = Peripheral Velocity of Commutator
3. Function and Windage Losses
Peripheral Speed Losses
m/s Percentage of QOutput
10 0.2
20 0.4
o 0.6
40 0.9
50 1.2
4. Loss in armature teeth
4.a Weight of armature teeth = S Wt L DS 7800 kg
5 = Number of slots
Wt = Width of teeth -
L = Length of core
D = Depth of slot



A.b Slot Pitch at 1/3 ht from root ="A (D =~ —-===- vV /8

4.c Width of teeth at 1/3 ht from root

1]

t13 Slot pitch at 1/3 ht from root - W,

WS width of slot

1i

4.4 Flux density at 1]3 ht from root =

P.¢ /0.67 8 L, W4

4.e Specific iron loss in teeth

siit = 0.06 f B4 . 0,008 f2 g2 .2
m L
f = fregquency of flux reversal
Bn = Flux density at 1/3 bt from root
t = thickness of lamination
Iron loss in teeth = Sp.iron loss * Wt of armature teeth
5.a Weight of armature core = volume * 7800 Kg
5.b Specification iron loss in core = S5ILC
silc - 0.06 [B  + 0.005 e2p”
f = frequency of flux reversal
Bm - max. flux desity
t = thickness of lamination
5.c Iron loss in core = silc * weight of armature

core watis.

|
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6. Copper losses

§.a Armature losses

6.a.1

resistance of armature
zL 0.021
-------------------- Ohms
2 [C 5 areal 4
yA
Armature copper loss = Ia Ra watts
shunt field loss

resistanceof field =

Tf 0.0021 Lmt / {CS area) ohms

2

Field loss = P Rf If watts

gseries field loss
Resistance of geries field =

T 0.021 L
m

s / (CS area ] Ohms

t
1oss in series field =

P R 1%

s watts

7. Effeciency =

Input power - Losses

Input Power



Algorithm and Jlow Chart
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CHAPTER 1V
ALGORITHM AND FLOW CHART
Algorithm for sof tware development is described below;
4,1 Algorithm

The various steps involved in the design are listed below;

1. The output rating, line voltage, speed are given as
input.
2. Electric magnetic loadings are stored in the computer

in a tabulator form.

3. Specify whether the machines to be designed 1is a
generator on a motor.

4. Assume L/C = 0.90 compute cutput coefficient, Diameter
of armature and peripheral velocity.

5. Check for the peripheral velocity. if vperipheral
velocity is less than or equal to 30 m/s go to step.

6. otherwise reduce L/C ratio and goto step.

7. Compute the main dimensions and give the max § min
number of slots.

8. Input the no of slots.

9. Compute the slot dimensions and determine the type of
winding and winding details.

10. Design field circuit.

11. Select a suitable for leakage coefficient.

12. Compute the diameter of shaft.

13. Design the interpole c¢ompute the dimensicns of

interpole and air gap under the interpole.



14.

15.

16.

17.

The

Design commutator & brushes compute the no of brushes
commutator segments, length and area of brush.

Compute the brush contact loss friction and windage
loss, Armature copper loss, Iron loss in core § teeth.
Compute total losses and efficiency.

print design data.

details flow-chart is given in Fig 4.1



“Drogram and Simulations



INTRODUCTION TO Turbo C

In recent years, there has been a major trend toward

the use of C among serious programmers. Among the many

reasons for C's popularity are the following:

« (C is a flexible, high-level, structured programming

-

language.

%= ¢ includes certain 1jow-level features that are
normally available only in assembly or machine language.
small cbjectis

® Programs written in C compile into

grams that execute efficiently.

Commericial € compilers are

pro

%= C is widely available.
minicomputers, and

available for most personal computers,

mainframes.
= (C is largely machine-independent. Programs written in

C are easily ported from one computer toO another.



4%

/*********************************************************************

COMPUTER AIDED DESIGH OF DC HMACHINES

by
*x BHARATHAN.A
xx PAUL RAJ.A
% VELMURUGAN.S

UNDER THE GUIDANCE OF
%% Dr .K.A.PALANISWAMY

************************************************************************/

/% COMPUTER AIDED DESIGN OF DC MACHINES */
/% DESIGN OF MAIN DIMENSIONS*/
# include <stdio.h>
# include <math.h>
# include <float.h>
# define PI 3.141583
main()
{
double Bave,Ati,Lam,LBT,CO,Bmax,ac,Ds,Df,IW,WW,H,H,E,VI,I&;
double o,d,ol,al,Dshaft,Dsfcl,D,dl,L,Tou,n,nr,Atp,Lg,PA,Li;
double Haw,Hs,V,C,Atpuh,Atf,Wp,Dsfc,Ldi,Lb,Wc,Vc,X3,Tts,Zl;
double Iarm,Iw,w,Cl,Ws,If,Il,Ca,v,Dsh,X,Ap,Lp,Ts,Tss,g?,Nbi,Ti,E

double lobw,lob,lof,lobf,lofw,f,11,ws,wat,wt,yl$,w13,b13;
double Dbss,Pout,Css,Itss,Atss,Lip,Wip,1di, Dc,Ec,Wb,Ab;
double S,sp,P,Z,c,Pc,Pw,Pf,Yl,choioe,Ats,Its,To,a;
double Lc,Fluxpp,Fluxp,Hf,Ef,Lmts,Csf,Isf,Cas,Bml,lost,wac,1osc;
,ra,loa,rf,losst,eff;
int Smon,Sm,Nb,rr,Y;
clrser();
printf("\n computer aided design of dc machinei\n " );
printf("\n enter the specifications:\n");
printf("\n required o/p 1n EW="">;
scanf ("\n %1f",& Pout);
printf("\n voltage rating in volts="3;
seanf("\n%lf",&V1);

/% MAIN DIMENSICNS */

printf("\n design of main dimensions " );
printf(
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“\n¥*For Economy And Efficient Design For Your o/p Rating'};
printf("\nYou Can go Upto The Speed:\n");

if (Pout<=2.8){

printf("\n ¥We Can Go 1250 - 30890 rpm:\n");

P=2;
3
else if (Pout«<=75.9){

printf("\n We Can Go op@ - 1758 rpm:\n'"j;

P=4;

ks
elgse if (Pout <=280.0){

printf(“\n We Can Go Upto 1260 rpm:\n"

P=g;
}
else if (Pout<=500.8){

printf("\n We Can Go Upto 1988 rpm:\n"

P=8;
1
else if (Pout<=1580.8){

printf("\n ¥We Can Go Upto 998 rpm:\n"

P=14;

}
else if (Pout<=2580.0)>{

printf("\n We Can Go Upto 4890 rpm:\n"

P=12;
}

else {

P

¥

3

printf{"\n We Can Go Upto 388 rpm:\n");

P=14;
3

printf("\n Enter The Choice Of Speed In rpm: ")

scanf("%Z1f" ,&nr);
n=nr/86;

printf("\n Give The Electric & Magnetic Leading Vanles\n”

printf("\nTable of electric & magnetic loadings\n';;

printf("\n

s

AV

printf(" Output(EHW), Bmax{(Tesla)! ac(A/H)
ac(A/M) 170

'QUTPUT(KW)

' Bmax(Te

printf("\n
")

printf("\n 5 v B.575 N =1%1%1

36888 1)
printf("\n 10 y 9.658 L 18000

38888 1)
printf("\n 28 | @.708 | 29008

40808 1");
printf("\n 386 L 8.739 t 22000

42088 1");

: G.311
{ @ .34¢
| @ .96%

' 3.37
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printf("\n 40 1 B.759 124008 L 2000 ' @.378
4498@ " );

printf(“\n 200 ' @.876 1 320008 58 ! P.775
25088 17);

printf(“\n 380 ! P.898 ! 34009 \ 180 ' @.825
28068 1" );

printf("\n 400 ' @.908 L 35889 ! !

D
printf("\n

n)_
H

printf("\n Enter Bmax In Tesla:");
scanf("%1f",& Bmax);
printf("\n Enter ac In a/m:");
scanf("%1f" ,&ac);
CO=(PIXPI% Bmax¥ac/1800);
LBT=0.80;
printf("\n ENTER 1 FOR GENERATOR & 2 FOR MOTOR :");
seanf("%d" ,&rr);

if{rr==1)
PA=Pout/9.32;
else if (rr==2)
PA=Poutx2.7/2.55;
else
goto XX;

rath: d=(PA%P )/ (CO*nxPI*LBT);
d1=0 . 33333333333333333;
D=pow(d,dl);
v=PIkD%n;
if(v<=30.03>
vI=vV;
else {
LBT=LBRT-8.85;
goto rath;
}

L=LBRT*PIXD/P;

Nvd=Lx180.9/7.9;
Liz(L-(Nvd*8.81))*&.99;
Tou=PI*D/P;

Atp=ac*Tou/2.8;

Bave=Bmax*8®.79;
Lg:(@.BB*Atp)/(SB@@GB*l.15*Bmax);

/% DESIGN OF ARMATURE X/

Smn=PI%D/@.935;

Sm=PI%D/0.0258;

printf("\nHinmum No. Of Slots :%d\n",5mn);

printf("\n Maxmum No. Of Slots :%d\n",Sm);

printf("\n Give The Number Of Slots You Want:\n");
printf("\n** Note The Number Of Slots Should Multiples Of P/2:7")

scanf("%1f",&S);



sp=3/P;
if(sp<=92)
sp:sp+1;
else if (sp>=16)
sp=sp-1;
else
sSp=5P;
§=sp*P;

1f (D<=0.15)1

Ds=9.®225;Df=B.93;

3
else if(D<=B.2®}{
Ds:8.9275;Df=B.@3;

}
else if(D<=B.25){
Dszﬁ.9325;Df:®.035;

3
else if(D<=G.3@){

Ds=@.ﬂS75;Df=B.635;

3
else if(D<:®.4®){

Ns=0.0425;Df=0.04;

1
else 1f(D<=1.98)>{

Ds:@.®45;Df=@.®4;
3

else {

DSZB.B4S;Df=®.®55;
}

IIZ(Pout*lﬁﬁﬂ.@)/Vl;

M=PA*nr;

if(H<:1®®B®.@){
Iarm=6.7;
1£=0.A325%11;

1
else if (M<=20008.0)1{
Tarm=6.9;
1£=0.022%11;
1
else 1if (M<=40008 .0)1{
Tarm=5.3;
1£f=0.817%11;

}
else 1if (H<=1@@B@B.@){
Tarm=4.6;
1f=0.8135%11;

3
else if (H<=2@BGB@.@){
Tarm=4.9;
1f=0.088%11;
}

else {
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a0

Iarm=3.2;
1f=0.064%11;

}

1a=I1-1If;
if(rr==1)

E=V1+larm;
else
E=V1-larm;
Y1=PI*D/S;
getchar();

/% design of field systen * /

Fluxpp:(Bave*PI*D*L}/P;
if (Pout<=58) '
C1=1.175;
else if (Pout«=188)
Cl=1.165;
else if(Pout<=158)
Cl1=1.158;
else 1if (Pout<=588)
Cl=1.135;
else
Cl=1.12;
Fluxp=ClkFluxpp;
Ap=Fluxp/1.5;
Lp=L-3.815;
printf(“\nGIVE ‘s’ FOR SHUNT 'S° FOR SERIES & 'C°~ FOR CUMMULATIVE: ")
choice=getchar();
if(choicezz's'){
printf("\n SHUNT FIELD DESIGHN "
Atf=Atp*x1.15;
Atpuh:l@@@@*(@.82*?®®*Df);
printf("\n DEPTH OF FIELD WINDING :%190.31f",Df);
printf("\n AT PER UNIT HIEGTH OF FIELD :%18.31f\n",atp!
Hf=Atf/Atpuh;
Ef=0.80%V1/P;
Wp=0.88;
Lots=2%(¥p+Lp);
Csf:(Atf*@.@Z*Lmts)/Ef;
DstIZ(é*Csf/PI)/lﬁBB;
Tfs:(@.SZ*Df*Hf)/(Csf/IEBBBEB);
printf("\n C.S OF AREA OF SHUNTFIELD WIRE=%1@.31f\n",Cs
printf("\n SHUNT FIELD turns =%1B.31f\n”,ceil(Tfs));
Isf=Atf/Tfs;
printf{"\n SHUNT FIELD CURRENT —%1p.31f\n",Isf);
3

-

if (choice =="¢ 3 {
printf("\n SERIES FIELD DESIGN - COMPOUND M/C");
Ats=0.25%ALp;



Its=Pout/(Ia*P);

Ts=2*(ceil(lts/2));

Cas=Ia/4.5;

Dsfc:((18*Cas*0as)/(PI*PI))/1@@@;
printf("\n AT IN SERIES FIELD WINDING 1 %d\n
printf("\n CURENT IN gERIES FIELD . %f\n",Its

51

v L,Ats);

printf("\n C.S AREA OF SERIES FIELD CONDUTORS :%1f\n",Cas);
printf("\n DIAMETER SERIES FIELD CONDUCTOR -%1f\n ",Dsfc);

1

if (choice:=’S'}{

Atss=1.2%ALp;

Itss=Atss/(Ia*P);

Tss=2*ceil(Itss/2);

~ Css=Ia/4.95;

Dbss:(18*655*055/?1*?1)/18@@;
printf("\n AT OF SERIES FIELD .%1@.31f\n",Atss)
printf("\n CURRENT IH SERIES FIELD 1@ .31f\n",1
printf(“\n.TURNS IN SERIES FIELD 1@ .3f\n",Tss)
printf("\n C.S AREA OF FIELD CONDUCTORS -%10 . 31f
printf("\n DIAMETER OF gERIES FIELD CONDUCTORS

if ((choice != ‘5’) && (choice i=°5") && (cholce
xx: printf("\n WRONG INPUT 7----- .TRY AGAIN ! )3
goto end;
}
/% INTER POLE DESIGN */
Lip=0.75%L;
Ldi=2.5%Lg;

Wip=(S/P)*1.5;
/% DESIGN OF COMMUTATOR */

printf("\n COMMUTATOR DESIGN\n");
if(V1<=160)Kc=®.86 ;
else if (V1<=208) Re=0.75;
else if (V1<=388) Re=@.88;
else Kc=8.82;
Dc=DxKe;
olzPout*lﬁﬂ@.ﬁ/n;
Dshaft:@.6055*pow(01,d1);
Nbi:(Z*Ia)/(TB*P);
Nb=ceil(Nbi)+1;
Hb:(Z.S*PI*Dc*l@B)/S;
Ab:(Z*Ia)/(B*P);
Lb=Ab/(Nb*Wb);
Lc=Nb*(Lb+ﬁ.5@)+2+2;

Ess);
\n",Cs8);
%1@.31f\n" ,Dbss);

VDD I



- We=(PI*Dcx18B/5)-(B.15);
if(V1«<=188)Lan=0 .080088 ;
else if(V1<=580) Lam=3.008P06 ;
else Lam=0.080034;
Yc=PI*Dec*n;
Te=(PIxDec/8)/Vc; getch();

/¥ ARMATURE WINDING DESIGN *x/

Z=E¥*a/(Fluxpp¥n%*P);
Z1=ceil(Z/(2%8))%2;
Z2=21%5;
Iw=(Pout*x192808)/(V1xa);
Haw=(2*%Pout*18088)/(V1ikaxb*Ds};
W=3%(2¥Haw/(Ds*x788));
Ww=W+2.5;
C=5%3;
Hs=(Haw/108@)+(8.5/18@4) ;

/% Dsh=D-(2%Hs)-(2%Dc); x/

ol=Poutx1008/n;
al=pow(ol,dl);
Dshaft=0.0855%al;

Ca=Iw/5;
Hs=(Haw+8.5)/19036.9;
getchar();

Bm1=(2%(Z2/S)*Ia¥Lam*L)/(a*xLip*Tc*V1);

printf("\n DO YOU WANT COMPENSATING WINDING ?
scanf("%d",&Y);

1(Y==1){
Ati=(8000803%1.15%Bm1*2.5%L )+ (Atp-(@.B85%Atp));
Ti=ceil(Ati/Ia);

3

else if (Y==2){

Ati=((800000x1.15%Bm1*2 5%L)+Atp);
Ti=ceil(Ati/Ia);

1

else {
goto end;
1

printf("\n INTERPOLE TURNS :%Z1f\n",Ti);

Fluxpp=(BavexPI*DxL)/P; getchar{);
if(Ia<=488){

printf("\nTYPE OF WINDING TO BE USED IS WAVE WINDING \n"

a=Z2; goto wave;
}

else {

(1/2):"

printf("\nTYPE OF WINDING TO BE USED IS LAB WINDING \n");

)

Y



/*

Ve
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a=P; goto Lap;

}

Lap: Pb=ceil (2%S/P)+1;
printf("\n ASSUME PROGRESSIVE WINDING \n");
printf("\n WINDING PITCH :1\n");
Pf=Pb-2;
printf("\n FRONT PITCH :X1f\n",Pf);
printf("\n COMMUTATOR PITCH : 1\n");
goto next; -
wave: Pb=ceil(2%3/P)+1;
printf(“\n ASSUME PROGRESSIVE WINDING \n");
Pw=(2%S+2)/(P/2);
Pf=Pw-Pb;
Pc=Pw/2;
printf(“\n FRONT PITCH :%1f\n",Pf);
printf("\n COMMUTATOR pitch:%d\n",Pc);
printf("“\n WINDING PITCH :¥%1f\n",Pw);
next:

getch();
/* computation of losses & effienciency */

printf("\n COMPUTATIOR OF LOSSES AND EFFICIENY\R");

ws=Ww/1000.8;

lob=Tax%x2Z;

lobf=Ab*Ve*Px@ 15%12.95;
lobwz=D5%PA;

11=1lob+1lobw+lobf;
wt=(PI*(D-Ds}/S)~ws;
wat=Skwi*LxDsx7800;
y13:PI*(D—(1.33333*Ds))/S;
wl13=yl1l3-ws;
blSZP*FluXPP/(@.87*5*Li*w13);

f=Pknr/129;
lostz((ﬁ.@S*f*blB*b13)+(®.@GB*f*f*blB*blB*@.ZS))*wat;
printf("\n Iron loss in teeth :%1@.31f\n",lost);
wac:(PI*((D—Z*DS))*(D—Z*Ds))/4*78@®*L;
losc:((@.@8*f*Bmax*Bmax}+(®.B@S*f*f*Bmax*Bmax*@.25))*wac;
printf("\n Iron loss in core :%1f\n",loscl;
lot=losc+lost; */
ra:Z*((2*L)+(2.3*Tou)+(S*Ds})*@.GZl/(W*Z/a};
loa=Ia%rsa;
if(choice=="5"){
rfz(Tfs*B.EZI*Z*(Hp+Lp))/Csf;



1of=P*xrfxIsfxIsf;

getch();

}
else{
rf=(Tss*B.021*2*(H9+Lp))/055;
1of=PxrfxItsskltss;

3
printf("\n Field current loss :¥31f\n",lof); x/
lof=1@%1lo08;
losst=10a+(10f*3)+(losc*2.5)+11;
if(rr==1)
losst=1losst;
else
losst=1.2%losst;
printf("\nTotal losses -%18.31f\n", losst);
eff=(Pout/(Pout+(losst/lﬂﬂ@.B)))*lBB;
printf("\n Efficiency at F.L.:%18\n",eff);
end: printf("\n END: ");
clrser();
printf("\n DESIGN SHEET SPECIFICATIONS \n'J;

printf("\n OUTPUT RATING (EW) :%1f\n",Pout);
printf("\n SPEED IN RPS :%1f\n",V¥1);

if{rr==2)
printf("\n CHOICE : Motor \n' )
else
printf("\n CHOICE : Generator\n "
if(choice == '57)
printf{"\n TYPE : series”);
else if (choice == ‘")
printf("\n TYPE : shunt\n");
else

printf("\n TYPE : cumulative\n' );
printf("\n The no. of poles -%1F\n",P);getch();

printf("\nPower developed in armature:%1f\n",PA);
printf("\nCutput coefficientzzlf\n",CO);
printf("\n speed in rps:%lZ.Slf\n”,n);

printf(“\n Diameter Of Armature Core in m :%1f8\n",D>;

printf("\n L / tou ratio:%1f\n",LBT);
printf("\nLength Of Armature Core in m 2%1eNn", L)

Nvd=L%*10@.68/7 .9;

printf("\nNumber Of Ducts -%f\n",ceil(Nvd));
printf("\nThe Distance Between Two Ducts :7cm” );
printf("\nDuct Width : 1 em"); getch();

printf{"\nNett Length Of Ironm in m:%1f\n",Li);



)

printf{"\n
printf("\n Length of interpole in n:%16.31f\n",Lip);
printf("\n Width of interpole in mm %216 .31F\n" ,Wip);
printf("\n Length of air gap under interpole in m : %16 .31f\n" ,Ld1);
printf("\n Inter pole ampere turns ZifN\n",Ati);

printf("\nLength Of Air Gap in m :%1f\n",Lg);
printf("\nPeripheral Velocity in m/s :%1f\n",v);
printf("\nHNo. of slots :%1f",5);
printf("\n Slot piteh :%1f",sp);

printf("\n Depth OFf Slot In m:%1f",Ds);

T1=(Poutx1800.8)/V1;
printf("\n Line ct. in A:%12.41f",11);
printf("\n Current in armature ( A y:%12.41f",Ia);
printf(“\n Field ct. in A :%1f",If);
DESIGN OF INTERPOLE\n");

printf("\n Interpole turns :%1f\n",Ti);
printf("\n COMMUTATOR DESIGR\n");
getch(); clrscr();
printf("“\n Diameter of commutator in n :%31f\n",Dc);
printf("\n No. of brushes :%d\n",Nb3};
printf("“\n Width of brush:%1f\n",Wb);
printf("\n USE CARRON BRUSHES ");
printf(”"\n Area of brush :%1f\n",Ab);
printf("\n Length of brush :%Zf\n",Lb);
printf("\n Length of commutator in cm :%if\n",Ley;
printf("\n Width of commutator segment +%1f\n",We);
printf("\n Peripheral velocity (%1f\n",Vc);
if(choice=="s"){
printf("\n gHUNT FIELD DESIGN ");
printf("\n DEPTH OF FIELD WINDING :210.31f",Df);
printf("\n AT PER UNIT HIEGTH OF FIELD

printf("\n SHUNT FIELD turns -%1@.31f\n",ceil(Tfs)};

%19 .31£\n" ,Atpuh);
printf("\n C.S OF AREA OF SHUNTFIELD WIRE=%18.31f\n",Csf);

}
getch();
if (choice =="c¢ " ){
printf("\n SERIES FIELD DESIGN - COMPOUND M/C" )

printf("\n AT IN SERIES FIELD WINDING :%d\n",Ats);
printf("\n CURENT IN SERIES FIELD :%f\n",Its);

printf("\n C.S AREA OF SERIES FIELD CONDUTORS :%1f\n",Cas)
printf("\n DIAMETER SERIES FIELD CONDUCTOR :%1f\n ",Dsfc);

if {(cheoice=
printf("\n
printf("\n
printf(“\n
printf("\n
printf("\n

3

printf("\n

if(Iax<=

="8"° M

AT OF SERIES FIELD 1 %16 .31f\n" ,Atss);

CURRENT IN SERIES FIELD :%1@.31f\n",Itss);

TURNS IN SERIES FIELD :%16.3f\n" ,Tss);

C.S AREA OF FIELD CONDUCTORS : %18 .31f\n",Css);
DIAMETER OF SERIES FIELD CONDUCTORS :%1@.31f\n",Dbs

ARMATURE WINDING DESIGN");
4895 {

printf("\nTYPE OF WINDING TO BE USED IS WAVE WINDING \n");
printf("\n No. of parallel paths = 2");

1

else {



printf("\nTYFE OF WINDING TO BE USED IS5 LAB WIRDING \n"J;
printf("\n No. of parallel paths = 21f\n",P);
3

printf("\n No. of armature conductors :%1f\n",ceil(Z));
getch(); clrscr(};
printf("\n Conductors per slot :%1f\n",Z/5);
printf(“\n Current Per Winding:%1f\n",I%w);
printf(“\n C.S.Area of armature winding in mm?2 =%10.31f\n",Iw/5.8);
printf("\n Current density in A / mm"2 :5\n");
printf("\n ¥Width of winding =%18.31f\n",Ww);
printf("\n Width of slot 1in mm::%lﬁ.Bf\n",Ww/l@ﬂ@.@);
printf("\nDiameter of shaft in m:%1f\n",Dshaft);
printf("\n Depth of slot in m:=%168.31f\n",Ds);
printf(“\n Total height of slot in cm :%18\n" ,Hs);
getchar(); .
printf("\n Period of commutation 1in sec, 1 21f\n",Tc);
getch(); clrsecr();
printf("\n Inter pole ampere turns :%1f\n",Ati);
printf{"\n Interpole turns (¥1f\n",Ti);
printf("\n ASSUME PROGRESSIVE WINDING \n");
printf("\n Winding pitch :i\n");
printf("\n Front piteh :%1f\n",Pf);
printf("\n Commutator piteh @ 1\n");
getch();
printf("\n COMPUTATION OF LOSSES AND EFFICIENY\Nn");

printf("\n brush contact loss :%219.3f\n",2%Ia);
printf{"\n friction windage & brush contact loss =%1f\n",11);

printf("\n Iron loss in core :%1f\n",losc);
printf("\n Armature copper loss :¥%1f\n",lob);
printf("\nTotal losses -¥1@ .31f\n", losst);
effz(Pout/(Pout+(losst/lﬂﬂﬁ.G)))*IGB;
printf("\n Efficiency at F.L.:%1f\n",eff);
printf("\n END: ");



QUTPUT QQT;NG1OON]Z 3.0000
SPEED IM REM . 1500 . 3800809

YOLTAGE RATIRG 230 . 080000

CHOICE : Motor

TYPE : shunt

The no. of poles - 4 . 20800
Power developed in srmsture:3.1758471

Output coeffioient:81.424254

peed 1n TPS= 25  AA00E

4]

Dismeter OF pArmature Core in m :@.135422

L. / tom ratio:@.B@@@@@
Length Of Armature Core it m @ @35A83

Humber OF Ducts <7 PEREGH

The Distance B
Duet Width - 1
bl

ertween TWo Duchs C7om
m
Hett Length O r

on  in m:@.B6554%

Length Of Air Gap in m :2.B00346
Periphersl VeloclilLy in m/e :1@.835043
Freguency of flux reversals :50.000000

Ho. of slois <16 . PBRB08

51lot piteh 14 . A20080

Depth Of Slct In m:0.022580

Line ct. in A: 13.8435

Carrent in armature (A e 12.7174
Field ct. in A . 326687

(ah g}
-~



Conductors per slot :8Z.8800009
Current density in A / mm™2 D
Width of winding = 46 .6865
Width of slot in mm:= 7. 047

Dismeter of shafif 1in m:a . B27128

V]
[4N]

Depth of slot in m:= @.a
Totsl height of slot in om 8. 124442
Period of commutation in sec.:9@.80250¢
Inter pole ampere Lurns 13113 .632738

Interpole turns :@:246.¢00000

ABSUME PROGRESSIVE WINDIHG

Winding pitch @1

Front piteh :3.0208088¢

Commutztor pitch 1

COMPUTATION OF LO33ES AND EFFICIENY

prush contsct loss ¢ 25.43%

friction windage & brush contacht loss =98.883821

Iron less in core :7.8985609

Armature copper loss :25.434783
Total losses ! 372 .986

Efficiency at F.L.:88.386832

END:
F:\IVEEE\SQEEER4>



DESIGN SHEET SPECIFICATIONS

OQUTPUT RATING (K¥) :20.908000

SPEED 1IN RPH :1500.008069

VOLTAGE RATING :239.9000069

CHOICE : Generator

TYPE : shunt

The no. of poles :4.3000068
Power developed in srmature:21.739130@
Gutput coefficient=138.174492

speed 1in rps= 25.0208000

Diameter Of Armature Core in m :0.215558

L / tou ratio:9.8080800

Length Of Armature Core in m :9.135439
Number Of Ducts :2.908600

The Distance Between Two Ducts :7cm
Duct Width : 1 cnm
Nett Length Of Iron in m:9@.184482

Length Of Air Gap in m :8.801577
Peripheral Velocity in m/s :16.929913
Frequency of flux reversals :50.0680380

No. of slots :24.300080

Slot pitch :8.08060089

Depth Of Slot In m:@.032500

Line ct. in A: 86.98865

Current in armature ( A ): 85.4783
Field ct. in A :1.478261
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Length of interpole in m: 8.192
Width of interpole in mm - 3.6880
Length of air gap under interpole in mw : 2 .064

Inter pole ampere turns :18585.175116

Interpole turns :124.608060
COMMUTATOR DESIGN

Diameter of commutator in m :@.14658@

No. of brushes :2

Width of brush:4.7968@9

USE CARBON BRUSHES
Area of brush :7.123188

Length of brush :0.742492

Lengtﬁ of commutator in cmn :6.484985

Width of commutator segment :1.768723
Peripheral velocity :11.512341

SHUNT FIELD DESIGN
DEPTH OF FIELD WINDING P.835
AT PER UNIT HIEGTH OF FIELD 1151988 . 960
C.5 OF AREA OF SHUNTFIELD WIRE= #.339
SHUNT FIELD turns = 820 .800

ARMATURE WINDING DESIGN
TYPE OF WINDING TG BE USED IS WAVE WINDING

No. of parallel paths = 2
Ho. of armature conductors :432.008060
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Conductors per slot :18.9900080

Current density in A / mm"2 :5

Width of winding = 143.63¢@

Width of slot in mm:= g.144
Diameter of shaft in m:0.051957

Depth of slot in m:= 2.833

Total height of slot in com 1.543617
Period of commutation in sec.:0.081687
Inter pole ampere turns :18595.1751186

Interpole turns 1124 . 290000

ASSUME PROGRESSIVE WINDING

Winding pitch :1

Front pitech :12.900000

Commutator pitch : 1

COMPUTATION OF LOSSES AND EFFICIENY
brush contact loss : 172 .957
friction windage & brush contact loss =894 .686458
Iron loss in core :56.447p88

Armature copper loss :17@.958522
Total losses : 1281.131

Efficiency at F.L.:93.979968



(=]
D2

OUTPUT RATING (RW) :75.000889
SPEED IN RPM :1008.08803800
VOLTAGE RATING :240.008609
CHOICE : Hotor

TYPE : series
The no. of poles 14 . APPO00D

Power developed in armature:79.411765
OQutput coefficient=283.858724
speed in rps= i6.68867
Diameter Of Armature Core in m :@.333818
L / tou ratio:0.800006
Length Of Armature Core in m :0.288744

Number OFf Ducts : 3 .090000

The Distance Between Two Ducts :7cm
Duct Width : 1 em
Nett Length Of Iron 1in m:0.161883

Length Of Air Gap in m ‘@ .832681
Peripheral Velocity in m/s :17.478687
Frequency of flux reversals :33.333333

No. of slots :36.0900080

Slot pitch :9.00008@0

Depth Of Slot In mn:3.042509

Line ct. in A: 312 .5080

Current in armature ( A ): 368.2812
Field ct. in A :4.218730



Conductors per slot :8.008000

Current density in A / mm™2 :3

Width of winding = 299.889

Width of slot in mm:= @.288
Diameter of shaft in m:8.8S8863

Depth of slot in m:= ?.943

Total height of slot in cm :1.473888
Period of commutation in sec.:8.881687
Inter pole ampere turns :24864.853825

Interpole turns :81.000020

ASSUME PROGRESSIVE WINDING

Winding piteh :1

Front pitch :18.888280

Commutator piteh @ 1

COMPUTATION OQF LOSSES AND EFFICIENY

brush contact loss : 616.562

friction windage & brush contact loss =33893.6871834

Iron loss in core :176.875418

Armature copper loss :816.58250¢
Total losses : 5891.848

Efficiency at F.L.:893.642372

END:
F:\IVEEE\B8QEEEQ4>



Conclusion



CHAPTER - VII
CONCLUSION

A computer software has been developed for design of Dc
machines. The program is written in Turbo-c language. The
program has been tested for 3kw, 20kw and 75kw capacities on
computer LAN system. The softwére can be used for design of
dc machines of various capacities for 2kw to 2500 kw. The
sof tware is simple, more accurate,flexible and non-

jterative. The software requires less memory space.

Further development of this program 1is pcssible by

using C to AUTO-CAD interface adapter.
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