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Relevant Knowledge


System & Control
[bookmark: _Toc513522528][bookmark: _Toc513522989][bookmark: _Toc524237942]T
hose seemingly complicated tools, devices and machines are in fact composing of many parts properly arranged and combined to form a system.  There should be appropriate control when used by human, or otherwise the result may be loss of control, accidents and losses. For example: an out of control bus may cause injury to the pedestrians and damage of properties, therefore we need to have control systems to control different devices.

1. Introduction to system
System is a device made up by a combination of components interconnected and work according to specific procedures to complete the assigned tasks. In the area of technology, there are mainly mechanical, electrical, electronic, computer and pneumatic systems.
A system usually consists of three major parts:
	Input
	
	Process
	
	Output



	Input
	-
	Including energy, materials and input control.

	Process
	-
	Perform certain specific procedures to complete the assigned tasks.

	Output
	-
	Complete designated tasks and get the required results.


Other systems
There are many other kinds of systems around us. In this teaching unit, we will skip those natural ecosystems, human body's blood circulation system, community transport systems, mail processing systems, commodity trading systems, financial systems, etc. In fact, different systems have different input, processing and output characteristics



2. Different forms of control systems
All kinds of tools and machine must have appropriate control during operation; otherwise it would be difficult to complete the assigned work accurately. Therefore we need control systems to guide, command or regulate the operation of those different tools and machines. Commonly used control systems are mechanical systems, electronic systems, pneumatic systems and computer controlled systems, etc.

[bookmark: _Toc513522529][bookmark: _Toc513522990][bookmark: _Toc524237943](a) Mechanical control system
Mechanical system is a device combined mainly by many mechanical parts (e.g. levers, gears, etc.).
	Input
	-
	Effort

	Process
	-
	Specific movement is generated to drive the mechanical components to perform certain procedures.

	Output
	-
	Work done of the output unit to complete the designated task.


Mechanical system can transmit more forces, but the error rate is usually high.  There are many examples of mechanical systems, such as can opener, cork driver, etc.
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(i) Can opener
  
Lever
Gears







(ii) Cork driver
		Examples of mechanical system

[bookmark: _Toc513522530][bookmark: _Toc513522991][bookmark: _Toc524237944](b) Electrical control systems
Systems such as electrical, magnetic, electronic, computer, radio frequency, communications, signal processing are closely connected with each other. Electrical systems usually include electric power transmission and electrical equipment, whereas electronic systems include computers, communications systems, integrated circuits, etc.
Electrical control system makes use of electrical components to control the electrical device system.
	Input
	-
	Power supply, on-off switch.

	Process
	-
	Generate electromagnetic, heat, light, etc.

	Output
	-
	Motor rotation, bulb light, etc.


Electrical system uses electricity to save manpower, but the system is still relatively large in volume. There are many examples of electrical systems, such as electric fans, lifts, lighting equipment, heating equipment, etc.Motor
Control buttons

Example of electrical system                                Desk fan








(c) Electronic control systems
Electronic control system is the use of electronic signals to control the electronic device.
	Input
	-
	Power supply, manual input, input of electrical signals, etc.

	Process
	-
	Convert sound, information transmission, screen display, measurement, memory, calculation, etc.

	Output
	-
	The operation of multiple output devices such as loudspeaker, LCD display, etc.


Electronic systems have very high precision, but the demand on manufacturing technology is also high. There are many examples of electronic systems such as radio, computers, electronic games, mobile phones, tablet computers, etc.
LCD Monitor
Keyboard
Power supply (1)









(i) Calculator	
Processor
Power supply (2)
Calculator (cover removed)









			      	  		

Touch screen
LCD display
Camera
Loudspeaker




	



(ii) Tablet computer
Examples of electronic system

[bookmark: _Toc513522531][bookmark: _Toc513522992][bookmark: _Toc524237945]
(d) Computer control systems
Computer control system and electronic control system are similar, but with the use of computers, a large amount of input signals can be processed in a short time.
	Input
	-
	Individual auto sensing devices, manual and electronic signal input, etc.

	Process
	-
	Computer operates at high speed and processes a large volume of input signals in a very short time.

	Output
	-
	Generate appropriate output according to pre-scheduled programs.


Computer control system can handle large volume of data simultaneously but the cost is relatively high. There are many application examples of computer control system, such as computer-controlled household appliances, computer numerical control machine tools, and computer-controlled railway system.
(i) Household electrical appliances operates according to user’s pre-scheduled programs
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(ii) Traffic control room of the Tsing Ma Bridge 
Examples of computer controlled systems


[bookmark: _Toc513522532][bookmark: _Toc513522993][bookmark: _Toc524237946](e) Pneumatic control systems
Pneumatic system is a system that uses compressed air to transmit and control energy.
	Input
	-
	Compressed air, on-off switch, etc.

	Process
	-
	Transmit air to various pneumatic processing components via sealed pipes.

	Output
	-
	Work done by pneumatic components to complete the assigned tasks.


Pneumatic system is suitable for simple automatic control system, but the degree of accuracy is low. The usage of pneumatic system is very broad, such as controlling the operation of automatic production line, controlling the opening and closing of MTR doors, controlling the operation of automatic machinery chucks, etc.
[image: AH115](i) CD production line

[image: ](ii) MTR door
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3. Examples of control systems application
Various control systems operate in complement with each other at home and at work, such as washing machines, air conditioners, security alarms and ticketing machines.
[bookmark: _Toc524237955](a)	Washing machine
Many families are now using automatic washing machine to wash their clothes.  There are many scheduled washing programs for users to choose. When the appropriate program has been chosen, the washing machine will automatically carry out the cleaning procedures (includes filling in water, adding detergent, spinning, washing clothes, releasing water, and many other steps) and usually each step will be completed within the preset time. When all steps within the program have been completed, the washing machine will stop operation.
Automatic washing machine only requires the user to select a program and all cleaning steps will then be completed, so it can save the users a lot of time.
However, the automatic washing machine can only complete all the steps on time, but will not bother whether the clothes are clean, also it will not provide any feedback. Its block diagramiis:


	Input
	Unwashed clothing

	
	

	Process
	Washing process

	
	

	Output
	Washed clothing


[bookmark: _Toc524237956]Washing machine












(b)	Air conditioner
Many families are now using air-conditioners for automatic temperature control. The continuously circulating coolants inside the air-conditioner absorbs heat inside the room, then continuously transmit heat from the evaporator to the condenser, and then blown to the outside by the fan.


	Input
	Hot air

	
	

	Process
	Refrigerating

	
	

	Output
	Cold air















Air-conditioner













Air conditioner (cover removed)
Temperature sensor

Temperature adjustor

Evaporator

















Air conditioners usually include a temperature adjustment device that allows users to adjust the cooling level. When the cold air’s temperature is lower than the specified level, the air conditioner controller will stop the operation of the compressor such that the coolants will stop circulating. The temperature sensor device near the evaporator continuously detects the cold air’s temperature and the result is feedback to the controller.
When comparing air conditioner and washing machine systems, air-conditioning system has the additional parts of sensor and comparison as a feedback to regulate the temperature of the output cold air and change the air-conditioners’ operation (pause and resume the operation of the compressor), which initially realising automatic control.


Block diagram for air-conditioner cooling control:

	Pre-set reference temperature

	

	Temperature comparison

	

	Drive controller

	

	Switch compressor




Feedback







	Temperature sensor



















Lesson Exercises



S1 Technology Modules K8&9                                        Material 6 - System & Control Lesson Exercises


1. 
2. Which three components do control systems usually include? Give four examples for control systems. 

3. Explain the differences between mechanical systems and pneumatic operating systems

4. As computer control system can quickly process large volume of data returned from the sensor for analysis, why mechanical control systems are still in use extensively?

5. What are the advantages and disadvantages of adding a feedback path to the control system?
(b) Temperature sensitive switch
Control knob

Insulator
Circuit to the heat generator

Bimetallic strip


(after heating)


Contactor







6. 
Draw the block diagram for the control system of family type electric irons with automatic thermostat (bimetallic strip).
(a) Electric iron
















		    


Design Project-Pneumatic Toys


Guidelines for project activity

1. Objectives
Students design and make a simple movable pneumatic mechanical model following the major design process, so as to understand and apply the relevant knowledge about pneumatics, mechanisms and structure.

2. At completion of the design project, students should be able to master:
1. Understanding and applying the major design process;
2. Understanding simple mechanisms, functionality and efficiency;
3. Understanding the input, process and output of the system.

3. Situation
Using movable cartoon characters or animal toys to celebrate the Easter, their movements must be manually controlled, and transmitted through pneumatic means.

4. Design brief
Students apply the main design steps and use simple materials to make a movable cartoon model, which can perform many interesting expressions.








5. Recommended time
3 lessons x 40 minutes (total 120 minutes)
















6. Materials required
5ml syringe (without the needle), ice lolly sticks, Ф3.5 mm eyelets / twin leg fasteners, cardboard, plastic sheets













7. Activity contents
(a) Consideration factors 

Pneumatic
toys
Theme of the toy
Movable parts
Joining method
Driving
method
Surfacing
finishing
Vivid and interesting expression











The following problems should be considered in designing and making pneumatic toys: 
(i) 	What is the theme of the toy?
(ii) 	What kind of vivid and interesting expressions can be performed?
(iii) 	How to connect the different parts? 
(iv) 	Driving methods? 
(v) 	Will the different parts hinder each other after being joined together?
(vi) 	What method to adopt for the surface finishing? 






(b) Steps for making 
(i) 	Select the theme
(ii) 	Design the appearance
(iii) 	Design vivid and interesting expression
(iv) 	Design the connection and driving methods
(v) 	Select appropriate materials for different parts
(vi) 	Make the components for different parts
(vii) 	Make holes in all hinges, then put on eyelet / twin leg fastener
(viii)	Test the effects for pushing by hands
(ix) 	Test the effects for pushing by syringe
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(x)	Conduct surface finishing for the movable toys
[image: ]2M6-DP


(c) Data collection
(i) 
[image: ]3M6-DP


(i) Make references to the design of toys in a toy shop.
(ii) Make references to the design of toys in advertising leaflets.
(iii) Use the Internet to search for various toy designs. 
Picture or sketch of toy 2 for reference:
Picture or sketch of toy 1 for reference:

	Picture or sketch of toy 2 for reference:
















Picture or sketch of toy 3 for reference:














(d) Design of the appearance 
Design sketch 1 of the toy’s appearance:
















Design sketch 2 of the toy’s appearance:


















[image: ]4M6-DP



(e) Design of the movable parts 
Design sketch 1 for the movable parts of toy:















Design sketch 2 for the movable parts of toy:


















[image: ]5M6-DP


(f) Design folio 
(Can refer to the design project for book buckle)
[image: ]6M6-DP


Design folio may include the following items to record the design process:
	(i) 	Cover
	(vi)  Data collection 

	(ii)  Table of contents 
	(vii)	Solutions

	(iii)  Situation 
	(viii) Realisation, can use pictures to record the production process

	(iv)  Design brief
	(ix) 	Testing

	(v)  Design specification
	(x) 	Evaluation
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Pneumatic movable toy 



Basic structure diagram

Connect to the movable part









Syringe
Syringe connected with the toy




End view

Elevation

Joining pipe
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