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I Simple Properties of Structures and Movement
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In Book 1 Material 5, we mentioned that all machines are made up of different parts. Each of these parts is called a mechanical component. Whether the mechanical component is a simple machine or a compound machine made up of 
simple machines, it can transmit and control movement.Energy (electricity, mechanical energy, wind energy, solar energy, etc.)


Before work can be output, there must be an input of energy, followed by control of movement by processing parts. 



	Input
	
	Processing
	
	Output





The input portion usually has a close relationship with energy. 
1. Energy Sources on the Earth

The sources of energy currently used on the Earth can be classified into two main categories: non-renewable energy and renewable energy. Non-renewable energy refers to energy which has finite sources and cannot be recycled when consumed. Examples of this kind of energy are fossil fuels and uranium. On the contrary, renewable energy is energy which has infinite sources and will not run out. Examples of this kind of energy are solar energy, geothermal energy, wind energy and tidal energy.

a. Non-renewable Energy
Fossil energy is the energy that is most used by humans today. At the same time, it faces the problem of being over-exploited. Fossil energy such as coal, petroleum and natural gas is transformed from ancient plants and animals, and thus has a limited amount. Since the industrial revolution, the amount of fossil energy used by humans has been increasing continuously. Some scientists estimate that fossil energy will exhaust within decades to a hundred years. When this happens, energy crisis may occur.









Nuclei of some substances on the Earth keep giving out tiny particles or radiation. These substances are known as radioactive substances. If the nuclei of these substances are appropriately split or joined, nuclear fission or nuclear fusion will occur. A large amount of energy is released during either process and this type of energy is called nuclear energy. Daya Bay Nuclear Power Plant, which is near to Hong Kong, uses nuclear energy to generate power.  A large amount of heat energy is released from its reactor core, turning water into steam. The steam turns the generator to produce electricity. Nuclear energy has its advantages, but it is also very dangerous at the same time. Daya Bay Nuclear Power Plant
















[image: ]
b. Renewable Energy
Most of the renewable energy on the Earth is converted from the Sun and the Moon, so they are also called external energy. Methods of utilising external energy can be categorised into direct conversion and indirect conversion.

2. Conversion of Energy
(a) Direct Conversion
Solar thermal collectors and solar cells can be employed to make use of solar energy. Both devices directly convert solar energy into useful energy and that is why they are referred to as direct conversion methods. For example, one can install solar thermal collectors on the roof to absorb solar energy for heating up water passing through the pipes on the roof. As a result, energy for heating up water can be saved.









Sunlight
Solar water heater
Water pump
Hot water
Cold water









A solar water heating system






[image: ][image: ts2-p02-0222-01b]Solar cells convert energy of light directly into electricity for operating various electrical appliances, such as solar-powered calculators and solar-powered model cars.











A solar-powered model car


A solar-powered calculator


(b) Indirect Conversion

The Sun causes the wind and rain on the Earth, thus wind energy and hydro energy are both derived from solar energy. Tides are caused mainly by the effect of the gravitational force exerted by the Moon. Hence, the source of tidal energy is the Moon. As a result, when we are using solar energy, wind energy, hydro energy and tidal energy, we are using energy originated from external sources indirectly.
Sunlight leads to the rise of temperature on the Earth. Temperature differences in different areas result in convection of air. Movement of air forms wind. Energy of the wind can make windmills turn and wind energy is thus converted into mechanical energy or electricity. The following figures show a traditional windmill that produces mechanical energy and a modern wind turbine that produces electrical power.

(a) A traditional windmill
(b) A modern wind turbine
















Sunlight evaporates the water on the surface of the Earth to become cloud, which in turn becomes rain. Rainwater fallen on somewhere with a higher altitude has higher potential energy and this energy originates from solar energy indirectly. Hydropower utilises reservoirs at heights to store water. A large amount of water running down makes turbine generators turn and hydro energy is consequently converted into electrical energy. 


Dam
Water
Generator
Water tank
Electricity for the city
Generator driven by flowing water
Water stored at high tides
Water level at low tides










Electricity generated by tidal power
Electricity generated by hydropower




Tidal power uses the difference between high tides and low tides to generate electricity. An embankment is built over a bay. At high tides, sea water flows into a water tank through pipes underneath the embankment; at low tides, sea water flows out to the sea through the pipes, turning a turbine generator to produce electricity.



3. Choice and Use of Energy Resources
 Advantages and Disadvantages of Various Kinds of Energy Resource 
	Energy Resources
	Advantages
	Disadvantages

	Coal
	· Easy to convert to heat energy
· Safe and easy to transport
	· Mining of it is dangerous
· Burning of it causes air pollution

	Petroleum
	· Easy to mine and refine
· Can be used to produce a wide range of products
	· Petroleum and its products cause air pollution
· The amount of reserves is limited and its supply is easily affected by political instability



	Energy Resources
	Advantages
	Disadvantages

	Natural gas
	· Easy to transport
· Will not cause pollution to the environment
	· Production and reserves of it are limited

	Nuclear energy
	· A large amount of heat energy can be generated by only a small amount of raw materials 
· Unit costs of heat energy production are lower
	· Nuclear wastes have a high level of radiation, which can cause harm to the environment and living organisms 
· Very dangerous 

	Solar energy
	· Safe
· Inexhaustible
· Low facility construction costs
	· Low thermal efficiency
· Collection of sunlight is only possible on sunny days

	Wind energy
	· No pollution
· Can generate electricity whenever there is wind
	· Generation of electricity is usually possible only when wind speed reaches 11 km/h
· Changes in wind speed will affect the stability of wind power generation

	Hydro energy / tidal energy
	· Reusable and inexhaustible
· High energy conversion efficiency
	· High dam construction costs and difficult to find suitable locations to build them
· Building dams will damage the environment


Advantages and disadvantages of each kind of energy resource








After conversion processes, different kinds of energy resource can produce the same amount of energy and achieve the same results. For instance, most energy resources can be converted into electricity to light up lighting. 

[image: ][image: light]







	Streetlights in cities use mains electricity	A solar-powered streetlight
[image: 970909tc-009 copy]
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Wind power	        Coal-fired power	



Class Discussion:
Form groups of two students, discuss and answer the following questions. 


The above figure shows the energy and driving parts of a model car. Point out the following: 

The input energy is: ____________________________________________________________
Advantages of this type of energy are: _____________________________________________
Why the energy should be transformed: ___________________________________________
This energy drives: _____________________________________________________________
The process that has taken place is: _______________________________________________
The purpose of this process is: ___________________________________________________
The output is: _________________________________________________________________
II Use of Mechanisms for Transmission and Control of Movements  

In Material 5 of Book 1, we have discussed a number of common machinery. A few more will be introduced in this section. 
[bookmark: _Toc524180415](a) Cam and Follower

A cam is a flat wheel with a very special shape. Its chief function is to change its rotary motion into the follower’s reciprocating motion. The follower can rely on external force (such as its own weight or the force of a spring) to always keep it in contact with the cam. 
The working principle of a cam is that when the cam rotates, the follower will move up and down. As a result, it can, for example, control the opening and closing of an air valve of a car engine. 

Cam

Follower

Output 
Output 






A camshaft of a car engine

	
Cams have different shapes and functions.

	Example of Cams
	Pear-shaped cam
	Eccentric Cam
	Heart-shaped cam

	Structure
	[image: illustrator\Tfts4-ach3-fig28a.tif]





	[image: illustrator\Tfts4-ach3-fig28b.tif]
	[image: illustrator\Tfts4-ach3-fig28c.tif]

	Function
	Controls gas valves and pistons
	Controls steam valves in steam engines
	Control bobbins of sewing machines


Cam
Using cams to control the opening and closing of valves in an engine 


Examples of common cams凸輪






	
Some cams have a unique shape.

	Example of Cams
	Linear cam
	Cylindrical cam

	Structure
	
Reciprocating motion
Plate cam
Reciprocating motion
Rotary follower


	Follower
Cylindrical cam
Helical trough


	Function
	Controls automatic sawing machines
	Guides the screw threads in sewing machines


[image: ]Examples of special cams Ratchet and pawl
爪

[bookmark: _Toc524180416](b) Ratchet and Pawl
A ratchet and a pawl can be used to prevent a rotating shaft from turning in the opposite direction. The figure on the right shows a set of a ratchet and a pawl. When the ratchet rotates anti-clockwise, the pawl will let every saw-shaped tooth get passed. However, if the ratchet moves in the opposite direction, the pawl will get locked at the base of one of the teeth and the ratchet will not be able to move anymore. Pulling straight a volleyball net against a pole is a typical example of an application of the ratchet mechanism.	
The mechanical hand brake systems in cars also make use of ratchets and pawls. A hand brake is mainly used to prevent a car from rolling accidentally when it is parked. A hand brake lever is used to tighten a steel cable and lock the wheels. When the hand brake lever is pulled, a pawl catches against a tooth of a ratchet and locks the hand brake lever at any chosen position. A spring will then press against a spring button. When the spring button is pushed, the pawl and the ratchet will disengage, and the hand brake lever can then be moved freely.
The ratchet mechanism of a hand brake system

Spring button

Spring






Pulling a hand brake lever

Releasing a hand brake lever

		

In Secondary one, we have mentioned gears. Two more types of gear will be introduced here.  
(c) Rack and Pinion

When the teeth of one of two connecting gears are straightened, that gear becomes a rack. A rack converts a rotary motion into a linear motion. For example, rotating the handle of a lathe will allow the apron and tool post to move along its entire machine bed from left to right. 

[image: ]
Pinion
Rack
Input 
Output 








(d) Worm Gear and Worm Wheel
When you need to rotate a shaft in a relatively very slow speed, a worm gear can be used. For each one turn (360°) of a worm gear, the connecting worm wheel gear advances only one tooth. 
[image: ][image: ]Worm wheel gear



Output 1 tooth 
 




Input 1 turn


Worm gear




Combining worms with repeated use of small gears driving large gears can result in the motor turning thousands of times with the output rod turning only one round. 

A worm gear driving a 28-tooth worm wheel gear: for 28 times the worm gear turns, the worm wheel gear turns only once









(e) Bearing and Lubricant

Every rotary and moving motion of machinery faces an unfavourable condition known as friction. Friction will cause the movable parts of a machine to be unable to run smoothly and even cause abrasion of these parts. For example, friction will affect the rotation of gears and pulleys, as well as the movement of sliders.
i. BearingBearing


To further reduce friction and to make motion more smooth and stable, we can use bearings. A bearing can be used to fix, support and guide rotating shafts and sliding components in machines. 
A rolling bearing can reduce the friction produced when a rotating shaft turns. Examples of this kind of bearing include sleeve bearings, ball bearings and roller bearings. A ball bearing uses balls as a medium between the fixed components and the rotating components. A common example is the moving parts at the bottom of an iron gate. A roller bearing works similarly but cylinders are used instead of balls. Applying lubricant regularly to the bearings can reduce friction and make rotation smoother.A ball bearing ensures that a ventilation fan can rotate stably at a high speed



A ball bearing
中一四足玩具

A roller bearing
A sleeve bearing

Rotating shaft
Sheath
Bearing trestle






			

[image: ]
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ii. LubricantA copper ring is added between the shaft and the box as a bearing
The gear box used in the machine pet in Secondary one 


[image: ]Lubricants can reduce the friction between parts of a machine. Lubricants can be categorised into liquid (e.g. engine oil) and paste forms (e.g. grease).
Liquid lubricants have lower viscosity and are suitable for mechanical components with higher rotation speeds or situations where pressure to be endured is lower, e.g. in a small motor. Paste lubricants with higher viscosity are suitable for mechanical components whose operating temperatures are higher, e.g. gear trains.Apply lubricant

A lubricant


	



III Glossary of Terms
	Renewable energy
	再生能源
	Cam
	凸輪

	Non-renewable energy
	非再生能源
	Follower
	隨動件/從動件

	Fossil energy
	化石能源
	Pear-shaped cam
	梨形凸輪

	Energy conversion
	能量的轉化
	Eccentric cam
	偏心凸輪

	Solar energy
	太陽能
	Linear cam
	線性凸輪

	Wind energy
	風力能
	Cylindrical cam
	圓柱凸輪

	Hydropower
	水力發電
	Ratchet and pawl
	棘輪和棘爪

	Tidal power
	潮汐發電
	Rack and pinion
	齒條和齒輪

	
	
	Worm gear and worm wheel wheel
	蝸桿和蝸輪

	
	
	Bearing
	軸承

	
	
	Lubricant
	潤滑劑

	
	
	
	




IV Interactive Information
	
	Website
	Content

	1.
	https://www.youtube.com/watch?v=tQROmnU_pAE
	Cam operated ratchet pawl

	2.
	https://www.youtube.com/watch?v=bAL_nWjuhOI
	Ratchet of a bicycle wheel

	3.
	https://www.youtube.com/watch?v=5qBJzyLeCQU
	The use of bearings in ancient times and today

	4.
	http://baike.baidu.com/view/5545.htm
http://zh.wikipedia.org/wiki/%E8%BD%B4%E6%89%BF
	Bearing

	5.
	https://www.youtube.com/watch?v=aqB8hflHvwU
https://www.youtube.com/watch?v=jmvqN3M1OoI
	Rubber band-powered car/boat

	6
	http://www.tamiya.com/english/products/72008_4speedwormgear/index.htm
	Gear box







A pear-shaped cam	  An eccentric cam

Exercise

1. 	i)	Use cardboard to make models of a pear-shaped cam and an eccentric cam as shown in the figures on the right.
ii)	Rotate the cams slowly with your fingers, then on each of the models and the figures, mark the following labels:
'M' at the contact point between the cam and the follower when the follower moves up to its highest point;
'm' at the contact point between the cam and the follower when the follower moves down to its lowest point.
	
2.	What fractions of one rotation does the pear-shaped cam need to turn to make the follower move up and down respectively?
	To move the follower up, the cam needs to turn ________________ rotation.  To move the follower down, the cam needs to turn ________________ rotation.
3. When observed closely, one should find that ...
While the follower is in contact with the pear-shaped cam at the positions indicated by the thick green line in the figure on the right, the follower actually neither moves up nor down.
For the eccentric cam, the follower keeps moving up and down throughout the rotation of the cam.
	i)	Design a cam which causes the follower to move up during 3/4 of one rotation and move down suddenly during 1/4 of one rotation of the cam.
	ii) Design a cam which causes the follower to move up during 9/10 of one rotation and move down suddenly during 1/10 of one rotation of the cam.







After-school Exercise




[image: G:\EMB Enriched TE L&T\s3\picture\timer002.JPG][image: G:\EMB Enriched TE L&T\s3\picture\timer001.JPG]
The figures on the right are the front side and back side of a timer switch. 
We will now disassemble it to take a look at its internal structure. 



[image: G:\EMB Enriched TE L&T\s3\picture\timer003.JPG][image: G:\EMB Enriched TE L&T\s3\picture\timer004.JPG]





Removing the cover

Removing the control dial


	                                  Resistor
Coil
Follower
L-shaped linkage




Micro Switch






1. Label the following parts in the figure and point out their functions in this instrument.
	Parts
	Function

	Screws
	

	Resistor
	To lower the voltage to suit the coil

	Coil
	To convert electricity into a magnetic field to drive the gears with magnets

	Worm gear and worm wheel 
	

	Compound gear
	

	Cam that allows users to adjust by its raised part

	

	Follower
L-shaped linkage
Micro switch
	The follower will rise when it touches the bulge part of the cam (since the timer switch is laid down, the follower moves to the right). Through the L-shaped linkage, the movement is transmitted to the micro switch, where power supply is switched off or on. 



2.	Compared with an electronic timer switch, what are the advantages and disadvantages of this mechanic timer switch?

Advantages: _________________________________________________________________
Disadvantages: _______________________________________________________________
S3 Technology Module K4	                       Material 2 Energy, Structures and MechanismsRelevant Knowledge
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Project Activity
Solar-powered Model Car

Project Activity Guidelines

1. Objectives
Through their knowledge and application on materials and resources, structures and mechanisms, and tools and equipment, students are going to design a solar-powered model car.
2. On completion of the design project, students should be able to
1. understand how to choose appropriate materials and resources; 
2. understand how to use simple structures and mechanisms; 
3. know how to use tools and equipment; and 
4. integrate technological skills. 

[image: ]3. Situation
Hong Kong Technology and Renewable Energy Events (http://www.hk-tree.org/) have been organised since 2006. The events include competitions such as solar-powered model car race, (hand generator) superconductor model car race, hand generator intelligent mechanical model car race and windmill design competition. This project activity is taking the solar-powered model car race of the events as a reference. Students are going to design and make a solar-powered model car in this activity.






4. Design Brief
S3 Technology Module K3, 4, 5          Project Activity – Knowledge Integration (Solar Car Model)        Project Activity


[bookmark: _GoBack]2
Design and make a solar-powered model car. A solar panel and a motor will be provided. The model car must draw energy from the solar panel to drive the motor, so as to fulfil the assigned tasks.  


Grouping: Form groups of three students.
Names of members:
（1）：_________________（   ）		（2）：_________________（   ）

（3）：_________________（   ）	


5. Recommended Time
12 teaching periods × 40 minutes (total 480 minutes)

6. Required Materials

1.	Solar panel: About 3V 0.7W. Under normal sunlight conditions, output voltage is about 3V and output current is about 230mA
2.	Motor: Operating voltage: 3V, 24 mm (diameter) × 12 mm
3.	Gear kit: Set of 13 gears
4.	Materials chosen and prepared by students, joining materials, mechanisms, etc.
[Schools may let students use machines such as vacuum formers and laser cutters (if available) to make the required parts.]


7. Competitions
(i) 
(ii) Car race – compete to be the fastest to finish
Maximum size of the model car is 120 mm (width) × 120 mm (height) × 180 mm (length). 
Effective length of the track is about 5 m with its width about 134 mm.
(iii) Best looking and design
The prize for the best design is to reward those who have created a model car with a creative and attractive design which is decorated with environmentally-friendly materials.  Students can try to give more thoughts in this regard.



8. Activity Content
a. Considerations 



The following issues should be considered when designing and making the model car: 
(i) 
(ii) How to provide the highest power to the machine?
(iii) How to increase its speed?
(iv) How to reduce its overall weight?
(v) How to reduce the resistance?
(vi) What materials and structures can be used to build the chassis?
(vii) How to join the parts?
(viii) How may the track affect the solar energy generation?

b. Making Procedures 
(i) 
(ii) Design and make the testing car chassis.
(iii) Design and assemble the testing axles and wheels.
(iv) Design and assemble the motor and mechanism at the testing location. 
(v) Assemble and connect the solar panel.
(vi) Test running.
(vii) Repeat the above 5 steps to further improve and test the model car.
(viii) Give the car an appealing appearance.


(ix) 


c. Design folio
1. 
2. Record every idea with a sketch and pick one of the best designs.
3. Record every design and its model made, the parts being improved and the purpose, and the results of each test whether the target of the improvement is achieved. 
4. Use experiments to verify that the basic conditions of the design of the model car meet the requirements of the design project, for example, its power, weight, resistance, speed, manoeuvrability, ease of use, aesthetic level and safety. 
5. After choosing the final idea, prepare the production drawing in scale, with all dimensions indicated in detail.
6. Point out the reflection on the success and failure, limitations, and gains and losses of this activity.

1. 


References:
1. Information collection
a. Hong Kong Technology & Renewable Energy Events
[image: ]http://www.hk-tree.org/
b. Foreign solar-powered car race
 https://www.youtube.com/watch?v=_U10D_E6Q_M&list=UUgOC1UkxovsiArqAPh9SStw
c. HK Renewable Energy (RE) Net
http://re.emsd.gov.hk/tc_chi/gen/educational/edu_local.html


Appendix 1: 2011 Solar-powered Model Car Online Workshop
	(Information provided by teacher Mr Poon of the Electronics Technology Education Association (H.K.). It is welcomed to use the information for reference and quotation for non-profit educational purposes. When referenced, please indicate the source.) 
First update: 25 February 2011 (Cross-sectional diagram of the track used in the preliminary round of the artificial lighting solar-powered model car race)
Second update: 28 February 2011 (Text in red is the updated part)


A) Summary of the regulations of the race

Before making the solar-powered model car for the race, study the specifications and race regulations carefully, so as to design and make the model car with the best performance. Doing so can also avoid being disqualified due to failure in following the race regulations. 
The following is the summary of the race regulations: 
1) 	The preliminary round of the race will be carried out on a track with artificial lighting. The effective length of the track is about 6.5 m with a width of about 134 mm. A starting gate and touch sensor gates at the finish line will be set. Time will be recorded by electronic timers. The fastest 24 teams will enter the finals. 150W incandescent light bulbs will be used as the artificial lighting and will be placed right above the track. The distance between two bulbs is about 200 mm and the bulbs are set at a height of about 130 mm. 
2) 	The final will be carried out on a track under sunlight. The effective length of the track is about 10.7 m whose width is about 134 mm. A starting gate and touch sensor gates at the finish line will be set. Time will be recorded by electronic timers. There will be awards for the champion, first runner-up, second runner-up, highly commended and best design. 
3) 	Maximum size of the model car is 120 mm (width) × 120 mm (height) × 180 mm (length).
4) 	The model car must use the solar panel provided by the organisation while the motor and gear train can be chosen by the participating teams. The major part of the body of the model car must be designed and made by the participating teams. A same car body design cannot be used by two different teams. For the wheels and axles, the teams can make their own set or employ ready-made ones. The car body should leave a space of 20 mm × 20 mm for putting on an identification sticker provided by the organisation. 




B) Basic knowledge of the structure of a solar-powered model car
1) Basic components of a model car
· 
· Solar panel 
· Motor
· Gear train
· Car chassis and car body
· Axles, bearings and wheels
· Car side guiding wheels

2) Reference examples of model car design
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_0750s.jpg]
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_0754s.jpg] 

	Wooden chassis – motor, axles and wheels can be seen
	Bottom of the wooden chassis – gear train, axles, bearings, wheels and bracket for the car side guiding wheels can be seen

	
	

	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1924s.jpg]
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1926s.jpg]

	A complete solar-powered model car – using a corrugated plastic board for the chassis 
	One of the methods to assemble the motor and the gear train 

	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/0507.jpg] Acrylic chassis – guiding wheels are installed on the two sides at the front
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/0514.jpg]










Pearl board chassis


3) Reference picture of the track 
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/0557s.jpg]






Touch sensor gates equipped with electronic timers at the finish line of the track
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/0561.jpg]When a model car reaches the finish line, it will hit the touch sensor gate equipped with an electronic timer


4) Reference pictures of the solar panel, motor and gears provided by the organisation
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1933s.jpg]








Official solar panel – 
about 3V 0.7W 101 mm × 57mm
	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1934s.jpg]







Motor provided by the organisation – 
24 mm (diameter) 12 mm (thickness) 
shaft length 11 mm




Spur gear
36T    24T
Spur gear
36T
Double spur gear
28T x 10T 　28T x 8T
Double spur gear
52T x 10T
Worm gear
6mm x 6mm
Pinion
12T　　10T　 　8T
Face gear
36T x 10T 　　　28T x 10T　　　28T

	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1929s.jpg]

[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/IMG_1929s.jpg]
Kit of 13 gears provided by the organisation



C) Key points on the design and production of the model car

1) Key points on the design and production of the chassis and the body of the model car
The chassis can be made of any material. The important point is that the material should be light and sturdy enough. Also, it should allow easy processing and on-site repairs. It is beneficial to install guiding wheels on the two sides of the car so that it can advance without being impeded due to the wheels hitting the side fences of the track. 
2) Solar panel
Only the solar panel provided by the organisation can be used. The solar panel should be securely mounted on the car body, with its height and angle adjusted to absorb the most amount of light (sources of light in the preliminary round and the final are artificial one and sunlight respectively). The specifications of the solar panel is approximately 3V 0.7W. Under normal sunlight conditions, its output voltage is about 3V and output current is about 230mA. Devices for collecting light such as reflective mirrors and condensing mirrors can be installed but ensure that they bring satisfactory end results. 
3) Motor 
The motor provided by the organisation can be used in general cases, whose performance is not bad. If another motor is to be chosen, pay attention to its operating voltage which should be about 3V. The starting torque should be sufficient and the starting current requirement should be as low as possible. The rotational speed of the motor should not be too high, and the motor should have sufficient torque and sufficient power output so as to match the characteristics of the output electricity of the solar panel effectively. 
4) Gear train, axles and wheels
Not much electricity can be supplied by the solar panel, thus the power output of the motor is limited. Number of gears used should be as few as possible so as to reduce unnecessary loss due to friction. The front and back axles must be parallel to ensure the model car can move forward in a straight line. The bearings have to be smooth to minimise friction. To obtain the optimum overall performance, sizes of the wheels should match the gear ratio and the characteristics of the motor such as its output torque and power output. With the optimum setting, a best balance between the starting power, accelerating capability and maximum speed can be achieved, and as a result, the race can be finished in the shortest time.  
5) Best Design
Besides competing for speed, there is also an award for the best design. This award is to reward those who have created a model car with a creative and attractive design which is decorated with environmentally-friendly materials. Students can try to give more thoughts in this regard.
6) Conclusion
It is not easy to design and make a superior solar-powered model car to win the race. To get the maximum performance, the design and making of every part need to fit the others. In addition to a sound knowledge and skills, students should be creative, and willing to try and prove. Division of labour among team members is necessary so that members can complement each other to obtain a more fruitful result. Finally, winning or losing the competition is not the only goal. Throughout the entire process in participating in the competition, knowledge, skills, problem solving experiences and teamwork spirit will be acquired, which are all beneficial to the growth of the contestants. 


D) Cross-sectional diagram of the track used in the preliminary round of the artificial lighting solar-powered model car race (with dimensions)

	[image: 描述: http://www.hk-tree.org/2011_on-line_workshop/solar_model_car/images/track_dimension.GIF]
150W incandescent light bulb
Aluminium fence (height 25 mm)
Plastic track












Width of the track: 134 mm; Upper limit of the width of a model car: 120 mm;
Distance between the track and the bulbs: 130 mm;
Upper limit of the height of a model car: 120 mm



Solar-powered model car


Overall weight


Ways to increase the speed


Driving force of the machine


Joining methods


Reduce resistance


Chassis
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