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Overview
The Rail Engineering Challenge highlights rail engineering as a potential career and provides a powerful way for students to learn about contemporary rail engineering. Teams consisting of 4–6 students are encouraged to enter. A series of design and production activities suitable for both teams of  Year 9 and 10 students are outlined in this scenario 
Students identify and explore real issues; generate and refine ideas; and model and document their solutions. 
The Rail Engineering Challenge provides teachers of Stage 5 Industrial Technology: Engineering with a practice-based professional learning program that includes a well scaffolded teaching and learning sequence. 
The program also supports teachers in the implementation of quality teaching practices by putting into practice well researched principles of learning that emphasise the value of authentic, relevant subject matter, explored through practical, action-oriented projects. 
The Challenge 
Each team is to design a new railway system for a hypothetical location not currently serviced by train, solve specific problems related to the development of the new system and create a model of a section of their new railway system. To succeed in The Challenge, the teams must have an understanding of the different engineering roles that exist, and how they work together. These engineering roles can include civil, electrical, mechanical and signal design engineering and project management. 
The scenario consists of a detailed topographic map showing the geographical area for which the new system is being developed and a set of design specifications which will be used to inform student decisions throughout the project. 
Teams plan an appropriate route for the new railway system, taking into account: geography and topography, demographics, cost effectiveness and social and environmental impacts of the new railway system. Teams will submit: 
· Engineering Report containing design development, analysis and evaluation of the solution. 
· A3 map of the proposed route for the new system. 
· Scale model of a short section of the railway system. 
· Team presentation to summarise the process used to develop ideas and produce the model. 
The scenario 
The planning authority has decided that the new and expanding area of Dawton needs a rail system linked to the north bound railway line. They are seeking your engineering expertise in the design of a new railway system.
The railway must work alongside the current road transportation options, it should also be cost effective.
Your challenge is to design a new railway system to link the growing regional centre of Dawton, which will incorporate a new steelworks plant and related industrial estate, with the existing north bound railway line via Port Dawton and Rydale.
Design notes
The projected population in ten years time for Dawton is 140,000 and 20,000 for Rydale. The new railway system should be designed to accommodate this projected population.

Initial estimates suggest that 20% of the population would make regular use of the new railway system during the 2 hour peak hour periods. It is assumed that the proportion would remain constant as the population increases. A system based on this load will also meet the reduced post peak hour demand. Assume that 80% of these passengers will commute to their neighbouring township, with the remaining 20% commuting to outside the

region using the existing rail line.

It is also projected that, in 10 years time, the number of people who live outside the region who will commute to the region each day, using the existing line, will be approximately 4,000. This is estimated to be evenly split between those wanting to travel to Rydale and those wanting to travel to Dawton.

Based on estimates, the new system will need two stations to service the urban areas, a terminal to service the steelworks and industrial estate and a junction to service the port. The Port Dawton facilities will be the distribution point for the new steelworks. The railway system will need to provide a dedicated freight line from the steelworks to Port Dawton.

Note: It may be possible to have a single track from the steelworks to Port Dawton and a double track between Dawton and the north bound line. This double track could be utilised during the peak with a track for each direction, however, during the off peak times you could ‘shut down’ one of the tracks and make the other bi-directional (trains running on it in both directions).

The environmental impact study (EIS) 
An EIS was completed by the railway developer and exhibited to the public. 
Environmental factors such as the effect of the project on sensitive flora and fauna habitats, possible air and water pollution and maintaining wetlands and other ecosystems or natural communities were evaluated. Other factors such as noise pollution and how it can be minimised and social factors such as access to transport for work and leisure were also considered. 
In response to the EIS, submissions were received by the Land and Environment Court from the local LandCare Group, Chamber of Commerce, Tourism Board, Public Transport Lobby Group and the Timber Industry. Generally the proposal was positively received; however the Commissioner from the Land and Environment Court has identified the following issues to be addressed in the final design: 
· If the track is to pass through the built-up areas shown on the topographical map a tunnel must be used.

· 
The Rydale Creek area has an existing culvert of historical significance which may be utilised but not damaged.

· 
Mount Rydale has cultural significance for the local indigenous communities and cannot be disturbed in any way.

· A recent survey of the Dawton river ecosystem, 5 kilometres from the river mouth, discovered habitats supporting several species of aquatic flora and fauna that are considered at risk. The survey recommended that these areas be preserved in their current state to allow the habitats for the endangered species to flourish. As developers of the new rail system you have been asked to consider a route for the new system that will minimise disturbance to this sensitive habitat.

Include how these issues have been addressed in the Engineering Report rationale.

Specifications

As the project managers and engineers assigned to this project, your team

will develop the new railway system.

The guidelines in this Handbook will assist you with the project. For technical data and definitions of rail terms see the separate Design Specifications Booklet.
An A3 topographical map of the Dawton/Rydale local area is available.  

Map notes

The creeks in the map are all less than 20m wide. The Dawton River is more than 20m wide throughout its length shown on the map. The width of river through the swampy area can be measured using the map scale.

The Dawton River is tidal and is used for recreational purposes. There would need to be an under bridge clearance of 6 metres above high water.

The last substation is 2km before the end of the existing rail line.

Press release

During the planning and construction of any large new infrastructure project, new issues will arise that the planning team will have to resolve. An issue on concern is outlined in the Press Release that is to be accessed by students in Week 3 of the task.

Suggested Year 10 teaching and learning sequence 
Title: Rail Engineering Challenge 
Syllabus: Stage 5 Industrial Technology: Engineering 
Module: Specialised module 3: Control Systems 
Unit length: 10 weeks 
Cohort: Year 10 
Week 1: Introducing the Challenge 
Outline the Rail Engineering Challenge and explain the educational purpose to students, that is, what you want the students to learn through participating in The Challenge. 
Familiarise students with the Student Handbook, identifying the scenario details; the Design Specifications Booklet; and the Making Tracks website. 
Allocate all students in class to teams of 4–6 students. 
Ask student teams to read the scenario carefully. Teams identify criteria identified in the scenario for a successful new railway system proposal. 
Teams list their criteria as points so that they can complete the sentence: Our new railway system proposal will be successful if it …, for example, 
• connects the town and its new timber industry to the existing rail 
network 
• is cost-effective. 
Students review the remainder of the Student Handbook and the Specifications Booklet to identify other factors that may need to be considered. 
Discuss success criteria with the whole class. Students record the criteria for inclusion in the team Engineering Report. Explain to students that the criteria should be used to check the suitability of ideas and decisions as the proposal is being developed. Outcomes 5.2.1, 5.4.1, 5.7.2 
Discuss the components of The Challenge that need to be completed by each student team: 
· Project management 
· Engineering roles and team work 
· Engineering report and A3 map of the proposed railway system 
· Scale model of a short section of the railway system 
· Oral presentation summarising the process used to develop ideas and produce the model. 
See What does the student team need to submit?, and The team and their roles. Outcomes 5.2.1, 5.4.1 
Develop a timeline for the project. See Teaching ideas. Outcome 5.4.1 
Using tracing paper with the supplied map or copies of the map, students draw freehand sketches of a wide variety of possible routes. Student teams systematically evaluate each sketch proposal, considering the extent to which it addresses the success criteria. Outcome 5.4.1 

Week 2 
Students research the roles of civil, electrical, mechanical, signal design and survey engineers to familiarise students with the range of rail engineering careers. 
Students review the roles described in the Student Handbook and how their team will manage these roles for The Challenge. 
Students review the Design Specifications Booklet and work through design calculations to establish possible track layouts (train speeds and weights affect the track curves and grades) based on topography, demographic and rolling stock factors. Guidelines and data for these calculations are supplied in the Design Specifications Booklet and Teacher’s Handbook. Outcomes 5.2.1, 5.5.1 
Students refine route selection based on research and design calculations and decide on a preferred route. Students review route, considering the extent to which it addresses the success criteria. Outcomes 5.4.1, 5.5.1 
Week 3 
Teacher explains that in any design or engineering project, no matter how much research is undertaken, new issues or information may arise that could vary decisions that have been made. Students access the Press release and consider how the Press release affects their design proposal for the railway system. Modify the design if necessary. Outcomes 5.4.1, 5.5.1, 5.7.2 
Students consider ways to assist with improving the landscape around the railway system. Outcome 5.2.1 
Teacher explains the importance of signalling in rail systems and discusses with students how they are incorporating signalling into their design proposal. Students begin to experiment with electronics to simulate the operation of a rail signal system. Outcomes 5.2.2, 5.4.2, 5.5.1 
Week 4 
Student teams: 
· continue to experiment with electronics to simulate the operation of a rail signal system. Outcomes 5.2.2, 5.4.2, 5.5.1 
· produce plan drawings (drafted or CAD over DXF map) of chosen route showing locations and length of cuttings, embankments, tunnels, bridges, station platforms, maintenance shed and wash plant. Outcome 5.4.1 
· draft justification of the choice of route. Outcome 5.3.1 
· decide on the type of signal and railway infrastructure for their model and begin sketching/experimenting with ideas, tools, materials and techniques. Outcomes 5.2.1, 5.3.1, 5.4.1, 5.5.1 
Week 5 
Student teams: 
· continue sketching, experimenting and developing ideas with tools, materials and techniques for the model. Outcomes 5.2.1, 5.3.1, 5.4.1, 5.5.1 
· begin design calculations to decide signal and substation placement. 
Outcomes 5.2.1, 5.5.1 
· determine placement of transmission lines and overhead wiring. 
Outcomes 5.2.1, 5.5.1 
Week 6 
Student teams: 
· complete design calculations to decide signal and substation placement. 
Outcomes 5.2.1, 5.5.1 
· add signal and substation locations to route map. Outcomes 5.2.1, 5.5.1 
· draft the analysis and development of their proposed solution, including justifying their choice of route and showing how geographic, demographic, social, environmental and economic factors have been considered. Outcomes 5.2.1, 5.4.1, 5.5.1 
· produce a costing for the completed railway system based on the costs in 
the Design Specifications Booklet. Outcomes 5.4.1, 5.6.1 
· establish passenger carrying capacity. Outcomes 5.4.1, 5.6.1 
Week 7 
Student teams: 
· produce a costing for the completed railway system based on the costs in the Design Specification Booklet. Use the spreadsheet provided.  Outcomes 5.4.1 5.6.1  
· establish passenger carrying capacity. Outcomes 5.4.1, 5.6.1  

· begin the model which includes a working electronic circuit (control system) to simulate railway signalling. Outcome 5.3.2 

· discuss and select suitable materials for the model and also materials used in the railway system. Outcome 5.3.2 
Week 8 
Student teams: 
· discuss different types of engineering structures. Outcome 5.5.1 
· continue the construction of the model using a range of materials and equipment. Outcomes 5.2.2, 5.2.3
Week 9 
Student teams: 
· write an outline of the features of the design solution and a justification for the choice of route and related information. Outcomes 5.2.1, 5.4.1 

· prepare the rationale for the design solution. Outcome 5.4.1
· compile Engineering Report for presentation, write Executive summary. Outcome 5.4.1 
· prepare the team oral presentation. 

  Week 10

  Student teams: 

· finalise the map, Engineering Report, presentation and model for assessment. Outcome 5.4.1
· present an explaination of the design solution, the model and respond to teacher questioning.      Outcome 5.4.1
   Extension Activity

Experiment with CAD modelling aspects of the system, for example, a bridge, a station. Outcomes 5.2.1, 5.4.1

Suggested Year 9 teaching and learning sequence 

Title: Rail Engineering Challenge 

Syllabus: Stage 5 Industrial Technology: Engineering 

Module: Core module 1: Engineered structures 

Unit length: 10 weeks 

Cohort: Year 9 

Week 1: Introducing the Challenge 

Outline the Rail Engineering Challenge and explain the educational purpose to students, that is, what you want the students to learn through participating in The Challenge. 

Familiarise students with the Student Handbook, identifying the scenario details; the Design Specifications Booklet; and the Making Tracks website. 

Allocate all students in class to teams of 4–6 students. 

Ask student teams to read the scenario carefully. Teams identify criteria identified in the scenario for a successful new railway system proposal so that they can complete the sentence:  Our new railway system proposal will be successful if it …, for example, 

• connects the town and its new timber industry to the existing rail 

network 

• is cost-effective. 

Students review the remainder of the Student Handbook and the Specifications Booklet to identify other factors that may need to be considered. 

Discuss success criteria with the whole class. Students record the criteria for inclusion in the team Engineering Report. Explain to students that the criteria should be used to check the suitability of ideas and decisions as the proposal is being developed. Outcomes 5.2.1, 5.4.1, 5.7.2 
Discuss the components of The Challenge that need to be completed by each student team: 

· Project management 

· Engineering roles and team work 

· Engineering report and A3 map of the proposed railway system 

· Scale model of a short section of the railway system 

· Oral presentation summarising the process used to develop ideas and produce the model. 

See What does the student team need to submit?,and The team and their roles. Outcomes 5.2.1, 5.4.1 

Develop a timeline for the project. See Teaching ideas. Outcome 5.4.1 

Week 2 

Students research the roles of civil, electrical, mechanical, signal design and survey engineers to familiarise students with the range of rail engineering careers. Students list and describe career paths in the railways. Outcome 5.5.1
Students:
· review the roles described in the Student Handbook and how their team will manage these roles for The Challenge.
· discuss the importance of teamwork in this challenge. Outcome 5.4.2
· review the Design Specifications Booklet and work through design calculations to establish possible track layouts (train speeds and the way it affects the track curves and grades) based on topography, demographic and rolling stock factors. Guidelines and data for these calculations are supplied in the Design Specifications Booklet and Teacher’s Handbook. Outcomes 5.2.1, 5.5.1
Student teams:

· use tracing paper with the supplied map or copies of the map to draw freehand sketches of a wide variety of possible routes that meet the specifications (gradient, radii, stations, signals etc) and the success criteria. Outcome 5.4.1
· systematically evaluate each sketch proposal, considering the extent to which it addresses the success criteria. Outcome 5.4.2
· refine route selection based on research and design calculations and decide on a preferred route. Students review route, considering the extent to which it addresses the success criteria. Outcomes 5.4.1, 5.5.
Week 3 

Teacher explains that in any design or engineering project, no matter how much research is undertaken, new issues or information may arise that could vary decisions that have been made. Students access the Press release and consider how the Press release affects their design proposal for the railway system. Modify the design if necessary. Outcomes 5.4.1, 5.5.1, 5.7.2 
Students consider ways to assist with improving the landscape around the railway system. Outcome 5.2.1 
Week 4 

Student teams: 

· discuss the nature and purpose of structures such as bridges and tunnels, and forces that act on them. Preparation for a simple model structure. Outcomes 5.2.2, 5.4.2, 5.5.1 
· produce plan drawings (drafted or CAD over DXF map) of chosen route showing locations and length of cuttings, embankments, tunnels, bridges, station platforms, maintenance shed and wash plant. Outcome 5.4.1 
· draft justification of the choice of route. Outcome 5.3.1 

· decide on the type of signal and railway infrastructure for their model and begin sketching/experimenting with ideas, tools, materials and techniques. Outcomes 5.2.1, 5.3.1, 5.4.1, 5.5.1
Week 5 

Student teams: 

· continue sketching, experimenting and developing ideas with tools, materials and techniques for the model. Outcomes 5.2.1, 5.3.1, 5.4.1, 5.5.1 

Week 6 

Student teams: 
· draft the analysis and development of their proposed solution, including justifying their choice of route and showing how geographic, demographic, social, environmental and economic factors have been considered. Outcomes 5.2.1, 5.4.1, 5.5.1 

· produce a costing for the completed railway system based on the costs in  the Design Specifications Booklet. Outcomes 5.4.1, 5.6.1 

· establish passenger carrying capacity. Outcomes 5.4.1, 5.6.1 
Week 7 

Student teams: 

· begin the model of the specified component. Outcome 5.3.2 

· discuss and select suitable materials for the model and railway systems. Consider the mechanical and physical properties of identified materials. Outcomes 5.3.1, 5.3.2 

· identify safe practices for the use of tools and equipment, including appropriate personal protective equipment. Outcome 5.1.1 

· experiment with load applications on structures. Outcome 5.2.1 

Week 8 

Student teams: 

· continue the modelling of the model using a range of equipment. Outcome 5.2.2 
Week 9 

Student teams: 

· write an outline of the features of the design solution and a justification for the choice of route and related information. Outcomes 5.2.1, 5.4.1 

· prepare the rationale for the design solution. Outcome 5.4.1
· compile Engineering Report for presentation, write Executive summary. Outcome 5.4.1 
· complete model. Outcome 5.2.2 
· prepare the oral team presentation. 

  Week 10

  Student teams: 

· finalise the map, Engineering Report, presentation and model for assessment. Outcome 5.4.1
· present an explaination of the design solution, the model and respond to teacher questioning.      Outcome 5.4.1
   Extension Activity

Use formulas to solve problems relating to engineered structures.. Outcomes 5.2.1, 5.4.1

What does the student team need to complete?
1. Engineering Report (in A4 format) 
  The student team will produce an engineering report featuring: 
· An Executive summary of the key features and benefits of the proposed solution. (up to 200 words) 
· The criteria to be considered and addressed in developing the team’s solution. (up to 200 words) 
· An identification of the features of the proposed solution (shown on the map) and a justification of the choice of route: rail corridor and tracks; location and length of any cuttings; location of any embankments, bridges, tunnels, station platforms, maintenance buildings, signals, signal boxes and electrical substations. The justification should be consistent with advice in the Design Specifications. (up to 400 words). 
· A rationale for the design solution based on: 
· –
the engineering concepts outlined in the Design Specifications 
· –
geographic and demographic considerations 
· –
social impact 
· –
environmental impact 
· –
economic factors. (up to 600 words) 
· A timeline used in managing the project. It could take the form of a spreadsheet or Gantt   

chart that shows all the activities that need to be completed to finish the project, the        estimate of how long each activity will take and a record of how long each activity actually took. (one A4 page) 
•
A budget analysis detailing the cost of the railway system and its passenger carrying capacity. It will contain a breakdown of the costs of the various components of the railway system design and the total projected cost. It will also include an estimate of the peak passenger carrying capacity of your railway system design based on the information in the Scenario and headway calculations. (one A4 page) 
•
An evaluation of the process followed by the student team. It should include evidence of an understanding of the roles of engineers and how engineers work together as a team. (up to 200 words) 
•
An acknowledgement of any references such as websites and books and any people who assisted in the development of the solution. 
•
Appendices documenting the design development including research, calculations, sketches and plans for the railway system design and the model. 
2. A3 map of the proposed route of the new railway system 
The student team will draft: 

· the route of the proposed new railway system by hand onto the supplied A3 size topographical map (1:25,000) or electronically onto the supplied PDF file of the map.
The map will include the rail corridor and the tracks as well as location and lenghts of any cuttings, embankments, bridges, tunnels, station platforms, maintenance buildings, signals, signal boxes and electrical substations. These will be drawn to scale and use typical and supplies topographic mapping symbols.

Year 9 students do not need to indicate signals, signal boxes or electrical substations

3. Scale model of a short section of the railway system 
 Year 9 

 The student team will produce a model of: 

a bridge where the railway line crosses the Dawton River. The model should be presented on a board no larger than A2.

Note: Apart from the track, the model components are not to be bought as a kit.

Year 10


 The student team will produce a model of: 

the section of the trackfrom and including the  bridge for the Dawton River crossing and the signalling required for the junction at Port Dawson between the dedicated freight line for the steelworks and the northbound freight/passenger line.  
Note: Apart from the track, the model components are not to be bought as a kit. See Tips for constructing the model.
4. Team presentation 
  The presentation will consist of the student team: 

  Justifying the proposed route of the railway system (up to 5 minutes)

Demonstrating the level crossing model and explaining the main signal engineering features ( up    to 5 minutes)
  Responding to questions raised by teacher and other student groups

  NOTE: All members of the team must participate in the delivery of the presentation
The team and their roles
Consider your team in The Challenge as the project management team assigned to the development of the new railway system. There are five roles within the team; you may decide to have one person for each role or have roles shared by members of your team. Discuss this with your team and decide how it will best work for you. Your teacher will guide you through the sequence of activities, but it helps to understand each role. Read the outline of activities for each role below. 
1. Project manager 
The project manager will be responsible for coordinating the work of the team, collating information and research, tracking costs, and monitoring the timeline. As project manager your tasks include: 
a. Managing the project with the team and checking progress. 
b. Creating and monitoring the timeline for the project so it is completed by the due date.
c. Assisting the team with research. 
d. Coordinating activities for the group. 
e. Analysing the Budget to minimise construction costs, i.e. bridges, tunnels, platforms, length of tracks, signals and estimating the final cost of the new railway system. 
Use the Costing guide in your Design Specifications Booklet. This information will be recorded in the budget analysis of the engineering report. 
f. Considering the social and environmental effects of the new railway system. 
List any impacts (positive or negative) you think the railway will have on the community and environment. These will be included in your engineering report.
g. Evaluating the railway system solution. 
This will be included in your engineering report. 
2. Civil engineer 
Civil engineering in rail involves following systems, standards and design principles that enable safe efficient movement of trains on the line. It involves repairing and maintaining infrastructure and bridge construction and design. 
a. Deciding where it is feasible to locate the tracks, platforms, bridges, tunnels, and level crossings and how many are needed to support the system. 

Determine with your team how the railway will run through the town by deciding where the railway structures best fit.
b. Studying the natural features of the proposed route and referring to the Student Handbook to plan the track layout. See the Design Specifications Booklet for information on track components, layouts etc. 
c. Documenting your reasons for where the chosen track is to be placed.
Identify the features of the proposed route and justify the choice of the route. This will be included in your engineering report. 
d. Considering ways to assist with improving the environment when you create this railway system. 
Record any factors you should consider in relation to how to best fit the railway system into the town’s current urban surroundings, i.e. creation of garden beds next to line to fit in with current landscape. You may also wish to consider things like solar powered lighting, or bike interchanges near the station. 
3. Mechanical engineer 
The mechanical engineer is part of a design team that is responsible for the design, modification and maintenance of our trains. They look at the availability of the trains, the number of passengers they can take, and what trains to run. 
As a mechanical engineer your tasks include: 
a. Determining the best type of rolling stock to use for the town.
b. Ensuring the appropriate structures (bridges, tunnels) are selected. 
Refer to your Design Specifications Booklet for definitions and rolling stock (train) information. 
c. Deciding where to build the maintenance shed and wash plant. 
You will need one maintenance area for the new rail system. Justify your decisions in the engineering report. 
d. Determining how many trains will need to be run to service the population.
Refer to the Rolling stock information in the Design Specifications Booklet. The numbers of train services will be included in the budget analysis (spreadsheet) in the Engineering Report
4. Signal engineer (only for Year 10 Student teams)
The signal engineer is a role unique to the railways industry. Signal engineers develop systems to ensure the trains operate safely and do not collide with one another on the tracks. They engineer protective systems like signals, lights, and level crossings.
As a signal engineer your tasks include:
a. Determining how many signals you require based on how many carriage your train/s will have and the speed they are travelling.
This information can be obtained from the Rolling stock information in the Design Specifications Booklet.
b. Determining where to place the signals throughout the railway system.

Refer to the Design Specifications Booklet on the requirements for signals. Justify your decisions in the engineering report.
c. Identifying safety requirements.

Ensure you include the appropriate train stops, signal spacing, and section size. Also, ensure your railway meets the rail corridor requirements for safety.
5. Electrical engineer (only for Year 10 student teams)
The electrical engineer is responsible for designing and maintaining infrastructure to supply electricity to buildings and stations. This infrastructure must also supply electricity to substations which in turn convert the electricity to a form suitable for use by the rolling stock fleet.

In addition, the electrical engineer must design and maintain overhead wiring. Overhead wiring provides a medium through which electricity can be transmitted to trains. As an electrical engineer your tasks include:
a. Deciding where to place the substations.

Develop an understanding of what substations are and then determine where they are best placed.
b. Determining where you will place the transmission lines and overhead wiring.
c. The spacing of stanchions. 

Refer to the Design Specifications Booklet to assist with your response.

Teaching ideas

This section has been developed to provide teaching ideas for the Rail Engineering Challenge. These are suggestions and are not to be considered as the only way to approach The Challenge.

Timeline

Students should produce a draft timeline to be updated throughout the project. This timeline can be generated manually or produced as a Gantt chart using computer software. They will need to:

• estimate how long each task will take based on the teaching and learning sequence

• set up a spreadsheet with weeks 1–10 along the top row and the tasks they have to complete in the left hand column, leaving every second row blank to chart actual progress compared to the original estimate.

• check their progress weekly and adjust their activities accordingly.

Activities

The following pages could be distributed to students as activity sheets:

• Tips for completing the track layout

• Tips for completing the substation and signal placement

• Tips for constructing the model

• Specifications checklist.

Definitions

Definitions of italicised words in the activities are found in the Definitions section of the Design Specifications Booklet. There are lots of tips and guidelines within the definitions. Students should engage with the definitions prior to beginning the task.
Developing a mind map as a team may be a good starting point to tease out the essential requirements, impacts and features.
Topographical Map
Students may find it useful to develop a 3D model of the topographical map. See the image Suggested method of producing topographical model. 

Tips for completing the track layout 
Definitions of italicised words in the activities are found in the Definitions section of the Design Specifications Booklet. 
Follow the steps below to produce freehand sketches of possible routes on copies of the scenario map. 
1. From topographical map data: 
•
Identify flatter areas, e.g. a route crossing less than three 10m contours per km. 
•
Identify sharper changes in gradient that can be evened out by using embankments or cuttings. 
•
Identify bridge sites for any areas too high or unsuited to embankments, for example over a creek, check maximum spans for columns and piers. 
•
Identify tunnel sites for any areas too deep for cuttings. 
2. From demographic data 
•
Identify locations to be avoided and the preferred locations to service the population with minimum disruption. 
•
Identify locations for stations, maintenance shed, rail yard and any level crossings. 
3. Complete design calculations to finalise track layout (see Curves and Grades). 
· Check the grade of your track does not exceed 1 in 30. 
· Approximate the distances between stops. 
· Approximate the track line speeds from acceleration data and distances (last point). 
· Approximate the minimum curve radii from speed calculations. 
· Approximate the length of straight track needed at station platforms based on the rolling stock data in the Design Specifications Booklet.

4. Based on your sketches and calculations, produce scale plans (drafted on CAD over PDF map) of your chosen route showing the rail corridor and tracks, and approximate locations and sizes of cuttings, embankments, tunnels, bridges, station platforms. 
5. Reflect on the decisions you have made in deciding your route, write a short analysis explaining why you chose your route in preference to other possibilities. 
Tips for completing the substation and signal placement 
Definitions of italicised words in the activities are found in the Definitions section of the Design Specifications Booklet. 
Follow the guidelines below to place substations on your route map. 
The specifications require a substation for every 5km of double track length. Substations need to be placed close to the rail line, but not too close to houses. Unless they are in an industrial area they need space around them (a buffer zone). 
Signal placement on your route map 
The way signal placements are calculated is quite complex and may at first seem counter-intuitive, that is the opposite to what you expected. It is based on the maximum number of people that have to be moved per hour and supplying enough trains to move them.
For your information, included here are two ways to go about it, one based on headway (which is how they really do it) and a simpler one that assumes the headway is calculated and simply accounts for braking distances and train lengths. 
Method 1: Headway 
Designing signalling in an actual railway system to carry the maximum number of passengers is based on headway. In busy rail systems minimum headway times (and the signal placements based on this) are critical, if the system is not so busy it becomes less of an issue.

Here is an example of how to do this:

1. Calculate how many people can be put on one train. From the Scenario description we know that 30% of the 320,980 population will be using the service in a 2 hour peak time and that the two stations will handle the same number of passengers, so we can calculate how many people per hour one station will service: 
(320,980 x 0.3)/2 for 2 stations in an hour 
So one station will service: 
(320,980 x 0.3)/4 
= 24,074 
2. Calculate how many passengers a train can carry — the maximum will be the capacity of a double deck 8 car train. This can be worked out from the rolling stock data in the Design Specifications Booklet (1840 passengers). 
3. So the number of trains needed per hour is:
24074/1840

= 13 (rounded off) 
4. So the minimum time between trains or headway (in minutes) is: 
60/13
= 4.6 minutes

It takes 2 minutes to unload/load the train (see rolling stock data), so 
4.6 minutes is OK, as there will be 2.6 minutes between when a train starts to pull out and the next one comes in. 
This figure of 4.6 minutes is used as a guide to signal spacing. Ideally the time a train takes to traverse each signal section will be 4.6 minutes. 
5. Based on your approximation of how fast a train would be going (already figured out earlier when calculating track curves), calculate how long the signal section would be to take 4.6 minutes to traverse it:
     If the train was doing 40 km/h, in 4.6 minutes it would travel: 
Distance = (40/60) x 4.6
= 3.1 km (rounded off)

Start working this out from the signal sections adjacent to the stations. The station section length can be taken as the train length plus 50m. 
6. As you work out each signal section, check that it complies with the braking distance requirements in the Design Specifications Booklet: ‘… the distance between signals must be at least the length of the train plus 2 times the braking distance calculated from the Braking Curve graphs’. 
Method 2: Braking distances 
1. Assume the signal section for a station is the train length plus 50 metres. 
2. Select some locations for your signals where the track design will allow for reasonable          sighting distances. Remember that the maximum signal section length is 4 km.        
3. Check that the section length is long enough to allow the train to come to a halt, based on             the length of the train, the speed at which it could be travelling (calculated earlier when calculating track curves) and the braking curve graphs in the Specifications Booklet. The distance between signals must be at least the length of the train plus 2 times the braking distance calculated from the Braking Curve graphs.
Tips for constructing the model

The Dawton local council has asked that you present your proposal for the new railway at their next public meeting. To help explain your proposal, you are to construct a model.

Your guidelines for creating this model are:

· The cost of materials is not to exceed fifty dollars. Include the receipts from purchasing resources in your Engineering Report after your budget analysis.

· The model can be constructed of typical modelling materials such as: Balsa wood, paddle pop sticks, cardboard, paper, acrylic paints, string, wire, toothpicks, foam.

· The model must not be bought as a kit, but it can include purchased model railway track.

· The model should be presented on a board no larger than A2.

· It must include a working electronic circuit to simulate signalling.

A member of the team should demonstrate its function.

Instructions should be included with the submitted model.

Teacher’s note

The resources section of this booklet includes some URLs and magazine references to give you some ideas on different ways to work on the electronic component of the model.

Specifications checklist

Use this checklist to ensure that you have designed a railway system that includes the following:

Years 9 and 10

· Appropriate track curves and grades.

· One metre high embankments (with a culvert every 50m) used when crossing swampy ground.

· Appropriate bridge lengths. The creeks in the map are all less than 20m wide. Dawton River is more than 20m wide throughout its length shown on the map. The width of the swampy area can be measured using the map scale.

· A maintenance shed and rail yard with room to store the necessary trains.

· A way for trains to move from the up track to the down track (and viceversa) for the return journey.

Year 10 only

· Appropriately spaced signals.

· Appropriately spaced stanchions.

· A substation for every 5km of double track.

· A train stop placed just after every signal.

Resources

Included here are some URLs and magazine references you may find useful. Don’t forget Wikipedia, it has a wealth of articles on railways.
Electronics: signalling projects of various levels of complexity

http://www.newrailwaymodellers.co.uk/electronic-projects.htm 

http://www.newrailwaymodellers.co.uk/railway_crossing.htm 

http://www.newrailwaymodellers.co.uk/Signal.htm
http://home.cogeco.ca/~rpaisley4/CircuitIndex.html#60
http://www.kpsec.freeuk.com/projects/levelc.htm
http://www.kpsec.freeuk.com/projects/signal.htm
http://www.talkingelectronics.com/projects/LevelCrossing/
http://www.mrollins.com/circuit.html
http://www.merg.org.uk/links.htm#RAILWAY
Electronics: some basic switching and sensor circuits

Dick Smith: Funway into Electronics books 1 & 2

Jaycar: Short Circuits volume 1
Electronics PICAXE articles

http://www.siliconchip.com.au/cms/A_104400/article.html
http://www.siliconchip.com.au/cms/A_104858/article.html
Signalling principles

http://broadway.pennsyrr.com/Rail/Signal/intro.html#principles
http://modratec.com/mud.php
http://www.vicsig.net/index.php?page=infrastructure&section=signalling
http://www.davros.org/rail/signalling/articles/
Seeking advice from practicing engineers
Connecting students with the people in the industry is an effective way for students to understand what life as an engineer is like, and what skills are required by engineers to fulfil their roles. Students should explore the possibility of seeking advice from Engineers where possible to assist with this unit of work.
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