The simplest DC machine

2. Getting DC voltage out of a rotating
loop

A voltage out of the loop is alternatively a
constant positive value and a constant
negative value.

One possible way to convert an alternating
voltage to a constant voltage is by adding a
commutator
segment/brush
circuitry to the
end of the loop.
Every time the
voltage of the
loop switches
direction,
contacts switch —
connection.

Commutator
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Pole surface area
A,= mrl

The tangential velocity of the loop’s edges is
V=Iw (5.8.1)

where ris the radius from the axis of rotation to

the edge of the loop. The total induced voltage:
2rwBl under the pole faces
etO'[ = (582)

0 beyond the pole edges

The rotor is a cylinder with surface area 2z7i.
Since there are two poles, the area of the rotor

Rotor surface area

under each pole is A, = zrl. Therefore: A =2l
2
— A Bw under the pole faces
Cot =7 (5.8.3)

0 beyond the pole edges
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Assuming that the flux density Bis constant everywhere in the air gap under the
pole faces, the total flux under each pole is

¢ = ApB (5.9.1)
The total voltage is
(2
— Pdw under the pole faces
ot =\ 7T (5.9.2)
0 beyond the pole edges

The voltage generated in any real machine depends on the following
factors:

1. The flux inside the machine;
2. The rotation speed of the machine;
3. A constant representing the construction of the machine.
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3. The induced torque in the
rotating loop

Assuming that a battery is connected
to the DC machine, the force on a
segment of a loop is:

_— (l X B) (5.12.1)

And the torque on the segment is

r=rFsin@ (5.12.2)

Current into
. c—d page
Where @is the angle between rand £~ ;®\5
Therefore, the torque is zero when Fed, \\;)w

the loop is beyond the pole edges.

Current out of page
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When the loop is under the pole faces:

1. Segment ab F,=i(1xB)=ilB (5.13.1)

7, =FFsin@=r(ilB)sin90°=rilB ccw (5.13.2)
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The resulting total induced torque is

Tind = Tap T T T Teg T T4a

2rilB under the pole faces
T. =
"0 beyond the pole edges

Since A,= zr/fand ¢ = A,B

-

] under the pole faces

2
Z-ind =\ 7
0

beyond the pole edges

\

The torque in any real machine depends on the following factors:

1. The flux inside the machine;
2. The current in the machine;
3. A constant representing the construction of the machine.

(5.14.1)

(5.14.2)

(5.14.3)

(5.14.4)



