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Questions:

(Paragraph A) Name two benefits of equal velocities of the pitch cycles.

o

b. (Paragraph A) What happens if there is no constant contact between the teeth of the gears?

c. (Paragraph B) Name two disadvantages of spur gears.

d. (Paragraphs B, C) Name three differences between spur and bevel gears.

e. (Paragraph D) Name two adventages of a gear with 4 pairs of teeth meshing at the same time.

f. (Paragraphs B, D) Name three differences between spur - and helical gears.

g. (Paragraph E) What are two characteristic of lifting equipment, which demand the use of worm gears?
h. (Paragraphs B, C, D, E) Which of the gear types can transmit power between non-parallel shafts?

i. (Paragraphs B, C, D, E) Rate the four types of gears by their efficiency from highest to lowest.

j- (Paragraphs B, C, D, E) Name two noisy and two quiet gear types.
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GEARS

Paragraph A

The problem of transferring power from one shaft to another while maintaining a definite ratio between the rotational velocities
of the shafts is successfully solved by implementing various types of gears. Not only gear ratio is constant, but many other
requirements are fully met by using gears. Gears can provide smooth and vibrationless action, as well as transfering high

power between both parallel and non-parallel shafts with great mechanical efficiency.

For the purpose of design and computation, the gears are transformed into thatching cylinders. Their diameters are known as
"pitch diameters". For positive transmission of motion, the teeth don't need to be of any particular shape. On the other hand, for
quiet and vibrationless operation, the velocities of the pitch cycles must be the same, especially during the short time interval
when two particular teeth are in contact. Therefore, the shape of the teeth must be carefully designed. There are two main

shapes of teeth: involute and cycloidal. Their place on the gear depends on the type of the gear.

The range of transmitted power greatly depends on the material of the teeth, which is the same for most gear types, and on
the number of teeth that are in contact simultaneously. Obviously, for maintaining constant contact which prevents vibrations
and variations in gear ratio, one pair of teeth should be in a meshing motion while the next pair starts meshing. Each gear type

operates on a minimum value of 1.4 which denotes the number of simultaneously meshing teeth pairs.

Paragraph B

Spur Gears. The teeth on this type of gear are placed on cylinders and run parallel to the gear’s axe. Spur gears transmit power
between parallel shafts. The number of teeth pairs in contact lay between 1 and 2. The simplicity of the spur gear tooth design
allows for both a high degree of precision and easier manufacturability. Other characteristics of spur gears include lack of axial
load (the thrust force parallel to the gear shaft), high-speed and high-load handling as well as high efficiency rates (up to 98%).
Some of the disadvantages of spur gears are the amount of stress experienced by the gear teeth and the noise produced during

high-speed applications.

This type of gear is used in a variety of mechanical applications, such as clocks, pumps, watering systems, power plant
machinery, material handling equipment and clothes washing and drying machines. Their gear ratio is between 1:8 to 8:1 at

most.
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Paragraph C

Bevel Gears. For this type of gear the teeth are placed on cones and are straight or spiral. Bevel gears transmit power between
intersecting shafts. The number of meshing pairs and the gear ratio are the same as those of spur gears. Due to angular contact,
bevel gears apply both radial and axial loads on their shafts. This type of gear is much more difficult to manufacture, therefore
their efficiency is slightly less than that of the spur gear. The engagement of straight bevel gear teeth result in high impact,
increasing the level of noise produced and the amount of stress experienced by the gear teeth. This also reduces their durability
and lifespan. Using spiral teeth bevels eliminates this disadvantage but is much more expensive. Bevel gears can transmit very
high power, so they are used in heavy machinery such as tractors, bulldozers and so on. Spiral teeth bevels can operate in high-

speed applications.

Paragraph D

Helical Gears. The teeth of this type of gear are placed on cylinders forming an angle with the gear axes. Usually, helical gears
operate between parallel shafts but can also connect non-parallel ones (this is accompanied by the reduction of lifespan and

a sharp decrease in efficiency). They are cut on the same machines as spur gears, so they are not expensive. The number of
meshing pairs reaches 4, which provides gradual, smooth and noiseless engagement as well as a greater load-carrying ability
(compared to spur gears). Helical gear ratio and efficiency are the same as those of spur gears, or slightly higher. They are

suitable for high-speed and high-load applications and are used in pumps, generators and automotive gear boxes.

Paragraph E

Worm Gears. These pairs are comprised of a worm wheel - typically a cylindrical gear - paired with a worm - i.e., a screw-
shaped gear with a very complex shape as the teeth. These gears are used to transmit motion and power between non-parallel,
non-intersecting shafts. They offer large gear ratios (up to 1:80) and capabilities for substantial speed reduction while
maintaining a quiet and smooth operation. Both the worm and the worm-gear apply radial and high axial loads on their shafts,

demanding radial-thrust bearings of high capability on them.

One distinction of the worm gear pairs is that the worm can turn the worm wheel, but, depending on the angle of the worm,
the worm wheel may not be able to turn the worm. This characteristic is employed in lifting equipment requiring self-locking
mechanisms in addition to a heavy load. Some of the disadvantages of worm gears are the low transmission efficiency and the

amount of friction generated between the worm wheel and worm gear which necessitates continuous lubrication and cooling.
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