10. Gears and Pulleys

By Doug Knight

What is engineering?

Practical application of science and mathematics to make useful things 

No simple answer, because engineers do so many different things.

Almost everything around you has engineering associated with it in some way

What do engineers do?

Design and plan construction

Make sure it’s done right

Engineering as a family - do engineers work alone?

No - work with other engineers and with scientists, technicians and technologists and skilled craftspeople – all are equally important

Pulleys

What is a pulley?

A pulley is a wheel that changes the direction of a force

Pulling a bucket up from a well – try lifting it, or pulling horizontally

A pulley can reduce the force needed to move an object

One pulley just changes direction of the rope

Fix one end of rope and use two pulleys will half the load on the rope – ignore friction

DEMONSTRATION / BLACKBOARD

Small tow truck can lift a large bus – the cable can be lighter

Add more pulleys and you can reduce the load even more

High cranes can heavy weights

BUT – the trade off is that you must use a longer rope – if you half the weight on the rope, you must pull in twice as much rope

ENGINEERS ALWAYS HAVE TO WORK WITH TRADE-OFFS – PART OF ENGINEERING IS GETTING THE RIGHT BALANCE BETWEEN CONFLICTING NEEDS

Examples of Real World Pulleys

A tow-truck’s hook for lifting – winch can be low on the truck for stability, yet can still lift the front of a truck off the ground

Snatch blocks on trees for difficult recoveries – the tow truck can be facing in a different direction than the path of the load

An elevator’s cable – uses a counterweight to balance the weight of the elevator so that the lifting motor can be smaller

High cranes used in constructing tall buildings – why do they not fall over?

Sailing ships – to get the force needed to raise the sails or lift the anchor

We can join pulleys to transmit power over short distances

If we ignore the gears – a bicycle chain just connects two pulleys

Gears

Gears are just wheels with teeth. Normally gears are mounted on axles or shafts. You can use gears to:

· slow things down – two shafts with different sizes of gears on them – main shaft has small wheel and secondary has large wheel

· speed things up - two shafts with different sizes of gears on them – main shaft has large wheel and secondary has small wheel

· to change direction – make shafts turn in opposite directions, or turn a angle

· to control several things at once – one main shaft 

In order for gears to mesh, they must have teeth of the same size and design. Meshed gears have at least one pair of teeth engaged at all times.

Meshed gears will rotate in opposite directions

Gears can be of different size to change the speed or power

Gears can have different numbers of teeth

But do not have to mesh. Sometimes the teeth are connected by a chain – like a bicycle chain

What do the teeth do?

Prevent slippage between the gears

Adjust for small imperfections in the wheels

What is a gear train?

A group of gears that are connected together

DRAW ON THE BLACKBOARD

What is the gear ratio?

Gear ratio is a method of comparing gears

The gear ratio is determined by the distance from the centre of the gear to the point of contact of the teeth. 

To make an easy calculation of the gear ratio – count and compare the teeth

What common objects have gears?

Bicycles – 10 speed has probably at least six gears – why not ten? Gears can be grouped

Cars – lots of gears between the engine and the wheels – giving different speeds, changing directions of the power, also in the steering systems

Can opener – gear to give the small motor or hand lever more power, and to change direction 

Non-digital clocks and watches – many tiny gears – very sensitive 

Electric Drill and Screwdriver

Types of Gears

Spur Gear

The most basic type of gear is the spur gear, which has its teeth parallel to and in alignment with the centre of the gear. Today these gears are used mainly for slow speeds to avoid excessive noise and vibration. 

[image: image1.jpg]



Used in:

· hand or powered winches
· wind up clocks
· washing machine
Bevel Gears

Bevel gears are shaped like a cone with its top cut off. The teeth point inward toward the peak of the cone. These gears permit the power flow to "turn a corner." Spiral bevel gears were developed for use where higher speed and strength are required as well as a change in the angle of the power flow. Their teeth are cut obliquely on the angular faces of the gears. 
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The most commonly used spiral beveled gear set is the ring and pinion gears used in heavy truck differentials. Bevel-type gears are also used for slow-speed applications that are not subject to high impact forces. Handwheel controls that must operate some remote device at an angle use straight bevel gears. 

Worm Gear

Worm gears are used when large gear reductions are needed. Power is supplied to the worm gear, which drives the mating gear. Worm gears usually provide right-angle power flows.

It is a one way gear – the worm can turn the gear, but the gear cannot turn the worm. This is because the angle on the worm is so small that the gear cannot overcome the friction of the worm
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The most common use for the worm gear is in applications where the power source operates at high speed and the output is at slow speed with high torque. Many steering mechanisms use a worm gear connected to the steering shaft and wheel and a partial (sector) gear connected to the steering linkage. Small power hand tools frequently use a high-speed motor with a worm gear drive. 

Other gear types – additional information – probably not used in class

Helical Gear

Helical gears are like spur gears except that their teeth have been twisted at an angle from the gear center line. These gears get their name from being cut in a helix, which is a form of curve. This curve is more difficult to machine, but it is used because it reduces gear noise. Engagement of these gears begins at the tooth tip of one gear and rolls down the trailing edge of the teeth. This angular contact tends to cause side thrusts, which a bearing must absorb. However, helical spur gears are quieter in operation and have greater strength and durability than straight spur gears, simply because the contacting teeth are longer. 
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Helical spur gears are widely used in transmissions today because they are quieter at high speeds and are durable. 

Rack And Pinion

Rack and pinion gears convert straight-line motion into rotary motion, and vice versa. Rack and pinion gears also change the angle of power flow with some degree of speed change. The teeth on the rack are cut straight across the shaft, while those on the pinion are cut like a spur gear. These gear sets can provide control of arbor presses and other devices where slow speed is involved. 
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Rack and pinion gears also are commonly used in automotive steering boxes. 

Internal Gears

Internal gears have their teeth pointing inward and are commonly used in the planetary gear set used in automatic transmissions and transfer cases. These are gear sets in which an outer ring gear has internal teeth that mate with teeth on smaller planetary gears. These gears, in turn, mesh with a center or sun gear. Many changes in speed and torque are possible, depending on which parts are held stationary and which are driven. In a planetary gear set, one gear is normally the input, another is prevented from moving, or held, and the third gear is the output gear. 
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Planetary gears are widely used because each set is capable of more than one speed change. The gear load is spread over several gears, reducing stress and wear on any one gear. 

Hypoid Gears 

The hypoid gear resembles the spiral bevel gear but the pinion drive gear is located below the center of the ring gear. Its teeth and general construction are the same as the spiral bevel gear. The most common use for hypoid gears is in modern differentials. Here, they allow for lower body styles by lowering the transmission drive shaft. 

Herringbone Gears

Herringbone gears are actually double helical gears with teeth angles reversed on opposite sides. This causes the thrust produced by one side to be counterbalanced by the thrust produced by the other side. The two sets of teeth are often separated at the center by a narrow gap for better alignment and to prevent oil from being trapped at the apex. 

Herringbone gears are best suited for quiet, high-speed, low-thrust applications where heavy loads are applied. Large turbines and generators frequently use herringbone gears because of their durability. 
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