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Course Overview:
Robotics Engineering II is intended to follow Robotics Engineering 1, and to build upon the sills learned in the introductory course.  Some topics will be reviewed and new ideas will be introduced.  Whereas the introductory course relies on pre-made kits intended for the production of robots, Robotics Engineering 2 will challenge students to locate their own specific parts and components to meet the more demanding and specific needs of advanced robotic competition.  Game material limitations are reduced in this course, and students are challenged to incorporate non game specific parts into the robotic system.  Students program an advanced programmable logic controller to interact with the mechanical system which they have designed and fabricated.  

Robotics Engineering challenges students to build machines which parallel professional grade robots.  The class will collectively build a robot which can be controlled by humans, but also have the capability of being autonomously controlled, using only sensor input to monitor surroundings and make decisions based on programming.   While promoting concepts of Science, Technology, Engineering and Math (STEM), the robotics engineering course breaks down STEM for students, and allows them to see how science and math can be used to engineer new robotic technologies.  Students will engage in hands on brainstorming, designing, graphic and verbal communication, fabrication, computer programming and competition of high-tech robots.  

Teams may compete in different levels or organizations as they design and compete with robots. This curriculum is designed to be inclusive and to teach skills necessary to build robots regardless of the organization which is sponsoring the competition, or the specific competitive constraints or limitations.   
Curriculum Developed by:  

Daniel C. Brenner


	Major Instruction Units
	Student Competencies/Outcomes

	Unit 1:  
The Engineering Design Process  
	Enabling Competencies / Student Outcomes

1. Students will be reminded of the importance of an engineering notebook.  Students will develop a personalized engineering notebook with biography and be able to log daily entries which express their engineering progress. 
2. Students will be provided with a refresher on the engineering design process.  Students will be able to apply the engineering design process to advanced robot fabrication.
3. Students will understand the role of science, technology, engineering and math, and be able to express their understanding that Science and Math are used by the engineers who create new technologies such as robots.  
4. Students will be introduced to the leadership structure and roles of team members. Students should consider a short and long term vision of their role in the team.
5. Students will be provided instruction on techniques of successful team participation.  Students should immediately begin exhibiting and further developing team work skills.  


	Unit 2: 
Robot Fabrication
	Enabling Competencies / Student Outcomes
1. New tools needed for advanced fabrication will be introduced.  Students will pass a tool safety test with 100% accuracy.  

2. Students will identify and select one individual who will serve as the safety captain of the team.  This individual is to be responsible for ensuring that all team members practice safe work habits at all times.
3. Students will be introduced to the basic kit of parts and will be able to identify all parts and their purpose.  
4. Students will follow technical instructions, creating a sample working robot drive train given a basic kit of parts.
5. Students will follow technical instructions to wire and connect their drive train to an advanced programmable logic controller (PLC).

6. Given specifications and instruction on mathematical calculation, students will calculate the theoretical maximum speed of their robot. 
7. Students will be introduced to parts vendors. Students will be able to find and acquire parts not included in the basic kit of parts given budget constraints.

8. Students will be provided with examples of manipulators and robotic effecters and will be challenged to create a simple manipulator which connects securely to their robot. 
9. Students will measure and record basic characteristics of the robot including size, mass.


	Unit 3: 
Robotic Computer Control

	Enabling Competencies / Student Outcomes

1. With instruction, students will be able to open and initialize a computer programming package. 
2. Students will be provided with instruction on basic programming syntax and technique.  They will create a program which will enable their robot to move their drive train and to actuate a manipulator.   

3. Students will be introduced to robotic sensors and their functionality.  Students will demonstrate an ability to program the PLC to identify, and collect sensor data.  
4. Students will be provided with instruction on the fundamentals of programming logic and will demonstrate an ability to create a program which utilizes feedback, and sensor input to allow the robot to interact with its environment without human intervention.  



	Unit 4:  
Graphic Digital Communication
	Enabling Competencies / Student Outcomes

1. Students will be provided with instruction on how to open CAD, and where to save files.  Students will generate their own CAD folder.  

2. Students will be introduced to the electronic version of the parts on the robot.  Students will be able to locate any basic robotic part in a parts library. 

3. Students will be introduced to the process of creating new non-standard parts in a CAD program.  Students will be able to create digital versions of parts that are to be created from raw stock material.    
4. Students will be introduced to elements of design and principles of design and will develop a team logo.   

5. Students will be given examples of informative team posters and will begin to develop their team poster.  The poster will evolve throughout the course of the development of the robot to reflect the design process and team proceedings.  




	Unit 5:  

The Multidisciplinary Environment

(students choose 1-2 areas to specialize)
	Enabling Competencies:

1. Students will be reminded that in most real-world teams, there are specialized roles and groups.  Students will be asked to choose their area of interest.  Students will join a specialized group.

2. Students will be introduced to the idea of interdisciplinary teams and will engage in interdisciplinary team communication on a daily basis.  




	Unit 6
Game Strategy Specialists
	Enabling Competencies / Student Outcomes

1. Students will be provided with the game rules and will develop a detailed understanding of the rules and regulations.  Students will be able to answer questions about the game

2. Students will be introduced to methods of finding answers to questions which are not otherwise able to be answered.  Students will explore internet forums and databases for helpful dialogue and answers.  

3. Based on their intimate knowledge of the game, students will develop a presentation for the rest of the team which will strengthen general team understanding the game.  

4. Students will use their knowledge to act as consultants to the entire team during planning, building and competition phases.  
5. Students will learn the reasons for identifying the strengths and weaknesses of other teams during competition and will develop a strategy for analyzing the characteristics of competitors and an action plan to most effectively observe and interact with other teams.  



	Unit 7  
Computer Aided Design Specialists
	Enabling Competencies / Student Outcomes

1. Students will use their knowledge of Computer Aided Design in order to develop an animated working model of the team robot.  
2. Students will be given an explanation of the importance of cohesive team communication and will develop an understanding of the role of CAD in multiple steps of the design process.  

3. Students will develop an attitude of flexibility and will be able to make changes to the digital model of the robot as needed.  

4. Students will explore finite element analysis and will explore the physical properties of the team robot and will attempt to determine where points of weakness exist.  

5. Students will learn how to render final images and create presentations of their CAD designs.  Students will use their finalized presentation models in the team poster.  



	Unit 8  
Drive Train Specialists
	Enabling Competencies / Student Outcomes

1. Students will research different types of drive trains and will be able to identify pros and cons of varying drive systems. 
2. Students will be provided with parts and will demonstrate an ability to build varying drive train systems.  

3. Students will interact with the game strategy specialists and the manipulator and effecter specialists and will make a design decision, identifying the drive train to be used in competition.

4. Students will be given the specifications of parts used in the robot and will be able to specify characteristics of their individual robot drive train such as power, torque and speed.    

5. Students will be given an explanation of the concept of optimization.  Students will optimize the drive train for maximum effectiveness.

	Unit 9  

Manipulator and Effecter Specialists
	Enabling Competencies / Student Outcomes

1. Students will research different types of manipulators and effecters and will be able to identify pros and cons of varying drive systems. 

2. Students will be provided with parts and will demonstrate an ability to build varying manipulators and effecters.  

3. Students will interact with the game strategy specialists and the drive train specialists and will make a design decision, identifying the manipulators and effecters to be used in competition.

4. Students will be given the specifications of parts used in the robot and will be able to specify characteristics of their individual components such as torque and speed.    

5. Students will be given an explanation of the concept of optimization.  Students will optimize their systems.

	Unit 10 

Electronic and Pneumatics Specialists
	Enabling Competencies / Student Outcomes

1. Students will develop an understanding of the specific electrical components and their role in the overarching electronic systems. 
2. Students will be instructed in the safe handling and care of electronic components.  Students will handle electronic components carefully and will not damage any components.  

3. Students will be provided with part specifications and will plan an electronic layout.  Students will interact with other groups of specialization to ensure that the electronics will fit in or on the robot.    

4. Students will be given the specifications of parts used in the robot and will be able to specify characteristics of their individual components such as power consumption, amperage, pressure, and temperature operating ranges   
5. Students will be given an explanation of the concept of optimization.  Students will optimize their systems.

	Unit 11
Programming and Control Systems Specialists
	Enabling Competencies / Student Outcomes

1. Students will further their understanding of programming, developing advanced knowledge of programming logic. 

2. Students will become familiar with sensor options and develop an optimized system to integrate the use of sensor input into the program structure.  

3. Students will be able to apply dynamic solutions to problems encountered in the course of autonomous game play.
4. Students will be able to apply dynamic solutions to problems encountered in the course of user controlled or tele-operated game play.

	Unit 12
Communications Specialists
	Enabling Competencies / Student Outcomes

1. Students will be exposed to community outreach opportunities and will develop a community outreach plan and will interact with the community.
2. Students will be shown the process of writing a press release and will write a press release explaining the efforts of the team.  
3. Students will be given the resources to locate award and scholarship applications. Students will write applications for team awards, and will assist other students as they apply for available scholarships.  
4. Students will be assigned the role of “lead poser creators” and will lead the team as they complete their team poster.
5. Students will learn the reasons for communication during competitive events.  Students will communicate with other teams during competition. 
6. Students will learn how to effectively acquire sponsorship.  Students will acquire sponsors to support the team building initiative. .
7. Students will learn the basics of clothing design.  Students will design and aquire unified team apparel.  
8. Students will be provided with examples of other team “schwag” items, and will create “schwag” items that their team can share and distribute.  

	Unit 13
Competition
	Enabling Competencies / Student Outcomes

1. Students will be given instruction on the specific travel logistics to travel to the competition site.  Students will travel to the site without incident.  
2. Students will be given instruction on proper attitude and self control at competition events.  Students will maintain self control and maturity.  
3. Students will be instructed on the importance of gracious professionalism.  Students will help other teams when they are in need.  
4. Students will be instructed on the proper reactions to winning and loss.  Students will exhibit good sportsmanship.  
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