SOLVED PROBLEMS ON DC MACHINE MAGNETIC CIRCUIT
Example.1
Calculate the ampere-turns for the air gap of a dc machine given the following data.

Gross core length = 40cm, air gap length = 0.5cm, number of ducts = 5, width of duct
= 1.0cm, slot pitch = 6.5cm, slot opening = 0.5cm, average value of flux density in the air gap
=0.63T. Field form factor = 0.7, Carter’s coefficient = 0.72 for opening/gap-length = 2.0 and
Carter’s coefficient=0.82 for opening/gap-length = 1.0.

Note: If the Carter’s coefficient given is greater than 1.0, then it may be Ky, , Ky, or K. If the
Carter’s coefficient given is less than 1.0, then it may be &sor(1—8g), d,0r(1 —6,).
Therefore K¢ and K, are to be found out to find out K;.-When the ratio  b,s/ljor b, /ljis
less like 1, 2 or 3 and the Carter’s coefficient given is close to 1.0, then it may be §;o0rd,,. If it is
close to zero, then it may be( 1 — &), or (1 — §,).

1.0 (1-3.)
or (1-0.)

& 0ro

0 bo5 /1gor bv*’/lg 14

Carter's fringing
coefficient curves

AT, = 8000001,K,B,
K,= Carter s gap expansion coefficient= Kgs X Kgyy

S

K= Carter s gap expansion coefficient for the slots = ——————
g }\s' bos (1'65)

At b05—0'5—106 =0.82
l,b, 05 U

6.5
K,

9= 55 -050-082 O

L
L — n,b,(1-46,)

K

v = Carter s gap expansion coefficient for the ducts =
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b, 1.0

At E = 05 =2.0,6, =0.72
K,,= 40 = 1.04
940 -5x1(1-0.72)
K;,=1.014 x 1.04 = 1.054
: o : Bay _ 0.63
Maximum value of flux density in the air gapB, = AR 0.9T
f .

ATy = 800000 x 0.5 X 1072 x 1.054 X 0.9 = 3794.4

Example.2

Calculate the ampere turns required for the air gap of a DC machine given the following data.
Gross core length = 40cm, air gap length = 0.5 cm, number of ducts = 5, width of each duct
= 1.0cm, slot pitch = 6.5cm, average value of flux density in the air gap = 0.63T. Field form
factor = 0.7, Carter’s coefficient = 0.82 for opening/gap length = 1.0 and Carter’s coefficient
= (.82 for opening/gap length = 1.0, and Carter’s coefficient = 0.72 for opening/gap length =
2.0.

AT, = 8000001,K,B,

K,= Carter's gap expansion coefficient= Ky X Kgy,

K, .= Carter's gap expansion coefficient for the slots = ——————
93 g p p 7\'5' bos (1—85)

Since ll)—": 1.0/0.5 = 2.0, corresponds to ducts, opening/gap-length = 1.0, must correspond to
g

slots. Therefore, opening of the slot b, =[5 x 1.0 = 0.5x1.0=0.5cm.

bys 0.5
At 2 =-—"=10,5 =0.82
l, 05
6.5

K, =1.014

957 6.5 -0.5(1-0.82)

L
L — ny bv(1 - 617)

K= Carter's gap expansion coefficient for the ducts =

At b”—1'0—205 =0.72
l,b, 05 TV
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40
K,p= = 1.04
9" 40 — 5 x 1(1 — 0.72)

K;,=1.014 x 1.04 = 1.054

B 0.63
& = =09T

Maximum value of flux density in the air gapB; = — =
K 0.7

ATy = 800000 x 0.5 X 1072 x 1.054 X 0.9 = 3794.4

Example.3

Find the ampere-turns/pole required for a dc machine from the following data. Radical length
of the air gap = 6.4mm, tooth width = 18.5 mm, slot width = 13.5mm, width of core packets
= 50.8mm, width of ventilating ducts = 9.5mm, Carter’s coefficient for slots and ducts = 0.27
and 0.21, maximum gap density = 0.8T. Neglect the ampere turns for the iron parts.

Width of core packets

\Ti/ . r— Duct width b
' * R4
i— >\ s ..__i ! 1

bove | oy i.’ '! h ii ;i ?l —=J—Armature
I : ) with ducts
l P ] !

i 1 2 ]
L_J A = L —]
Slot and tooth of an armature

AT/pole = ATy + AT, + AT, + AT + AT,
= ATjron + ATy
= AT, as the ampere turns for the iron parts is to be neglected
= 800000[,K,B,

K,= Kgs % Ky

K, = s
95— }‘s' bos (1'6s)

Slot pitchAg = by + by = 18.5 + 13.5 = 32mm

Opening of the sloth,; = by, = 13.5mm if an open slot is assumed.

At b05—13'5—21 1-8)=0.27
l, 64 1L {d-5)=0.
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K 32
957 32 —13.5 x 0.27

L
K..=
gv L — ny bv(l - 617)

=1.13

L = width of the core packets + width of ventilating ducts i.e.n, b,

= 50.8 + 9.5 = 60.3 mm

K 60.3
9" 60.3 — 9.5 x 0.21

= 1.03

K,=1.13 x1.03 = 1.17

AT /pole = 800000 X 6.4 X 1073 x 1.17 x 0.8 = 4792.3

Example.4

Find the ampere turns required for the air gap of a 6pole, lap connected dc machine with the
following data. No load voltage = 250V, air gap length = 0.8cm, pole pitch = 50cm, pole arc
= 33cm, Carter’s coefficient for slots and ducts = 1.2, armature conductors = 2000, speed
= 300RPM, armature core length = 30cm.

ATy = 8000001,K,; B,
Ky=Kgs X Kgy
— Bav

Kror v

Py
B. = —
@ nDL

_ 60EA _ 60x250x%6
~ ZNP ~ 2000 x 300 X 6

By

= 0.025Wb

D
Since T = ?,nD =7XP =50 x6=300cm

B 6><0.025_017T
¥ o owx03
pole arc 33
v = —————=—=0.66

~ polepitch 50
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Py ¢ ¢ 0.025

9 wymDL 22 wilL 033x03
P

AT, = 800000 x 0.8 x 1072 x 1.2 X 0.25 = 1920

Example.5

Calculate the ampere turns for the air gap of a machine using the following data. Core length
= 32cm, number of ventilating ducts = 4, width of duct = 1.0cm, pole arc of ventilating ducts =
4, width of duct = 1.0cm, pole arc = 19cm. Slot pitch = 5.64 cm, semi-closed slots with slot
opening = 0.5cm, air gap length = 0.5cm, flux/pole = 0.05Wb.

1 il ' [ |

i i i I i ! ll

08 [ i ;Scml‘-flnxul xlnh’,___/ﬂ__l
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o i 1 iy LT Openslots
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vdR HERR

A b !
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Slot opening’ wap lengl

Carter's coefficient curves

AT, = 800000,K,B,
Ky=Kgs % Ky

As
Kjys= —————
g )"s' bos (1'85)
bos _ 0.5 : ST . :
At — = 0= 1.0,(1 - 8) obtained from Carter s fringing coefficient curve is 0.18
5.64

K=

5.64 — 0.5 x0.18

L
K. =
gv L — ny bv(l - 617)

= 1.016
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1. .
At l—v =55 = 2.0, (1 — §,,) obtained from Carter s fringing coefficient curve
g :

corresponding to open slots is 0. 28. Curve corresponding to open slot is considered because

ducts are similar to open type of slots.

32
K= 35 —ax1xo028 0%

K,=1.016 X 1.04 = 1.06

o _Bw_ P _ ¢ P 0.05

= = = = = 0.82T
9 w wmDL 21 wrl 0.19%0.32
P

AT, = 800000 x 0.5 X 1072 x 1.06 x 0.82 = 3476.8

Example.6

A DC machine has an armature diameter of 25cm, core length of 12cm, 31 parallel slots 1.0cm
wide and 3.0cm deep. Insulation on the lamination is 8.0%. The air gap is 0.4cm long and there
is one radial duct lcm wide in the core. Carter’s coefficient for the slots and the duct is 0.68.
Determine the ampere turns required for the gap and teeth if the flux density in the gap is 0.7T.
The magnetization curve for the iron is:

Flux density in tesla 1.4 1.6 1.8 2.0 2.1 2.2 2.3
ampere- turns/cm 18 30 65 194 344 630 1200

AT, = 8000001,K,B,

Kg=Kys X Kgy,
K, s
g5 }‘s' bos (1'6s)
Slot pitchi, = 2 = TX2% _ 553
otpitchds = — = —=—=2.53cm
. .. . . bOS bv
Since Carter'scoef ficient is same for both slots and duct, ratio T =T
g g
Therefore b, = b, = 1.0.
2.53
K = 1.15

95~ 253 — 1.0(1 — 0.68)
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L 12

K.= = = 1.03
9% L —n,b,(1-6,) 12—-1x1(1-0.68)

K,= 1.15x1.03 =1.18

B, = @ = ﬂ = 1.0T, with the assumption that = 0.7
9w 07

AT, = 800000 x 0.4 X 1072 x 1.18 X 1.0 = 3776

AT, = aty X h

1
Flux density in the tooth atg height from the root of the tooth,

By —— 9
ti/3 S
bti, XL;X=
3 t7p
_ BgpymDL _ 0.7xmx0.25%0.12 __ 0.066
= P P TP Wb A

1
Width of the tooth at—3 height from the root of the tooth,

(D —2h,) m(25-3%3)
bty = T3— b = T —1.0 = 1.13cm

L; = K;(L —n,b,) = 092(12 — 1 x 1) = 10.12cm

0.066/P

B. = = 1.86T
£ 0.0113 x 0.1012 X 4

At 1.86T, at,, the ampere-turns obtained from the magnetization curve
drawn to scale is 140/cm.

Therefore, AT, = 140 X 3 = 420
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Example.7

A shunt generator with lap connected armature rated 100kW, 125V, 450rpm, and 4pole has the
following data relating to its magnetic circuit.

Part Areain cm” | Length in cm
Yoke (Cast iron) 350 40
Pole (Stalloy) 650 22
Gap (Effective) 900 0.86
Teeth (Mean) 380 2.9
Armature core (Stalloy) 300 15.2

Leakage coefficient = 1.2. Calculate the ampere turns/pole required for 125V at no load. The
armature has 232 conductors.

Nagnenzatien curves
Lag
ReAXLS s smpere—furns /metre

Y—axis... Flux density in tesla{H’z./m—.-.'Z)

[s A 4]

[T R C N

Corter's fringing tefficiont curves
,,,,,,,,, O - — —— - At e :_ .L
o8 o | semi ¢loscd 5L29, = 1.0
/ .9
C.
7 Open slots | A
"1 .
0.6 "|—" A P //L(j/‘ t =
(135 i et
or : C.
1-3,) / I -
0.4|- 7‘/74-—-- ----- “e 4}— S T ISR IS N 0.5
Ll . - i A 0.4
4, . 0.3
i SUSDSI P s b D el W S N C : T
N A R 0.1 _
2 B 6 i . 't W/ |
0 ] i

h 1o
apeningfgap tength i.e. bog“g or hoy/jj or bu“p
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AT/pole = ATy + AT, + AT, + AT, + AT,
a) AT,:

¢ XLC/2

Flux density in the yokeB,, = y

y

_60EA _ 60 x 125 x 4
~ ZNP 232 x 450 X 4

~ 0.072Wb

_0.072 x1.2/2

= = 1.23T
Y 350 x 10~*

The ampere turns per metre aty, obtained from the magnetization curve corresponding
to cast steel at By, = 1.23T is 1350.

AT,, = at,, X mean length of the flux path in the yokel,,
= 1350 X 0.4 = 540

b) ATp:

¢ xLC 0.072x1.2

= =1.33T
Ap 650 x 10—+

Flux density in the poleBp =

The ampere turns per metre atp, obtained from the magnetization curve corresponding
to stalloy at Bp = 1.33T is 800.

ATp = atp X mean length of the flux path in the polehp
=800 x 0.22 =176

c) ATy:
AT, = 8000001,K,B,

Effective air gap length L;K,; = 0.86cm

By @ @ 0.072
By =—= = _ = — = 0.8T
v  witl effective gap area /pole 900 x 10~
AT, = 800000 x 0.86 x 107 X 0.8 = 5504
d) AT:
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1
Flux density in the tooth atg height from the root of the tooth,

y ~ ¢ 0.072

= = = = 1.89T
t/s bt1/3 X L; x% mean area of the teeth / pole 380 x 10~*

The ampere turns per metre at;, obtained from the magnetization curve corresponding

to stalloy at Bt1/3 = 1.89T is 30000.

AT; = at; X mean length of the flux path in the toothh,
= 30000 x 0.029 = 870

e) ATC:

0/2 _ 0.072/2
Ac 300 x10*

Flux density in the armature coreB, = = 1.2T

The ampere turns per metre atc, obtained from the magnetization curve corresponding
to stalloy at B¢ = 1.2T is 400.

AT. = at, X mean length of the flux path in the armature core [,
=400 x 0.153 = 60.8
Therefore AT/pole = 540 + 176 + 5504 + 870 + 60.8 = 7150.8

Example.8

Find the ampere turns/pole required to drive the flux through the teeth using Simpson’s rule
with the following data: flux/pole = 0.07Wb, core-length = 35cm, number of ducts = 4, width
of each duct = 1.0cm, slot pitch at the gap surface = 2.5cm, slot pitch at the root of the tooth =
2.3cm, dimensions of the slot = 1.2cm x Scm, slots/pole-pitch = 12

Att == HCH] X h’t

1
According to Simpsons rule H,,, = 3 (H, +4H, + H3)

¢

Flux density at section 1,Byy = ————
btl X L; X 7

L; = K;(L — nyb,) = 0.9(35 — 4 x 1) = 27.9cm

10
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B 0.07
©0.013 X 0.279 x 12

By = 16T

The ampere turns per metre H;, obtained from the magnetization curve corresponding
to stalloy atBy; = 1.6T is 6000.
¢

Flux density at section 2, By, = ————
btz X Li X 7

Over a slot depth of 5cm,the tooth width changes by (1.3-1.0)=0.2cm. Therefore

0.2x2.5
5.0

for a slot depth of 2.5 cm, the tooth width changes by =1.0cm. Thus the

tooth width at section 2 is B;;=1.3-0.1=1.2cm.

0.07

T 0012x0279x 12 /42T

Bt

The ampere turns per metre H,, obtained from the magnetization curve corresponding

to stalloy at By, = 1.742T is 15000.

y 0.07

= =1.9T
btz X L; X S 0.011x0.279 x 12
P

Flux density at section 3, Bz =

The ampere turns per metre H;, obtained from the magnetization curve corresponding

to stalloy at Bz = 1.9T is 30000.

1
Therefore Hy, = —(6000 + 4 x 15000 + 30000) = 16000
6

AT, = 16000 x 0.05 = 800
Example.9

Find the ampere turns required to drive the flux through the teeth with the following data using
graphical method. Minimum tooth width = 1.1cm, maximum tooth width = 1.5cm, slot depth
= 4.0cm, maximum value of flux density at the minimum tooth section = 2.0T. Material used
for the armature is Stalloy.

11
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Since the height of the tooth is 4cm, let the tooth be divided into 4 parts. Therefore, according
to graphical method,

H +H, h; H,+H; h, H3;+H, h Hy+Hs; h
= X — X — X — X —
ATt 2 272 4 2 272 4
Flux density at section 5, Bys = 2.0T
The ampere turns per metre Hs, obtained from the magnetization curve corresponding

to stalloy atBys = 2.0T is 65000.

Since Bjs = ———— and By, = LS )
bt5XLiX; bt4_XLiX;

Bis X btg

Flux density at section 4, By = ™
4

Over a tooth height of 4cm,the tooth width changes by (1.5-1.1)=0.4cm. Therefore

0.4x1.0
for every 1.0cm the tooth width changes by =0.1cm.
Thus the tooth width at
section 3 is bi3=1.2+0.1=1.3cm
section 2 is b;;=1.3+0.1=1.4cm
_20x11 1837

o120 T

o 20x1.1 20x1.1 20x 1.1
Slmllarly Bt3 = T = 17T, BtZ = T = 1.57T and Btl = T = 1.46T

The ampere turns per metre H,, H3, H, and H; obtained from the magnetization curve
corresponding to stalloy at respective flux densities are20000,10800,5000 and 2500.

Hy+H, hy H,+Hs; h H3+H, h Hy+Hs h
1 2, e T2 3 e 3 4 e T 5., Mt

= X X X
AT, 2 4 2 4 2 4 2 4

H +H, H,+H; H;+H, H,+Hs h
AT = X —
=1 2 + 2 + 2 + 2 ] 4

12
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2500 + 5000 5000 + 10800 10800 + 20000 20000 + 65000  0.04
l — + 2 + 2 + 2 1x=

= 695.5
Example.10

Calculate the apparent flux density at a section of the tooth of the armature of a DC machine
with the following data at that section. Slot pitch = 2.4cm, slot width = 1.2 cm, armature core
length including 5 ducts each 1.0cm wide = 38cm, stacking factor = 0.92, true flux density in
the teeth at the section is 2.2T for which the ampere turns/m is 70000.

Bapp = Breai + HoH(Ks — 1)

AL AL 2.4 x 38

= = =2.5
bl (A — b)K(L—n,b, (24— 12)x092(38—5x 1)

Slot factor K5 =

Bapp = 2.2+ 4m x 1077 x 70000(2.5 — 1) = 2.33T

Example.11

Calculate the apparent flux-density at a particular section of a tooth from the following data.
Tooth width = 12mm, slot width = 10mm, gross core length = 0.32mm, number of ventilating
ducts = 4, width of the duct each = 10mm, real flux density = 2.2T, permeability of teeth
corresponding to real flux density = 31.4x10-6H/m. Stacking factor = 0.9.

Bapp = Breai + HoH(Ks — 1)

_ 2.2
Since B = [,lo‘LlTH,H = m = 70063.7

AL (1.2 4+ 1.0) x 32

— =233
bL; 1.2x09(32—4x1)

Slot factor Kg =

Bapp = 2.2 + 4w X 1077 x 70063.7(2.33 — 1) = 2.32T

Example.12

The armature core of a DC machine has a gross length of 33cm including 3 ducts each 10mm
wide, and the iron space factor is 0.9.If the slot pitch at a particular section is 25 mm and the
slot width 14mm, estimate the true flux density and the mmf/m for the teeth at this section
corresponding to an apparent flux/density of 23T. The magnetization curve data for the
armature stamping is,

Bintesla | 1.6 1.8 1.9 2.0 2.1 2.2 23
At/m 3700 10000 | 17000 | 27000 | 41000 | 70000 | 109000

13
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Since, Bypp = Brear + HoH(Ks — 1)

Brear = Bapp — UoH(Ks; — 1)

AL 2.5 x 33

bl (25-14)x0933—3x1) >

Slot factorKs =

Brear =23 —4m X 1077 x H(2.8 — 1)
= 2.3 — 2.26 X 107°H and is an equation of a straight line.

The intersection ofthis line and the magnetization curve leads toB,.,and H.

B
When H = 0, Bypp = Breq; = 2.3T and whenB,oq = 0,H = % =1017.7 x 103

Since H = 1017.7 x 103is too a large value to locate on the x-axis, let a
definite value of H be considered to locate another point and to draw the straight

line. With that, when H = 70000, B,,q; = 2.3 — 2.26 X 1076 x 70000 = 2.14T

m
[tis clear at the intersection point,B,..,; = 2.1T and f i.e.H =59000.

e sk sk s sk sk okoskeok
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