Module: Robotics 

Topic Area: Force and Motion
Benchmark/Lesson: 
SC.B.1.2-1/2; SC.B.1.2-4/5; SC.C.2.2.1– Electric Circuits

                                     SC.B.1.2/1; SC.C.2.2/1; SC.C.2.2/3 – Electric Motor Schematics

                                     SC.B.1.2.5 /SC.C.1.2/1; SC.C.2.2-1/3 – Robotics Schematics

________________________________________________________________________




           Lesson 3: Robot Schematics

Objective

The purpose of this lesson is to stimulate students to discover what is behind a robot. The science that studies the robots is acknowledged as robotics. During this experiment the student should be able to recognize different type of robots and applications. In addition, the students will be able to identify different types of robot, joins and mechanism. This will also give the student the basic knowledge of robotics design and understand the benefits and advantages of robots.

Lesson Background

The components to build a robot are numerous and according to each physical configuration they can be classify. Each physical configuration promotes a working space and this breathing space is limited according to the degrees of freedom or possible movement.   The flexibility of motion is increase when different types of joint are link to his structure. At least six degrees of freedom are necessary to emulate the motion of a human arm and wrist. 
In this lesson the students are going to be able to assemble an Articulated Robotic Arm on class. They will be able to see the movement and possible applications this type of robot. The advantages and disadvantages of the articulated arm configuration will be outlined on the following page.
Advantages: 
1. All joints are rotary.
2. Maximum flexibility since any point in the total workspace volume can be reached. 

3. Joints can be completely sealed and protected. 
4. This is very useful in dusty or corrosive environments, or under water. 

Disadvantages: 

1. Very difficult to visualize and control. 

2. Restricted volume coverage. 
Robots are capable of performing many applications; the complexity involved with using a robot to perform the application may require too much time and effort to allow justification of the robot. This can only be evaluated on a case by case basis, based on the complexity of the application, the run length and the cost of support. Articulated Robotic Arm is perhaps the most widely used arm configuration because of its capability to reach any part within the working envelope. Due to the flexibility, this robot type can be used in such advanced applications like:

1. Spray painting 

2. Weld sealing

3. Assembling
This Articulated Robotic Arm offers five axes of motion that can be define as follow: 

1. Base Right / Left 350 degrees

2. Shoulder 120 degrees

3. Elbow 135 degrees

4. Wrist rotate clockwise & counter clock wise 340 degrees

5. Gripper open and close 50 mm (2 in)
General Arm Motion

1. Vertical movement. Up and down motion of the arm. May be caused by moving the whole robot body vertically. 

2. Radial traverse. Extension and retraction of the arm allows the effective length of the arm to be changed. 

3. Rotational traverse. Rotation about the base of the robot. 

Possible Wrist Motion

1. Wrist pitch, which is up and down movement of the wrist. 

2. Wrist roll, rotation of the wrist clockwise or counterclockwise. Rotation and pitch can together produce yaw as described below. 
3. Wrist yaw, movement of the end-effectors to the left or right. 
 

Math Skills

Measurement 

Data analysis 

Science Skills  

Forming a question 

Hypothesizing 

Communicating

Observing

Recognizing variables 

Collecting data

Inferring

Predicting outcome

Interpreting data

Correlating data 

Engaging Question
1. What does the word robot mean?
2. What is the name of the science that studies the robots design and behavior?  
3. What is the meaning of a robotic work envelope?
4. Define the concept of degree of freedom?

5. Mention different type of application that robots can be use?
6. Describe the wrist motion of an articulated robotic arm?
7. What are the different parts of a robotic arm?
Students Pre-Lab Activity (two pre-lab activities are suggested, teacher may choose one or both)

1. The first activity consists in a Triple Match of Physical Robot Configuration and Workspace according to each type of robot. The teacher has to describe all the basic physical configuration and show to the student a picture of the robot and each workspace function before the student continue with the triple match activity. 

2. The second activity consists of a Multiple Choice of Joints and Mechanism. The teacher has to cover part of the Extended Background and offer some examples before the students carry on this activity.
Name: _____________________                                   Date: _____________________

Pre-Lab Activity 1 “Triple Match of Physical Robot Configuration and Workspace”

Instructions: Match the actual model using the roman numbers, and the workspace envelope identify by alphabetical letters with his physical configuration.
	Physical Configurations
	Model
	Workspace Envelope


___/___Cartesian robot              I.                                                 A.
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___/___Cylindrical robot           II.                                                B.
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___/___Spherical robot              III.                                               C.
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___/___SCARA robot                IV.                                               D.
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___/___Articulated robot          V.                                                  E.

                                                                                                               [image: image9.png]



___/___Parallel robot                VI.                                                F.
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Name: _____________________                                   Date: _____________________

Pre-Lab activity 2 “Multiple Choice of Joints and Mechanism”
Instructions: Read each question carefully and select the best answer choice given. 
1. A joint that rotates along a pin are call Rotary or Revolute Joint and it can be identify by the following drawing or diagram.

            a.                          b.                                     c.                             d.
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2. The third most utilized joint is the Spherical Joint, it just slides causing a revolving movement and it can be identify by the following diagram. 
            a.                         b.                                  c.                               d. 
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3. The second most used joint is the Prismatic or Sliding Joint, it moves by a translation movement and can be identify by the following picture.
            a.                    b.                                 c.                                     d. 
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4. Screw joints, these just moves along the thread of his mechanism following the spiral along the radial axis and it can be identified by one of the following picture.
            a.                                 b.                      c.                                  d.
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5. Cylindrical joint is rare type of joint that is use in some equipment like Parallel Robots or Flying Simulator Mechanism? It can be identified by one of the following image.
            a.                              b.                          c.                        d.
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6. A lever can be identified by one of the following picture it represent a stiff bar that rotates about a pivot point called the fulcrum.
           a.                        b.                                c.                                d.
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7. An apparatus or toothed wheel use to performing a special function in a gearbox or other mechanism.
           a.                            b.                        c.                                 d.
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8. Is use to transfer a force in a transmission , clock machinery combining different type of gears and  other mechanism Gearboxes require closer tolerances, since instead of using a large loose chain to transfer force the gears mesh directly with each other.
           a.                               b.                           c.                          d.
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Teacher’s Procedure
1. First introduce the students to the concepts require to fulfill the pre-lab activities and engaging questions with all the offered information.
2. The next day has the students do the pre-lab engaging questions and one of the pre-lab activities. {Consider: (1) Allowing the students take it home for homework and include a section for parental involvement.

3. Checks to make sure students have done the pre-lab engaging questions, allow students to keep the pre-lab until they have completed the experiment and drawn conclusions.

4. Take 10-15 minutes to review each lecture on “Physical Robot Configuration” and “Joint and Mechanism”.
5. Discuss the engaging questions with the students.
6. The next following day introduce the students to the concepts require to start and answer all the questions related to the Articulated Robotic Arm Activity. This information can be obtained from the Robotics extended background and lesson’s background.

7. Explain in detail the activity. As you explain the activity point out each piece of material.
8. Introduce the experiment set up and discuss its components.
How to manage the experiment

1. The activity is going to be carry as a demonstration but the students can assemble the articulated arm robot if the teacher provides extra time for the lesson.

2. Have all materials in a centrally area and have one person from each group gather the needed material for his/her group.

3. Provide the assembling instructions in a piece of paper by group explain the important points of all the require steps.

4. Provide the data sheet attached to the experiment. 

5. Walk around the room and provide assistance when it is needed. Check to make sure that the connections and wires are hooked up in a parallel or series circuit. Check to see that each group experiments with all types of circuits. Provide plenty time for the students to set up and explore with their models (approximately 45 minutes). 

6. Notify to the student when it is time to pick up and have each group return their materials in an organized fashion to the back of the room. 
7. Some children will need help to actually hook the wires to the battery, switch, and lights. I recommend alligator clips for those children who have physical disabilities with their hands. Have your resource teacher help you but give them advance warning that you will need their assistance this day.
Materials 

· Robotic Arm kit

· Remote Control box

· 4 batteries size D
· Screwdriver ( + ) (M3) 
· Long - nose Pliers 
· Diagonal Cutter 
· [image: image46.jpg]


Small Hammer 
· Pen Knife 
· Pencil 
· Ruler

· Protractor
Fig.1 Shows all the parts of the Articulated Robotic Arm Kit (OWI-007)
Student Procedure
Students group will begin the experiment verifying first if they have all the materials required to proceed with the experiment. They will follow the teacher instruction all the time. Follow these steps when conducting the experiment:
1. Place students in groups of 4 or 5.

2. Set-up stations for each group with all necessary materials. 
3. The students should check the instruction manual and classify all the materials require per step. So they will have the opportunity to get familiar with the Articulated Robotic Arm.

4. Each group has to provide a list of materials at the end of the experiment.
5. After the assembling process it is necessary to set the computer software to program the robot movement. This could be done by the teacher or someone with enough experience with this type of equipment.
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Fig.2 The previous image illustrate the final assembly of the Articulated Robotic Arm (OWI-007) and Remote Control Box
6. Test the remote control box and robot motion according to the manual of instruction.

7. Once each group gets familiar with the robots movement proceed to answer the experimental data sheet.
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Fig.3 Illustrate all the possible movement of the Articulated Robotic Arm (OWI-007) using Remote Control Box
8. Discuss your findings and answer the entire experiment sheet question.
Name: ________________________                        Date: _________________________

I. Experimental Data Sheet
A. How many Servo motors and Joints are parts of the Robotic Arm?  Explain your answer.
________________________________________________________________________________________________________________________________________________

________________________________________________________________________

B. What is the voltage of your source?  

________________________________________________________________________________________________________________________________________________

C. Enumerate degrees of freedom existing in OWI-007.
1. ____________________

2. ____________________

3. ____________________

4. ____________________

5. ____________________
D. Measure the displacement of the Arm when it is oriented at 180 or 90 degrees the distance is the same yes or no? Write your results in inches (inch.) and centimeters (cm.) and explain you answer.

________________________________________________________________________________________________________________________________________________
________________________________________________________________________

E. Measure the gap of OWI-007 grip if there is any when is close? Write your results in inches (inch.) and centimeters (cm.).

________________________________________________________________________________________________________________________________________________

F. Measure how wide OWI-007 grip can be open?
________________________________________________________________________________________________________________________________________________

G. Measure how many degrees of movement can be achieve by the following components:

	Mechanism
	Degrees
	Type of Angle

	Shoulder 
	
	

	Elbow 
	
	

	Base
	
	


II. Outline and Engineer Drawings 

A. Draw a diagram and identify the main components or parts and reference frame of the Articulated Robot Arm.

[image: image44]
B. Draw the Workspace Envelop of this type of robot? 


C. How you determine if this breathing space represents the correct answer? Explain in your own words. 
______________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________
Student Post Lab Activity 
1. Check to make sure the students have completed the “Experimental Worksheet”.

2. Review and discuss what the groups discovered on their own about robotics design and behavior. Re-examine any areas of confusion and make sure that the students understand clearly the concepts. 
3. Other suggestion for a post-lab activity includes a writing report describing the Robotic Arm Experiment.
4. In order to assess students' understanding on an individual basis, have students work independently on a homework assignment or in class. Doing the following questions that are posed in the teacher package: 
1. How difficult is to control the movement of the Robotic Arm? Explain your answer.
2. How this type of robot can help us in future circumstances?
3. What did you learn from this activity?
4. Write the advantage and disadvantage of this type of Robotic Arm?

5. Other way to classify robots is according their application so may a list of the module background enumerating or these possible categories.
6. What is an actuator? Enumerate different types of actuators.

Interdisciplinary Activities (activity involving these subjects)
1. Language Arts

The students will be requires to develop a report explaining the different steps they took all over the experiment. 

2. Math 

The previous experiment involves the following mathematical skills performed by the students:

a. Measurement of angles using protractor
b. Measurement of length using a ruler

c. Data analysis

3. Critical Thinking, Reading, etc.
Writing a report about the previous experimental lesson is suggested. Students could consult the some books at the library and use the internet as a source.
References/Suggested Sources/Websites

1. http://www.hobbytron.net/E-OWI-007.html
2. http://www.uihealthcare.com/depts/uiconnect/issue/springsummer03/robots.html
3. “Introduction to Robotics” Second Edition  by John J. Craig, Addison Wesley, 1989

4. http://www.active-robots.com/products/robots/programmable.shtml
5. http://prime.jsc.nasa.gov/ROV/applications.html
6. http://www.ifr.org/pictureGallery/robType.htm
7. http://www.robotics.utexas.edu/rrg/learn_more/low_ed/

8. http://dmoz.org/Computers/Robotics/

9. http://www.4teachers.org/testimony/bleete/index/shtml
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