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LESSON 2

CRANKING SYSTEMS
TASK

Describe the application of the fundamentals of electricity to starting system components.

CONDITIONS

Given information on the principles, operation, and construction of cranking motors and starter drives.

STANDARDS

Answer 70 percent of the multiple-choice test items covering cranking systems.

REFERENCES
TM 9-8000

Learning Event 1:

DESCRIBE THE PRINCIPLES, CONSTRUCTION, AND OPERATION OF CRANKING MOTORS AND STARTER DRIVES 

INTRODUCTION

The automotive electrical system includes a starter motor which has replaced the hand crank used to start cars in bygone days. The purpose of the starter (also called cranking) motor is to rotate the engine crankshaft so the engine can start and begin to operate under its own power.  The starter motor is a low​resistance, direct current motor producing a high torque.  It draws the current directly from the battery.

PURPOSE OF CRANKING MOTORS

Motors, like generators, are simply a means of changing energy from one form to another.  In a generator, we take the mechanical energy of the turning pulley and change it to electrical energy. A cranking motor does just the opposite of the generator.  Electrical energy sent to the motor is changed to mechanical energy to crank the engine.  A practical motor must produce continuous rotary motion.  In addition, it must develop a twisting or turning force called torque.  In this lesson, we will see how the starter motor develops torque and how it is used to crank the engine.

PRINCIPLES OF MOTORS
The magnetic principle of attraction and repulsion, or unlike poles attract and like poles repel, is the principle applied in the development of the electric motor.  Remember that a wire carrying an electric current produces a magnetic field.  When this wire is placed in the magnetic field of another magnet, mechanical motion is produced because the magnetic field around the wire is repulsed (pushed away) by the field around the other magnet.

Mechanical Motion Produced by Magnetic Repulsion

Lines of force move from the north pole to the south pole and travel in almost straight lines.  In fact, the lines would be straight if the ends of the magnets were flat instead of curved. The magnetic lines of force moving between the north pole and the south pole of any magnet always take the easiest path or route. The easiest path between the two poles is usually a straight line, because a straight line is also the shortest path.

Remember, each of the magnetic lines of force moves parallel (side by side) to the other lines of force.  They will not cross each other.

The lines of force act a lot like rubberbands.  If you stretch the bands between two pegs, they tend to straighten out.  Push down on the stretched rubberbands with your finger.  If the bands are stretched tight, you can feel them pushing back against your finger.  Now move your finger away quickly.  The rubberbands will snap back to form straight lines again.  Think of the magnetic lines of force between the two poles of a magnet acting the same way as do the stretched bands.
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FIGURE 18.  SIMPLE DC MOTOR.

The illustration shows the lines of force around a current-carrying conductor (wire).  The + symbol on the end of the wire means the current is flowing away from you as you view the wire. With the current flowing in that direction, the lines of force in the magnetic field around the wire are moving counterclockwise (note the arrows on the lines of force).  If the current is flowing toward you as you view the wire, the lines of force would be moving clockwise.  In other words, the polarity would be reversed.

If a current-carrying wire is placed in a magnetic field as in Figure 18, notice what happens to the lines of force that are moving from the north pole to the south pole of the magnet.  They are forced to bend, just as the stretched rubberbands were forced to bend when you pressed on them with your finger.  The lines of force traveling from north to south bend down in this case because they are pushed downward by the counterclockwise rotation of the lines of force around the current-carrying wire.  Because the lines of force from the north to south pole pieces of the magnet try to straighten out like the rubberbands, they force the current-carrying wire up (note the arrow).  The current is moving in the opposite direction in the wire, and the magnet's lines of force push down on this wire.

In the starter motor, like the generator, increasing the strength of the pole shoes will increase the number of lines of force. Likewise, increasing the current flow through the wire will increase the strength of the magnetic field around the wire.

When these magnetic forces oppose each other, they try to push each other away.  The opposing forces can be very great if the wire is carrying enough current to make the magnetic field very strong.

Now let us bend a wire to form a loop and place the loop in a magnetic field.  Nothing happens until we send current through the loop.  If we send current flowing through the loop, the magnet's lines of force push up on the right side of the loop and down on the left side.  This produces the torque to rotate the entire loop counterclockwise (to the left).  Actually, the loop would probably move only one-fourth of a revolution (90ø) because it would be out of the magnetic field of the magnet.  The loop would then be straight up and down instead of straight across as shown.

To get continuous rotation, we need a magnetic field large enough to contain the loop.  We would also need commutator bars and brushes like we had in the generator.

Of course, a single loop would not produce enough torque to crank the engine.  But, by using many loops, each with its own commuta​tor bars, we can have a cranking motor that will produce all of the torque needed.

Most starter motors are series motors.  They are called series motors because the rotating loop and the windings around the magnetic poles are connected in one (series) path.  The current flowing through the loop also flows through the windings.  In an actual motor, the windings around the pole shoes are called field windings because they help produce the magnetic field.  The purpose of the field winding is to produce a strong magnetic field so that the loop will receive a more powerful push.  The poles are curved so the conductors of the loop can pass as close as possible to the poles as they move past.  Since the magnetic field is strongest near the poles, the conductors in the loops are given a stronger push.

In an actual cranking motor, there are many rotating loops all assembled into an armature.  The armature consists of a shaft on which a laminated iron core and commutator are mounted.  The loops, or windings, of the armature are mounted in the core and are insulated from one another and from the core.  The commutator segments have riser bars, like the generator, to which the ends of the armature windings are connected by soldering.

CRANKING MOTOR CONSTRUCTION
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FIGURE 19.  TYPICAL STARTING MOTOR.

The vehicle cranking motor has only one job to do, which is to turn the crankshaft at a speed fast enough to start the engine. Since there are many different types and sizes of engines, there are many types and sizes of cranking motors.  The common starter motor used on military vehicles consists of the following five main assemblies:  armature, field and frame, commutator-end head, drive-end housing, and drive mechanism.  The field windings, frame, and armature are almost the same as in the generator which you have already studied, except that in the starter motor the windings are much heavier in order to carry a lot of current.  The commutator-end head houses the brush holders, brushes, and a bearing.  The drive-end houses the drive mechanism and usually the mounting flange to mount the starter to the engine.

STARTER DRIVES

The starter usually drives the engine through a pinion (small) gear mounted on the starter motor armature shaft.  When the starter motor is running, the pinion gear engages (meshes) with a large gear mounted on the rim of the engine flywheel.

Two types of starter drive mechanisms in common use are the Bendix drive and the overrunning clutch drive.

[image: image3.png]ANCHOR PLATE DRIVE PIN

Pl
LOCKPIN DVERRUNNING
CLUTCH

ANTIDRIFT PIN

LOCKPIN DETENT





FIGURE 20.  BENDIX STARTER DRIVE.

The Bendix drive consists of a threaded sleeve, which is fastened to the armature shaft by means of a drive spring, and a drive pinion, which is threaded on the sleeve.  The pinion has a weight on one side to make it unbalanced.  Think of the sleeve as a bolt and the pinion as a nut threaded to the bolt.  A weight is attached to the nut.  If we spin the bolt, the nut, because of the weight, tries to stand still.  However, the spinning bolt would force the nut to move forward or backward on its threads, depending on which way the bolt was spinning.

Suppose the armature has started to turn, and the pinion, which is not turning because of the weight on one side, is moving toward the flywheel ring gear.  The teeth on the pinion gear have meshed (engaged) with the teeth on the ring gear.  The pinion has reached its stop and cannot move any further on the threaded sleeve.  It is now locked to the sleeve and must turn with it. The now rotating pinion turns the flywheel gear, which in turn rotates the flywheel ring gear and engine crankshaft.

As soon as the engine starts, its speed of rotation is faster than that of the pinion.  The ring gear now drives the pinion because it is turning faster.  The pinion then moves back on the threaded sleeve and disengages from the ring gear.

Sometimes the engine starts but fails to continue to run; however, the few turns that it does run may be enough to force the Bendix drive pinion out of mesh.  To keep this from happening, a new type of Bendix drive is used on some late model vehicles. This drive is called the Bendix Folo-Thru.  Inside the drive is a spring-loaded pin.  When the pinion moves to engage the flywheel gear, the pin enters a notch on the threaded sleeve to hold the pinion in mesh.  As long as the engine turns slowly, the pinion will be held in mesh with the flywheel by the pin in the notch on the sleeve.  After the engine starts and is operating at a speed of about 400 RPM, the pinion, which is now spinning at a rate of several thousand RPM, will force the pin out of the notch on the sleeve.  The pinion can then move back on the threaded sleeve away from the flywheel.

In the overrunning clutch type starter drive, the pinion is shifted into engagement with the flywheel with a lever.

The drive for the overrunning clutch has internal (inside) splines which fit external splines on the starter armature shaft. The drive pinion is attached to a rotor which forms the inner half of the overrunning clutch.
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FIGURE 21.  OVERRUNNING CLUTCH.

Now look at the end view of the overrunning clutch, which is really a one-way clutch.  It can drive in one direction, but not the other.  The outer shell is part of the splined sleeve, so it rotates when the starter armature rotates.  The only connection between the shell and the rotor are the four spring-loaded rollers between them.  Notice the rollers are in slots in the sleeve.  They can move back and forth in the slots.  The slots are tapered slightly.  When the sleeve starts to rotate, the rollers move in their tapered slots to a point where they become wedged (jammed) between the sleeve and the rotor.  Then the whole clutch turns as a single unit.  When the engine cranks, the rollers are forced to move the other way in their slots, because the pinion and rotor are now traveling faster than the over​running clutch sleeve.

You can easily test the action of the clutch by gripping the sleeve with one hand and the pinion with the other.  Try to turn the pinion in either direction.  You will find you can turn it one way, but when you try to turn it the opposite way, it locks. In fact, if you can turn it both ways, it is defective and must be replaced.

A shift lever (also called a yoke lever) is used with the over​running clutch to shift the starter pinion into mesh with the flywheel gear.  The lever may be operated manually through linkage or by an electromagnet.

The gear reduction obtained by having a small starter pinion gear drive the large flywheel gear is usually about 12 to 1 or more. This means the rotational speed of the starter armature is about 12 times that of the flywheel when the engine is being cranked. The pinion gear on the armature shaft meshes directly with the gear teeth on the flywheel.  In some instances, however, a double reduction is needed.  Here the final gear ratio may be as high as 25 to 1 or even 40 to 1.  With double reduction, the gear on the armature shaft does not mesh directly with the teeth on the fly​wheel, instead they mesh with an intermediate gear that drives the flywheel driving pinion.  This double reduction drive permits the use of a small starter motor to turn a fairly large engine.

If the overrunning clutch type drive is used, we must have a shift fork and linkage to shift the pinion into mesh with the flywheel gear.  As we have already said, this linkage may be operated mechanically or electrically.  If it is electrically operated, a unit called a solenoid is used.

A solenoid is an electromagnet with a movable core or plunger. It is mounted on top of the starter motor.  When the starter switch on the vehicle instrument panel is depressed (in some cases a key-operated switch is used), the windings in the solenoid create an electric magnet.

When the shift plunger is in its released position, being held there by the contact plunger spring, no current is flowing because the switch for the solenoid winding is open.  The starter pinion is not engaged with the flywheel.  When the switch to the solenoid windings is closed, the solenoid coil is an electromag​net.  The electromagnet pulls the solenoid plunger to the left. This action shifts the pinion into mesh with the flywheel and then closes the starter switch.  Now current flows through the starter motor causing the armature to rotate.

When the switch for the solenoid winding is opened, the spring pushes the plunger back.  This breaks the circuit to the starter and pulls the pinion back away from the flywheel.

WATERPROOF STARTERS

Military tactical vehicles that are expected to ford water deep enough to cover the starter have waterproof starters.  Such starters are completely sealed so that no water can enter. Bearings are lubricated on original assembly and need no attention between overhauls.

The Autolite starting motor, model MCZ 4005UT, is a typical

starter motor in use today on military vehicles.  It is a sealed type (waterproof) starter and is used on the 1/4-ton truck M151.

The motor operates on 24 volts and is a four-pole, four-brush unit.  It is designed for underwater operation but is not com​pletely waterproof unless it is used with a waterproof flywheel housing.  A gasket is used to seal the starter to the flywheel housing.  The starter is mounted on two flywheel housing studs and held in place by two nuts and two lock washers.

Three bushing-type bearings which require no lubrication are used to support the armature shaft.  There is one bearing in each end plate, and one in the flywheel housing of the engine.  The starter drive is the Bendix Folo-Thru type.

The end play of the armature shaft is held within allowable limits by the use of thrust washers of various thicknesses.  The pole pieces (soft iron shoes) are attached to the starter frame by countersunk screws.  The field winding or coils are positioned around two of the pole pieces, opposite to each other.  This gives a four-pole action with only two field windings.  The internal resistance is kept low because there are only two windings.

When the starter switch is closed, current is passed through the two grounded brushes to the commutator, which is located on the armature shaft.  The armature has a number of heavy wires wound around it in such a manner as to produce a magnetic field.  After flowing through the armature windings, the current is directed through two insulated brushes to the two field windings and the pole pieces become magnetized.  The magnetic fields of the pole pieces oppose the magnetic field of the armature, causing the armature to rotate.  The direction of rotation is counterclock​wise as viewed from the drive end of the starter.  This direction of rotation is opposite to that of most starters, but this starter is mounted over the transmission instead of being mounted on the engine.
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PRACTICE EXERCISE

1.
The starter motor is a device that changes


a.  electrical energy into mechanical energy.


b.  mechanical energy into electrical energy.


c.  torque into rotational speed.

2.
What is required for continuous rotation of the starter


armature?


a.  High output torque


b.  Commutator bars and brushes


c.  Alternating field current

3.
What is mounted in the laminated iron core of the starter


motor armature?


a.  Armature windings


b.  Commutator bars


c.  Armature brush holders

4.
What type of winding is used in most starter motors?


a.  Shunt


b.  Series


c.  Compound

5.
Magnetic lines of force move parallel to each other and


a.  are not affected by other magnetic fields.


b.  always oppose each other.


c.  will not cross each other.

ANSWERS TO PRACTICE EXERCISE 

1.
a  (page 33)

2.
b  (page 36)

3.
a  (page 37)

4.
b  (page 37)

5.
c  (page 34)
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