SYSTEMS ENGINEERING

UNIT 1 RATIONALE 

Contemporary society is exposed to the rapid advancement and pervasive influences of technology. Technological systems play an increasingly significant role in the human world. They mediate or control many aspects of human experience. Systems Engineering provides an opportunity for students to develop capabilities in, and knowledge about, the design, operation, construction, assembly, maintenance, diagnosis, repair and evaluation of technological systems, applicable to a diverse range of fields such as engineering, manufacturing, automation, control technologies, mechatronics, electrotechnology, robotics, and energy management. Students gain awareness and understanding of the interactions of these systems with human society and natural ecosystems. 

Students will gain appreciation, knowledge, understanding, and practical application of technological systems. The study promotes innovative thinking and problem-solving skills through a project-based learning approach. It provides opportunities for students to learn about and engage with systems from a practical and purposeful perspective. The study emphasises integration of basic engineering and physics theory with practical tasks. Technological principles and the associated mathematics are incorporated as essential tools employed in the processes of technological systems design, modification, production and evaluation. 

The terms mechanical and electrotechnology are used as descriptors for the types of systems 

covered by this study. Mechanical systems include pneumatic and hydraulic systems or subsystems. Electrotechnology systems include electrical, electronic and microelectronic systems or subsystems. The study can provide a sound basis for entry into a broad range of tertiary technology courses such as engineering and applied sciences, skilled trades and vocational training, in the electrotechnology and automotive sectors or lead to employment in technological enterprises. 

What is Systems Engineering?

The name Systems Engineering refers to systems as well as the nature and content of the study; engineering. The subjects focuses on trends in the engineering sector,; energy use and the environment; the use of ICT and has a focus on the designing, planning, making, testing and evaluating systems. The Systems 

Engineering study comprises four unit:

Unit 1: Mechanical engineering fundamentals 

Unit 2: Electrotechnology engineering fundamentals 

Unit 3: Systems engineering and energy 

Unit 4: Integrated and controlled systems engineering 

Each unit deals with specific content and is designed to enable students to achieve a set of outcomes. Each outcome is described in terms of key knowledge and skills.
Prerequisites

There are no prerequisite subjects for entry into Units 1, 2 and 3. It is recommended that students entering Units 3 and 4 revise the theory covered in Units 1 and 2.

Aims of Systems Engineering

This study is designed to enable students to: 

• acquire knowledge of mechanical and electrotechnology systems and apply this knowledge in solving technological problems; 

• examine ways basic systems may be linked to form more sophisticated integrated systems;

• develop an understanding of the interactions between the energy used to operate technological systems in the home, industry, commerce, society and the consequential environmental implications; 

• acquire knowledge of developments in technological systems; 

• understand the concepts of and develop skills in the design, construction, fault finding, diagnosis, performance analysis, maintenance and modification of technological systems; 

• develop skills in the use of tools, measuring equipment, machines and processes; 

• understand the risk management processes and use safe, logical and efficient work practices; 

• develop high level thinking, problem solving and analytical skills; 

• gain skills in the use of relevant information and communications technology; 

• acquire skills in project management; 

• develop an awareness of issues of quality; such as systems reliability, safety and fitness for the intended purpose. 

Unit 1: Mechanical engineering fundamentals 

This unit focuses on mechanical engineering fundamentals as the basis of understanding the underlying principles and the building blocks that operate in the simplest to more complex mechanical devices. 

While this unit contains the fundamental physics and theoretical understanding of mechanical systems and how they work, the main focus is on the construction of a system. The construction process draws heavily upon design and innovation within all the interrelated applied learning activities. 

In this unit, students study fundamental mechanical engineering principles, including the representation of mechanical devices, the motions performed, the elementary applied physics, and the mathematical calculations that can be applied in order to define and explain the physical characteristics. The unit allows for a ‘hands-on’ approach, as students apply their knowledge and construct functional systems. These systems can be purely mechanical or have some level of integration with electrotech systems. The systems constructed can provide tangible and/or realistic demonstrations of some of the theoretical principles studied in this unit. All systems require some form of energy to function. Through applied research, students explore how these systems use or convert the energy supplied to them, and related wider environmental and social issues. 

AREA OF STUDY 1 

Fundamentals of mechanical technological systems 

This area of study focuses on the fundamental engineering principles and the elements required to constitute an operational mechanical system. The inclusive term ‘mechanical systems’ includes systems that utilise all forms of mechanical linkages, as well as hydraulic and pneumatic systems. Students learn the fundamental principles of how mechanisms and simple mechanical systems provide movement and mechanical advantage, and how the specific parts of a system or an entire mechanical system can be represented diagrammatically. An understanding of mechanical systems and their operation are reliant on the theoretical principles from foundation physics and applied mathematics.

Outcome 1 

On completion of this unit the student should be able to recognise, identify, illustrate and use theoretical principles of mechanical systems. To achieve this outcome the student will draw on knowledge and related skills outlined in area of study 1. 

Key knowledge 

	This knowledge includes:
	I know this:

	• the structure and function of mechanical systems, including the concept of mechanical subsystems
	

	• symbolic representation of mechanical systems and their operation in terms of their inputs, processes and outputs
	

	• identification and operational characteristics of mechanical subsystems and components
	

	• basic principles of mechanical open and closed loop systems
	

	• foundation mechanical principles associated with systems including mass, speed, velocity, acceleration, force, types of motion, load, effort, mechanical advantage, energy, efficiency, friction, action and reaction forces, moments about a point and gear ratios
	

	• the function and operation of the following mechanisms or components: screws, inclined planes, levers, cranks, linkages, gears, pistons, cylinders, cams and followers, belts and pulleys
	


Key skills 

	These skills include the ability to: 
	I can do this:

	• describe and explain how basic mechanical systems function, using appropriate engineering terms for the components and operational processes that make up these systems and subsystems
	

	• identify and represent individual components and mechanical systems in symbolic form, using block diagrams, flowcharts and simulation software
	

	• identify and select appropriate mechanical subsystems and components that will form functional systems
	

	• measure and diagnose mechanical system parameters using appropriate measuring/testing equipment
	

	• perform basic calculations on linkages, gear ratios and basic hydraulic and pneumatic systems
	

	• access and use simulation and demonstration software to demonstrate mechanical principles using a range of information and communications technology
	


AREA OF STUDY 2 

Applied design and technological processes 

This area of study provides students with the opportunity to plan and produce a functional system/s. Students work through processes from designing and modelling how things may work, through to prototyping and testing aspects of the design. Following planning, the production stage requires materials fabrication, risk management, selection and safe use of tools, equipment and machines. Students document the technological processes undertaken including decisions made in relation to the design, developmental planning and safe manufacture of the system/s. 

While it is expected that the functional system will have significant mechanical components, the system could integrate mechanical and electrotech systems. A range of suitable systems products are included in the Advice for Teachers section.

Outcome 2 

On completion of this unit the student should be able to use appropriate processes in the designing, planning, manufacturing, documenting, performance testing, fault diagnosis and evaluation of a functional system. To achieve this outcome the student will draw on knowledge and related skills outlined in area of study 2. 

Key knowledge 
	This knowledge includes:
	I know this:

	• the design process
	

	• the relationship of inputs, processes and outputs in a system
	

	• the expected performance of the system
	

	• function and purpose of the components and elements that constitute the system
	

	• system performance variations as a result of using different components or subsystems
	

	• production processes used to implement a workplan such as joining, fabricating, cutting, filing, bending and shaping
	

	• risk assessment at all stages of design, production and use of the system
	

	• safe and correct use of appropriate tools, equipment, machines and components
	

	• measuring and testing methods and equipment
	

	• fault finding in systems
	

	• evaluating methods and procedures
	


Key skills 

	These skills include the ability to:
	I can do this:

	• interpret a design brief to generate ideas
	

	• develop evaluation criteria to be applied against the finished functional system
	

	• apply the design process to undertake planning and develop design options
	

	• diagrammatically represent the relationship of the inputs, processes and outputs for a system
	

	• develop a suitably detailed workplan for the construction of a system
	

	• use appropriate techniques in communicating the workplan and design options including information and communications technologies
	

	• select components, elements and materials that are appropriate for the system and develop a components and materials list
	

	• use a range of practical construction skills and manufacturing processes to implement the workplan to make the system, and to meet the requirements of the design brief
	

	• implement risk management processes
	

	• select, and correctly and safely use tools, equipment and machines in the production process
	

	• undertake finishing techniques and processes
	

	• manage all aspects of the manufacturing process through to completion of the system, including ongoing evaluation; and record decision making, relevant data, changes and modifications
	

	• measure and record appropriate system parameters in order to evaluate system performance
	

	• evaluate the system using the previously established evaluation criteria and suggest modifications to improve the workplan, work practices and the system
	


AREA OF STUDY 3 

Analysing a technological system in society 

In this area of study students explore and investigate a technological system. Students gain a greater technical understanding and knowledge of the components, subsystems and their interrelationship and function within the system. Students also gain an appreciation of how trade-offs are applied, as these systems are designed to bring benefit, but also usually have some wider detriment to the broader society. 

Outcome 3 

On completion of this unit the student should be able to analyse a technological system in terms of its operation, function, energy use and social and environmental implications. 

To achieve this outcome the student will draw on knowledge and related skills outlined in area of study 3. 

Key knowledge 

	This knowledge includes:
	I know this:

	• appropriate diagrammatic representation of systems
	

	• technological principles that underpin specific systems
	

	• appropriate technical language
	

	• the range of technological systems used in society
	

	• the technical operation, function and role of technological systems
	

	• the effect of a selected technological system on society and the wider global environment
	


Key skills 

	These skills include the ability to:
	I can do this:

	• research, analyse, and present information related to the operation of a selected system
	

	• identify different technological systems that are designed for a variety of functions and different environments
	

	• describe the work performed by technological systems in terms of the energy sources used, and the mechanisms, components and devices employed
	

	• analyse the effect of a technological system on society and the environment and evaluate social and environmental issues and trade-offs
	

	• prepare a technical report on a selected system using appropriate technical language and cite references and resources appropriately
	

	• effectively use information and communications technology in accessing information and presenting the findings
	


Reference: VCAA, 2006, Systems Engineering study Design
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