Physics 12

Generators, Motors, and Transformers

Learning Targets:
I can:
v Explain how DC motors and generators work
v Calculate the back EMF in produced by a DC motor
v" Calculate changes in V, |, or N in circuits using transformers

Generators and DC Motors

Electric generators work using similar principles to motors; however, generators t&d k&.
electrical energy from mechanical motion, while DC motors U$ €. electrical energy to produce
motion.

A DC motor is an electronic device that _COn 614 S electrical energy from a battery into

mechanical energy by _S pmnmﬂ an axel. The basic principle of a DC motor is that a current
carrying wire is rotated by a A Spy‘-(—.L field.
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A DC Motor requires a split-ring Com W\)’LWLD\( to function. The split-ring commutator allows for a
Cho NYL in the direction of the _Co) ((en in the coil. If you didn't change the direction of
the current in the coil, the coil would only turn until it found an equilibrium position. The geometry of
the commutator makes certain that it keeps ¢ av\::)mj

Back EMF in D.C. Motors

A DC motor draws a \ current to start. Over time, this current slowly JE(.S €cSeC toa
constant running current.

This is because, as the armature (coil) starts to turn, the magnetic E [\)X through the coil

CL& nges . This changing magnetic flux generates an EMF which acts to Ogeb“— the
motion (LJenz’Js law). This EMF which opposes the motion is known as Reele &M ; and is
denoted with the symbol V; ;.. Back EMF is (o) [ tothe Q ppA of the motor (speed
of motor), so as the motor speeds up, Vpaer \ncCemies which reduces the current through the
coil until a balance is reached where the speed remains constant. Therefore, the back EMF of the motor
controls the SPZCJ of a motor. Without the back EMF the motor would accelerate indefinitely!
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*** Note that If we increase the IQO\C{ on the motor, the rpm’s decrease, therefore, the Vy,cx
(o as well. When V4. decreases the current through the coil will \n ({€0Seg . (too
large of a load could increase the current so that it burns out the motor)***

Calculating Back EMF

Mathematically,
/‘\

Where Vp,ck represents the maximum back EMF, € represents the terminal voltage of the source, I
represents the current in the wire, and r represents the resistance in the wire.

Example:
120V motor draws 10A when it reaches full speed. If the armature has a resistance of 5.2 Ohmes. Find
back voltage at full speed. Find Current when motor stalled out.
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Example:

SHalls

120v Motor Draws 3.5A at full speed. If it draws 15A when it is turned on what is:

a) The resistance of the armature
b) Vpack at full speed.
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Power Transmission and Transformers

Power lines are often designed to carry a very high \Iona %g¢. withalow _( U(Se[)}\ . This is

to minimize power loss. This, however, is o practical a’s)household appliances are designed to

use |C,,,=g voltage circuits. To convert a power source : g
from a high voltage to a low voltage you must use a o e o

| \"gnSEb{MfI: .

Transformers use alternating current which means that the t
current direction is constantly C}\qncnh‘) . This Primary
changing current producesa _¢ | an % mg magnetic :
field which, means Igahlg m; magnetic flux. A

changing magnetic flux can b€ used to induce a current in a

different wire.

**This means DC current will not work**

*** a transformer that increases the voltage in a circuit is known as a step U Q transformer and
a transformer that decreases the voltage in a circuit is known as a step _M_ transformer.

Yooy Wokes Ty 4 c
Mathematically, the following relationship exists between the current, voltage, and number of coils in
the primary and secondary circuit.

I, Vy _ N,

I, Vy N,

Where the subscript, p, denotes the primary circuit, and the subscript, s, denotes the secondary circuit.

Example:
A transformer has 7500 turns on its primary coil and 125 turns on it’s secondary coil. The voltage across
the primary coil is 7.2kv.

a) What is the voltage across the secondary?

b) If the current in the secondary is 36A, what is the current in the primary?

c) What type of transformer is it? ___1_5 =3¢A d.)
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Example:

A transformer has 500 turns on the primary coil and 15000 on the secondary coil.
a) If the primary side is connected to 120V, what is the secondary voltage?
b) If the secondary has a current of 3.0A, what current is in the primary?
c) What is the power input and output?
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