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INTRODUCTION

Electric lift trucks use Direct Current (DC) motors to that generally require maintenance. This section
convert electrical energy into mechanical energy. Theprovides extra emphasis on these two areas along with
DC motor usually will provide long periods of service the other normal maintenance items. A brief review of
with a minimum of maintenance. The motor's the basic principles of magnetism is included to provide
commutator and brush assembly are the first two areagan understanding of DC motor operation.

MAGNETISM
MAGNETISM AND PERMANENT stronger the magnetic field. This field is at right angles
MAGNETS to the conductor. These lines are concentric circles

around the length of a straight conductor. The field dif-

The space affected by a magnet is called a *field Offe(s from a permanent magnet because there are no mag-
force.” The extent of this field is determined by the .atic poles at which the lines can enter or leave.

strength of the magnet and can be detected by the use of
a compass. It is common practice to show the field b
lines which are called “lines of force.” When a compass
is used as a pointer in exploring a field, it indicates thatf
the lines have direction (leaving the north pole and
returning to the south pole). The magnetic field of a
permanent magnet can be concentrated by shorteninf
the air gap between the north and south poles (“U”
shaped or horsehoe magnet). The smaller the air gap
between the poles, the greater the concentration of th
lines.
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When two magnets are placed so that the north pole g
one and the south pole of the other are close togethej,
they attract each other. If the magnets are placed with
their like poles adjacent they will repel each other. Thesg
facts identify a fundamental law of magnetisiintike
poles attract each other and like poles repel each
other.

Materials differ in their behavior when placed in a

magnetic field. Most materials have no effect on the UNLIKE
magnitude or direction of the field. These are called POLES
“non—magnetic” materials. Other materials (such as| e ATTRACT
i i T P S T

iron) having the property of magnifying or | 9 N sb LIKE
concentrating a field are called “magnetic” materials. | ((A= prem——)) POLES
Magnetic lines seem to penetrate all substances and afe SRR REPEL

deflected only by magnetic materials or by another
magnetic field.

FIGURE 1. MAGNETISM AND PERMANENT
ELECTROMAGNETIC FIELDS MAGNETS

A magnetic field exists around a conductor carrying an The direction of the lines around a conductor may be de-
electric current. The greater the current flow, the termined by the use of the compass. Also if the direction



of current flow is known, use the “Right Hand Rule for through the inside of the loop. The lines on the outside
Determining the Direction of Lines of Force Around a spread out but the lines on the inside of the loop are
Straight Conductdt.This rule is based on the Current confined and increase the density. This creates a much
Theory which assumes that current flows from positive greater magnetic effect with the same amount of current
to negative. To apply the rule imagine grasping the con-flow.

ductor with the right hand so that the thumb extends in

the direction of current flow; then the fingers will point ELECTROMAGNETS

itn the direction in which the lines surround the conduc-\y/hen two or more loops of wire are wound around a
or.

common core the magnetic field of each turn is affected

_ _ , _ by the fields of adjacent turns. The field directly
The lines spread out as expanding circles into SPaCeatyween adjacent turns of wire is neutralized. The

The number of lines per unit area is called density. Theexternal and internal lines join to make continuous

density is greatest at the surface of the conductor an(i‘oops creating an electromagnet. The internal lines are

ggcreasesf \évgz the disggnci f;om tr]e con((jjuctor. rft oncentrated, which creates a strong magnet having a
istance of 25.4 mm (1.0 inch) from the conductor t ere orth and south pole.

is one—half the density of force as at a distance of 12.7

mm (0.5 inch). The more turns of wire on the coil the stronger the
magnetic field will be. The strength of the magnetic

If a current—carrying conductor is formed into a single field also depends upon the amount of current flowing

loop all of the lines around the conductor must passthrough the coil.
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FIGURE 2. ELECTROMAGNETIC FIELD




The magnetic polarity of a coil may be determined by magnetically. The ignition coil and SCR pulse
the “Right Hand Rule for COILS” if the direction of transformer operate on this principle.

current flow is known. To apply this rule, imagine
grasping the coil with the right hand so the fingers are
pointed in the direction of current flow; then the thumb EXPANDING MAGNETIC FIELD

will point toward the north pole of the coil. (GENERATED BY CURRENT FLOW
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FIGURE 4. ELECTROMAGNETIC INDUCTION

FIGURE 3. ELECTROMAGNETS

MAGNETIC FORCE ON A CONDUCTOR
Some electromagnets have an iron core or armature

which moves when the coil of wire is energized. The When a current—carrying conductor is positioned in a
movable component has a south pole generated adjacemagnetic field there is a distortion of the normal lines of
to the north pole of the coil because of the magnetic linegorce between the poles. Magnetic lines of force in the
from the coil. Since iron is a better conductor of same direction join together to make a stronger field.

magnetic lines than air, the lines enter the movableLines of force in the opposite direction tend to cancel
component and return through air to the pole at theout which creates a weaker field. Under these conditions

opposite end of the coil. The magnetic attraction pullsthe conductor moves toward the weaker field.

the movaple component towards the' coil when currentrpq upper LH quarter of FIGURE 5. shows the current
flows. This type of electromagnet is often called a f4ing into the left-hand side and out of the right—hand
“Solenoid.” side. There will be a tendency for the conductor to turn
ELECTROMAGNETIC INDUCTION in a clockwise direction. Current flow through the

left—hand conductor creates a clockwise field around the
The principle of electromagnetic induction is to produce conductor. The lines of force below the conductor join
a voltage by a change in the magnetic field. Any changewith the lines of force from the permanent magnet and a
(increase or decrease) in the current flow in the primarystrong field is produced. The lines of force above the
will create (induce) a voltage in the secondary. A changeconductor oppose the lines of force from the permanent
in voltage in a closed circuit is also accompanied by amagnet and a weak field is produced. The result is an
corresponding change in current. The most commonupward movement of the left-hand conductor. Since the
application of this principle is the transformer. Two current flow through the right-hand conductor is in the
stationary windings are placed over a common opposite direction, a counterclockwise field is created
laminated steel coil. The primary winding is excited by around the conductor. This causes the right-hand
a fluctuating current source. A change in magnetism byconductor to move downward. The commutator will
the primary winding will induce a voltage in the change the direction of current when the conductors
secondary because both windings are linked togethetravel past the neutral point.
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Interacting magnetic forces on a current
carrying loop in a magnetic field tend to

produce rotational movement of the 6924

conductor.
FIGURE 5. MAGNFTIC FORCE ON A CONDUCTOR
BASIC MOTORS
MOTOR OPERATION clockwise rotation.

Current flows from the battery through the armature
conductor when the brushes contact the two
commutator bars. This creates magnetic fields around
the conductor. Current also flows through the field
windings creating a powerful magnetic field. In

FIGURE 6. current from the battery flows first around
the right—hand field coil and then crosses over to flow
around the left—-hand field coil. Current then flows
through the left—hand brush, the armature winding and
current returns through the right-hand brush to the)
battery. The magnetic fields around the conductor will
be in the directions shown by the circular arrows. The
left-hand side of the armature winding will be pushed

DIRECTION OF ROTATION BATTERY

upward and the right-hand side downward producing FIGURE 6. MOTOR OPERATION
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FIGURE 7. COMMUTATION PRINCIPLE
COMMUTATION PRINCIPLE DIRECTION OF MOTOR ROTATION

Commutation is the reversal of current in the armatureThe direction of armature rotation depends upon the
conductor at the proper time. In the left-hand side ofdirection of the field and the direction of current flow in
FIGURE 7., the armature current flows first through the the armature. If either the direction of the field or the
darkened portion of the conductor and then returns todirection of current flow through the armature is
the negative brush through the lighter portion. The reversed, the rotation of the motor will reverse.
brushes will then “short circuit” the conductor when it Howeveiif both of the above two factors are reversed at
has rotated to the neutnabint half way between the the same time, the motor will continue rotating in the
poles. Current flow stops at the neutral point becausesame direction. The traction motor direction of rotation
each brush bridges the adjacent commutator bars for ais changed by reversing the field with the F/R
instant. Then when the commutator bars rotate enougltontactors. (See FIGURE 7.). The hoist and steering
to reverse connections with respect to the brushes thenotors have a fixed direction of rotation.

current will flow in the opposite direction in the

conductor. The direction of current flow in the MOTOR SPEED

conductor changes direction every 1&@ the neutral

point, that is commutation. The speed of the motor depends on the voltage applied

NOTE: Some 78-80V motors require interpole and the load. In alift truck the voltage to the traction
windings which reduce arcing at the neutral point. Themotor is controlled by either a resistor or SCR
interpole windings provide this feature by reducing the controlled circuit. The pump and power steering motors
magnetic field across the armature conductor at thehave full battery voltage applied and change speed with
neutral point. a change in the load.




MOTOR TORQUE provide the magnetic field necessary for motor

operation.
The torque a motor develops to turn a certain load

depends on the amount of current drawn from th
battery. The greater the load the more torque requirec
and the greater the current flow will be. The lighter the
load, the less torque required and the smaller the currer
will be.

COUNTER ELECTROMOTIVE FORCE

When the armature rotates the coil windings “cut” the
magnetic field, inducing a voltage or electromotive
force in these coils. Since this induced voltage oppose
the applied terminal voltage, it is called the “counter
electromotive force,” or “counter—-emf.” This

counter—emf depends on the speed, direction of rotatior

i ) 1. BRUSH ASSEMBLIES
and the field strength. The stronger the field and the 2. MOTOR HOUSING
faster the rotating speed, the larger will be the 3. COMMUTATOR
counter—emf. However, the counter—emf will always be 4. ARMATURE 6927
5. FIELD WINDINGS

less than the applied voltage because of the interng
volta_ge drop du_e to the resistance of thg armature caoils. FIGURE 8. TYPICAL MOTOR
The internal resistance of the armature is very low, (less

than one ohm). If the armature coil resistance was all

that limited the armature current, the current would be TYPES OF MOTORS

very high. For example, if the armature resistance is
0.01 ohm and the applied voltage is 80lts, the
resulting current, according to Ohm’s law, would be @ Permanent-Magnet
5000 amps. This excessive current would completely . Series Wound

burn out the motor. However, the counter—emf is in
opposition to the applied voltage and limits the value of
armature current that can flow. If the counter—emf is 48

volts, then the effective voltage acting on the armature isg 50y has characteristics that are advantageous under
the difference between the terminal voltage and thegiven load conditions. The permanent—magnet, series

counter—emf (2 volts). The armature currentis then only,,ound. and compound wound motors are the most
200 amps. commonly used in lift truck systems.

TYPICAL MOTOR

There are four basic types of DC motors:

b
c. Parallel or Shunt Wound
d. Compound Wound

Permanent—Magnet

Typical motors. basically ‘”C'Pd‘? a housing, ar.ma'.[ure, Permanent—-magnet motors have no field windings
bru_sh assemblies and field Wan|ngs. The housing IS theoecause the field is provided by permanent magnets. Al
main structure of the motor which provides protection the current flows through the armature windings

for motor components and a magnetic path for the ﬁeld'Permanent—magnet motors are normally physically
The armature is the rotating part which has coils of wireSmalller and less expensive than comparable field

wrapped around an |ror'1 core. connected  to 4wound motors. They are sometimes used in the lift truck
commutator. The brushes ride against the commutatOtbOWer steering system

which allows battery current to reach the armature
windings. The field windings mounted on iron pole NOTE: The field on Series, Parallel, and Compound
pieces within the housing form electromagnets which motors is provided by an electromagnet (See Page 2).
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FIGURE 9. PERMANENT-MAGNET STEERING

Series Wound

Series wound motors have the field coils connected in
series with the armature circuit. The same current flows

through the armature windings and the field windings.
In a series motor, the torque varies inversely with the
speed. Under conditions of light load, there is high
speed and low torque. Under conditions of heavy load,
there is low speed and high torque. Series motors are de-
sirable in some hydraulic systems where a light load can
be raised fast and a heavy load at a slower speed. This
gives the effect of a two speed hoist system. The series
motor has high starting torque and quick acceleration.
This characteristic makes it ideal for lift truck traction
systems.

6929

FIGURE 10. SERIES HOIST MOTOR DIAGRAM
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separate sets of windings. One set, whose coils are
wound with a few turns of heavv wire is connected in
series with the armature as a series field. The other set,
whose coil(s) are wound with many turns of fine wire, is
connected across the armature as a shunt or parallel
field. The result is a motor that combines the features of
the series and shunt motors. This motor has good
starting characteristics like the series motor, and
reasonably constant speed between a loaded and
no—load condition like the shunt motor. This type motor
is used for power steering and the hydraulic system.
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FIGURE 11. SERIES TRACTION MOTOR
DIAGRAM

Parallel or Shunt Wound

In the parallel or shunt wound motor, the current
divides. Most of the current flows through the armature
windings and the remaining current flows through the
field windings. This motor tends to keep a constant
speed under varying load conditions, but has very little

starting torque. A pure shunt motor is not used in Hystel

lift truck systems.
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Compound Wound

The compound wound motor uses a combination of
series and shunt windings. The field consists of two

FIGURE 12. COMPOUND MOTOR DIAGRAM
(HOIST AND STEERING)



VERTICAL LIFTING

1. SLING
2. LIFTING EYE HORIZONTAL LIFTING

FIGURE 13. HANDLING MOTORS
MOTOR INSULATION CLASS HANDLING

Motor windings must be electrically insulated from Heavy motors with vertical drive should be lifted with a

each other to prevent a short circuit. Insulation materialgTting eye screwed onto the shaft. Motors that mount
include glass cord, mica, silicone glass, and varishhorizontally may be lifted and handled with a sling
glass. This insulation is subject to the aging effects ofaround the frame. Care should be exercised to protect

heat. A class rating has been set up based on a motor§'minals, shaft extension(s) and accessories from
ability to withstand a specific temperature over a d@mage during handling.

specific period of operation. The insulation type is a

significant factor in determining the class rating. Most A CAUTION

of the motors used in Hyster Electric Trucks are classPermanent magnet motors have Ceramic magnets
“H”. The class “H” motor must withstand an armature that are brittle. Do not strike or drop a PM motor.
temperature of 17C (350F). The motor's frame

temperature is normally 10 to 3Z (50 to 100F) lower BREAK—IN OPERATION

than the armature temperature which is meas”r'edBreak—in is a very critical time for the commutator and
internally. The operating temperature of the motor's e prshes. With a little care the brushes will wear—in

frame is generally too hot to touch. The permanentyny provide reasonable service life, however, with

magnet motor used for power steering is not given angy, .« they can rapidly wear—out. A new or

insulation class rating because the magnets have a I0W,nditioned commutator s bright and shiny
maximum operating temperature (about®®30r  jhgicating that the brushes have not yet completely
200°F). conformed to the commutator. After a short operating
STORAGE period (40 to 100 hours) a protective film builds up on
the commutator and the brushes exactly conform to the
The motor should be stored in a clean dry place ifitis notcommutator. Wheq the brushes are.properly seated-in,
. : . : the commutator will have a dull, thin, dark chocolate
to be installed immediately. Protect it from low

. coating which is relatively uniform. NEVER break—in
temperatures and sudden changes in temperature or

humidity. The brushes should be lifted off the any motor with an inadequate battery charge (1.240 or

commutator during extended storage periods otherwiselower)'

corrosion may occur and later result in flat spots on theNo special procedure is required to break—in the traction
commutator. motor(s); however, any traction motor will benefit if the



truck is not put in a harsh cycle until a few hours of light using clean, dry, compressed air. Any grease or oil
duty operation has been accumulated. Avoid ramps angresent, especially on the commutator, should be
high speed plugging if possible (DO NOT REDUCE removed by wiping with a clean cloth dampened
PLUGGING DISTANCE ADJUSTMENT). Stalling slightly with Perchloroethylene.

the motor is very detrimental during the break-in

period. A CAUTION

Little can be done during hoist motor break—in to reduceThe glothshoud T‘Ot be wet b(_—:'caus_e liquid sqlvent
may carry electrical conducting dirt deep into

in—rush currents, but the frequency of starts can be o : )
; o cracks and voids in the insulation system.
reduced. A common practice called jogging can be very
detrimental to the brushes during break—in. Jogging is
commonly done to fine position a load. Rather than A CAUTION
throttle the lift speed with the valve spool, drivers often Sealed bearings should never be submerged in
rapidly turn the hoist motor on and off in steps to solvent because internal lubricant will deteriorate.
position the load. This practice has the effect of

destroying the newly developed film on the commutator BASIC REPAIR GUIDELINES

that smooths commutation. If jogging is not abused tpg fo|lowing is a guide to observe when disassembling
during the break-in period, an adequate film can be, yica| motor. (Refer to the electric motor repair
established. Itis critical to curtail jogging for the first 40 ¢ 4ion for specific detail).

to 100 hours of operation. The jogging practice will

reduce brush life and contactor life any time it is done. 1. Match mark the motor fleld case and the two end
Encourage operators to lift the load high enough the firsthousings before separating the components to aid in
time to allow positioning the load by careful lowering. reassembly.

The “stoning” procedure will significantly improve the

brush life of motors which must be put into heavy duty A CAUTION

service immediately (Refer to Page 18). Before lifting off the brush—end housing, make sure
that all tension is removed from the brushes
CLEANING (disengage the brush springs). Keep the brushes

clear of the commutator during installation to

Periodic cleaning of the motor is essential to preventprevent damage to these parts.

overheating and/or electrical grounds.
2. Carefully lift out or install the armature assembly
with the drive—end (DE) frame attached. Do not lose the
Swave washer behind the commutator—end (CE) bearing
on some motors.

Motor Exterior. The exterior should be wiped with a
solvent—-moistened cloth to remove any dirt or greas
deposits.

A WARNING 3. Do not remove the field windings unless replacement
Many solvents are highly inflammable and toxic. Be  is necessary. Be sure they are securely mounted to the
sure the area is well ventilated and free of flame or  frame.

sparks. 4. The brush holder assembly must be match marked if

removed from end housing. Align marks during

Carbon Dust. Remove brush inspection cover. Using
reassembly.

clean, dry compressed air [less than 3.52 kg/(50

psi)], blow dust from motor housing, brush holders and A
commutator area. CAUTION

The following Prestolite motors have a maximum
Disassembled Motor Interior. The interior should torque value of 3.4 to 4.0 N.m (30 to 35 Ib in) for the
preferably be cleaned by suction first to avoid blowing terminal nuts and bolts that fasten the end frames.
dirt or metal particles into the insulation. Dust should Prestolite P/N letter codes: MDV, MFD, MMW,
then be brushed out of the windings and blown clearMUD, and MHG.

10



BEARINGS, SEALS AND LUBRICATION

Most bearings are double sealed and pre—lubricated.
They do not require lubrication (except traction motor
drive end on E20-100 series). Under normal conditiong
the bearings may fail after several years service due t¢
improper lubrication (contaminants in the grease or
insufficient oil in the grease). When maintenance
repairs are performed after several years of service the
bearings must be automatically replaced as a routing
practice. If excessive bearing failure is experienced
determine the cause. Check the motor temperaturg,
armature balance, and proper lubrication.

A CAUTION

Use Hyster—approved parts. It is important that the
bearing is a class three (loose) fit and has
high—temperature grease. The seal must have the
correct shaft contact and high—temperature 1. BRUSH HOLDER (4)
properties. Also, it must be lubricated with 2. BRUSH YOKE
multi-purpose grease containing 2 to 4% i' EEUSH SPRING (4)

. ) . USH SET (2)
molybdenum disulfide.

FIGURE 14. BRUSH ASSEMBLY

The brushes are a vital replacement part which are
carefully designed for specific operations. Width and
thickness must be matched to the brush holder and also
The brush assembly consists of the brushes, springgp the commutator bar spacing. The length must be
holders and a mounting device. Electric power from the sufficient for adequate service life. The face of the brush
battery to the commutator segments travels through thenust fit the contour of the commutator. The brush
brushes. The mounting device must be insulated frommaterial must have the correct electrical, chemical and
the electrical circuit. Before installing brushes always mechanical properties. Shunt length is important to
inspect the brush holders inside and out for burnedallow sufficient brush travel. Shunt connections at the
spots. Any roughness on the inside of holder should bébrush must be able to withstand vibration and must
removed (fine sandpaper glued to a flat piece of woodmaintain a positive electrical connection between brush
works well). The holder should be parallel to the and cable. The shunts must be specifically sized for load
commutator. carrying capacity.

BRUSHES AND BRUSH HOLDERS

11



A armature coils in rotating sequence (May vary among
CAUTION motor manufacturers.)

Use only Hyster approved brushes to protect
commutator and to obtain maximum brush life.

6937

1. LAMINATED IRON CORES
2. COMMUTATOR

3. ARMATURE COILS

4. BAND

FIGURE 16. ARMATURE ASSEMBLY

1. COMMUTATOR END

2. FRONT SIDE

3. TOP COMMUTATOR

4. RIGHT SIDE

5. BEVEL .

6. CONCAVE FACE Description

FIGURE 15. BRUSH DESIGN DETAIL The commutator is formed of alternate copper segments

(bars) and mica plates. The mica plates physically

ARMATURE separate and electrically insulate the bars. The mica

plates are undercut below the commutator surface to
The armature assembly consists of several laminationgrevent interference with the sliding action of the
of iron located around a steel shaft, the copper armaturérushes on the surface of the commutator. The bars are
windings and a commutator. Each commutator segmentvedge shaped and form a cylinder when assembled.
is separated by heat resistant, nonconducting materialEach bar has a riser at one end to make armature coil
and is attached to an armature coil. Circular bands holcconnections. The bars are held in position by the
the armature coils in place. Between each copperclamping action of a wedge ring with lock nut (or
armature band is a laminated iron core. These reinforcananufactured integral). Mica cones, contoured to fit
the magnetic field for each coil field. The armature is between the shell and wedge ring insulate the bars from
wired so current from one brush makes contact with aground (armature). The commutator provides sliding
commutator bar, energizes an armature coil and returnglectrical contact between the brushes and the moving
through another commutator bar and brush. As thearmature coils. It acts as a reversing switch to allow the
armature assembly turns, alternate commutatorcurrent to flow through the coils in the proper direction
segments are energized changing the polarity of theat all times.

12
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FIGURE 17. COMMUTATOR CUTAWAY

SATISFACTORY SURFACE

commutator. The fact that a commutator surface is never
absolutely smooth, although it may feel so to the touch
and look so to the eye, enables the film to stick.
Normally, on a new or reconditioned commutator, the
brush begins to establish the film as soon as current
flows. It may take several hours or several days to
establish a good film. It is important to maintain this
film. Temperature, atmosphere and the grade of brush
used all affect this film. If the film is damaged
electrically or mechanically, both brush and
commutator wear are accelerated. Oil vapors have a
negative effect on film conditions. Not only does the oll
introduce an insulating surface, it also prevents bonding
of the film on the commutator and causes a torn or
mottled film surface. It will also promote rapid metal
transfer.

Some types of brushes establish a heavier film than
others depending on the brush grade. Some grades
require greater current densities [amperes per square
inch (cn¥) average current] to establish and maintain a

satisfactory film.

Hyster Company selects and provides brush grade
suited to the application of the machine. Use the Hyster
approved parts. Do not mix or change the brush grade as

The commutator usually shows signs of distress befordlt could seriously affect the commutation, surface film
trouble actually occurs. A discussion of a satisfactory @nd brush life.

surface will help identify a surface heading for failure.

The importance of maintaining a proper commutator

The successful operation of the motor depends orsurface film cannot be overemphasized. With this film

maintaining a proper film on the surface of the established and properly maintained good brush

commutator. This film of carbon, graphite, copper oxide performance (reduced brush and commutator wear) and
and water vapor is deposited on the commutator surfaceatisfactory commutation (no destructive sparking) is

by electrochemical action. It is formed by the wiping ensured. Changes in color from copper to chocolate
action of the brush against the commutator and by thébrown should give no cause for worry as long as the
normal current flow between the brush and the surface is smooth and has a polished appearance.

13
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A light brown surface of the commutator where it Variations between light brown and dark brown
rotates on the brushes is a normal condition. The colors are also normal. The surface of the

commutator must be smooth.
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A condition called “slot bar marking” is also A very dark surface is also a normal and an 6939
normal if the commutator surface is smooth. The acceptable condition if the commutator surface
variable color occurs in a pattern according to the is smooth.

number of conductors per slot.

FIGURE 18. SATISFACTORY COMMUTATOR SURFACES

STREAKING AND THREADING SURFACE apparent where the surface film or color is disturbed. In

heavy threading, a rippled surface can be felt along the
Streaking on the commutator surface signals thesurface of a bar. The brush faces wear to fit these
beginning of serious metal transfer to the carbon brustgrooves. When the commutator shifts due to armature
which causes threading Threading is a condition whereend—play, the brushes are lifted out of the grooves. Then
grooves are completely around the commutator. contact between the brush and the commutator is

distrubed. This causes arcing and commutation is
In light threading the grooves may just barely be disrupted.

14



Heavy streaks and fine grooves indicate the beginning
of damage to the commutator.
Possible Causes:

® Operation of the motor in dirty and abrasive
conditions

e Continuous operation of a motor with a light load.
® Brush pressure is too low.
® \Worn brushes.

I
W!\.\.‘um.’ il
FIGURE 19. COMMUTATOR PROBLEMS

Possible causes of threading include: GROOVING ON SURFACE

a Low current-density in the brush (machine is not The grooved condition of a commutator must not be

heavily loaded). confused with threading. Grooving is a smooth slotted
b. Abrasive dirt or other foreign material imbedded Wear of the commutator and is generally the result of

in the face of the brush abrasive dust in the atmosphere. The abrasive dust
contamination between sliding surfaces promotes wear
of both the brush and commutator. The rate of wear must
be considered to determine if the condition is
d. Wrong brush grade. detrimental.

c. Mica flakes or copper imbedded in the brush
face.

Grooves and lines that have followed the heavy streaks
and fine grooves shown in FIGURE 19. The armature
must be removed from the motor so that the
commutator can be repaired. A commutator with this
condition will cause the brushes to wear rapidly.

Possible Causes:

® Operation of the motor in dirty and abrasive
conditions

e Continuous operation of a motor with a light load.
® Brush pressure is too low.
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FIGURE 20. COMMUTATOR PROBLEMS

e \Worn brushes.

6939
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Grooves that are the width of the brushes.

Possible Causes:

e Operation of the motor in dirty and abrasive
conditions

® \Wrong type of brushes for this motor and operation.

gl
i
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® Brush pressure is too high.

FIGURE 21. COMMUTATOR PROBLEMS

A condition called “copper drag” occurs when copper
from the commutator bar is pulled into the slot between
the commutator bars. This condition will cause a
short—circuit between the commutator bars if it is not
corrected. The brushes will wear rapidly.

Possible Causes:

® Operation of the motor in dirty and abrasive
conditions.

® Brush holder is not adjusted electrically correct for the
motor.

® \Wrong type of brushes for this motor and operation.
® Brush pressure is wrong (too high or too low).

6946

FIGURE 22. COMMUTATOR PROBLEMS

Electrical burns on commutator bars on opposite sides
of the commutator.

Possible Causes:

® Open armature winding

® Motor has been stalled.

J
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FIGURE 23. COMMUTATOR PROBLEMS




Copper wears rapidly at the edge of the commutator
bars.
Possible Causes:

® Operation of the motor in dirty and abrasive
conditions.

® Wrong type of brushes for this motor and operation.

I
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FIGURE 24. COMMUTATOR PROBLEMS
COPPER DRAG ON SURFACE b. Copper imbedded in brush face.
Under certain conditions copper is dragged over the ¢. Hard spot in brush.
trailing edges of the commutator bars. It has the d. Wrong brush grade.
appearance of small metal flakes or feathers. Copper e. Excessive vibration.
drag is caused by particles of copper, copper oxide and f. Low current density.

contaminates that do not bond firmly to the surface of
the commutator. As the commutator rotates, the brushe)\VERHEATING
shove small flakes of this material toward or into the
commutator slots. This decreases the distance betweefAny condition which causes excessive heat to a small
the bars. An arc formed at any bar can then be mordrea or the entire motor is detrimental.
easily carried over to an adjacent bar resulting in a
flashover. A temporary solutlon_ of copper drag IS 0 and/or abuse are flashover between bars and discolored
clean the commutator occasionally with a light . , .

insulation varnish.
brush—seater stone. If drag has progressed too far, the

Some of the motor’s final protests against neglect

slots must be raked and cleaned. A
. _ CAUTION
Possible causes of copper drag include: Motor frame temperature above 122C (25C°F) can
a. Contaminated atmosphere. damage internal components.
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1. Flashover causes burning of the ends of the
commutator bar.

2. Open circuit in winding causes deep burning of
adjacent commutator bars.

3. Overheating causes damage to varnish insulation.

Possible Causes:

e Motor has been too hot. Wrong lift truck for the
application.

® Motor has been stalled.
® Open armature winding.

® Open field coil.

FIGURE 25. COMMUTATOR PROBLEMS

If a motor armature does not rotate while power is the high bars “kick” the brushes which, in turn, arc and
applied, the commutator bars under the brushes willburn the commutator surface. If this condition is not
overheat and expand. Expansion will cause these bars toorrected, the brushes may shatter and a flashover could
rise above the adjacent bars. When the armature rotatesgccur.

Check for loose or high commutator bars.

Possible Causes:
e Motor has been stalled.
e Motor has been too hot.

High commutator Rapid brush wear Brush and commutator damage occurs when
bars at each brush from high commutator the high commutator hits and forces the brush
position can occur if bars up. Arcing and burns occur as the brush

the motor is stalled. moves back down to the normal surface.

FIGURE 26. STALLING CAUSES HIGH BARS
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