TECHNOLOGY TERM 2 WORKSHEETS GRADE 9 
Hydraulics and pneumatics
This chapter is a review of what you already know about moving objects with air and water. You will learn more about the differences between pneumatic and hydraulic systems, and you will learn how to use hydraulic systems to move a large load with the application of a small force.
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Figure 1                                                         Figure 2

 
[image: ]
Figure 3
The use of water and air to move objects
Compressible and non-compressible substances
The blue can contains crumpled straw, the red can contains water and the yellow can contains sand.
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Figure 4
1. Do you think it is possible to compress the sand with a wooden spoon so that it takes up less space in the yellow can? Y / N
2. Do you think it is possible to compress the straw? Y / N
3. Do you think it is possible to compress the water? Y / N
Straw, grass and crumpled paper are "compressible". This means that it can be compressed to take up less space. Sand is "incompressible".
This means that it cannot be compressed to take up less space.
1. 
0. Is water compressible or incompressible?
0. Is air compressible or compressible?
0. How can you use a syringe to investigate the compressibility and compressibility of air and water?

Air is compressible but water is compressible.
Two syringes connected to a rubber tube can be called a "syringe system".
If the rubber tube and syringes are filled with air, it is called a "pneumatic system". If the rubber tube and syringes are filled with water or oil, it is called a "hydraulic system".
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Figure 5
1. If the piston is pressed to the left, press the piston to the right hand. Will the pressure on the hand with a pneumatic system be the same as with a hydraulic system? Explain your answer.

A pneumatic and hydraulic system is shown below. In each case, the two syringes are exactly the same size. Two heavy objects rest on the right-hand pistons.
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Figure 6
1. What will happen to the blue objects if the left piston is pushed in by 2 cm in both systems? Explain your answer.


Thick and thin spray
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Figure 7
1. The woman with the big load only has to walk a short distance to her home. The woman with the small load has to walk quite far home. Who will be most tired when she arrives home? Explain your answer.

The picture below shows a two-spray system with a thicker and a thinner spray. The system was filled with water until there were no more air bubbles.
[image: ]
Figure 8
Action research
You will now do more action research with two syringes. To do this, you need to build a device.
Copy these rulers onto a sheet of paper and attach them to a piece of corrugated cardboard, or a piece of cardboard from a cereal box. The lines on the rulers are 2 mm apart.
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Attach your spray system, as shown on the next page, to the corrugated cardboard or grain box with adhesive tape.
Pressing the piston on the left will move the piston to the right.
The syringe from which you press the piston is called the master cylinder or input cylinder of the system.
The moving cylinder is called the slave cylinder or output cylinder of the system.
You will now do research to see how far the output cylinder moves when the input cylinder is pushed over a specific distance.
1. Draw water into the insert cylinder until it is almost full and place the piston across a mark on the ruler.
2. Make a small mark at the top of the piston of the output cylinder.
3. Push the input cylinder's piston 1 cm.
4. Measure how far the output cylinder has moved.
5. Write your measurement on the table below.
6. Repeat steps 1 to 4, but now push in the insert cylinder 2 cm.
7. Repeat all steps from 1 to 4 for distances of 3 cm and 4 cm.
	Insert cylinder movement in cm
	1
	2
	3
	4

	Output cylinder movement in cm
	
	
	
	


[image: ]
Figure 9
1. Now consider the scenario where you made the thick syringe the master cylinder and the thin syringe the slave cylinder. How far do you think the plunger of the thin syringe will move if you push the plunger of the thick syringe 1 cm?

1. Also predict what will happen if you push the piston of the thick cylinder a ½ cm, 1 cm or 2 cm. Write your predictions in the table below.
	Thick master cylinder movement in cm
	½
	1
	2

	Thin slave cylinder movement in cm
	
	
	


1. If you have time, do more research to check your forecast.
	Thick master cylinder movement in cm
	½
	1
	2

	Thin slave cylinder movement in cm
	
	
	


1. You do work when you impress the master cylinder. The slave cylinder does work again when it moves on the other side. The quantities of work on the input side (master cylinder) and on the output side (slave cylinder) must be the same, because work is not done for nothing!
1. What do you notice? You have now examined how the distance of movement changes as you transfer the work done on one cylinder to another cylinder with a different thickness. Is it only the distance that is moved that changes? When you press the master cylinder piston, place a finger on the slave cylinder piston. Do this in two different ways, first using the thin syringe as the master cylinder, and then using the thick syringe as the master cylinder.
Change of magnitude of forces through a hydraulic system
The picture shows a plastic bag filled with water. If you put your left index finger lightly against the pocket and press it with your right index finger, what do you think you will feel with your left index finger?
[image: ]
When pressure is applied to a flexible container filled with liquid, the same pressure is felt throughout the container. The pressure is "passed" or "transferred" through the liquid. Note: "Pressure" is not the same as "force", although it is related to it. A few centuries ago, a man named Blaise Pascal realized it and wrote about it. This is known as "Pascal's principle".
You are now going to do some action research to investigate how pressure is transmitted through water. To do this, you will need the same cardboard spray system that you used for your experiments in the previous section. This time, place it upright and support it with books or something else that is sturdy. You also need small objects that weigh equally , for example small boxes full of sand.
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input cylinder
output cylinder

1. Draw water into the thick cylinder until it is almost full. You are going to use it as the input cylinder.
2. Place one box on the output cylinder piston. Place one box on the piston of the input cylinder.
3. Does the output cylinder piston move?

4. Place another box on the piston of the input cylinder. If the piston of the output cylinder does not move upwards, place additional boxes on the input cylinder.
[image: ] 
Figure 10
5. Think about what you just observed. What influence did the boxes you put on the input cylinder have on the output cylinder?

The boxes on the input cylinder push down on the piston in the system. This pressure is transferred by the water in the system to the piston in the output cylinder and pushes it upwards.
Instead of saying "the boxes push down", the technologists usually say "the boxes exert a downward pressure".
6. Did the piston of the output cylinder move further than the piston of the input cylinder?

7. Was the force exerted by the boxes you placed on the input cylinder equal to the upward force exerted on the single box on the piston of the output cylinder?

8. Think back to the two women on their way home with their bags in section 5.2. What do they have in common with this story and experiment? Think carefully before you write down your answers in the space below.

When transferring work from a thick cylinder to a thin cylinder, the force exerted on the piston of the thin cylinder is smaller than the force applied to the piston of the thick cylinder. cylinder. This is why you had to place more than one box on the thick cylinder's piston before it could move one box on the thin cylinder's piston upwards. The pressure in the liquid is the same everywhere, on the input cylinder's piston as well as on the output cylinder's piston. But because the input cylinder is thicker, the force on the input cylinder is greater than the force on the output cylinder.

Hydraulic machines
In this chapter you will learn how hydraulic systems are used in practical situations.
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Figure 1                                                                              Figure 2: Mechanical jacking
[image: ]                           [image: ]
Figure 3: A hydraulic floor jack                                       Figure 4: A hydraulic engine jack
Using pressure to get things done
If you print a bottle hard on a sheet of paper, you can make a perfect round mark on that paper.
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Figure 5
You can also use a bottle like this to squeeze cookies out of flat rolled dough. Flat plastic or metal objects can be made in the same way by pressing them out of plastic sheets or metal sheets. In the case of metal, the downward pressure must be very large.
1. Tom wants to use hard steel tubes with sharp edges to push washers out of an iron plate. Can he use a type of lever that will help him apply enough force to push the steel tubes through the metal plate?
Make a sketch on the next page to show how it can be done. The machine you design can be called a washer press.
[image: ]
Figure 6
Instead of using a lever to exert a sufficiently large force to push out the washer, a hydraulic bucket can be used.
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Figure 7
A machine like this is called a "hydraulic press".
The mechanical advantage obtained by using an output cylinder which is thicker than the input cylinder is used in a hydraulic press.
Many towns in South Africa use garbage trucks to collect bags of waste and other garbage.
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Figure 8
Fully loaded, this truck takes 15 cubic meters of garbage, that is, about 120 garbage bags. The truck has a hydraulic press that can compress the refuse with a compressive load of 15 tonnes or 15 000 kg. If you want to know how big this power is, consider how heavy a two-liter soft drink bottle feels in your hand. Now imagine what it would feel like to hold 7,500 of them in your hand!
Because the truck compresses the garbage, it can load about 2,000 bags before it is full.
If the output piston is thicker than the input piston, the output power is greater than the input power. The mechanical advantage is greater than 1.
[image: ]If the output piston is thinner than the input piston, the output power is smaller than the input power. In this case, the mechanical advantage is less than 1.
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Figure 10 shows the same type of system as figure 9. The yellow part is water or another type of liquid. The red and blue parts are cylinders that can move up and down.
1. 
0. Think of a hydraulic system as in figure 10, which is about 50 cm high. If the blue cylinder is pushed down 5 cm, will the red cylinder move 5 cm upwards, or less than 5 cm, or more than 5 cm?
0. Suppose a load is placed on top of the red cylinder, for example a cupboard with apples. Will the upward force on the load be the same as the downward force exerted on the blue cylinder, or will it be larger or smaller?
ouput[image: ]input
Figure 10

If the output cylinder in a simple hydraulic system is thicker than the input cylinder, the output distance is smaller than the input distance, but the output power is greater than the input force.
Calculations on hydraulic systems
1. Below is shown a hydraulic system with rectangular cylinders. The area of ​​the red cylinder top is four times the area of ​​the blue cylinder top.
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Figure 11
2. The volume of fluid pressed down on the right increases on the left and pushes the red cylinder upwards.
3. If the blue cylinder moves down 12 mm, how many mm will the red cylinder move upwards?
[image: ]
Figure 12
The area of ​​the top of the cylinder is just as large as the area of ​​the base of the cylinder, and it is just as large as the area of ​​any cut you make perpendicular to the length of the cylinder. It is therefore called the cross-sectional area.
If you are struggling to understand the above, think of a roll of polony or rectangular bread. Each piece you cut from the polony or bread has exactly the same shape and size, and therefore also the same surface.
If the blue cylinder pushes down the green volume of liquid on the right, the red cylinder will push upwards through the green volume of fluid on the left.
If the area of ​​the base of the output cylinder is four times the area of ​​the base of the input cylinder, the output force will be four times that of the input force. The output distance will be ¼ of the input distance.
In this case, the mechanical advantage is four, and the distance advantage is ¼.
1. In the system shown on the next page, the area of ​​the base of the output cylinder is nine times the area of ​​the base of the input cylinder.
0. What is the mechanical advantage of the system?

0. What is the distance advantage of the system?
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Figure 13
1. In a specific hydraulic press, the output cylinder moves 2 cm far, as the input cylinder moves through 10 cm. How many times greater is the output power than the input power?

1. In a particular hydraulic press, the diameter of the output cylinder is 40 cm², and the diameter of the input cylinder is 5 cm².
2. How far will the output cylinder move if the input cylinder is moved by 16 cm?

2. How far should you push the output cylinder to move the output cylinder through 24 cm?

The hydraulic engine jack
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Figure 14
If a tire becomes porous, the car must be lifted to remove the porridge wheel and put on the spare wheel. Because the car is too heavy to lift with your bare hands, you need a device with a mechanical advantage.
The device used to lift cars to change wheels is called a jack. A jack provides a mechanical advantage. The following page shows different types of jack.
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Figure 15: A hydraulic bottle jack
A bottle jack has a hydraulic bumper on the inside, which gives a mechanical advantage. If the blue input cylinder is pushed down a specific distance, the red output cylinder moves upwards with a greater force, but over a smaller distance.


[image: ]


Figure 16
1. Look at figure 14 on the previous page. Do you think the car will be lifted high enough if the input cylinder is pushed down only once?


To lift the car high enough, the output cylinder must be pushed several times higher. To do this, the input cylinder must be pulled upwards each time to be ready for the next downward thrust. Think of syringes to understand what is happening. You can again experiment with two syringes of different sizes.
[image: ]              [image: ]
Figure 17                                                                Figure 18
2. When the blue input piston is pressed, the red output piston moves out. What do you think will happen if the insert is pulled out again ?

If the output cylinder can remain where it is after the input cylinder has been pushed down, the output cylinder can be pushed higher each time the input cylinder is pushed down. We can add oil to the system to make this possible.
A proper hydraulic bottle jack has an additional bottle of oil, as shown in the diagram below.                               
    [image: ]
Figure 19
In order for the red cylinder to remain where it is each time the blue cylinder is pulled upwards, the oil must be prevented from being sucked out from under the red cylinder. Maybe something like a water tap should be placed in the white box in the diagram on the right.
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Figure 20
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Figure 21
A ball valve like the one on the right allows fluid to flow through one tube in one direction, but not in the other direction. This ball valve consists of a ball connected to a spring. The spring presses the ball against the opening so that the liquid does not flow through.
If the fluid tries to flow from the left to the right, the ball is pushed away from the opening and the fluid can pass through.
[image: ]
Figure 22: Ball valve closed
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Figure 23: Ball valve open
The most important part of a hydraulic engine jack is a large output cylinder that protrudes at the mouth of the bottle. It lifts the car when you pump the handle.
Inside the bottle is a tank of oil. The oil flows through the ball valve to where the insert cylinder is. The ball valve does not allow the fluid to flow back.
The pump handle is connected to the small insert cylinder and squeezes it like the piston in a syringe. As you pump, the input cylinder goes up and down, forcing the oil to the output cylinder through another ball valve.
Each time the input cylinder is pushed off, the output cylinder pushes up a small distance upwards, but with a large force lifting the motor.
If the input cylinder is pushed down, the red valve closes and the blue valve opens. The oil is then pushed past the blue valve and it pushes the output cylinder upwards.
[image: ]
Figure 24
When the output cylinder is pulled up, the red valve opens and oil is withdrawn from the tank. The blue valve closes so that the oil cannot flow back from the side of the output cylinder. As a result, the output cylinder does not move while the input cylinder is pulled up.
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Figure 25
On the next page, draw a system diagram of the operation of a motor jack. The picture below can help you think about all the different steps one continues to pump oil with the insert cylinder. The system diagram must show the different steps when you push and pull the input cylinder twice.
Note that the additional tank of oil in the picture below has a hole in the middle that fits the output cylinder. This tank is also called the hydraulic system oil reservoir .
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Figure 26: A drawing of the inner workings of a hydraulic motor jack.
Sketch your system diagram of a car jack on this page.
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An important question
What safety rules should people follow when using a car jack?
Evaluate the design of a hydraulic engine jack
1. Who uses hydraulic motor jack?

2. What does one do with a hydraulic engine jack?

3. Is a hydraulic engine jack a good tool to lift a car? Explain.

4. What materials are hydraulic motor jack made from?

5. What does a hydraulic engine jack cost more or less?

6. Is it worth paying that much money for a hydraulic engine jack?

7. Is it necessary for a hydraulic engine jack to look nice?

8. Is a hydraulic engine jack safe to use?

TECHNOLOGY PULLEYS – 9
Pulleys and control systems
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Figure 1
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Figure 2: Which way to lift a heavy bag is the easiest?
Directional change with a rope
Different ways to raise something
The man in figure 2A on the previous page wants to lift a bag of wet salt to the branch. He wants to attach the bag to the branch so it can hang there until the wind has dried out the salt. To get the bag up, he threw a rope over the branch and tied one end of the rope to the bag.
1. 
a. Mark the direction in which the man is drawing with an arrow on the picture on the previous page.
b. Also mark the direction in which the bag will move with an arrow.
2. Do you think that the rope will last forever if the man uses it to pull heavy objects up and over the branch?
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Figure 3: This rope is sanding against the edge of a brick.
If you lift heavy objects repeatedly with the same piece of rope, the rope will, as you can see in the photo, erode and eventually break.
When two surfaces rub against each other, there are forces that act on the materials and can break parts of the materials. The forces exerted on each other by rubbing or abrasive materials are called "frictional forces". On a cold day you sometimes rub your hands together to warm them. The heat comes from the frictional forces.
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Figure 4: A pulley
To prevent friction from damaging a rope used to change direction, you can move the rope over a wheel called a pulley.
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Figure 5: The man uses a pulley to lift the bag.
The system used by the man in figure 5 is called a single-wheel fixed pulley system. Its purpose is to change the direction of traction, but it does not provide a mechanical advantage.
The man cannot lift the bag from the ground to the branch just once. He has to make a plan so the bag doesn't fall down as he changes his grip to get ready for another move.
The diagram on the right shows a device called a "cam clamp". If the rope is pulled upwards, the cams will move closer to the rope, pinch it and prevent it from slipping.
If the rope is pulled downwards, the ropes will be pushed apart and the rope can move freely.
Devices such as a cam clamp, or the valves you learned in Chapter 6, allow certain movements but prevent other movements. Such devices are called "control devices".
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Figure 6: A cam clamp
[image: ]
Figure 7: You can slide a pencil between your thumb and index finger to feel how a pinch works.
1. Make a rough sketch in the space below to show where the man in figure 5 can place a cam clamp to make it easier for him to pull the bag up to the branch.
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an important experiment
For the practical activity you are going to do now, you need a piece of rope or a shoelace, and a cup or cup with a handle.
Place the cup on top of your school couch. Insert the rope through the handle. Hold one end of the rope with your left hand in the air. Pull the other end of the rope up with your right hand to lift the cup. Keep your left hand still! Slide the rope or shoe strap through the handle.
[image: ]
Figure 8
Is the cup lifted at the same distance as the distance you raise your right hand? Repeat the experiment and look closely at the movements so that you can see the distances clearly. Try to explain your observation.

Different ways to use a pulley
The system on the right is called a "pulley system".
Look carefully at the diagram on the opposite page, which shows different ways in which pulleys can be used when hoisting objects.
In the diagrams, the red pulleys are attached to the support structure. They can turn, but they cannot move. The red pulleys are called fixed pulleys. The blue pulleys can move and they are called movable pulleys.
Figure 10A shows a single-wheel fixed pulley system.
Figure 10B shows a single-wheel movable pulley system.
10C shows a block and tackle or hoist up (English: block and tackle).
[image: ]
Figure 9: A block and tackle
1. Take a good look at Figures 10A and 10C.
a. If the rope is pulled down 10 cm in figure 10A, will the load (the black object) also move upwards 10 cm?

b. If the rope is pulled 50 cm upwards in figure 10B, will the load (the black object) also move upwards 50 cm?

c. When will you do more work if you pull the rope 50 cm down in figure 10A, or if you pull the rope 50 cm down in figure 10C?

[image: ]          [image: ]          [image: ]
Figure 10A           Figure 10B               Figure 10C
   
In pulley systems such as these, the purpose of the fixed pulleys, shown here in red, is to change the direction of the rope, so that one can pull downwards to lift an object.
1. In what way do the movable pulleys, shown in blue, help make it easier to lift the black object? If you find it difficult to answer this question, remember what you experienced when you did the experiment with the string and the cup on page 103 of this chapter.

The image below can help you better understand how a movable pulley system works.
[image: ]
Figure 11: Single wheel movable pulley system
Suppose the load is 50 cm below the beam. To lift the load to the level of the beam, your hand must pull the rope up 100 cm. So your hand moves 100 cm upwards while the load moves only 50 cm upwards.
Because your hand travels twice the distance from the load, the pulling force that your hand must exert is only half of what would be needed to lift the load directly. That is, you only have to pull up with a force of 5 kg to lift the 10 kg load. You thus gain a mechanical advantage but a distance disadvantage.
Mechanical control systems
A bike can ride quite fast.
[image: ]
Figure 12
However, to be safe when riding a bicycle, you need to be able to control the speed. You need brakes . One type of bicycle brake is shown in the photo on the right. The diagrams on the next page will help you to understand this picture better.
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Figure 13
Think of scissors:
[image: ] 
Figure 14
Scissors can also be made like this:
[image: ] 
Figure 15: An instrument like this is sometimes called a "gauge"
The handles can be bent as follows:
[image: ]
Figure 16
The braking system in figure 13 on page 107 works like a tester. Such a braking system is called a " passer brake" .
[image: ]
Figure 17: A passing brake for a bicycle
1. Now do the following:
a. In the image above, draw the part of the bicycle wheel that fits between the brake pads. This is the front view.
b. On the next page, draw a side view of the passer brake (note that the brake pads look different in a side view and that there are hidden lines).
Color the two arms with different colors.
Add labels to show the brake pads and the center of gravity.
Use arrows to show how the parts move when braking is applied.
Make your drawing of a bicycle's brake pads here:
[image: ]
Many cars, motorcycles, mountain bikes, and even trains and aircraft wheels use "disc brakes" that work with a hydraulic mechanism. The hydraulic mechanism uses an output piston to pinch a disc attached to the wheel.
[image: ]
Figure 18: A car's disc brake
[image: ]
Figure 19: A motorcycle's disc brake
[image: ]
Figure 20: The parts of a motor disc brake
A disc brake system consists of a brake disc, a "compass", brake shoes and hydraulic input and output cylinders.
The portion of a-disc that the brake pads and the hydraulic output piston stick is also a "compass" (English: caliper ) called, although very little in common with a passerrem, except for the U-shape. A passing brake consists of two arms, each moving around the same fulcrum. But the "compass" in a disc brake system is one solid piece that doesn't move. It serves as the firm attachment for all moving parts of the disc brake system.
If the brake pedal is depressed, it moves the input piston, which then pushes oil into the output piston.
The output piston then presses the brake shoes against the surface of the brake disc. This contact causes friction, forcing the vehicle to slow down or even stop.
One-way control systems
A braking system prevents movement in both directions. But "one-way valves," as used in a hydraulic engine jack, only prevent flow (movement of a fluid) in one direction, but allow flow in the opposite direction. A "cam clamp" is like a one-way valve, it allows movement in one direction, but not in the opposite direction.
[image: ] 
Figure 21
The device below is called a lock-and-pinion system. The wheel with the teeth is the ratchet, and the other object the gear.
[image: ] 
Figure 22: A barrier and ratchet
1. Make a freehand sketch on the bottom of the next page to show how a one-way control system can be used with a block and hoist to lift heavy loads.
[image: ]
Figure 23: The man wants to lift the bag to the top of the branch.
Draw a block and tackle with a one-way control system in the space below:
[image: ]
A question to make you think
Why is it easier for the girl to go over the wall than for the boy? Try to explain why this situation is similar to levers, hydraulic systems and movable pulley systems.
[image: ] 
Figure 24
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Figure 25

TECHNOLOGY GEARS-
In this chapter, you will review spur gear systems and how they can be used to change the direction, speed and torque of rotation. You are going to calculate the number of revolutions, rotational speeds and torques.
You will also explore other types of gear systems, namely conical gears, small-gear and racking systems, and worm gear systems. These other types of gear systems make it possible to change the direction of rotation in ways that spur gear cannot do.
[image: ] 
Figure 1
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Figure 2
Direction of rotation of spur gears
Counter-rotation and intermediate gears
1. 
a. How many teeth does each of these gears have?

b. The black gear is rotated clockwise until the yellow dot reaches the position shown in figure 4. Draw arrows next to figure 4 to show where the blue and red dots will be.
[image: ]
Figure 3
c. In what direction did the blue gear turn?

[image: ]
Figure 4
d. By what part of a complete revolution did each gear turn?
The blue and black gears in the situation above rotate in opposite directions. It can also be described by saying that the two gears counter-rotate.
1. The dark blue gear on the left below is rotated counterclockwise by two thirds of full revolution. Use arrows to show where each of the yellow dots will be afterwards.
[image: ]
Figure 5
1. If the red gear below is turned counterclockwise, in what direction will the gray gear turn?

[image: ] 
Figure 6: Counter rotation
1. In the situation below, the red gear drives the blue gear, and the blue gear in turn drives the gray gear. If the red gear is turned clockwise, in what direction will the gray gear turn?

[image: ]
Figure 7: A blue intermediate gear
1. If the red gear in the system above makes a full revolution, how many revolutions will the blue gear make, and how many revolutions will the gray gear make?

Number of rotations of driver gears and driven gears
Suppose the red gear in figure 8 drives the small, gray gear. The red gear has 18 teeth and the gray gear has 6 teeth. For every 1 gear in the gray gear, there are 3 teeth in the red gear.
[image: ]
Figure 8
When a gear makes one full revolution, we can also say it makes one full revolution .
1. If the red drive gear makes one full revolution counterclockwise, how many revolutions will the gray driven gear make, and in what direction?

2. If the red drive gear makes one full revolution counterclockwise, how many revolutions will the gray driven gear make, and in what direction?

3. How many revolutions should the red gear make for the gray gear to make 12 revolutions?

4. In another gear system, the driver gear has 20 teeth and the driven gear has 80 teeth. How many full turns will the driven gear make if the drive gear makes 20 full turns?

Rotational speed of driver gears and driven gears
Suppose the small gear in figure 9 drives the big gear. The small gear has 20 teeth and the big gear has 40 teeth.
1. If the small drive gear makes 12 revolutions in one minute, how many revolutions will the driven gear make in the same time?

[image: ]
Figure 9
2. If the small drive gear in figure 9 makes 40 revolutions in one minute, how many revolutions will the driven gear make at the same time?

If a gear completes 40 revolutions in one minute, we say that the gear rotates at a speed of 40 revolutions per minute. The abbreviation rpm is often used for "revolutions per minute".
1. Think again about the situation in figure 9. If the drive gear rotates at 80 rpm with 20 teeth, at what speed will the driven gear rotate with 40 teeth?

1. If you want to drive the driven gear in figure 9 at a speed of 120 rpm, how fast will the driver gear have to be turned?

Gear ratio, rotational speed and torque
[image: ]
Figure 10: A road roller
[image: ]
Figure 11: A sports car
A road roller has a bigger engine than a sports car, but moves much slower.
Why? In order to move a heavy road roller, a large turning force must be applied to the wheels. If the output rotational speed of the wheels is much slower than the input rotational speed of the engine, then the output rotational force will be much greater than the input rotational force. A road roller uses a set of gears that change the engine's fast rotational speed to a very slow rotational speed of the wheels, so that the turning force at the wheels is strong enough to allow the heavy road roller to move.
For a sports car, a much smaller rotational force is needed on the wheels, because the car is light. The set of gears used to drive a sports car also changes the engine's fast rotational speed to a slower rotational speed of the wheels, but not as slowly as the road roller. So the sports car's wheels spin faster, but with a smaller torque.
1. Look at the set of gears in figure 12. The driver gear has 20 teeth and the driven gear has 80 teeth.
Is the rotational force increased or decreased by this gear system? Explain your answer.
[image: ]
Figure 12

Revision of what you learned about gears in grade 8
Look at the set of gears to the right. The big gear is the input gear and the small gear is the output gear.
[image: ]
Figure 13
Each gear is attached to an axle, and the axle turns the fan. The speed at which the fan turns is called the rotational speed of the shaft.
When a gear with many teeth drives a gear with fewer teeth, the driven gear rotates faster, but with a smaller torque than the driver gear.
When a gear with low teeth drives a gear with many teeth, the driven gear rotates more slowly but with greater torque than the driver gear.
Gear ratio is defined as follows
gear ratio = rotational speed of input axle      =     turning force on output axle
                       rotational speed of output axle              turning force on input axle
1. Calculate the gear ratio of the gear system in figure 12.

Gear ratio and "speed ratio" are the same thing.
You can write gear ratios in several ways, for example "2 to 1", "2: 1" or simply "2".
Torque is also called torque.
1. In figure 12, if the input shaft rotates at 120 rpm, at what speed does the output shaft rotate?

1. In figure 12, which axis will rotate with the greatest force, the drive shaft or the driven shaft?

Compare torque on the input and output shafts
In Chapter 7 you learned how a system of levers can give you a mechanical advantage to make it easier to lift heavy objects. You are now going to investigate how a gear system can do the same by changing a small pivot on the input shaft to a large pivot on the output shaft.
Look at figure 14 below. The input gear (drive gear) has 9 teeth and the output gear (driven gear) has 18 teeth. A rope was wrapped around each of the axles.
Note: In this chapter you will only work with axes that have the same diameter. When the diameter of the axes to which the rope is tied differs, you will also need to take this into account when comparing torque.
[image: ]
Figure 14
1. What is the gear ratio?

2. For one full revolution of the input gear, how many revolutions will the output gear make?

3. If you subtract the input rope by 2 cm, how far will the output rope be pulled? Draw the output rope in the "position at the end" part of figure 14 to indicate where the output rope will be after subtracting the input rope by 2 cm.

4. Is the force exerted by the output rope greater or smaller than the force exerted on the input rope? How much bigger or smaller is the power?
Tip: Think of the situation as if it were a lever system. You already know the relationship between the input distance and the output distance.

5. If you pull at the input side with a force equal to 3 kg, how much load can be lifted at the output side? Write it down below and on figure 15.

[image: ]
Figure 15
The 3 kg input weight in figure 15 represents the torque exerted on the input shaft. The output weight represents the torque exerted by the output shaft. You will now test your answer to question 5 using the ratios:
gear ratio =  rotational speed of input axle     =    turning force on output axle
                         rotational speed of output axle         turning force on input axle
                    =  number of teeth on output gear
                        number of teeth on input gear

You have already used the number of teeth on the input and output gears to calculate the gear ratio as 2: 1. It can simply be written as 2.
If you rearrange the blue part of the formulas, you can make the turning force on the output shaft the subject of your formula:
(torque on output shaft) = (gear ratio) × (torque on input shaft)
1. Use the formula above to test your answer to question 5.

1. The questions below are about other gear systems with ropes around the axles, similar to the system on the previous page:
1. In a certain system, the input shaft has 6 teeth and the output shaft has 18 teeth. If you apply a 4 kg traction on the input rope, what will be the heaviest load that can be raised by the output rope?

1. In a certain system, the input shaft has 12 teeth and the output shaft has 30 teeth. If you want to lift a load of 75 kg with the output rope, with what force, in kilograms, do you have to pull the input rope?

1. A certain person can only pull with a maximum force of 25 kg. That person must lift loads of up to 150 kg. Design a gear system that will allow the person to lift such heavy loads. In other words, how many teeth should the input and output gears have?



Other types of gears
Conical gears
[image: ]
Figure 16: Two guide gears with axes parallel to each other
[image: ]
Figure 17: Two conical gears with axes perpendicular to each other with respect to each other
The axes of the two guide gears in figure 16 are parallel to each other, but the axes of the cone gears in figure 17 form a 90 ° angle with each other. The gears in figure 17 are also shaped differently from ordinary spur gears, to make them work better at right angles to each other. They are called conical gears.
Cone gears are used to change the direction of rotation in devices such as hand drills and food mixers.
[image: ]
Figure 18: A hand drill
[image: ]
Figure 19: A food mixer
1. Do you think conical gears can also be used to change rotation speed? Explain your answer and give examples.

2. Why is fast rotation necessary to whisk eggs properly?

3. In a specific conical gear system, the gear ratio is 1 to 12.
a. The driven gear has 8 teeth. How many teeth does the driver gear have?

b. How many revolutions will the driver gear make if the driven gear makes 60 revolutions?

c. How fast should the driver gear rotate to turn the driven gear at 36 rpm?

4. Suppose you want to buy a food mixer to help you mix ingredients when baking cake. Which food mixer will need the most power to mix the ingredients: the mixer with a gear ratio of 1: 3 or the mixer with a gear ratio of 1:30? Explain your answer.

Toothed gear systems
[image: ]
Figure 20: A rack and pinion in a security gate
In figure 20 there is a shell structure bolted to the ground.
1. What do you think is within the shell structure in figure 20, and why is it there?

2. In which direction will the gate move when the small spur gear is turned clockwise (as seen from the inside of the gate)?

The small spur gear is called a small gear.
The straight bar with teeth is called a toothpick.
If something turns around, such as a wheel, it is called "circular motion" or "rotation".
If something moves in a straight line, such as a falling stone, it is called "linear motion".
[image: ]
Figure 21[image: ]
Figure 22: A small gear and rack system
The small spur gear is called a small gear.
The straight bar with teeth is called a toothpick.
  Which part of the small gear and gear system rotates?

  Which part of the cog-and-pinion system moves in a straight line?

  If the distance between two adjacent teeth on the rack is 3 cm, and the small gear has 18 teeth, how far will the rack move if the small gear completes one full revolution?

[image: ]
Figure 23
[image: ]
Figure 24: A small gearbox and racking steering system for a car
1.   
How many teeth does the steering gear's small gear in Figure 24 have?
2. What difference would it make to the car's driver if the steering gear's small gear was replaced with a larger one that has 27 teeth?

[image: ]
Figure 25: A worm gear system
[image: ] 
Figure 26
  If the wheel in figures 26, 32 has teeth, how many revolutions must the worm make for the wheel to complete one full revolution?

  Does the wheel spin faster or slower than the worm?

  If there are 18 teeth on the wheel and the worm is rotated at 6 rpm, how long will it take the wheel to complete one full revolution?

  If the wheel has 18 teeth, how fast should the worm be turned to turn the wheel at 3 rpm?

[image: ]
Figure 27: A worm and worm wheel used many years ago to lift heavy loads.
There is another useful feature of worm gear systems: the worm can turn the wheel, but the worm wheel cannot turn the worm. This is another reason why worm gear systems are used for hoisting devices.
Imagine you are in a lift that is lifted by an ordinary spur gear system and there is a power failure.
Explain what will happen and why.
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