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1. OVERVIEW The purpose of this lesson is to provide you with the
basi ¢ know edge of notors and notor controls.

2. LEARNI NG OBJECTI VE(S):

a. TERM NAL LEARNI NG OBJECTI VE(S):

(1) Provided a notors trainer, nultinmeter and a mal functi oning
nmotor, repair the motor so the it runs properly, in accordance with
El ectric Motor Repair. (1142.01.06)

(2) Provided a notors trainer, nultinmeter and a nal functi oning
notor control, repair the notor control, in accordance with Industria
Motor Controls. (1142.01.07)

b. Enabling Learning Objective(S):

(1) Gven a list of electric notor conponents, and a |list of
el ectric nmotor conponent functions, match each conponent to it's
function in accordance with Electric Mdtor Repair. (1142.01.06a)

(2) Gven alist of electric notors and a list of electric
not or descriptions, match each notor to it's description in accordance
with Electric Mdtor Repair. (1142.01.06b)

(3) Provided a notor trainer, a nmultineter, and a single phase
nmotor, wire the notor so that it runs properly, in accordance with
El ectric Motor Repair. (1142.01.06c)

(4) Provided a notor trainer, a nultineter, and a three phase
notor, wire the notor so that it runs properly, in accordance with
El ectric Motor Repair. (1142.01.06d)

(5) Provided a notors trainer, a nultinmeter, and a single
phase notor wired to run in reverse, rewire the notor so that it runs
properly, in accordance with Electric Mdtor Repair. (1142.01.06e€)

(6) Provided a notors trainer, a multineter, and a three phase

motor wired to run in reverse, rewire the nmotor so that it runs
properly, in accordance with Electric Mdtor Repair. (1142.01.06f)
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(7) Provided a notors trainer with fault plugs installed, a
multinmeter, and a split phase notor, identify the fault, in accordance
with Electric Mtor repair. (1142.01.069)

(8) Provided a notors trainer with fault plugs installed, a
multinmeter, and a capacitor start notor, identify the fault, in
accordance with Electric Mdtor Repair. (1142.01.06h)

(9) Provided a nmotors trainer with fault plugs installed, a
multinmeter, and a three phase notor, identify the fault, in accordance
with Electric Mdtor Repair. (1142.01.06i)

(10) Gven a list of nmotor controls and a list of notor
control functions, match each notor control to its function, in
accordance with Industrial Mdtor Controls. (1142.01.07a)

(11) Gven a list of motor control conponents, and a |list of
nmot or control conponents functions, match each notor control conponent
to its function, in accordance with Industrial Mtor Controls.
(1142.01.07b)

(12) Provided a mal functioning notor control, a notors
trainer, and a nultineter, identify the mal function, in accordance
with Industrial Mtor Controls. (1142.01.07c)

(13) Provided a mal functioning notor control, a notors
trainer, and a nultineter, repair the malfunction, in accordance with
I ndustrial Motor Controls. (1142.01.07d)

QUTLI NE

1. ELECTRI C MOTOR COVPONENTS

a. The stator is one of the nain parts of the electric notor.
The stator is made up of thin sections of soft iron or steel, called
| am nations. The stator is an electric nagnet. Here the south and
north magnetic poles are created. The soft iron |am nations act as
the core of this electric nagnet. Insulated wire is wound around the
| ami nations. Wen the ACis applied to these wi ndings the nagnetic
pol es change and reverse fromsouth to north, then fromnorth to
south. This changing polarity occurs 120 tines per second. This is
due to the constant changing of alternating current. A full value of
each magnetic pole occurs during each alternation. There are two
alternations per cycle and the standard el ectrical frequency of
alternating current in the United States is 60 Hz. Therefore, each
second the pol es change polarity, 120 times.

b. The rotor is the second main part of the notor. The rotor is
the part of the notor that spins. There are two main types of rotors:

(1) Squirrel cage rotors are found in induction notors. They
have netal bars that are assenbled sinmlar to that of a wheel used to
exerci se hanmsters or caged squirrels. Round disks of thin netal are
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stacked and serve as the core for this rotor for when it operates as
an el ectro magnet.

(a) The squirrel cage rotor receives electrical energy
fromthe stator. In an induction notor there are no electrical
connections fromthe stator to the rotor. Electrical energy is passed
fromthe stator to the rotor by way of el ectromagnetic induction. The
stator acts like a primary winding of a transforner, and the rotor
acts like the secondary winding. The three things needed to produce
electricity in the rotor are present.

1 First we can view the relative notion that occurs
fromthe alternating current in the stator

a During each alternation the magnetic field
expands fromthe stator and cuts through the rotor and continues to
move until the alternation reaches peak voltage (EP). At this point
the magnetic field has expanded to its full val ues.

b When the alternation decreases, so does the
magnetic field. This causes the magnetic field to collapse. As the
magnetic field collapses and wi thdraws back through the rotor, this is
al so consi dered noti on.

2 The second thing needed to produce a voltage using
magnetismis a magnetic field. W have already described the nmagnetic
field that is being produced by the stator w ndings.

3 The third thing needed to produce a voltage using
magnetismis a | oop conductor or closed loop circuit. The squirre
cage rotor will provide a conplete circuit due to the netal bars that
are all brought together in an electrical circuit with one another.
This is acconplished by the rings that electrically and physically
connect the netal bars at both ends of the rotor

a Current starts to flow through the rotor bars.
b Since all current carrying conductors have a
magnetic field surrounding them the rotor creates its own nagnetic
field.
(b) The magnetic fields of the stator repels and
attracts the rotor and through the | aws of magnetism (Ilikes poles
repel and unlike poles attract), the rotor spins.

(2) The second type is the armature rotor. Unlike the
squirrel cage, it is wire wound.

(a) Wndings are formed using insulated wire (wire coated
with a varnish).

(b) The connection to these w ndings is nade by the
commutator, which is part of the armature.
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1 The comutator consists of copper segnents
separated by an insulating material called mca. These segnents,
attached to conductors in the rotor, provide electrical connections to
t he wi ndi ngs.

2 The comutator receives electrical energy via a
set of brushes that ride on the conmutator

a Brushes are nade of soft carbon and are
conducti ve.

b Brushes are held in place by brush hol ders.

Cc Brush springs are used to ensure that the
required pressure is applied between the commutator and brushes. The
springs take up any volunme that may occur otherw se due to the brushes
wearing down.

d The brushes may be supplied directly from an
external power source such as a battery or they may be supplied from
the stator by electrical connections.

e In some notors after starting, the brushes are
lifted off the commutator by a centrifugal device and then a ring
slips over the commutator shorting the segnments; therefore, causing
all the windings to be electrically the sane. This is simlar to the
bars in the squirrel cage rotor; furthernore, this allows the armature
to operate like that of a squirrel cage rotor by using el ectronagnetic
i nducti on.

3 the armature has a |am nated core similar to the
squirrel cage rotor.

c. The endbells or endshields - These provide support for either
end of the rotor and bearings, or the brushes and slip rings,
dependi ng on the type of notor.

d. The cooling fan - Is attached to the rotor shaft within the
endbells and stator, it is designed to draw air in through the notor
to cool it.

e. Bearings - The bearings provide steady, even support for the
rotor and allow the rotor to turn with mininumfriction. There are
two sets of bearings, one on each end of the rotor shaft. The
bearings are sealed, usually the roller bearing type, with lubricating
grease pressed together between two ring type retainers.

f. Centrifugal switch - Found in both split-phase and capacitor
start notors. This switch is in series with the start w ndi ngs and
cause themto be taken out of the circuit once the notor has reached
normal operating speed. Normally this switch is nmade having two
assenbl i es:
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(1) Mounted on the shaft is a nechanical device that is
spring |l oaded and reacts to the centrifugal force caused by the
spi nning of the rotor.

(2) Mounted inside the notor is a set of contacts that nove
according to the position that the nechanical device is in. The
mechani cal devi ce can cause the contacts to open, once the rotor has
reached a certain speed.

(3) Once the notor is shut off and the rotor slows down, the
mechani cal device goes back to its original position because it is
spring | oaded; thus, the contacts close, bringing the start w ndings
back into the circuit.

2. DESCRI PTI ONS OF ELECTRIC MOTOR: There are three notors we wll

di scuss during this class. W wll cover two types of single phase
motors (split-phase and capacitor start notor) and then we wll

di scuss the three phase notor.

a. Single phase notors work off single phase power. The first
nmotors that we will learn about work off 110 volts, single phase.

(1) Split Phase Mbtors are comonly found with Marine Corps
equipnent. It is the starting aid or nmethod of starting in which a
motor is naned after. To understand the operation of a split phase
motor it is necessary to follow the chain of events which occur
t hrough the starting and running of this notor.

(a) Single phase power first enters the stator through the
power cord or conductors which supply the stator winding with
el ectrical energy. The stator is nmade up of copper wire which is
wr apped around soft iron. The iron |am nations, we have already
| earned in our discussion of nbtor conponents, becone magnetized. The
stator is made up of two sets of windings in the split phase notor

1 The start w ndings are higher resistance when
conpared to the other set of windings. They are nmade of thinner wire
whi ch causes themto be nagnetized first.

2 The run wi ndings are connected parallel wth
the start. They becone nagnetized after the start wi ndings. The
difference in timng between the magnetic field in the start and the
magnetic field in the run cause a rotating nmagnetic field to be
present in the stator. The speed of the rotating nmagnetic field is
referred to as the synchronous speed.

(b) Both the start and run wi ndi ngs change their magnetic
polarity fromnorth to south with each alternation during a cycle.
These magneti c pol es having two alternati ons which we have di scussed
previ ously.

(2) The magnetic field fromthe stator expands and col | apses

through the rotor. As the magnetic field cuts through the rotor it
i nduces current in the rotor; thus, current flows through the rotor
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This occurs through el ectromagnetic induction. The stator acts
simlar to that of the primary winding of a transforner. The rotor
acts |like the secondary wi nding of the transfornmer.

(a) The rotor sets up a magnetic field due to it being a
current carrying conductor.

(b) Due to the Iaws of nagnetism the nagnetic field from
the stator influences the rotor to turn. This repul sion and
attraction causes the rotor to spin, while a difference in tining
occurs between the start w nding and the run w ndi ng.

(c) When the rotor reaches 75%to 80% of the synchronous
speed a centrifugal switch which is in series with the start w nding
opens the circuit taking the start winding out of the circuit. At
this stage the run windings continue to operate changing nmagnetic
poles fromnorth to south 120 times a second:

b. The Capacitor start notor: Capacitor start notors are al so found
in Marine Corps Equipnment. The notor is called a capacitor start
notor for the obvious reason

(1) As in the split phase notor single phase power enters
the stator through the power cord. The stator of the capacitor start
nmotor is simlar to that of the split phase notor. It also has two
sets of w ndings.

(a) The start windings in a capacitor start notor use a
capacitor in series to change the tining between the magneti zati on of
the start and the run windings. The effect a capacitor has on
alternating current is that it opposes a change in voltage.

(b) The run wi ndings are connected in parallel with the
start windings as in the split phase notor. They have no capacitor
since the capacitor is for starting purposes only.

(c) The start and run wi ndi ngs change their nagnetic
poles |like the windings of a split phase notor, 120 tinmes per second.

(2) The magnetic field fromthe stator induces current to flow
t hrough the rotor.

(a) The rotor, due to current flowing through it, sets up
a magnetic field.

(b) The | aws of magneti sm cause the rotor to spin, while
a difference in timng occurs between the start and run wi ndi ngs.

(c) When the rotor reaches 75%to 80% of the synchronous
speed a centrifugal switch, that’s in series with the start wi ndings,
opens the circuit taking the start wi ndings out of the circuit. The
run wi ndi ngs continue to operate.
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c. OPERATION OF THE THREE PHASE MOTOR The three-phase or poly-
phase notor physically resenbles other notors we have covered; |.e.;
all other notors have a stator and rotor.

(1) The stator w ndings are nmade up of three single phase
wi ndi ngs. Each of these windings are physically spaced where they can
best attract and repel the rotor using the laws of magnetism

(2) The three phase notor requires three phase power. Each
singl e phase wi nding receives electrical energy fromone of the three
phases. Each peak of three phase power occurs 120° fromthe next. W
| earned in our previous discussion that both the split phase and
capacitor start notor had to achieve a difference in timng between
wi ndings. The nmagnetic field had to occur in a sequential order. Due
to the three phase power having a difference in timng frompeak to
peak, it allows each phase to provide power to its own set of
wi ndings, a difference intimng is therefore achieved. The poles in
each wi nding also change polarity fromnorth to south 120 tinmes a
second. Each winding remains in the circuit during the starting and
runni ng operation. Each phase is equal in ohns.

(3) The rotor receives electrical energy through
el ectromagnetic i nduction fromthe stator w ndings.

3. WRING A SINGLE PHASE MOTOR: When wiring a single phase notor to a
power source, follow the steps listed bel ow

a. The first step is to identify the type of notor and data that
pertains to proper operation of the equipnent. This information
shoul d be available on the notors data plate.

(1) The data plate is normally nounted on the side of the
not or housi ng.

(2) Sone equi pment has a data plate on the equi pnent housi ng
that contains the notor.

(3) Data plates often provide the follow ng:
(a) Vol tage
(b) Horse power (HP)
(c) Locked rotor anperage
(d) Type of notor, i.e. type “E’ or “NONE
b. The second step is to identify the notor |eads that will be
connected to the power source and know the basic rules for what is

required to allow the single phase notor to operate as intended:

(1) There are at mnimnumtwo wires required to wire a single
phase notor to a 110/120 volt system However, grounding is an
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inmportant rule to follow Ensure that the nmethod of wiring provides a
proper ground.

(2) Conductors are wired so that the notor w ndings are
paral | el ed.

c. The third step is to identify the power source that wll
supply electrical energy to the notor.

(1) When connecting an electrical notor, an over-current
protection devices is required. Systenfitypes of over-current
protection may be:

(a) MEPDI'S, the panels have circuit breakers built in for
the protection of the |oads connected to the system

(b) Breaker boxes may be installed using the general
illunmination set or may be connected to an al ready existing system

(c) Fuses may be used rather than breakers.

(2) The over-current protection should be sized by soneone
who is trained in the use of the National Electric Code.

(3) Test equipnment should be used to test the voltages.

(a) Wien using generator |oad studs, LO and either L1
L2, or, L3 should provide 120 volts.

(b) When using commercial system any one hot wire and
neutral should provide the required power of 110/120 volts. Always
test voltages before connecting an electric notor to any system

4. REVERSI NG THE DI RECTI ON OF A SI NGLE PHASE MOTOR: The direction
that any rotor spins, in both the single phase and three phase notor,
depends on the sequence of the nagnetic fields as they occur in the
stator wi ndi ngs. The sequence of the nagnetic fields in the single
phase notor depend on the arrangenent of the connections that cause
the start and run windings to be in parallel.

(a) Both the start and run w nding require a hot and neutral
connected at each end.

(b) Reversing the connection of only one winding will change the
sequence of the nagnetic fields as they occur in the stator.
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120 VOLTS

120 VOLTS

HOT WIRE
NEUTRAL

HOT WIRE
NEUTRAL

SI NGLE PHASE MOTOR CONNECTI ONS FOR FORWARD AND REVERSE
FI GURE 1

5. WRING THE THREE PHASE MOTOR FOR OPERATI ON: When wiring the three
phase notor the necessary steps for acquiring information are the same
as the single phase notor.

(a) Confirmthe information on the data plate.

(b) ldentify the | eads that come fromthe notor and connect them
to the power source. A three phase notor requires a mnimumof 3
conductors to operate. Like the single phase notor grounding is
i mportant.

(c) Test the power source for correct voltages. A reading should

be taken across L1, L2, and L3. It is inportant to ensure each phase
is providing the voltage. A three phase notor will turn with only two
of the phases connected; however, this will nost likely result in

damage to the notor if this condition is allowed to exists for nore
then a brief tinme.

L1 L2 L3

THREE PHASE MOTOR CONNECTI ONS FOR OPERATI ON
FI GURE 2

(d) Once the three phase notor is connected observe the direction
of rotation.

6. REVERSI NG THE DI RECTI ON OF A THREE PHASE MOTOR: The direction of
rotation of a three phase notor as nmentioned earlier depends on the
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sequence of the nmagnetic fields as they occur in the stator w ndings.
Unlike the split-phase notor and the capacitor start notor the
sequence of how the magnetic fields occur depending on the sequence of
t he phases. Changing the direction of the three phase notor is |ess
conmplicated than the single phase notor. Changing the direction of
the three phase notor is acconplished by switching any two phases on
t he phase system

L1 L2 L3 L1 L2 L3

DIRECTION 1 DIRECTION 2

THE ABOVE DIRECTIONS ARE OPPOSITE OF ONE ANOTHER

FI GURE 3 REVERSI NG THE DI RECTI ON OF THE THREE PHASE MOTOR BY
SW TCHI NG ANY TWO PHASES.

7. 1 DENTIFYING FAULTS IN A SPLIT PHASE MOTOR W have | earned that
the split phase notor has two sets of windings. To identify which

wi ndi ngs are which, we use an ohmneter to neasure the resistance.

Usi ng the 200 ohm scal e conpare the readings fromthe two sets of

wi ndi ngs. The one with the higher resistance is the start wi ndings.
Qobviously the windings with the | ower resistance are the run w ndi ngs.

a. Wien a winding has a short, it can be identified by a reading
of 00.0 on the ohmneter. This |low resistance reading indicates a
fault. A short can occur in one winding or fromw nding to w nding.

b. Another fault which may occur is called an open. An open is
i ndi cated when no continuity is found. The reading is the sane when
the | eads are not connected to anything.

c. A fault which causes the nmotors to run backwards is called a
reverse winding. This is due to one of the w ndings not being wound
the same. Crossing over the conductors which parallel the w ndings
woul d cause the notor to run in the proper direction.

8. I DENTI FYI NG FAULTS I N A CAPACI TOR START MOTOR When conparing the
capacitor start notor to the split phase nmotor, they differ only when
troubl eshooting the start wi ndings. W learned previously that the
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start w ndings of a capacitor start notor has a capacitor in series.
The 2k, or 2,000 ohmscale, is best for checking the start w nding.
When readi ng through the start wi nding the capacitor will cause the
nunbers to clinb and drop back down to the original display on the
meter. To viewthis again it is inportant to reverse the test |eads
on the ternmnals. This should be done on the first attenpt, if when
going across the termnals, no reading is obtained.

9. I DENTI FYI NG FAULTS I N A THREE PHASE MOTCOR

a. W learned previously that the three phase notor had three
sets of windings. W also |learned that the three wi ndings are equa
in ohmc value. The faults such as shorts and opens still appear to
have the same readi ng as when checking a single phase motor. The
reverse winding in a three phase notor however causes a different set
of synptons than that of the single phase notor.

(1) The notor nakes a noise which is obviously different when
conmpared to a properly operating three phase notor

(2) The direction of the three phase notor is controlled by
t he sequence of phasing. However, a reverse winding will not affect
the direction of a three phase notor

(3) The three phase nmotor will draw extra current through the
wi nding and may begin to snoke. If it continues to run with a reverse
wi ndi ng, danage wi |l occur

(4) The notor will run slower than its nornal operating speed.

b. To correct a reverse wi nding, one w nding nmust be reverse by
switching the connection in which the phase is fed and the connection
inwhich it is electrically connected to the other w ndings. Apply
power and observe quickly to see if the fault has been corrected. |If
the fault is still present, put the connections back on the previous
wi nding as they were and reverse one of the two renmai ni ng w ndi ngs.

If the fault has not cleared up then put the connections back as they
were originally. This |eaves one set of w ndings, reversing these
connections should renove the fault.

10. MOTOR CONTROLS FUNCTI ONS: Motor controls are devices that aid or
allow nmotors to start or stop. This can be for a nonentary operation
commonly referred to as a "jog", or for an automatic operation in

equi pment such as refrigerators, and washi ng machi nes with no operator
present. Since, in essence, this device controls the notor, it is
easy to see that if the notor control is not functioning properly it
can easily cause mal functions. Mtor controls are classified in three
basi ¢ categori es.

a. Manual notor controls are in the first category we wll
di scuss. These controls mainly consists of switches. There are many
types of switches used in the application of controlling notors. The
nost comon types are as foll ows:

SH 11



(1) Single pole- single throw switch, "SPST'. These switches
are generally used for on-off applications, such as applying or
renovi ng source power to the notor. They cone in toggle and knife
bl ade style.

(2) Push button switches are a type of single pole-single
throw switch. They are usually used to either nmake or break notor
starting circuits. Push buttons cone in two types.

(a) Normally open: Used to engage the starting
circuit for starting the notor. Contacts are nade by depressing the
but t on.

(b) Normally closed: Used to de-energize power from
the notor by depressing the button that opens the contacts.

(c) The termnormally open or normally closed refers
to the position of conmponents contacts as they woul d appear in your
hand with nothing el se attached. For exanple, a switch on a
refrigerator which causes the light to come on when you open the door,
this is a normally closed switch. Wen you close the door it opens
the contacts and the |ight goes off.

(d) Rotary switches: Generally used with variable
speed and or reversible notors. Can be used to switch in different
nmot or wi ndi ngs. Tapped transformers or chokes provide varied fixed
vol t ages.

(e) Variac: Provides continuous variable voltages.
It can be set at any desired position and operates off of a rotating
contact that rides across the turns of a w nding.

(f) Variable resistors: These conme in various sizes
and ratings. Two nbst commpn types are the potentioneter and the
rheostat. They can be used to

=

control |ine voltage

2 limt current

3 control speed

b. Automatic control devices are the second category of notor
controls we will discuss. There is not enough tinme to cover all the
automati c devices but we will discuss sonme of the npst conmon controls
for motors that you will see.
(1) Magnetic devices:
(a) Relays are magnetic devices that operate off

el ectromagnetic coils which, when activated, cause a spring | oaded arm

to be influenced and noved toward the coil that is magnetized. This
causes contacts to open or close.
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1 Normally open relays: Contacts are open until the
coil is magnetized, causing themto close.

2 Normally closed relays: Contacts are closed and
are opened by the influence of the coil when it becones nagneti zed.

(b) Relays used for starting notors such as in the
hernmetic conpressor systens are usually either current relays or
potential relays.

1 Current (nmagnetic) relay: A normally open relay,
this relay's coil is connected in series with the run wi ndings. The
run w ndi ng consune nore current when the rotor is not turning or
turning at sl ow speeds than it does when the rotor reaches full speed.
This high current flows into the run w nding causing the relay coil to
become magnetized. It closes the contacts which are connected to the
start windings. As the rotor reaches speeds of two thirds to three
fourths of its rated speed the anpere draw of the run w ndi ngs
decrease. This decreases the magnetic strength of the magnetic relay
enough to allow the weight or spring to open the contacts and take the
start w ndings out of the circuit.

2 Potential (voltage) relay: This is a normally
closed relay and it is usually connected in series with the start
wi ndi ngs. As the notor speed increases during starting, higher
voltage in the start wi ndings creates nore nmagnetismin the relay coi
pulling the contacts apart and opening the start circuit. The relay
coil is made up of very small wire, allowing little current to flow
through it, thus cutting down on the anobunt of heat.

c. The Cross Line Starter is a conbi nati on of nmanual / aut omati c.

(1) It is used in conjunction with a push button station

(2) It uses a magnetic device called a holding coil sinilar
to arelay to activate the notor

(3) It has internal overload that provides sone over current
protection that shuts the notor off during abnormal conditions.

11. MOTOR CONTROL COVPONENTS

Bef ore we can understand the function of a nbtor control, it is
necessary to learn the synbols for the conponents. The crossline
starter is a good exanple to learn notor controls from because it
contai ns many conponents that other controls may have. For exanple,
it has a holding coil, as does a relay. Likew se, both have contacts.
I will point out each conponent synbol as it is connected in the
circuit of the crossline starter, then explain the conponent.

a. The Push Button Station contains two type of switches:
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(1) Normally closed push button is the stop button. One pole
of this push button is connected to the connection |abeled 7 and the
other pole is connected to the connection labeled 1. While this
switch is in the closed position the connections labeled 7 and 1 are
electrically the same. This is the stop button as you w |l understand
| ater.

(2) Normally Opened push button is the start button. There is
a metal strap that provides an electrical connection across the one
terninal of the normally closed and the normally opened switch. The
normal | y open switch, when depressed, sends power to the holding coil.

b. The holding coil is |ocated between connections 5 and 6 of our
drawi ng. The holding coil just as a relays holding coil produces a
magnetic field when electric current flows through it. Hence, the
hol di ng coil causes the normally open contacts to close using a
magnetic field and holds themclosed until energy is no |onger
delivered to the holding coil.

c. The normally opened contacts are | ocated between connections 1
and 2, 7 and 8, 11 and 12, and 15 and 16. The nornmally open contacts
cl ose when the holding coil is activated.

(1) The contacts between connections 1 and 2 provide energy to
the holding coil, once the holding coil has been activated by the
normal 'y open push button. The normally closed push button provides
power through the nornally open contacts between connections 1 and 2.

(2) The remaining nornally open contacts provide a path to the
notor windings, allowing it to operate.

d. The heaters are | ocated between connections 9 and 10, 13 and
14, and 17 and 18. The heaters are in series with the nornmally open
contacts and pass on power to the notor. The heaters nonitor the
current flowthat is passed to the notor w ndings.

(1) During normal notor operation, the heaters do nothing.
However, the heaters radiate heat if an overl oad occurs.

(2) If the notor draws excessive current the heaters cause a
bi-metallic nmechanismto trip that shuts off the notor

e. Normally closed contacts are | ocated between connections 3 and
4. These contacts open when the heaters cause the bi-netallic
mechanismto trip. Wen this set of contacts opens the hol di ng coi
| oses power and the nornally open contacts open, disconnecting power
to the notor.

12. | DENTI FYI NG MOTOR CONTROL MALFUNCTI ONS

To identify or troubleshoot the cross line starter or a basic relay
you nust first know how the control operates and what voltages are at
what connections. Furthernore, you nust know what connection and
conmponents shoul d have continuity. The operation of the cross |ine
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starter is as foll ows:

a. Before the cross |line starter is activated, L1 can be found at
the connections | abeled 7 and 1 because the normally cl osed push
button provides an electrical path. L1 is also found at the pol e of
the nornally open push button opposite the connection that is
electrically the same with the connection | abel ed 2.

b. L2 can be found at the connection | abel ed 11. It cannot
travel any further until the normally open contacts found between the
connections | abeled 11 and 12 are cl osed.

C. L3 can be found at the connection | abel ed 15. It cannot
travel any further until the normally open contacts found between the
connections | abel ed 15 and 16 are cl osed.

d. Wen the normally open push button is depressed, electrical
energy travels through the holding coil.

e. The holding coil becones nagnetized. Since the coil is being
excited by alternating current, the core is equipped wth a shadi ng
coil. Wthout this, the pulsating current would cause the starter to

chatter. The shading coil allows the holding coil to maintain it's
magnetic abilities on the reverse cycle. At this point if a voltage
reading is taken at the connections |abeled 5 and 6, then a potenti al
between 110 and 120 volts should be found. The coil can be checked
when power is off to check for open or shorted coil w ndings.

f. The magnetized coil causes all the normally open contacts to
close. At this point voltage should be present at the connections 8,
12, and 16. A voltage readi ng between any two of these connection
shoul d show a potential of approximtely 208 volts. |If a voltage
readi ng is taken between any of these connections and the connection
| abel ed 6, then a potential of approxinmately 110-120 volts shoul d be
present.

g. Current nowtravels to the notor through all the closed
contacts. It also allows current to continue to flow through the
contacts at connections 1 and 2. This current path keeps the coi
energi zes when the normally open push button is rel eased; thus,
keeping the coil magnetized and the contacts cl osed.

h. There are three heaters, each are in series with a set of
normal 'y opened contacts and a notor w nding of the three phase notor.
These heaters are found between the connections | abeled 9 and 10, 13
and 14, and 17 and 18. The heaters, under nornal operation, do not
heat up. To safeguard the circuit and the notor, the heaters heat up
when too nuch current flows through them

(1) When the heaters heat up they cause a bi-netallic strip
to warp. These strips are connected on a spring | oaded assenbly that
trips open the normally closed contacts at the connections |abeled 3
and 4; thus, stopping the current flowto the coil.
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(2) The overload that is tripped by the heaters nust be reset
by pushing the reset button.

a Failing to reset the over load will cause the normally
cl osed contacts to remain opened. Therefore, when a readi ng across
connections 3 and 4 is taken an open will be read on the ohm neter

b When power is not flow ng, an ohm neter can be used to
ensure the heaters are not broken. They should give a reading equa
to 0.00 resistance when readi ng across them |f the reading indicates
an open, you should replace the heater

i. The notor control can be shut off by pushing a normally cl osed
push button switch. This stops current flowto the holding coil and
di ssi pates the magnetic field.

j. Normally open contacts: They are |ocated here on the bl ock
di agram bet ween t he connections labeled 1 and 2, 7 and 8, 11 and 12,
and 15 and 16. \When the cross |ine starter has not been activated no
vol tage shoul d be found at the connections |abeled 2, 8, 12, or 16.

k. Normally closed contacts: As nentioned earlier, there is one
set of normally closed contacts for the cross |ine starter. They are
found between the connections |abeled 3 and 4. Continuity should be
found between these connections when using an ohmneter. |If there is
no el ectrical connection between 3 and 4 then the reset button nust be
pushed in to reset these contacts back to the cl osed position.

I. Holding coil: The holding coil is |ocated between the
connections |abeled 5 and 6. An ohmreadi ng around 30.2 on the 200
ohm scal e shoul d be found between these connections. The ohm val ue
may vary for the holding coil on other nodels of cross line starters.

m Gound: W learned this synbol in previous classes. It is a
good practice to connect the ground before wiring other connections.

n. Push Button Station: The push button station is made up of two
push buttons

(1) The normally open push button is the start button. One
pole of the switch is electrically the sanme as one of the poles of the
normal Iy cl osed push button. The connections labeled 7 and 1 are
connected to this pole of the nornally opened push button. The
connection labeled 2 is electrically the sane as the remaining pole of
the nornmally open push button. |[|f you followthe circuit down to
connections 3, 4, and 5 you will see that they are all electrically
connect ed.

(2) The normally closed push button provides an el ectrical
connecti on between connection 7 and 1. Depressing this button while
the holding coil is activated causes the holding coil to | ose power,
causing the normally open contacts to open , shutting off the notor.
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13. REPAIRING MOTOR CONTROL MALFUNCTI ON:  After a mal function has
been identified, the person performng the repairs nust deternine if
repl acing a conponent or rewiring a portion of the circuit is

requi red. Wen changi ng a conponent the follow ng nust be done:

a. Ensure the power is off to the notor control and safe guard
agai nst reactivating by disconnecting the feeder or taggi ng and
| ocki ng out the disconnect. |If the disconnect is out of view of the
person performng the repairs then it is a good ideal to post another
person at the disconnect to ensure it is not turned back on

b. If the conponent will have to be ordered, it is best if the
ol d component remains intact. This prevents additional parts from
being I ost and aids the person who is replacing the part. Cenerally
it's better to have the sane individual renove the bad conponent and
replace it in the reverse order.

c. Wien changing heaters you will need a flat head screw driver.

(1) renove the two screws that hold the heater in place and
pull the old heater out.

(2) Place a new heater in the housing, ensuring the elenents
mat ch the one renoved, then replace and tighten the two screws.

d. If the contacts are burnt or danage then a new section wll
have to be ordered and repl ace the damaged one.

e. Al wres that are replaced nust be the sane size as the ones
that are danmaged.
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