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LESSON 1

FUNDAMENTALS OF GEARS

TASK

Describe the fundamentals of gears and gear trains.

CONDITIONS

Given information on the construction, use, and types of gears and gear trains and the principles of operation of a simple planetary gear set.

STANDARDS

Answer 70 percent of the multiple-choice items covering fundamentals of gears.

REFERENCES

TM 9-8000

Learning Event 1:

EXPLAIN THE PRINCIPLES OF TORQUE

A task that is familiar to each of us is the process of winding our watch.  To do this, we simply grasp the winding knob between our thumb and forefinger and roll the knob.  This action causes a shaft to rotate inside of the watch, which, in turn, causes the watch movement spring to wind.

Now, let's think of another form of winding action:  that of winding a child's toy.  Here again, our intent is to wind a spring so that the energy produced by the spring trying to unwind can make the toy work.  The key used to wind toys consists of the shank that fits onto the winding shaft and a fairly long finger grip to turn the key.  This device is designed for one purpose: to turn the shaft that will wind the spring.  However, the toy spring requires more effort to wind than the watch spring, so the finger grip is larger than the winding knob of the watch.

Suppose we were to try and turn the spring shaft without a key. By gripping it extremely tight we might be able to turn it a little bit, but not enough to wind the spring tight.  What is the reason for us not being able to wind it tight?

To begin with, the inner end of the shaft is fastened to one end of a coil spring.  The natural shape of the spring forms loose coils.  When the spring is wound, the position or shape of the coil is changed as it becomes tighter.  However, a large amount of work is needed to wind the coil because the steel spring tries to remain in an unwound condition.  The work involved is the twist that is applied to the winding shaft.  This twist or rotating effort applied to the shaft is called torque.

Torque is the twisting effort that is applied to make anything rotate.  We usually think of it as the work required to rotate a shaft.  However, if you were to grasp one end of a barrel, tip it on its edge and roll it, you would be applying torque to the end you grasped.

The effort used to remove the screw cap from a jar is torque.

Another example of torque is the use of a wrench on a bolt, nut, or stud.  In this case you use a tool to apply twist.  But let's stop and think why.  We know that we could not apply enough twist with our fingers to tighten or loosen a bolt and nut, and yet it becomes quite simple when we use a wrench.  The reason it becomes simple is because the wrench provides a lever action.  We also know that if the wrench handle is long we can turn the nut or bolt much easier than with a short handle.

Now let's think of the bolt or nut as the spring shaft on a watch or toy.  With a wrench on the shaft, the spring can be wound quite easily.  A person would feel a little foolish winding his watch with a wrench though, so they place a knob on the shaft. The knob is actually a device that is the same as if we had many wrenches sticking out in all directions from the shaft.  In other words, the knob being larger than the shaft provides a lever to help overcome the torque required to wind the spring.  Keep in mind that torque is twist, and we can increase twisting effort by using a lever.

Now let's discuss how a wheeled vehicle mechanic employs the use of torque.

Let's start at the engine.  When a piston is forced down on the combustion stroke, its connecting rod forces the crankshaft throw down.  Because the crankshaft itself is kept from moving down by its main bearings, the throw forces the shaft to rotate.  How ever, the shaft is hard to rotate because the flywheel resists moving, and one or more of the other pistons are being forced up on the compression stroke.  Therefore, the power stroke of one piston must apply enough twist to the crankshaft to force the others up on compression stroke and still have power left over to do other work.  You can see that a great deal of torque is applied to an engine crankshaft.

The purpose of wheeled vehicles is to transport passengers or cargo.  The only way this can be done is for the vehicle wheels to move the vehicle in the direction and speed desired by the operator.  This means the wheels must be made to rotate.  To do this, torque is applied to the shaft that drives the wheels the same as torque is applied to a wrench for tightening a bolt.

The amount of torque or twist that is applied to a shaft or any other given point can be measured.  To explain this, let's think about a stud that is being turned into its threads in a piece of metal.  For example, we will say that the bolt or stud fits the threads tightly and therefore is quite hard to turn even before it is tightened down.

To explain the measurement of torque, we will use a wrench on the bolt.  The wrench handle is 12 inches long and is marked at the 1-, 6-, and 12-inch positions.  Further throughout our discussion we will disregard the weight of the wrench.

With the wrench placed on the bolt we want to turn, we now know that some effort will be needed to turn the wrench.  We will take a 1-pound weight to apply the effort.  If we place the weight on the 1-inch marking, it probably won't be enough to turn the bolt. However, you must agree that there is some twist applied to the bolt.  In fact, we know exactly how much torque is being applied against the bolt because we have a 1-pound weight pulling down on the wrench 1 inch from the center of the bolt.  The term used to express torque is pound-inch or pound-foot.  Sometimes you may see these words reversed.  Actually, the reversed words (inch-pounds or foot-pounds) are used to express power or work instead of torque.  We will use the terms pound-inches and pound-feet in this lesson.  In our experiment, we have placed 1 pound-inch of twist or torque on the bolt.

As the weight is moved out on the wrench handle, the amount of twist being applied to the bolt will increase.  Remember the lever action we spoke about.  By moving the weight further out on the handle, we are increasing the leverage.  If the 1-pound weight is applied at the 6-inch mark, it will be applying 6 pound-inches of torque.

When the weight is placed on the 12-inch mark, it would be applying 12 pound-inches of torque.  We can also say that there is 1 pound-foot of torque being applied, because 12 inches is  equal to 1 foot.  If the wrench was 24 inches long and the weight was placed on the 24-inch mark, we would be applying 24 pound-inches or 2 pound-feet of torque on the bolt.

If we remove the weight and grasp the wrench handle with our hand at the 12-inch mark, we can probably turn the bolt.  However, for each pound of pressure we apply with our hand we are applying 1 pound-foot of torque on the bolt, because our hand is 1 foot from the center of the bolt.  When we pull the wrench to apply torque on the bolt and only 15 pound-feet of twist is needed to turn the bolt, that is the greatest amount of torque that can be applied with the wrench until the bolt becomes harder to turn.

Now that we understand what effect torque or twist has on a shaft, we will discuss the items used instead of a wrench to turn shafts.  These items are called gears

Learning Event 2:

DESCRIBE THE PURPOSE, TYPES, AND OPERATION OF GEARS AND GEAR

TRAINS

Automotive vehicles must have many components that can take the power from the engine and deliver it to the wheels of the vehicle.  Not only must the power be simply delivered to the wheels, but the components must be arranged to do several things. 

Military wheeled vehicles are designed to do the following:

Have great pulling power.

Move at high and low speeds. 

Travel in reverse as well as forward.

Operate on rough ground as well as smooth roads. 

Deliver power to the front wheels as well as the rear wheels.

A simple shaft, belt, or chain from the engine to the wheels would not allow all of these things to be done.  Therefore, components often referred to as gearboxes make up what is referred to as the power train of a vehicle.  These units contain various types of gears to do the job.

Gears are made in many shapes and sizes.  Their purpose is to transmit power from one shaft to another.  The shafts might be parallel to each other or at an angle with each other.

TYPES OF GEARS

You can now see that gears must be shaped for the job they are to do.  All gears have certain common features.  Usually they are a round wheel with teeth or notches formed some way on the outer edge.  They will have a hole in the center so that they can be mounted on a shaft.
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FIGURE 1.  EXTERNAL GEAR
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FIGURE 2.  SPUR GEAR

The spur gear can be identified by its straight teeth.  The teeth are spaced evenly and run straight across the outer face of the gear.  This type is called an external tooth gear because the teeth are on the outside.  This is the most common type of gear we will see.  It can be used to transmit power from one shaft to another as long as the two shafts are parallel.

When two of these gears are in mesh, one can turn the other.  The one that is doing the driving is called the pinion or driving gear and the one being turned is called the driven gear.

Notice that when these gears are in mesh, only one tooth of each gear is in contact.  This means that the entire load is being driven through one tooth in each gear.  As one tooth comes out of mesh, another moves in to take its place.  Therefore, there are two things that are problematic about this gear.  By having only one tooth engaged at a time, large loads might break off a tooth. Also, the one tooth going into and out of mesh at a time causes these gears to be noisy.
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FIGURE 3.  HELICAL GEARS.

Another type of gear is the helical tooth gear.  The teeth of this gear are cut at an angle.  This makes the teeth longer and when two gears are in mesh, portions of two or more teeth are in contact all the time.

Since the force of a load on this type of gear is spread over a larger area, the helical tooth gears can handle larger loads than spur gears can.  Also, because of the way the teeth engage and disengage, these gears are fairly quiet.

However, there is a big disadvantage to this type of gear.  Whenever a helical gear is driving another gear under load, the gears try to slide sideways on their shafts because of the shape of the teeth.  The driving gear will try to slide the other way.  This action is called side thrust.  When helical gears are used, the shafts must be designed to prevent the gears from moving sideways.
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FIGURE 4.  HERRINGBONE GEARS.

There are times when gears must be made to handle extremely heavy loads.  To use the helical principle where long tooth contact is available, a double helical gear called a herringbone gear was designed.  You will notice that there is no side thrust on this type of gear because of its shape.  This gear is also fairly quiet.
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FIGURE 5.  BEVEL GEAR.

When power must be delivered at an angle, the teeth of the gears must be cut differently.  This type of gear is called a bevel gear.  Notice that two of them in mesh will change the direction of power by 90(.  These gears are available in several designs.

The spur bevel has straight teeth the same as the regular spur gear, except that the teeth are cut at a 45( angle to the side of the gear.

The skew bevel gear is cut similar to the helical gear, except that the teeth are also cut at a 45( angle to the side of the gear.  The advantages of the skew bevel gear over the spur bevel gear are the same as those of the helical gear over the spur gear.

There are other designs of this type of gear such as spiral bevel and hypoid which are used in the rear and front axles of vehicles.
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FIGURE 6.  WORM GEAR.

The worm gear is another type of gear delivering power at an angle.  The principle of this gear arrangement is similar to a bolt and nut.  The worm shaft has a coarse thread cut on it.  As it rotates, it winds the teeth of the worm gear into it.  The worm gear is very compact and quiet and is often used where heavy loads must be transmitted at an angle.
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FIGURE 7.  INTERNAL GEAR.

Another type of gear is the internal tooth gear.  This is a ring with gear teeth cut on the inside.  The teeth are usually of the spur type (straight across).  This type gear is normally used for special purposes only.

GEAR PRINCIPLES

The speed and direction of rotation of shafts that are gear operated will depend on how the gears are arranged.

When two external tooth gears are in mesh, they will turn in opposite directions.  This principle can be used to provide forward and reverse gears on a vehicle.

When a third gear is added to a gear train, it is called an idler gear.  The driving and driven gears will turn in the same direction.  The idler gear will rotate opposite from the driving and driven gears and will not change the speed or torque of the driven gear.

A large driving gear meshed with a small driven gear will increase speed, reverse direction of rotation, and reduce the amount of torque delivered.

A small driving gear meshed with a large driven gear will decrease speed, change direction of rotation, and increase the amount of torque delivered.

An internal gear meshed with and driving an external gear will increase speed and decrease torque.  An external gear meshed with and driving an internal gear will decrease speed and increase torque.  Both gears will always turn in the same direction.

A worm shaft driving a worm gear will deliver power at a 90( angle.  The worm shaft is always the driving or input member.  For each rotation of a single thread worm shaft, the worm gear will rotate the distance of one tooth.  Speed and torque ratio of a worm gearset is therefore determined by comparing the number of threads on the worm shaft to the number of teeth on the worm gear.  Worm shafts are designed with single or double threads.

Learning Event 3:

EXPLAIN THE PRINCIPLE OF GEAR AND TORQUE RATIO

The term gear ratio is used to express the comparison of the speed of rotation between two gears.  It is always stated with the first number representing the rotation of the driving gear and the second number representing the driven gear.  Also, the first number represents the number of times the driving gear must rotate to make the driven gear rotate one turn.

Some examples of how gear ratio is stated are:

A 1:1 ratio indicates both gears are rotating at the same speed.

A 2:1 ratio indicates that a small driving gear is in mesh with a driven gear twice as big.  The driving gear must turn twice to turn the driven gear once.

A 0.6:1 ratio indicates the driving gear is biggest.  For every three turns it makes, the driven gear will rotate five times.  Therefore, the driving gear only has to make six-tenths of a revolution to rotate the driving gear once.

Gear ratio between gears can be determined by counting the teeth of the driving and driven gear.  You must remember that when two gears are in mesh, as the driving gear rotates the distance of one tooth, the driven gear will rotate the same amount.

TORQUE  RATIO

To understand the torque ratio of gears, it is necessary to understand the principle of leverage as it applies to gears.  If you recall, we discussed applying torque to a bolt earlier in the lesson.  To discuss torque ratio between gears, we must think of the force from a shaft to a gear, from that gear to another gear, and from the second gear to the shaft it is mounted on.  To do this, we will refer to the items as an input shaft and gear and an output gear and shaft.  The input is the driving member, and the output is the driven member.

Let's first look at the input member.  The shaft and gear are bringing the turning force into the gear train.  For our purpose, we will say that an engine or motor is driving the input shaft and is applying 25 pound-feet of torque on the shaft.

To begin with, we can think of each tooth on a gear as being the same as the lever or wrench we discussed earlier.  Remember, when two gears are in mesh, only one or parts of two teeth are touching each other at any one time.  Therefore, we must remember that the entire load between two gears is on these teeth.

For our discussion here, we will think of the driving gear as having just the one tooth that is going to do the work.  Further, to help understand it a little better, we will say that the gear is 2 feet in diameter so the one tooth will be exactly 12 inches long.

We said that there was a torque of 25 pound-feet applied to the shaft.  This means that if the torque was in the direction of rotation, it could lift 25 pounds out on the 12-inch mark or at the end of the tooth.  This is just the reverse of what we explained with the wrench.  Here, the shaft is turning the gear; with the wrench, we wanted to turn the shaft, except we used a bolt instead for our example.

By remembering the laws of leverage, we know that a smaller gear will deliver more torque than a larger gear.  At the 6-inch mark (the size of a 12-inch gear instead of a 24-inch gear), the tooth could lift 50 pounds because of a greater leverage.  You can prove this yourself by holding a stick straight out at arm's length.  Have someone hang a small weight on the very end of the stick.  You will notice how hard it is to hold the weight.  Now have the person take the weight off the end of the stick and hang twice as much weight on the center.  You will see that it requires the same effort to hold twice the weight in the center as it does to hold the single weight on the end.

From this, we can see that a small driving gear in comparison to the driven gear can deliver more torque (drive a heavier load) than a big gear.  After you have gained experience, you will notice that the driving gear in almost all gear trains is smaller than the driven gear.  An exception to this is if you want increased speed instead of torque, then the input or driving gear would be bigger than the driven gear.

Now we will mesh this one tooth of the driving gear with one tooth of a driven gear.  Both gears are the same size.

When thinking of the driven member of a gear train, we think of it exactly the same as a bolt with a wrench on it.  The longer the wrench is, the easier it is to turn the bolt.

We said that the input gear could apply a force of 25 pounds on the end.  This, then, is the amount of force it will apply to the tooth of the driven gear.  Because the tooth of the gear is 1 foot long, a torque of 25 pound-feet will be applied against the shaft on which the driven gear is mounted.

Again, remembering our discussion of the wrench, we know that more effort is required to turn the bolt with a short wrench than with a long wrench.  Therefore, if we applied the input force of 25 pounds against an output tooth 24 inches long, we would get twice as much torque on the shaft as on a tooth 12 inches long.

Here again, we can compare the output gear to the knob you use to wind your watch.  As the knob is made bigger, it is easier to wind the watch.  The same principle applies with the driven gear in a gear train.  When the driven gear is bigger than the driving gear, you can increase torque.

How does all of this apply to you as a wheeled vehicle mechanic? Well, let's look at a few things about a wheeled vehicle that depend on gears.

To begin with, the vehicle engine can only produce so much power. When it is running fast, it produces more power than when it is idling.  The power developed by the engine is sent to the vehicle in the form of twisting motion or torque at the flywheel at the end of the crankshaft.

When the vehicle is started from a standstill, a great deal of torque is required to get it in motion.  In addition, the engine is not running at high speed at this time.  Therefore, torque from the engine is applied to a small driving gear which, in turn, drives a large driven gear.  This increases torque and helps the engine get the vehicle started.

After a vehicle is in motion, less torque is required to keep it in motion.  When this occurs, the driving gear and driven gear can be nearer to the same size.  In other words, we want the gear train to develop speed more than torque.

When the vehicle comes to a hill, the ratio will have to be changed again.  Now the driving gear will have to be smaller than the driven gear to increase the torque.  In doing so, we are giving up speed to increase torque.

To sum up torque ratio, we can compare it with gear ratio.

If the driving gear has 12 teeth and is driving a large driven gear with 24 teeth, we have a gear ratio of 2:1.  In other words, the driving gear has to rotate two times to make the driven gear rotate once.  In this gear train, we double the torque and cut the speed in half.

If the driving gear is the same size as the driven gear, the gear ratio is 1:1.  The input and output torque and speed are the same.

If the input gear has 24 teeth and the output gear has 12 teeth, the gear ratio is 0.5:1.  In this gear train, we are reducing torque and increasing speed.

OPERATION OF A GEAR TRAIN
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FIGURE 8.

Let's imagine that a crank is attached to gear 1 in the illustration above.  When the crank is turned, the shaft will cause gear 1 to turn in the same direction as the crank.  The amount of torque applied on the shaft will depend on how hard you crank and the resistance of the paint in the bucket.

Gears 1 and 2 are external gears in mesh and will therefore rotate in opposite directions.  Because gear 1 is larger than gear 2, gear 2 will be turning faster than gear 1.  This will result in a loss of torque.  Remember, in a gear train, we must decrease torque to increase speed.

Learning Event 4:

DESCRIBE THE CONSTRUCTION AND OPERATION OF A PLANETARY GEARSET

It is often necessary to design gear trains that will provide many gear ratios.  Of necessity, these trains must not be too large and bulky.  The answer to this requirement is planetary gearing.
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FIGURE 9.  PLANETARY GEAR SYSTEM.

Notice the arrangement of the components in the set.  Because of the resemblance of the planetary pinions to the planets of the universe circling around the sun, the set was given the name planetary gearset.

The center or sun gear can be either a spur gear or helical gear. It will contain a through shaft so that it can act as either an input or output member.

Normally, three planetary pinions are in mesh with the sun gear at all times.  Some sets will have two and others four.  They are mounted on and are free to rotate on individual shafts on the planet carrier, which is a framework designed to hold the pinions in their respective positions.  The planet carrier can be rotated so that the pinions walk around the sun gear.  The carrier also contains a shaft so that it may act as an input or output member.

The outer internal gear is in constant mesh with the planet pinions and is called the ring gear.  It can also be an input or output member.

The principle on which the planetary gearset operates is based on driving one unit, holding one unit, and taking the output from the free unit.

If we place a brake band around the ring gear, we can prevent it from turning.  If the sun gear is driven under this condition, it will cause the planet pinions to rotate.  With the ring gear held from turning, the planet pinions will have to walk around on the inside of the ring gear and the outside of the sun gear.  In doing so, the planet pinions will carry the planet carrier around with them.

If the planet carrier is held so that it cannot rotate and the sun gear is driven, the planet pinions will force the ring gear to turn.

If the planet carrier is held and the ring gear is driven, the planet pinions will force the sun gear to turn.

If the sun gear is held and the planet carrier is driven, the planet pinions will be forced to rotate and they will drive the ring gear.

Actual use of planetary gears in such things as automatic transmissions, disk clutches, and brake bands control the holding and driving members.  Usually, the bands and clutches are controlled automatically.

OPERATING PRINCIPLES

To fully understand the movement of each member of a planetary system, let's consider a few basic operating principles of a planetary gearset.

If the planetary carrier and the sun gear are held together, the pinions cannot turn because they are locked by the sun gear. This will cause the unit to turn as one unit.  None of its parts will turn by themselves.  This will give us direct drive just as if we had a one-piece shaft.

If the sun gear is held and the planetary carrier is turned, then the ring gear will turn.  The pinions will "walk" around the sun gear because the sun gear will not move.  The pinions turn as they walk around the sun gear and are in mesh with the ring gear; therefore, the ring gear is pushed by the turning pinion.  The ring gear will turn in the same direction as the carrier.

If the ring gear is held and the sun gear is turned, then the carrier will turn.  The pinions are in mesh with the sun gear, and, when the sun gear is turned, the pinions will turn.  The pinions are also in mesh with the ring gear.  With the ring gear held, the pinions therefore walk around the ring gear.  This causes the carrier to turn with the pinions.

If the carrier is held and the sun gear is turned, then the ring gear turns in reverse.  Because the pinions are in mesh with the sun gear, when the sun gear is turned, the pinions also turn. However, the pinions turn in the opposite direction of the sun gear.  The pinions are also in mesh with the ring gear and drive the ring gear because the carrier is held so that it cannot turn. When an external gear is driving an internal gear, the direction of turning is the same.  Therefore, the planet pinions turning opposite from the input rotate the ring gear in reverse.

There are five basic rules of planetary gear operation:

· If the planet carrier is used as the output, the set operates in reduction (slower speed, more torque).

· If the planet carrier is the input, the set operates in overdrive (more speed, less torque).

· If the planet carrier is held, the set operates in reverse.

· If any two parts are locked together, the set operates in direct drive.

· If no parts are locked together and if none are held, the set operates in neutral.

Here are a few more things you should also remember.

· An input member receives power from a source such as an engine.

· An output member transmits power to the driving wheels of a vehicle.

· A stationary member is one that is held by a band or clutch so that it cannot turn.

· Locked members are held together.

SPEED RANGES OF A PLANETARY SET

Using the first three of the above rules, we can get six speed ranges.  Remember, when we reduce speed, we increase torque, and when we increase speed, we reduce torque.

If the sun gear is held and the planet carrier is turned, the ring gear will turn faster than the carrier (overdrive).

If the sun gear is held and the ring gear is turned, the planet carrier will turn slower than the ring gear (reduction).

If the ring gear is held and the sun gear is turned, the planet carrier turns slower than the sun gear (reduction).

If the planet carrier is held and the ring gear is turned, the sun gear turns in reverse faster than the ring gear (overdrive and reverse).

If the ring gear is held and the planet carrier is turned, the sun gear turns faster than the carrier (overdrive).

If the planet carrier is held and the sun gear is turned, the ring gear turns in reverse slower than the sun gear (reduction and reverse).
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