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Introduction to TETRIX®

Pitsco Education is pleased to bring you this TETRIX® Builders Guide. 

This resource has been created to:
•	Help new users become familiar with the TETRIX Base Kit and how it can be used to create original robot designs.
•	Provide an initial four-hour introductory experience, allowing users to successfully build and operate a R/C controlled robot.
•	Provide educators with up to 20 hours of standards-based, hands-on activity resources for the classroom.
•	Build confidence and generate enthusiasm for the fields of engineering and robotics.

The TETRIX System:
•	Uses elements made from heavy-duty, aircraft-grade aluminum to maximize stability and reliability.
•	Uses powerful drive motors that drastically increase the capabilities of TETRIX robots.
•	Offers flexibility in build design and can be expanded using additional materials.
•	Gives users the opportunity to master the concepts of wiring, motor control, and much more.
•	Fosters creativity and ingenuity amongst students.
•	Develops engineering and problem-solving skills.

The TETRIX Base Kit contains essential hardware and tools that allow users to build a base robot. Additional parts and tools 
can be added to create bigger or more complicated robots. These can be found at www.Pitsco.com.

Another resource available to users is www.TETRIXrobotics.com. This web site contains a wealth of knowledge on the TETRIX 
building system, including sub-builds, technical specifications, classroom project ideas, videos, and more.

The TETRIX Builders Guide includes sample build instructions, demonstration videos, and other support resources, including 
lesson plans, to get robots up and running quickly.
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The Fundamentals of Robotics using TETRIX®

Introduction to TETRIX

1. Controller
The controller is the backbone of a robot. TETRIX® robots will use the R/C Receiver, which sends commands to the actuators. 

R/C Receiver
       
2. Actuators
Actuators allow the robot to move or to move objects in its environment. Actuators in this set include: 

DC Motors                                 Servo Motors with Horn

3. Electrical System
The electrical system provides power to the actuators. It includes: 

8x AA Battery Holder                   4x AA Battery Holder                         Power Switch                           Wires
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The Fundamentals of Robotics using TETRIX®

4. Communication System
The communication system allows the driver to communicate with the robot. The communication system includes:  

R/C Transmitter                           DC Motor Speed Controller 

5.  Building Components
These key components allow the robot to carry out movement and actions, such as driving around and picking up objects.
Components include:

        Wheels                               Omni Wheels                                       TETRIX® Elements                              
                                                  (These can move in any direction.)        (These metal elements are strong and sturdy.)

7

TETRIX® Builders GuideIntroduction

7



Guide to Resources

The TETRIX® Builders Guide by PITSCO Education is a guided experience that takes users through an initial robot build and 
activities using the TETRIX system.

To allow for quick success, lessons provide users with an initial robot build. Extension activities add functionality and complexity 
to the model. To move students into a problem solving domain, Challenges provide creative opportunities to apply concepts and 
skills with focused goals and support materials.

The TETRIX Builders Guide activities include:
Lessons

•	Three progressive building experiences provide new users with 
guidance to build a basic chassis, add wheels, motors and motor 
controllers for movement, and then add a remote control system 
that will get the robot moving effectively in approximately four 
hours.

•	Included resources:  Activity Overviews, Building Guides, 
Reference Guides, and Video Tutorials for creating an effective 
radio controlled robot. 

Extensions
•	Each extension activity can be completed in any order, as an 
add-on to the R/C Ranger Bot, in approximately one and a half 
hours.

•	To expand the capabilities of the robot created in Lessons 1 to 
3, three Building Extensions (Arm and Gripper, Harvester and 
Transporter, and Dispenser) are included with detailed step-by-
step building guides.

•	Also included are: Activity Overviews and Reference Guides. 

Challenges
•	To allow users to apply the skills and experience gained in the 
Lessons and Extensions, three Challenges are included:

•	Creative Challenge
•	Driving Challenge
•	Competition Challenge

•	The Creative Challenge is open-ended to encourage innovation 
and creativity in problem solving using the concepts and skills 
learned throughout the Lesson and Extension experiences.

•	The Driving Challenge and the Competition Challenge include Activity 
Overviews, Sample Building Guides, and Reference Guides to be used for inspiration.

•	All of the Challenges provide opportunities to build and operate with a specific goal in mind.
•	Each activity can be completed in four to six hours, depending on the experience and capabilities of users.
•	Each activity may be adapted for greater or lesser complexity. 

Activity Overviews for all of the above include: 
•	Building objectives.
•	A list of steps needed to prepare for the activity.
•	A list of the materials needed to complete the lesson.
•	A list of all the resources that are available to guide users throughout the building process.
•	Best practices for building. 

Building Guides include:
•	Step-by-step illustrated building instructions.
•	Best practices and teachable moments.
•	General advice on using the TETRIX system effectively and safely.  
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Guide to Resources

Reference Guides for all lessons, extensions, and two of the challenges include:
•	Curriculum expectations matched to national standards in STEM (Science, Technology, Engineering, and Math).
•	Suggestions for classroom organization and setup.
•	A step-by-step progression through the TETRIX® Builders Guide materials for classroom use.
•	Best practices for building.
•	Guiding questions to stimulate student learning and critical thinking.
•	Innovation and inspiration activity suggestions to build enthusiasm and reinforce curriculum objectives. 

How It Should Work Videos for all programs include:
•	Demonstrations of the TETRIX robot completing its objective.  

Learning Grid includes: 
•	Quick reference to assist educators in their planning.
•	Expectations matched to national standards and the National Academy of Sciences in science, technology, engineering, and 
mathematics. 

Lesson-Planning Routes include: 
•	Suggested progressions for educators to move through the lessons, extensions, and challenge activities according to goals 
and time constraints. 

Engineering Journal Worksheet includes:
•	A reproducible worksheet to encourage critical thinking and reflection on the engineering process as activities are 
completed. 

Additional Guides and Resources for Reference or Troubleshooting include:
•	Safety Guide.
•	General Best Practices Guide for building robots with the TETRIX system.
•	Quick-Start Guide.
•	Hand-Tools Guide.
•	R/C Ranger Bot Control Guide.
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Safety

Mechanical:
•	Always wear safety glasses and safety gloves when working with mechanical and electrical parts.
•	Keep fingers and loose articles of clothing clear of metal gears and other pinch points while they are moving.
•	Never pick up the robot while it is moving or while the DC or servo motors are running.
•	Make sure to sand down or cover any sharp edges with tape.
•	Use caution when using a larger gear to drive a smaller gear – the multiplied torque can damage the motor’s gearbox.
•	When two or more servo motors are used together, align them so that the motors will turn on the same axis.

Electrical:
•	Make sure that the power is off when the robot is not in operation.
•	Do not work on or operate the robot in wet or dirty environments.
•	Do not touch non-insulated portions of wires.
•	Always power the robot down before making any changes.
•	Be careful when working around exposed metal wires and pins. Make sure not to touch or short them together.
•	Do not run wires near pinch points. This could damage the wire or its insulation and create a short circuit situation. 
•	Do not mount battery pack(s) near or touching protruding screws, sharp corners or sharp edges on the robot’s chassis.
•	Make sure batteries are installed in the proper positive/negative orientation.

10

IntroductionTETRIX® Builders Guide

10



Learning Grid
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Science (NSTA Grades 9-12)

Science as Inquiry:

Develop the abilities necessary to do scientific inquiry.

Design and conduct a scientific investigation.

Science and 
Technology:

Understand the abilities of technological design.

Evaluate a solution and its consequence.

Understand that creativity, imagination, and a good knowledge base are all 
required in the work of science and engineering.

Identify a problem or design an opportunity.

Implement a proposed solution.

Communicate the problem, process, and solution.

Technology (ITEEA Grades 9-12) 

The Characteristics 
and Scope of 
Technology:

Develop an understanding of the characteristics and scope of technology.

Understand that inventions and innovations are the results of specific, goal-
directed research.

The Core Concepts 
of Technology:

Understand that systems thinking applies logic and creativity with appropriate 
compromises in complex real-life problems.

Develop an understanding of the core concepts of technology.

Apply the Design 
Process:

Understand and apply the design process.

Develop and produce a product or system using a design process.

The Attributes of 
Design:

Understand that design needs to be continually checked, critiqued, and improved.

Develop an understanding of the attributes of design.

Engineering Design: Develop an understanding of engineering design.
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Learning Grid
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Engineering (NAS Grades 9 – 12) 

Define the problem and specify the criteria and constraints for potential solutions.

Represent a model in three-dimensions.

Test and design through an iterative process.

Modify technological systems by applying scientific knowledge and engineering 
design practices.

Communicate ideas through sketches and diagrams.

Understand how scientific knowledge is acquired and how scientific explanations 
are developed.

Use physical prototypes in various ways to aid in the engineering process. 
Troubleshoot to identify and describe a problem.

Design the best solution under given constraints and criteria.

Mathematics (NCTM Grades 9-12)

Geometry: Analyze characteristics and properties of two- and three- dimensional shapes and 
develop mathematical arguments about geometric relationships.

Measurement: Understand measurable attributes of objects and the units, systems, and 
processes of measurement.

Numbers and 
Operations:

Represent and analyze quantitative relationships between dependent and 
independent variables.

Understand patterns, relations, and functions.

Problem Solving:

Build new mathematical knowledge through problem solving.

Recognize and use connections among mathematical ideas.

Communication: Organize and consolidate mathematical thinking through communication.

Data Analysis and  
Probability:

Formulate questions that can be addressed with data, collect, organize, and 
display relevant data.
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Lesson Planning Routes

Route 1: Getting Started Experience (4 hours)
•	The Getting Started Experience guides users through the creation of a basic chassis using TETRIX® elements in 
Lesson 1. In Lesson 2, users add wheels and motors to the chassis to create the foundation for the R/C Ranger Bot 
and add the communication and electrical systems. In Lesson 3, users make the R/C Ranger Bot move.

•	All students should complete this experience in approximately four hours. This experience also serves as the 
foundation for the remaining experiences.  

Route 2: Build and Expand Experience (5.5 hours)
•	The Build and Expand Experience uses the R/C Ranger Bot build created in the lessons and adds to its 
functionality. Here students can choose from a variety of modular extension builds to create an R/C Ranger Bot with 
additional functions. This Bot will be able to reach out and grasp an object (Arm and Gripper); pick up and move 
objects (Harvester and Transporter); or deposit an object that has been pre-loaded (Dispenser).

•	Extensions can be combined to expand the capabilities of the R/C Ranger Bot. Each Extension activity can be 
completed in approximately one and a half hours.

•	Educators may wish to have students work in small groups with each group completing a different extension. This 
will allow students to share their success with each other and demonstrate what they have learned. 

Route 3: Complete Classroom Experience (12.5+ hours)
•	The Complete Classroom Experience provides a challenging path that culminates in an opportunity for students to 
experiment with a variety of extensions and then complete a final challenge. Students may complete a Competition 
Challenge, a Driving Challenge with real world applications, or a Creative Challenge that uses robotics in an 
innovative way.

•	While support resources, including sample Building Guides, have been provided for the Competition and Driving 
Challenge, they should serve as a starting point. Students should be given time to experiment with and expand on 
the modular extension builds and create their own solutions to the tasks described in the Challenge overviews.

•	Each Challenge activity may take four to six hours to complete, depending on the experience of students and the 
time allowed for experimentation and original builds. 

Note: The Innovation and Inspiration suggestions, located at the end of each Reference Guide, provide additional 
suggestions for variation, experimentation, and innovation.
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Lesson Planning Routes

Route 1: Getting Started Experience (4 hours)

Lesson 1: Basic Chassis (1 hr)

Lesson 2: Ranger Bot Drive Train (1.5 hrs)

Lesson 3: Ranger Bot Movement (1.5 hrs)

Lesson 1: Basic Chassis (1 hr)

Lesson 1: Basic Chassis (1 hr)

Lesson 2: Ranger Bot Drive Train (1.5 hrs)

Lesson 2: Ranger Bot Drive Train (1.5 hrs)

Lesson 3: Ranger Bot Movement (1.5 hrs)

Lesson 3: Ranger Bot Movement (1.5 hrs)

Experimentation with Extensions (4.5 hrs)

Complete One Challenge (4+ hrs each)

Add One Extension (1.5 hrs each)

Harvester and Transporter

STEM Challenge Creative Challenge

Arm and Gripper
(1.5 hrs)

(4+ hrs) (4+ hrs) (4+ hrs)

(1.5 hrs)
Dispenser
(1.5 hrs)

Competition Challenge

Route 3: Complete Classroom Experience (12.5+ hours)

Route 2: Build and Expand Experience (5.5 hours)
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General Best Practices

Engineering Notebook
1. Use the Engineering Journal Worksheet throughout the building process to document the working process, challenges faced, 

and how they were managed. By compiling these worksheets, a detailed account of the entire project can be created, 
including lessons learned and problems solved.  

Organization
2. For speed of assembly and to become familiar with the different types of elements, sort the contents of the TETRIX® base set 

carefully before beginning construction. Use the illustrated top card, included in the base set, as a guide when organizing 
TETRIX elements. This ensures that the elements in the box are grouped with other elements that are similar in size or 
purpose. This organizational process also makes it easy to locate elements. If there are elements missing from the box, this 
step helps to identify them before they are needed. 

Kep Nut Orientation
3. When working with kep nuts, orient them so the teeth are facing inward, toward the TETRIX part they are attaching. The kep 

nut is much more secure in this position, and as a result the robot will be more stable.

Engineering Journal Worksheet

Objectives Achievements Issues and Concerns

Create a rough sketch of your robot. Create a legend with symbols for specific components of your robot, such as sensors and 
motors.

Legend
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Engineering Journal Worksheet

Explain the testing that was done with the robot you created to make sure it could perform your objectives.

If the robot could not perform all of your objectives, what steps did you take to redesign the robot so that it could complete the 
exercise?

Describe what technical skills you learned in this activity? (For example: building, wiring, designing)

Describe the nontechnical skills you have learned in this activity? (For example: teamwork, communication)

From your experiences in building this robot, list some ideas for other robots, or for modifications to this robot. Please include 
what objectives would be met with the new designs, and what steps would need to be taken to meet those objectives.
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General Best Practices

Selecting Screws
4. Use the best-fitting screw for the given task. This saves space and keeps the robot more organized and accessible for further 

modifications. It also saves the large screws for when they are needed, such as when the motor mount is secured. 

Using Multiple Screws
5. When using two screws in combination for a task, such as securing a bracket to a hard point connector, make sure to use the 

same size screw at both points. This is important because it prevents the screw from obstructing other elements. 
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General Best Practices

Accessing Screws
6. When using a hex key, use the holes built into the TETRIX® channels to access screws on other levels. This will often be more 

effective than trying to access the screw directly. The holes in the TETRIX system have been created for this purpose, 
because sometimes other elements may be in the way. Accessing the screw directly would be cumbersome and less 
effective. 

Channel Orientation
7.  Ensure that each channel is oriented so that the open end of it is facing outward. This makes it easier to access the inside of 

the channel if modifications are necessary. If the channels are facing inward, they might obstruct vision and make it difficult to 
see any nuts or bolts that are attached. With the open side of the channels facing outward, the inside is completely visible 
and modifications can be made quickly and easily. 

Tightening Screws Effectively
8. Use care when choosing whether to turn the nut or the screw, depending on which one is more accessible. If the screw is in 

an awkward position to be turned and the nut is easier to reach by using the holes built in to the TETRIX system, then turn the 
nut. If, however, the screw can be accessed easily with the hex key, then turn the screw instead. 

Balancing the Robot
9. To ensure stability when building and designing TETRIX robots, it is important to be aware of the robot’s center-of-mass. If 

the robot is overloaded on one side, in will become unbalanced when in motion, and it will not function to its full potential. In 
extreme cases, the robot will be unable to function because of asymmetry and/or awkward positioning. The center of mass 
should be kept low, and the robot should be stable in all states of normal operation. If one of the robot’s natural operating 
states is unstable, then the design should be altered. 
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General Best Practices

Hub Selection
10. Be careful not to mix up the motor shaft hub and the axle hub, since both look very similar but have important differences.

•	The motor shaft hub has larger holes and a longer shaft. There are only two of these (corresponding to the two motors) in 
the base set.

•	The axle hub has smaller holes and a shorter, thicker shaft. There are six axle hubs in the base set.
•	The set screw of each hub should connect with the D-flat side of the motor shaft or axle. 
 

Tightening Screws
11. During assembly, only moderately tighten the screws until the entire subassembly has been completed. This makes it easier 

to make adjustments to angles and alignment throughout a project. It also keeps the robot more accessible, because screws 
can be easily undone if needed. 

Selecting Tools
12. Keep in mind that there are several different hex keys for the different types of screws. Match the size of the screw to the size 

of the hex key when deciding which to use. If a hex key is not properly turning a screw or does not fit in the screw tightly, then 
it is not the correct hex key to use. For additional direction on the proper hex key to use for each screw, refer to the Hand-
Tools Guide. 

Safety
13. Use extreme caution when working with mechanical parts. Keep all hair, clothes, and body parts clear of moving parts such 

as gears. Safety glasses should be worn at all times when building and operating machinery. Consult the Safety Guide for 
additional cautions and safe practices.

Axle Hub Motor Shaft Hub
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Engineering Journal Worksheet

Objectives Achievements Issues and Concerns

Create a rough sketch of your robot. Create a legend with symbols for specific components of your robot, such as sensors and 
motors.

Legend
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Engineering Journal Worksheet

Explain the testing that was done with the robot you created to make sure it could perform your objectives.

If the robot could not perform all of your objectives, what steps did you take to redesign the robot so that it could complete the 
exercise?

Describe what technical skills you learned in this activity? (For example: building, wiring, designing)

Describe the nontechnical skills you have learned in this activity? (For example: teamwork, communication)

From your experiences in building this robot, list some ideas for other robots, or for modifications to this robot. Please include 
what objectives would be met with the new designs, and what steps would need to be taken to meet those objectives.
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Lesson 1: Basic Chassis Overview

In this lesson, users will learn how to use the elements of the TETRIX® system that will be involved in building the basic chassis 
of the R/C Ranger Bot without using any motors or wires. Safe building practice will be introduced, as well as proper usage of 
required hand-tools.

Estimated Time:  60 minutes

Preparation:
•	Clean the workstation.
•	Organize the TETRIX set.

Materials: 
•	TETRIX Base Set (W39137)
•	Hex Key 4-Pack

Resources:
•	Engineering Journal Worksheet
•	Lesson 1: Basic Chassis Overview
•	Lesson 1: Basic Chassis Building 
Guide

•	Lesson 1: Basic Chassis Reference 
Guide

•	Safety Guide
•	Hand-Tools Guide
•	Basic Chassis 3-D Model

Building Objectives:
•	Learn how to build with the TETRIX 
system.

•	Learn how to use hand-tools.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	It is important to orient the screws and channels carefully. Orient the screws as directed in the building guide so that they 
can be tightened or removed easily.

21
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Step 1

Parts Needed

•	Check	that	the	288	mm	channel	is	positioned	and	oriented	properly.
•	Make	sure	all	screws	are	snug.

Tips

1x Flat Building Plate1x 288 mm Channel 2x 1/2" SHCS 2x Kep Nut
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Step 2

Parts Needed

•	Check	that	the	288	mm	angle	elements	are	positioned	and	oriented	correctly.
•	Make	sure	all	screws	are	snug.

Tips

2x 288 mm Angle 4x 1/2" SHCS 4x Kep Nut
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Step 3

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	added	288	mm	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x 288 mm Channel 6x 1/2" SHCS 6x Kep Nut
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Step 4

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	added	288	mm	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x 288 mm Channel 6x 1/2" SHCS 6x Kep Nut

25
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Step 5

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x 32 mm Channel 2x 1/2" SHCS 2x Kep Nut
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Step 6

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x 32 mm Channel 2x 1/2" SHCS 2x Kep Nut

27
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Final View
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Lesson 1: Basic Chassis Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology.

•	Develop an understanding of the core concepts of 
technology.

•	Develop and produce a product or system using a 
design process.

•	Develop an understanding of the attributes of design.

Mathematics:
•	Analyze characteristics and properties of two- and 
three-dimensional shapes and develop mathematical 
arguments about geometric relationships.

•	Understand measurable attributes of objects and the 
units, systems, and processes of measurement.

•	Understand patterns, relations, and functions.
•	Formulate questions that can be addressed with data 
and collect, organize, and display relevant data.

Science: 
•	Implement a proposed solution.
•	Communicate the problem, process, and solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Design the best solution under given constraints and 
criteria.

Classroom Organization and Setup
1.  Open the TETRIX® sets and sort the elements into the compartments of the plastic tray.

2.  Organize the class into teams of ideally two or possibly three students. These groups will work together for the first three 
lessons in the TETRIX Builders Guide activities.

3.  Provide each student with a copy of the Engineering Journal Worksheet.

4. Provide each group of students with a copy of the Lesson 1: Basic Chassis Building Guide. 

Lesson Progression
1. Become familiar with the TETRIX set and the resources provided with it. 

Take out and examine:

a) The metal and electronic elements within the TETRIX set.

b) The tools that will be used when assembling the elements in the TETRIX set.

2. Identify and inventory each element within the TETRIX set using the Elements Inventory or the Parts Card.

3. Sort the elements into the tray provided and think critically about why this is a necessary step. For example, it allows users 
to identify any missing parts. It also creates an organizational system so that parts can be easily found when needed.

4. Follow the Lesson 1: Basic Chassis Building Guide to complete the basic chassis. 

29
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Lesson 1: Basic Chassis Reference Guide

Frequently Asked Questions
Q: What are the benefits of using metal pieces to construct the basic chassis?

A: Metal pieces make the structure of the basic chassis much sturdier than one made with plastic materials. Using metal 
pieces means that the basic chassis will be able to accomplish tasks that require greater strength. 

Q: Which tool would be most effective in assembling the basic chassis? Why?

A: The 7/64" hex key provided in the TETRIX® Base Set is required to assemble the basic chassis because it is the only tool 
that will fit the head of the socket head cap screw. 

Q: What features make the base stable?

A:  The basic chassis is stable because it has a square base and because its center of mass is very low to the ground and 
near the center of the robot. 

Q:  Why is it important to pay attention to the orientation of the screws while assembling the basic chassis?

A:  It is important to orient the screws so that they can be easily accessed in future lessons as additional elements are added 
to the model. 

Q:  Why should the inside angle of the channel face away from the center of the basic chassis when assembling the 
basic chassis?

A:  Orienting the channels so that the inside angle of the channel faces away from the center of the basic chassis ensures 
easy access and a clear visual line to elements that may be attached in future lessons. For an illustrated example, see the 
General Best Practices Guide in the TETRIX Builders Guide. 

Q:  What could be the result of using an incorrectly sized screwdriver or hex key?

A:  It is easy to accidentally strip the screws and even damage the hand-tools when the wrong-sized tool is used. 

Q:  What is the proper way to orient the nuts when assembling the basic chassis?

A: The teeth of the nut should face the head of the screw. 

Q: Why should screws be tightened fully only after the entire subassembly has been completed?

A:  Tightening screws before an entire subassembly is complete can make it difficult to accurately line up the holes in the 
channels. All screws in a subassembly should be fastened loosely before any are completely tightened to ensure that the 
elements have been aligned properly.

Innovation and Inspiration
Suggestion #1: “What could be built from this?”

•	 Using the basic chassis as a starting point, brainstorm what could be built with the remaining TETRIX elements.

•	 This new model can be a real or imaginary product, such as a frame for a new musical instrument.

•	 Create a sketch of the plan and add elements to the base.

•	 Share developed ideas with others and outline additional uses for the model.

•	 Various constraints can be imposed on the design, such as cost, size, or weight.

•	 These constraints can be gathered from other students in the class, acting as potential customers, depending on what 
they want to do with the product.

•	 The data that is collected can be graphed to anticipate what the demand of the class is, as well as which design might 
have the best sales.

•	 Give the product a name and a monetary value. Discuss who might be interested in buying it. 
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Lesson 1: Basic Chassis Reference Guide

Suggestion #2: “Find the perimeter and area of the TETRIX® Channels.”
•	 Place a 160 mm TETRIX channel on a blank piece of paper and trace its outer edge.

•	 Measure the perimeter and calculate the approximate area of the traced image.

•	 Estimate the perimeter and area of one side of the 288 mm TETRIX channel.

•	 Place the 288 mm TETRIX channel on a blank piece of paper and trace its outer edge.

•	 Measure the perimeter and calculate the approximate area of the traced image.

•	 Calculate the area of the traced image.

•	 Create a table containing the perimeters and areas of both the 160 mm and 288 mm TETRIX channels. 
For example: 
 
Suggestion 

Perimeter Approximate Area

160 mm TETRIX Channel

288 mm TETRIX Channel Estimation

288 mm TETRIX Channel

•	 How accurate was the estimate?

•	 Calculate the difference between the measured 288 mm TETRIX channel perimeter or area and the estimated values.
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Lesson 2: R/C Ranger Bot Drive Train Overview

In this lesson, DC motors, a DC Motor Speed Controller, and wheels will be attached to the basic chassis that was created in 
Lesson 1. Also, the electrical and communication systems will be installed on the R/C Ranger Bot.

Estimated Time: 90 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX® set.
•	Make sure batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed Basic Chassis from Lesson 1
•	TETRIX Base Set (W39137)
•	12 AA Batteries
•	Large sheet of poster paper
•	Pens or markers
•	Large wooden board
•	Protractor
•	Metal Rod

Resources:
•	Engineering Journal Worksheet
•	Lesson 2: R/C Ranger Bot Drive 
Train Overview

•	Lesson 2: R/C Ranger Bot Drive 
Train Reference Guide

•	Lesson 2: R/C Ranger Bot Drive 
Train Building Guide

•	R/C Ranger Bot Drive Train Train 3D 
Model

Building Objectives:
•	Wire and attach TETRIX DC motors and 
the DC motor speed controller.

•	Install the electrical and 
communication systems of the robot.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	To balance the weight of the robot, mount the battery pack in the middle of the Ranger Bot.
•	Motor controllers are attached using screws and hex keys different from those used in Lesson 1: Basic Chassis. Keep this in 
mind when choosing which hand-tools to use.

•	Complete all wiring before attaching the battery.
•	Use the 4-in-1 screwdriver to: 

•	Tighten the screws that secure the wires into the DC Motor Speed Controller. 

Note: Make sure that the battery packs are unplugged before doing any wiring work or wiring modifications.
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Step 1

Parts Needed

•	Use	the	motor	shaft	hub;	the	axle	hub	is	too	small	to	fit	on	the	motor	shaft.
•	Tighten	the	set	screw	so	it	is	aligned	with	the	D-flat	side	of	the	motor	shaft.
•	Make	sure	that	the	gaps	in	the	motor	mounts	are	facing	as	shown.
•	Note	that	the	shaft	of	the	DC	motor	is	not	centered.	Ensure	that	the	motor	is	rotated	so	that	the	motor	shaft	is	
positioned	closest	to	the	gap	in	the	motor	mount.

Tips

2x DC Drive Motor 2x Motor Mount 2x 3" Wheel 2x Motor Shaft Hub 8x 1/2" SHCS
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Step 2

Parts Needed

•	Check	that	the	position	of	the	gap	of	the	motor	mount	is	positioned	as	shown	in	the	picture.
•	Make	sure	all	screws	are	snug.

Tips

    1x Left Drive Wheel 
Assembly

2x 1.5" SHCS 2x Kep Nut
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Step 3

Parts Needed

•	Check	that	the	position	of	the	gap	of	the	motor	mount	is	positioned	as	shown	in	the	picture.
•	Make	sure	all	screws	are	snug.

Tips

    1x Right Drive Wheel 
Assembly

2x 1.5" SHCS 2x Kep Nut
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Step 4

Parts Needed

•	Screw	the	Omni	wheel	to	the	axle	hub,	then	line	up	the	end	of	the	axle	with	the	outside	of	the	Omni	wheel.
•	Tighten	the	set	screw	to	prevent	the	axle	from	slipping.
•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	Omni	wheel.

Tips

2x Omni Wheel 2x Axle Hub 2x 100 mm Shaft 8x 1/2" SHCS
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Step 5

Parts Needed

•	Tighten	the	set	screw	to	prevent	the	axle	from	slipping.
•	Do	not	push	the	axle	set	collar	and	Omni	wheel	together	while	tightening	the	set	screw.	The	wheel	may	not	spin	freely	
due	to	too	much	friction.	

Tips

2x Bronze Bushing   1x Omni Wheel  
Assembly

 1x Axle Set Collar
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Step 6

Parts Needed

•	Tighten	the	set	screw	to	prevent	the	axle	from	slipping.
•	Do	not	push	the	axle	set	collar	and	Omni	wheel	together	while	tightening	the	set	screw.	The	wheel	may	not	spin	freely	
due	to	too	much	friction.	

Tips

2x Bronze Bushing   1x Omni Wheel  
Assembly

 1x Axle Set Collar
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Step 7

Parts Needed

•	The	stand-off	pieces	are	screwed	to	the	fifth	hole	from	the	outside	of	each	angle	element.
•	Make	sure	all	screws	are	snug.

Tips

4x 1" Stand-Off Post 4x 1/2" SHCS
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Step 8

Parts Needed

•	Place	the	DC	motor	controller	to	the	RC	Deck	in	the	box	marked	“Speed	Controller”,	positioned	as	in	the	picture.
•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	screws.

Tips

1x RC Deck 1x DC Motor 
  Controller

   4x DC Motor 
Controller Screw

 4x DC Motor 
Controller Nut
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Step 9

Parts Needed

•	Attach	the	receiver	to	the	RC	Deck	in	the	box	marked	“Receiver”	with	a	piece	of	Velcro	included	in	the	RC	deck	pack.

Tips

   1x Futabe RC 
Receiver
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Step 10

Parts Needed

•	Attach	the	receiver	power	switch	to	the	RC	Deck	in	the	box	marked	“Switch”	with	Velcro	included	in	the	RC	deck	pack.

Tips

    1x Receiver 
Power Switch
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Step 11

Parts Needed

•	Attach	the	small	battery	rack	to	the	RC	Deck	in	the	box	marked	“4-Cell	Battery”	with	Velcro	included	in	the	RC	deck	
pack.

Tips

    1x 4-Cell Battery 
Rack
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Step 12

Parts Needed

•	Only	attach	the	RC	deck	to	the	2”	stand-offs	on	the	right	side	of	the	chassis.	The	other	two	screws	that	will	anchor	it	to	
the	left	stand-offs	will	be	added	in	a	later	step.

•	If	Step	7	was	completed	correctly	the	four	holes	closest	to	each	corner	of	the	RC	deck	should	line	up	with	the	four	2”	
stand-offs.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	RC	deck.

Tips

  1x RC Deck  
Assembly

2x 1/2" SHCS
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Step 13

Parts Needed

•	Attach	the	large	battery	rack	with	Velcro	included	in	the	RC	deck	pack.

Tips

   1x 8-Cell Battery 
Rack
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Step 14

Parts Needed

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	switch	bracket.

Tips

1x Switch Bracket 2x L Bracket 4x 1/2" SHCS 4x Kep Nut
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Step 15

Parts Needed

•	Firmly	push	the	power	switch	into	the	switch	bracket	as	far	as	it	will	go.

Tips

1x On/Off Switch
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Step 16

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

   1x Switch 
Assembly

2x 1/2" SHCS
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Final View
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Left DC Motor Right DC Motor

8-Cell Battery Rack

4-Cell  
Battery Rack

R/C Receiver

DC Motor Speed 
Controller

Power 
Switch

Power  
Switch

No 
Connection

Wiring Diagram

•	Run	the	necessary	wires	under	the	RC	Deck	or	secure	them	to	the	chassis	so	they	do	not	get	caught	on	the	wheels	or	
other	objects	while	the	robot	moves.

•	Before	turning	on	the	robot,	double	check	that	all	wires	on	the	robot	lead	to	the	correct	electronic	elements	exactly	as	
shown	in	the	wiring	diagram.

•	Above	is	a	close	up	view	of	the	motor	speed	controller	DIP	switch.	The	switches	on	your	speed	controller	should	be	set	to	
the	same	as	shown	in	the	picture	(switches	1-4	to	the	right,	switches	5	and	6	to	the	left).

Tips

M2B
M2A
B-
B+
M1B
M1A
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Lesson 2: R/C Ranger Bot Drive Train Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology.

•	Develop an understanding of the core concepts of 
technology.

•	Develop and produce a product or system using a 
design process.

•	Develop an understanding of the attributes of design.
•	Develop an understanding of engineering design.

Mathematics:
•	Understand measurable attributes of objects and the 
units, systems, and processes of measurement.

•	Represent and analyze quantitative relationships 
between dependant and independent variables. 

•	Build new mathematical knowledge through problem 
solving.

•	Recognize and use connections among mathematical 
ideas.

•	Organize and consolidate mathematical thinking through 
communication.

•	Formulate questions that can be addressed with data 
collect, organize, and display relevant data.

Science: 
•	Develop the abilities necessary to do scientific inquiry.
•	Design and conduct a scientific investigation.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Understand how scientific knowledge is acquired and 
how scientific explanations are developed.

First-Time Classroom Setup
1. Make sure AA batteries are inserted correctly and functioning properly. 

Classroom Organization and Setup
1. Organize the class into their groups from the Lesson 1 activity.

2. Provide each student with a copy of the Engineering Journal Worksheet.

3. Provide each group of students with a copy of the Lesson 2: R/C Ranger Bot Drive Train Building Guide. 

Lesson Progression
1. Review tasks and concepts from Lesson 1.

2. Follow the Lesson 2: R/C Ranger Bot Drive Train Building Guide to attach DC Motors and the DC motor speed controller 
onto the basic chassis created in Lesson 1.

3.  Follow the Building Guide and the Wiring Diagram to install the electrical and communication systems on the R/C Ranger 
Bot.

4.  Verify with the student groups that the electrical system has been connected safely and correctly. 

Note: The batteries should not be loaded into the battery packs until after the safety of the wiring has been verified. 
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Lesson 2: R/C Ranger Bot Drive Train Reference Guide

Frequently Asked Questions
Q: The R/C Ranger Bot is very low to the ground. How does this help with stability?

A: Being very low to the ground lowers the R/C Ranger Bot’s center of gravity. This makes it more difficult to tip the robot over. 
This is important if the robot is going to be used in a competition or in a situation in which the surface on which it travels is 
uneven. A low center of gravity is also important if elements will be added to the model to make it taller. 

Q: Why are the battery packs and electrical and communication components spread out over the R/C Ranger Bot  
chassis?

A:  These elements are spread out evenly to balance the mass over the entire chassis. The even distribution of mass makes 
the robot much more stable. The main battery pack, the heaviest object mounted on the chassis, is placed closest to the 
center of the chassis to help maintain a balance of mass. 

Q:  Why should all wiring be completed before inserting the batteries?

A:  It can be dangerous to work with wires when they are connected to a power source, as there is a risk of an electric shock. 
Waiting until all of the wiring has been completed before attaching the battery ensures that live wires will not be exposed.

Innovation and Inspiration
Suggestion #1: “Turning Radius of the R/C Ranger Bot”

•	 Place a large piece of paper on the floor roughly 4 times the size of the robot.

•	 Choose one of the drive wheels at the front of the R/C Ranger Bot to use as the pivot point.

•	 Place the R/C Ranger Bot such that this wheel is in the center of the piece of paper.

•	 Place a pen or marker as close to the opposite drive wheel as possible.

•	 Pivot the robot around the wheel which was chosen to be the pivot point in a complete circle, while drawing on the piece 
of paper with the pen or marker.

•	 Measure the radius of the circle that is drawn. This is the turning radius of the robot.  

Suggestion #2: “Calculating Coefficient of Static Friction between surfaces”
•	 Research and investigate the concept of friction and the coefficient of friction.

•	 Once there is an understanding of friction and the coefficient of friction the activity can commence. Place the robot on a 
large board to be used as a ramp. Make sure that the wheels are facing perpendicular to the direction in which the ramp 
slopes downward. This means that the robot cannot roll down the ramp.

•	 Gradually lift the board from one end creating an inclined plane until the robot just begins to slide down the ramp.

•	 Use a protractor to determine the angle that the board has made with the floor just before the robot starts sliding down. 

•	 The coefficient of static friction is equal to the tangent of x, Tan(x), where x is the angle that the ramp makes with the 
ground. 

•	 Compare the coefficient values between groups. What does it mean if the value is higher? 

Suggestion #3: “Calculating the balance point of the R/C Ranger Bot”
•	 Obtain a rod which is a few inches longer than the width of the robot.

•	 Place the rod underneath the chassis of the R/C Ranger Bot. 

•	 Slide the rod along the robot, making sure the rod runs exactly perpendicular to the side of the frame, until the bot can 
balance on the rod. 

•	 Mark this position on the robot with two small pieces of tape, one on each side. Measure the distance from the front of 
the robot to this marker. This is the balance point of the bot from front to back.

•	 Repeat this process with the rod running parallel to the side of the frame. This is the balance point of the bot from left to 
right.

•	 If you create a line from the two points on the sides and a line from the two points on the front and back, the intersection 
of those two lines is the balance point in the horizontal plane.
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Lesson 3: R/C Ranger Bot Movement Overview

In this lesson, the R/C Transmitter will be connected to the R/C Ranger Bot. The bot will be tested using the transmitter to 
control movement and the reverse controlling toggle will be tested. The transmitter will be calibrated by moving the elevator trim 
lever and throttle trim lever in the direction of forward and backward. The R/C Ranger Bot will be observed completing basic 
movement.

Estimated Time: 90 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX® set.
•	Make sure batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 2

•	TETRIX Base Set (W39137)
•	12 AA Batteries

Resources:
•	Engineering Journal Worksheet
•	Lesson 3: R/C Ranger Bot 
Movement Overview

•	Lesson 3: R/C Ranger Bot 
Movement Building Guide

•	Lesson 3: R/C Ranger Bot 
Movement Reference Guide

•	Lesson 3: R/C Ranger Bot –
Movement How It Should Work 
video

•	R/C Ranger Bot Movement 3D 
Model

•	R/C Ranger Bot Control Guide

Building Objectives:
•	Connect the R/C Transmitter to the R/C 
Ranger Bot to control movement.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Calibration
•	To calibrate the controller to the R/C Ranger Bot be sure to switch on the controller, receiver, and the transmitter.
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Lesson 3: R/C Ranger Bot Movement Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology.

•	Develop an understanding of the core concepts of 
technology.

•	Develop and produce a product or system using a 
design process.

•	Develop an understanding of the attributes of design.
•	Develop an understanding of engineering design.

Mathematics:
•	Understand measurable attributes of objects and the 
units, systems, and processes of measurement. 

•	Represent and analyze quantitative relationships 
between dependant and independent variables.

•	Organize and consolidate mathematical thinking through 
communication.

•	Formulate questions that can be addressed with data 
collect, organize, and display relevant data.

Science: 
•	Develop the abilities necessary to do scientific inquiry.
•	Evaluate a solution and its consequence.
•	Identify a problem or design an opportunity.
•	Implement a proposed solution.
•	Communicate the problem, process, and solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

•	Design the best solution under given constraints and 
criteria.

Classroom Organization and Setup
1. Set up a projector with a computer to show the Lesson 3: R/C Ranger Bot Movement– How It Should Work video.

2.  Provide each student with a copy of the Engineering Journal Worksheet.

3.  Provide each group of students with a copy of the Lesson 3: R/C Ranger Bot Transmitter Building Guide.

4.  Make sure AA batteries are inserted correctly and functioning properly. 

Lesson Progression
1. Review tasks and concepts from Lesson 2.

2.  Watch the Lesson 3: R/C Ranger Bot Transmitter – How It Should Work video.

3. Follow the Lesson 3: R/C Ranger Bot Transmitter Building Guide and the R/C Ranger Bot Control Guide to connect the R/C 
Transmitter to the R/C Ranger Bot and then calibrate and control its movements. 

Frequently Asked Questions
Q: What is the safest way to test the Ranger Bot?

A: Mount the R/C Ranger Bot on a platform so that the wheels can spin without touching the ground. When you operate the 
R/C transmitter, the R/C Ranger Bot wheels can freely spin without the chance of accident. Watch the spin of the wheels to 
determine which direction the R/C Ranger Bot will move. 

Q: When I use the R/C Transmitter why is the R/C Ranger Bot not responding?

A:  The R/C Ranger Bot may not be moving because the switches on the Ranger Bot and the switch on the transmitter are not 
all turned on. Make sure to turn on the switches to the DC motor speed controller, the receiver, and the switch on the trans-
mitter. In addition, make sure your electrical wires are connected properly from your motors to your receiver. As you look at 
the receiver with the lettering in a readable orientation, make sure the yellow wire faces the left side of the receiver, while 
the brown wire faces the right side of the receiver. Be sure to always make sure your batteries are fully charged.

54

LessonsTETRIX® Builders Guide



Lesson 3: R/C Ranger Bot Movement Reference Guide

Q:  When I push forward on the transmitter joystick why does the motor move backwards?

A:  Make sure to check your wiring to make sure the motor has been wired correctly. Check that the wires from the motor are 
properly inserted into the block connectors on the receiver. Make sure the yellow wire faces the left side of the receiver, 
while the brown wire faces the right side of the receiver. Control the direction of the motor by using the servo reverse 
switches on your transmitter. Check each of the 4 channels individually to make sure the direction of the motors meet your 
requirements for the R/C Ranger Bot.

Q:  Why does my left joystick control the movement of my R/C Ranger Bot?

A: To make sure your joysticks control the correct motors, ensure that the channels are wired correctly on the receiver accord-
ing to the schematic in the Lesson 2 Wiring section. You can switch between channels  by removing the wire from the cur-
rent channel on the receiver and placing it into another channel. As you look at the receiver with the lettering in a readable 
orientation, make sure the yellow wire faces the left side of the receiver, while the brown or black wire faces the right side 
of the receiver. 

Innovation and Inspiration
Suggestion #1: “Omni  Wheel Switch”

•	 The R/C Ranger Bot has a front-wheel drive system when driving forward. Get a feel for how the R/C Ranger Bot drives 
and handles in this configuration.

•	 Switch the position of the Omni wheels with the position of the treaded wheels and DC motors on your R/C Ranger Bot. In 
this configuration, the drive wheels will be in the back of the R/C Ranger Bot. 

•	 Does the robot handle differently when using rear-wheel drive as opposed to when using front-wheel drive? How is it 
different?

•	 Once you have tested a change in position of the Omni wheels on your R/C Ranger Bot, test the wheel structure further 
by placing four treaded wheels or four Omni wheels on your R/C Ranger Bot to test movement. How does changing all 
four wheels affect your R/C Ranger Bot movement? 

Suggestion #2: “Modify the Bot”
•	 The Omni-wheel setup on the R/C Ranger Bot has been designed so that the wheels can be mounted parallel to the 

driving wheels, or at a 45° angle.

•	 Compare the performance of the parallel Omni-wheel configuration with the performance of the wheels at a 45° angle. 

•	 Test the robot's movements – moving straight and turning – using the wheel configuration from the Lesson 2: Ranger 
Bot Movement Building Guide. Then, turn the wheels to a 45° angle and complete the same test. This can be done by 
mounting the 32 mm channel (that holds the Omni-wheel setup) on an angle. TETRIX® pieces have been designed so that 
this can be done easily.

•	 Does the Omni-wheel angle make a difference? Why or why not? 

Suggestion #3: “Wheelbase Challenge”
•	 Change the wheelbase of the R/C Ranger Bot (the distance between the front and back wheel of the R/C Ranger Bot). 

Test different configurations of wheelbases on your R/C Ranger Bot and make some observations.

•	 Reflect and analyze the agility and driving capabilities of the R/C Ranger Bot with the different configurations you tested.

•	 Change the elevator trim lever to put full power in the forward direction of your R/C Ranger Bot. Test this transmitter 
configuration and examine what effect this will have on your R/C Ranger Bot. What are some applications that can be 
used with this setting?  Discuss how this can be used in a real life scenario. 

Suggestion #4: “Inclined Plane Challenge”
•	 Using your transmitter, drive your R/C Ranger Bot up an inclined plane.

•	 Change the direction in which your R/C Ranger Bot drives up the same inclined plane.

•	 Change the wheel or wheel configuration for your R/C Ranger Bot. Try using four of the same kind of wheel, both treaded 
and Omni wheel. Determine if there is any difference in wheel configuration and performance of the R/C Ranger Bot. 

•	 What role does friction play on the design of the R/C Ranger Bot and wheels? 
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Lesson 3: R/C Ranger Bot Movement Reference Guide

Suggestion #5: “How can we calculate the speed of the robot?”
•	 For this activity, a stopwatch, tape, and some sort of measuring device, such as a tape measure or meter stick, will be 

needed.

•	 Mark a start line and finish line on the floor, one or two meters apart. Record the distance.

•	 Start the robot behind the start line and time how long it takes to get past the finish line. Record this time.

•	 Repeat this a few times to get the most accurate result, and calculate the average time.

•	 Use these numbers to calculate the speed at which the robot moves. Remember that speed = distance/time.

•	 Compare the results with other groups. Give reasons and account for any differences between groups.

•	 Students can try different speeds based on joystick position. Measure the speed when joysticks are moved half way 
compared to joysticks being moved to the maximum position. Students can place a marker on their joysticks to show 
what input power represents half and full. When comparing between groups, this would provide more consistent results.  

Suggestion #6: “Changing the Torque”
•	 Add gears between the motor shaft and the wheel axle to change the output torque. Examine the change in torque and 

speed with the new gear ratios.

•	 Measure the new speed based on the gear ratios. 

•	 Explore the principles of gearing with the students. What are the real world applications of large and small gear ratios? 
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Arm and Gripper Overview

In this extension, an arm and gripper will be assembled and attached to the R/C Ranger Bot. The R/C Ranger Bot will pick up a 
cup and place it in another area of the arena.

Estimated Time: 90 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX® set.
•	Make sure AA batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX Base Set (W39137)
•	Cup
•	12x AA Batteries

Resources:
•	Engineering Journal Worksheet
•	Arm and Gripper Extension 
Overview

•	Arm and Gripper Extension 
Reference Guide

•	Arm and Gripper Extension 
Building Guide

•	Arm and Gripper Extension – How 
It Should Work video

•	Arm and Gripper Extension 3D 
Model.

Building Objectives:
•	Learn how to wire and attach a TETRIX 
Servo Motor.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	Use the small black screw to secure the horn on the servo motor.
•	Use a bronze bushing any time an axle is used.
•	Use axle spacers to keep components in place and correctly aligned.
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Step 1

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	front	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x Single-Servo Motor 
      Bracket

1x Hub Spacer 2x 1.25" SHCS 2x Kep Nut

58

ExtensionsTETRIX® Builders Guide

Arm and Gripper Building Guide



Step 2

Parts Needed

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	lower	servo	bracket	while	
you	turn	the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor
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Step 3

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

   1x 40-Tooth 
Gear 

1x Servo Horn 4x 1/2" SHCS 4x Kep Nut
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Step 4

Parts Needed

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw1x 40-Tooth Gear  
 Assembly 
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Step 5

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	front	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x 96 mm Channel  3x 1/2" SHCS 3x Kep Nut

62

ExtensionsTETRIX® Builders Guide

Arm and Gripper Building Guide



Step 6

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x Flat Bracket 4x 5/16" SHCS 1x Axle Hub
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Step 7

Parts Needed

•	Screw	two	screws	through	the	left	L	bracket,	through	the	flat	bracket,	and	into	the	1”	stand-offs.	Then	add	the	
remaining	L	bracket	to	the	stand-offs.

•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x 1" Stand-Off Post2x L Bracket

64

ExtensionsTETRIX® Builders Guide

Arm and Gripper Building Guide



Step 8

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut
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Step 9

Parts Needed

•	Keep	the	other	holes	in	the	flat	bracket	and	L	bracket	aligned	as	in	the	picture	for	the	next	step.
•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x Flat Bracket 1x 5/16" SHCS 
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Step 10

Parts Needed

•	Make	sure	the	longer	screw	goes	through	the	L	bracket.	The	shorter	screw	should	not.
•	First	connect	the	flat	brackets	together	using	the	screws	and	kep	nuts.	Once	these	screws	are	tightened	turn	the	
stand-off	onto	the	end	of	the	1/2”	screw.

•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut1x Flat Bracket 1x 5/16" SHCS 1x 1" Stand-Off Post 1x 1/2" SHCS
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Step 11

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Servo Horn
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Step 12

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x Flat Bracket1x Single-Servo Motor 
      Bracket
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Step 13

Parts Needed

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	servo	bracket	while	you	turn	
the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor
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Step 14

Parts Needed

•	First	connect	the	servo	motor	and	the	servo	horn.	The	servo	motor	should	have	approximately	90	degrees	rotation	in	
each	direction	from	its	position	in	the	picture	above.	If	it	does	not	have	this	range	of	rotation	take	the	servo	motor	off	
of	the	servo	horn	and	reposition	it	so	it	has	the	proper	range	of	rotation.

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw1x Servo Motor 
Assembly 
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Step 15

Parts Needed

Tips
•	Make	sure	all	screws	are	snug.

Tips

   1x 80-Tooth 
Gear 

4x 1/2" SHCS1x Axle Hub
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Step 16

Parts Needed

•	First	insert	the	bronze	bushings	into	the	end	of	the	96	mm	channel.	Then	put	a	spacer	and	the	gripper	assembly	on	
the	end	of	the	axle,	tightening	the	hub	set	screw	to	lock	the	gripper	on	the	axle.	Insert	the	axle	through	the	bronze	
bushings,	then	through	the	spacer	and	gear	assembly	on	the	other	side	of	the	channel.	Finally,	line	up	the	teeth	of	
each	gear	so	they	interlock,	then	tighten	the	hub	set	screw	to	fix	the	gear	assembly	to	the	axle.

Tips

1x 100 mm Axle1x 80-Tooth Gear 
Assembly

1x Gripper Assembly 2x Bronze Bushing 2x 3/8" Axle Spacer
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Final View
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Wiring Diagram

Left DC Motor

Servo #1 Servo #2

Right DC Motor

4-Cell  
Battery Rack

8-Cell  
Battery Rack

R/C  
Receiver

DC Motor  
Speed Controller

Power 
Switch

Power  
Switch

No 
Connection

M2B
M2A
B-
B+
M1B
M1A
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Arm and Gripper Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology.

•	Understand and apply the design process.
•	Develop and produce a product or system using a 
design process.

•	Develop an understanding of the attributes of design.
•	Develop an understanding of engineering design.

Mathematics:
•	Analyze characteristics and properties of two- and three-
dimensional shapes.

•	Build new mathematical knowledge through problem 
solving.

•	Recognize and use connections among mathematical 
ideas.

Science: 
•	Develop the abilities necessary to do scientific inquiry.
•	Understand the abilities of technological design.
•	Evaluate a solution and its consequence.
•	Identify a problem or design an opportunity.
•	Implement a proposed solution.
•	Communicate the problem, process, and solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Represent a model in three-dimensions.
•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Communicate ideas through sketches and diagrams.
•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

Classroom Organization and Setup
1.  Set up a projector with a computer to show the Arm and Gripper Extension – How It Should Work video.

2.  Provide a copy of the Engineering Journal Worksheet for each student.

3. Make sure AA batteries are inserted correctly and functioning properly.

4. Collect a number of different objects to be picked up by the arm and gripper. Light, cylindrical objects such as plastic or 
foam cups work well for this activity. 

Lesson Progression
1. Review the tasks and concepts from Lessons 1-3.

2.  Watch the Arm and Gripper Extension – How It Should Work video.

3.  Follow the Arm and Gripper Extension Building Guide to create the Arm and Gripper.

4.  Drive the R/C Ranger Bot with Arm and Gripper to have it pick up an object.

5.  Compare it to the way the robot behaved in the How It Should Work video. 

Frequently Asked Questions
Q: Why is the range of rotation of the servo important?

A: The servo only rotates 90°. This is important because the starting position of the servo has to be physically oriented in  
accordance with whatever it is rotating.  

Q: How does the gearing of the servo and arm affect the amount the arm can rotate?

A: Because the servo can only rotate 90°, the gear ratio affects the arm’s range of motion. By using a larger gear to drive a 
smaller gear, the turning radius can be increased. Be aware that using a larger gear to drive a smaller gear can put extra 
strain on the servo motors, possibly causing damage to the internal components. 
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Q: How is the horn secured onto the servo?

A: Use the small black screws that come with the servo to secure the horn onto the servo motor. 

Q: What elements are used with the axle?

A: Axle spacers, bronze bushings, and axle hubs are used with axles. 

Q: What strategies can be used to improve the team’s performance during the Robot Challenge competition (defined in 
the Innovation and Inspiration section below)?

A:  Some effective strategies for gaining as many points as possible with the least amount of effort may include:

1. Set a goal to collect objects that are worth the greatest number of points. This might involve determining which objects 
are the most valuable, developing a plan or route to collect the greatest number of these objects in the most efficient 
way, and possibly outlining a strategy to prevent other teams from reaching these objects before one’s own robot. 

2. Gather as many objects with a low value as possible. This strategy may be effective if objects with a lower value are 
easier to reach and collect or if other teams have chosen to target more valuable objects. Difficult maneuvers and 
interaction with other robots may be avoided.

3. Gather a few highly valued objects and then focus on preventing other teams from gaining points. This is a very 
defensive strategy. It might involve physically blocking other robots, taking objects from their storage (if permitted) or 
knocking objects out of the way so that they are difficult for other teams to reach. 

Innovation and Inspiration
Suggestion #1: “Robot Challenge”

•	 Stage a competition to gather objects and place them in a designated area.

•	 Distribute objects in a variety of sizes and shapes and designate a drop off point somewhere in the middle of the 
competition field.

•	 Assign point values to the objects, making objects that are more difficult to grasp a higher value and objects that are 
more easily grasped of a lower value. 

Suggestion #2: “How can the arm and gripper be adapted for use in a broader range of purposes?”
•	 Investigate different purposes for which an arm and gripper apparatus could be used, such as reaching for an object 

on a high shelf, picking something up that is too dangerous to touch with bare human hands, or acting as an aid for a 
person who is unable to grip an object independently.

•	 Decide how the current R/C Ranger Bot with arm and gripper could be modified for one of these purposes.

•	 Create a sketch of the idea.

•	 Build the design.

•	 Test the design and make modifications as necessary. 

Suggestion #3: “What gear ratio does the arm and gripper use?”
•	 Calculate the gear ratio that was used in this arm and gripper design.

•	 Determine why this ratio was used.

•	 Investigate what would happen if the number of teeth on the driving gear was increased or decreased.

•	 Determine some different possible gear ratios. Why would these different ratios be used? 

Suggestion #4: “Racing robots”
•	 Use the arm on the gripper to push an object along the race track to the finish line as the robot moves. This can be a 

small container full of candy or marbles that cannot be spilled or a larger object, such as a plush toy, that will glide easily 
down the track but stops the robot if it falls over.

•	 Build a design that uses gear ratio to increase the robot’s speed down the route.

•	 Experiment with the gear ratio to optimize the robot’s speed.

•	 Create a long, straight racing route with a thick border line and large finish line.
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Harvester and Transporter Overview

In this lesson a harvester and a transporter will be assembled and attached to the R/C Ranger Bot. It will pick up one ball at a 
time with the harvester. The balls will then be loaded into the transporter, where they could be carried to another location.

Estimated Time: 90 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX® set.
•	Make sure AA batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX Base Set (W39137)
•	Colored TETRIX Balls
•	12x AA Batteries

Resources:
•	Engineering Journal Worksheet
•	Harvester and Transporter 
Extension Overview

•	Harvester and Transporter 
Extension Reference Guide

•	Harvester and Transporter 
Extension Building Guide

•	Harvester and Transporter  
Extension – How It Should Work 
video

•	Harvester and Transporter 
Extension 3D Model

Building Objectives:
•	Create a device which can pick up 
balls and a container to store them.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	Make sure to set the range of rotation for the servos carefully. Otherwise, the harvester may rotate too far or not be able 
to rotate far enough.
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Step 1

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	angles.
•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 4x 2" Stand-Off Post2x 144 mm Angle

79

TETRIX® Builders GuideExtensions

Harvester and Transporter Building Guide



Step 2

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	flat	bars.
•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x 288 mm Flat Bar
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Step 3

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 2x 2" Stand-Off Post
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Step 4

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x L Bracket 2x Kep Nut2x 1/2" SHCS

82

ExtensionsTETRIX® Builders Guide

Harvester and Transporter Building Guide



Step 5

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	side	channel.
•	Make	sure	all	screws	are	snug.

Tips

2x 2" Stand-Off Post 2x 1/2" SHCS
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Step 6

Parts Needed

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	side	channel.
•	Make	sure	all	screws	are	snug.

Tips

2x 2" Stand-Off Post 2x 1/2" SHCS
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Step 7

Parts Needed

1x Rack Assembly 4x 1/2" SHCS

•	Make	sure	all	screws	are	snug.

Tips
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Step 8

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

4x Kep Nut4x 5/16" SHCS 1x Flat Bracket1x Servo Horn
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Step 9

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Flat Bracket
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Step 10

Parts Needed

•	Check	that	the	L	brackets	are	oriented	correctly.
•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut2x L Bracket 3x 1/2" SHCS
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Step 11

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut1x Flat Bracket
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Step 12

Parts Needed

•	Keep	the	holes	of	the	two	L	brackets	and	the	flat	bracket	aligned.	An	additional	screw	will	be	inserted	through	these	
holes	in	the	next	step.

•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x 1/2" SHCS1x Flat Bracket1x Bracket Assembly
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Step 13

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x 2" Stand-Off Post 1x 1/2" SHCS
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Step 14

Parts Needed

•	Notice	this	is	the	mirror	image	of	Step	11.
•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut1x Flat Bracket
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Step 15

Parts Needed

•	Keep	the	holes	of	the	two	L	brackets	and	the	flat	bracket	aligned.	An	additional	screw	will	be	inserted	through	these	
holes	in	the	next	step.

•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x 1/2" SHCS1x Flat Bracket1x Bracket Assembly

93

TETRIX® Builders GuideExtensions

Harvester and Transporter Building Guide



Step 16

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

1x 2" Stand-Off Post 1x 1/2" SHCS
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Step 17

Parts Needed

•	Check	that	the	screws	are	screwed	in	the	correct	holes.
•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x Single-Servo Motor 
      Bracket
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Step 18

Parts Needed

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	lower	servo	bracket	while	
you	turn	the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor
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Step 19

Parts Needed

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw  1x Harvester 
Assembly 
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Final View
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Wiring Diagram

Left DC Motor

Servo #1 Servo #2

Right DC Motor

4-Cell  
Battery Rack

8-Cell  
Battery Rack

R/C  
Receiver

DC Motor  
Speed Controller

Power 
Switch

Power  
Switch

No 
Connection

M2B
M2A
B-
B+
M1B
M1A
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Ball Stand – Step 1

Parts Needed

•	Press	the	tube	into	the	clamp,	then	fix	it	to	the	clamp	by	tightening	the	5/16”	screw	acting	as	a	set	screw.

Tips

1x 145 mm Tube1x Tube Clamp1x 5/16" SHCS 
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Ball Stand – Step 2

Parts Needed

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	wheel.

Tips

1x 3" Wheel 2x 1/2" SHCS
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Ball Stand – Final View
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Harvester and Transporter Reference Guide

Expectations

Technology:
•	Understand and apply the design process.
•	Develop and produce a product or system using a 
design process.

•	Understand that design needs to be continually checked, 
critiqued, and improved.

•	Develop an understanding of the attributes of designs. 
•	Develop an understanding of the engineering design 
process.

Mathematics:
•	This activity focuses on expectations in technology, 
science, and engineering.

Science: 
•	Develop abilities necessary to do scientific inquiry.
•	Implement a proposed solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Represent a model in three-dimensions.
•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

•	Design the best solution under given constraints and 
criteria. 

Classroom Organization and Setup
1. Set up a projector with a computer to show the Harvester and Transporter  Extension – How It Should Work video.

2.  Provide each student with a copy of the Engineering Journal Worksheet.

3.  Make sure AA batteries are inserted correctly and functioning properly before beginning.

4. Create a field for the R/C Ranger Bot to traverse. Place the TETRIX® balls on a thin stand. The stand should be thin enough 
to allow the robot’s arm to scoop the ball without interference. See the image below for an example of a suitable pedestal 
for the ball. 

Lesson Progression
1. Review the tasks and concepts from Lessons 1-3.

2. Follow the Harvester and Transporter Extension Building Guide to create the harvester and transporter.

3. Watch the Harvester and Transporter Extension – How It Should Work video.

4.  Drive the R/C Ranger Bot with Harvester and Transporter to collect the balls and return with them.

5.  Compare it to the way the robot behaved in the How It Should Work video. 
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Frequently Asked Questions
Q: Why does the ball not go into the transporter once the harvester has picked it up?

A: The harvester might not be rotating back far enough once it has picked up the ball, therefore the ball cannot roll into the 
transporter. Adjust the TETRIX servo position so that the balls roll back and deposit themselves. 

Inspiration and Innovation
Suggestion #1: “Point Challenge”

•	 Have a challenge between small groups or teams where the objective is to collect as many balls as possible, within a 
limited time.

•	 Assign a point value to each color ball, or use masking tape or stickers to assign a greater range of point values. This 
adds a level of strategy to the competition.

•	 After each match, discuss which tactics and techniques worked best. Make modifications to the robot or strategy to score 
more points in future rounds. 

Suggestion #2: “Can the harvester and transporter be modified to collect other objects or to transport more of them at 
once?”

•	 Investigate how the harvester can be modified to collect objects that are not spherical. Investigate how to modify the rack 
to hold more objects.

•	 Create a sketch of each idea.

•	 Decide upon the best idea and modify the Harvester and Transporter.

•	 Test the design and make modifications as necessary. 

Suggestion #3: “How do the features of an object impact the efficiency of the harvester and transporter?”
•	  Investigate if the weight and surface of the object have an impact on the efficiency of the servo.

•	 How does the motor react under the strain? Be sure to not overextend the servo motors. Extended time under strain may 
damage the motors.

•	 Sketch a design where another servo is incorporated in the present design to cope with a heavier object.
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Dispenser Overview

In this extension a dispenser will be assembled and attached to the Ranger Bot created in Lesson 3. The R/C Ranger Bot will 
deposit balls, which have been previously loaded into the dispenser into a bin.

Estimated Time: 90 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX® set.
•	Make sure AA batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX Base Set (W39137)
•	Colored TETRIX Balls
•	12x AA Batteries
•	Bin

Resources:
•	Engineering Journal Worksheet
•	Dispenser Extension Overview
•	Dispenser Extension Reference 
Guide

•	Dispenser Extension Building Guide
•	Dispenser Extension – How It 
Should Work video

•	Dispenser Extension 3D model

Building Objectives:
•	Attach an extension onto the base R/C 
Ranger Bot chassis.

•	Connect multiple servo motors to the 
R/C Receiver.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	Make sure to use the small black servo screw to secure the horn onto the servo motor.
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Step 1

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Flat Bracket1x Servo Horn
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Step 2

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Flat Bracket
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Step 3

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x 96 mm Channel  
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Step 4

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x L Bracket 4x Kep Nut
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Step 5

Parts Needed

•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x L Bracket 4x Kep Nut
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Step 6

Parts Needed

•	Make	sure	the	screw	is	snug.

Tips

1x 5/16" SHCS 1x 2" Stand-Off Post
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Step 7

Parts Needed

•	Screw	the	1”	stand-offs	to	the	L	brackets,	then	add	the	flat	bracket.
•	Make	sure	all	screws	are	snug.

Tips

1x Flat Bracket 4x 5/16" SHCS 2x 1" Stand-Off Post
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Step 8

Parts Needed

•	Notice	there	are	only	three	screws	in	this	step.	The	forth	screw	will	be	added	as	part	of	the	next	step.	Align	the	holes	
for	this	missing	screw	before	fully	tightening	the	other	upper	screw.

•	Make	sure	all	screws	are	snug.

Tips

1x Flat Bracket 3x 5/16" SHCS 2x 1" Stand-Off Post
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Step 9

Parts Needed

•	First	tighten	the	screw	that	screws	into	the	1”	standoff	below	it,	then	add	the	second	screw	and	kep	nut.
•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut2x 5/16" SHCS 1x Single-Servo Motor 
      Bracket
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Step 10

Parts Needed

3x Kep Nut3x 5/16" SHCS 1x Flat Bracket1x Servo Horn

•	Make	sure	all	screws	are	snug.

Tips
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Step 11

Parts Needed

•	The	servo	motor	has	a	range	of	rotation	of	180	degrees	and	must	be	rotated	properly.	First	place	the	flat	bracket	with	
servo	horn	on	the	servo	motor	shaft	WITHOUT	screwing	in	the	servo	screw.	Now	rotate	the	flat	bracket	clockwise	until	
the	motor	stops.	Remove	the	flat	bracket	and	servo	horn.	Position	the	servo	motor	as	it	is	shown	in	the	picture	and	
then	attach	the	flat	bracket	and	servo	horn	so	it	points	upward	(as	in	the	picture).	Add	the	servo	screw	to	fix	the	servo	
horn	to	the	servo	motor	shaft.	

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw1x 180° Servo Motor
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Step 12

Parts Needed

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	servo	bracket	while	you	turn	
the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS1x Servo Motor 
Assembly

4x Kep Nut
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Step 13

Parts Needed

•	Check	that	the	screws	are	aligned	in	the	correct	holes.
•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x Single-Servo Motor 
      Bracket
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Step 14

Parts Needed

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	lower	servo	bracket	while	
you	turn	the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

1x Single-Servo Motor 
      Bracket

4x 3/8" BHCS 4x Kep Nut
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Step 15

Parts Needed

•	First	attach	the	dispenser	assembly	to	the	servo	motor	shaft.	While	supporting	the	dispenser	assembly	rotate	the	
assembly	to	test	the	range	of	motion	of	the	180	degree	servo	motor.	The	dispenser	should	be	able	to	contact	the	
front	channel	element	on	the	Ranger	Bot	as	well	as	rotate	back	further	than	a	vertical	position	(like	that	shown	in	the	
picture).	If	the	servo	does	not	have	this	minimum	range	of	motion	take	off	the	assembly	and	reposition	the	servo	horn	
with	respect	to	the	servo	motor	shaft.	Once	positioned	correctly	fix	the	dispenser	to	the	servo	by	screwing	in	the	servo	
screw.

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw 1x Dispenser 
Assembly
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Final View
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Wiring Diagram

Left DC Motor

Servo #1 Servo #2

Right DC Motor

4-Cell  
Battery Rack

8-Cell  
Battery Rack

R/C  
Receiver

DC Motor  
Speed Controller

Power 
Switch

Power  
Switch

No 
Connection

M2B
M2A
B-
B+
M1B
M1A

122

ExtensionsTETRIX® Builders Guide

Dispenser Building Guide



Dispenser Reference Guide

Expectations

Technology:
•	Develop an understanding of characteristics and scope 
of technology. 

•	Develop and produce a product or system using a 
design process.

Mathematics:
•	This activity focuses on expectations from Technology, 
Science, and Engineering.

Science: 
•	Understand that creativity, imagination, and a good 
knowledge base are all required in the work of science 
and engineering.

•	Implement a proposed solution.

Engineering: 
•	Represent a model in three-dimensions.
•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

Classroom Organization and Setup
1.  Set up a projector with a computer to show the Dispenser Extension – How It Should Work video.

2.  Provide each student with a copy of the Engineering Journal Worksheet.

3.  Make sure AA batteries are inserted correctly and functioning properly before beginning.

4. Create a field for the R/C Ranger Bot to traverse. Place a bin or box for the balls to be dispensed into. 

Lesson Progression
1. Review the tasks and concepts from Lessons 1-3.

2.  Watch the Dispenser Extension – How It Should Work video.

3.  Follow the Dispenser Extension Building Guide to create the Dispenser.

4.  Drive the R/C Ranger Bot with Dispenser to deposit a ball into a bin.

5.  Compare it to the way the robot behaved in the How It Should Work video. 

Frequently Asked Questions
Q: Why is the range of rotation of the servo important?

A:  The servo only rotates 90°. This is important because the starting position of the servo has to be physically oriented in ac-
cordance with whatever it is rotating.  

Q:  How is the horn secured onto the servo?

A:  Use the small black screws that come with the servo to secure the horn onto the servo.

 
Inspiration and Innovation
Suggestion #1: “Can the robot navigate through an obstacle course?”

•	 Create an obstacle course that the robot must navigate while carrying a ball.

•	 At the end of the course, drop the ball into a bin.

•	 Experiment with different ways to make the robot complete this task more efficiently.

•	 Stage a timed competition to complete the course safely in the least amount of time. 
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 Suggestion #2: “Can the Dispenser Extension be combined with the Harvester and Transporter Extension?”
•	 Review the Harvester and Transporter Extension.

•	 Brainstorm ways that the dispenser could be combined with the harvester and transporter.

•	 Create a sketch combining both extensions and build this design.

•	 Test the combination of both extensions and make changes to the design if necessary.

•	 Make a square course, using an outlined area, with a stand in each corner and a bin in the middle of the map.

•	 Place balls on each stand so that the harvester will be able to pick them up.

•	 Use the combination of both extensions to pick up and place balls into the bin within three tries.
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Creative Challenge Overview
The goal of this challenge is to build a robot that can assist someone or fix a problem in some way. To complete this task, 
partners or teams should research a particular topic of interest to them or a topic that they feel could use the aid of a robot. 
They should create a build plan to be presented to the instructor. Groups can schedule research and brainstorming sessions to 
come up with a build that can help someone or something. 

Groups should submit their progress to the instructor for approval; e.g. giving a presentation to justify why their bot would be 
beneficial to their chosen topic. After the design idea has been approved, groups can proceed with building and testing their bot. 

Note: TETRIX® elements can be used to build upon the R/C Ranger bot from previous lessons. Accessories or build extensions 
can be added to the R/C Ranger bot to fulfill the challenge.

Estimated Time: 240 minutes

Preparation:
•	Clear the workstation.
•	Organize the TETRIX sets.
•	Make sure batteries are inserted 
correctly and functioning properly.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX Base Set (W39137)
•	Accessories for the robot, that meet the 
researched needs of the build.

•	12x AA Batteries

Resources:
•	Use all of the TETRIX Builders 
Guide and extension resources for 
inspiration.

Building Objectives:
•	Create an original build to meet 
creative and researched objectives.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	When using the Servo Motors, ensure that the wires are connected correctly. As you look at the receiver with the lettering 
in a readable orientation, make sure the yellow wire faces the left side of the receiver, while the brown or black wire 
faces the right side of the receiver.

•	Make sure to set the range of rotation for servos carefully. Otherwise, the attachments may obstruct the motion of a 
retrieval mechanism.
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Creative Challenge Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology. 

•	Understand that inventions and innovations are the 
results of specific, goal-directed research.

•	Understand that systems thinking applies logic and 
creativity with appropriate compromises in complex real-
life problems. 

•	Understand and apply the design process.
•	Develop and produce a product or system using the 
design process.

•	Understand that design needs to be continually checked, 
critiqued, and improved.

•	Develop an understanding on the attributes of design.
•	Develop and understanding of engineering design.

Mathematics:
•	This activity focuses on expectations in technology, 
science, and engineering.

Science: 
•	Develop abilities necessary to do scientific inquiry.
•	Understand the abilities of technological design.
•	Evaluate the solution and its consequence.
•	Understand that creativity, imagination, and a good 
knowledge base are all required in the work of science 
and engineering.

•	Identify a problem or design an opportunity.
•	Implement a proposed solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Understand how scientific knowledge is acquired and 
how scientific explanations are developed.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

•	Design the best solution under given constraints and 
criteria.

Classroom Organization and Setup
1.  Provide a copy of the Engineering Journal Worksheet for each student.

2. Make sure AA batteries are inserted correctly and functioning properly before beginning.

3. Allow students to have or schedule research and brainstorming sessions in class or in a classroom setting.

4. Set up a schedule for student’s presentations of their prospective builds.

5. Implement the design using the R/C Ranger Bot as a starting point for the robot.

6.  Test the robot and see how effectively it can travel and its ability to meet its researched goals.

7.  Test the robot in its designed environment. Think about how its performance could be improved. 

Frequently Asked Questions
Q: How in-depth does the Creative Challenge presentation component have to be?

A: Follow the design process to complete the presentation. The design process includes identifying the problem,  
brainstorming possible solutions, analyzing all ideas, and validating the best one. Then, construct the design and  
evaluate its working capabilities. The findings will need to be presented to an instructor or guide before completing the 
final Creative Challenge build. 
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Q: How useful or complicated would the Creative Challenge Build need to be?

A: The possibilities for this build are endless. For example, the challenge could recommend that builds use at least 2 mechan-
ical systems in their design, not counting the drive train.  
 
Example: Use a lever and a gearing system to perform the chosen task in the build. 

Q: What design limitations could be imposed to make the design more challenging?

A: Possible limitations include:

•	 The size of the R/C Ranger Bot.

•	 The height of the R/C Ranger Bot.

•	 The width of the R/C Ranger Bot.

•	 Enforce a specific number of requirements for the number of mechanisms used within the build of the R/C Ranger Bot. 

Innovation and Inspiration:
Suggestion #1: “Multiple Solutions”

•	 Use your brainstormed ideas to select a different possible build. Select either extensions or changes to the previous 
build, to complete the same task that was researched.

•	 Outline the advantages and disadvantages to this new proposed idea versus your Creative Challenge build.

•	 Modify your existing build to use the new solutions for your R/C Ranger Bot and compare the results of both of your 
Creative Challenge Builds. 

Suggestion #2: “Same Build New Ideas”
•	 Evaluate other uses for your Creative Challenge Build. Can you modify your build to complete separate tasks?

•	 Come up with new uses and create environments in which to test out your Creative Challenge build to use for other 
functions. 

•	 How well will your Creative Challenge Build complete new tasks? 

Suggestion #3: “Modification Stations”
•	 Set up a number of inclined planes of various heights and inclined degrees.

•	 Test the R/C Ranger Bot on the inclined planes noting which incline the Bot could not climb.

•	 Modify the R/C Ranger Bot chassis to be able to climb the inclined plane that was insurmountable before.
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Driving Challenge Overview

The goal of the challenge is to pick up objects that are scattered around a bucket and place them into the bucket as quickly 
as possible. To complete this task, partners or teams will develop a strategy and select the most effective extension builds from 
the TETRIX® Builders Guide. Whoever places the most objects into the bucket in a given time, or all of the objects in the shortest 
amount of time wins.

Note: Original or modified extensions can also be built and attached to the R/C Ranger Bot.
 
Estimated Time: 240 minutes

Preparation:
•	Make sure AA batteries are inserted 
correctly and functioning properly.

•	Set up a play area on the ground 
with a bin in the middle. This area 
can be set up quickly using tape on 
the ground or benches arranged in 
a square to create a fully enclosed 
area. See the Competition Challenge 
Reference Guide for an example.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX® Base Set (W39137)
•	Bin or box 
•	White Paper
•	Black Tape
•	12x AA Batteries
•	Objects to be picked up (colored 
TETRIX balls, plastic cups, roll of tape, 
pencils, etc.)

Resources:
•	Engineering Journal Worksheet
•	Driving Challenge Overview
•	Driving Challenge Building Guide
•	Driving Challenge Reference Guide
•	R/C Ranger Bot Extension Building 
Guides

Building Objectives:
•	Use any combination of build 
extensions to complete the challenge.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	When using the Servo Motors, ensure that the wires are connected correctly. As you look at the receiver with the lettering 
in a readable orientation, make sure the yellow wire faces the left side of the receiver, while the brown or black wire 
faces the right side of the receiver.

•	Ensure that the height of the bin is low enough for objects to be easily dropped into it.

Special Notes: The Arm and Gripper Extension has been recommended as an initial build to complete this challenge. 
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Parts Needed

Step 1

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	front	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x Single-Servo Motor 
      Bracket

1x Hub Spacer 2x 1.25" SHCS 2x Kep Nut

Special Notes: The Arm and Gripper Extension has been recommended as an initial build to complete this challenge. 
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Parts Needed

Step 2

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	lower	servo	bracket	while	
you	turn	the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor
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Parts Needed

Step 3

•	Make	sure	all	screws	are	snug.

Tips

   1x 40-Tooth 
Gear 

1x Servo Horn 4x 1/2" SHCS 4x Kep Nut
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Parts Needed

Step 4

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw1x 40-Tooth Gear  
 Assembly 
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Parts Needed

Step 5

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	front	channel.
•	Make	sure	all	screws	are	snug.

Tips

1x 96 mm Channel  3x 1/2" SHCS 3x Kep Nut
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Parts Needed

Step 6

•	Make	sure	all	screws	are	snug.

Tips

1x Flat Bracket 4x 5/16" SHCS 1x Axle Hub
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Parts Needed

Step 7

•	Screw	two	screws	through	the	left	L	bracket,	through	the	flat	bracket,	and	into	the	1”	stand-offs.	Then	add	the	
remaining	L	bracket	to	the	stand-offs.

•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x 1" Stand-Off Post2x L Bracket
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Parts Needed

Step 8

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut
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Parts Needed

Step 9

•	Keep	the	other	holes	in	the	flat	bracket	and	L	bracket	aligned	as	in	the	picture	for	the	next	step.
•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x Flat Bracket 1x 5/16" SHCS 
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Parts Needed

Step 10

•	Make	sure	the	longer	screw	goes	through	the	L	bracket.	The	shorter	screw	should	not.
•	First	connect	the	flat	brackets	together	using	the	screws	and	kep	nuts.	Once	these	screws	are	tightened	turn	the	
stand-off	onto	the	end	of	the	1/2”	screw.

•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut1x Flat Bracket 1x 5/16" SHCS 1x 1" Stand-Off Post 1x 1/2" SHCS
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Parts Needed

Step 11

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Servo Horn
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Parts Needed

Step 12

•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x Flat Bracket1x Single-Servo Motor 
      Bracket
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Parts Needed

Step 13

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	servo	bracket	while	you	turn	
the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor
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Parts Needed

Step 14

•	First	connect	the	servo	motor	and	the	servo	horn.	The	servo	motor	should	have	approximately	90	degrees	rotation	in	
each	direction	from	its	position	in	the	picture	above.	If	it	does	not	have	this	range	of	rotation	take	the	servo	motor	off	
of	the	servo	horn	and	reposition	it	so	it	has	the	proper	range	of	rotation.

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw1x Servo Motor 
Assembly 
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Parts Needed

Step 15

Tips
•	Make	sure	all	screws	are	snug.

Tips

   1x 80-Tooth 
Gear 

4x 1/2" SHCS1x Axle Hub
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Parts Needed

Step 16

•	First	insert	the	bronze	bushings	into	the	end	of	the	96	mm	channel.	Then	put	a	spacer	and	the	gripper	assembly	on	
the	end	of	the	axle,	tightening	the	hub	set	screw	to	lock	the	gripper	on	the	axle.	Insert	the	axle	through	the	bronze	
bushings,	then	through	the	spacer	and	gear	assembly	on	the	other	side	of	the	channel.	Finally,	line	up	the	teeth	of	
each	gear	so	they	interlock,	then	tighten	the	hub	set	screw	to	fix	the	gear	assembly	to	the	axle.

Tips

1x 100 mm Axle1x 80-Tooth Gear 
Assembly

1x Gripper Assembly 2x Bronze Bushing 2x 3/8" Axle Spacer
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Final View
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Wiring Diagram

Left DC Motor

Servo #1 Servo #2

Right DC Motor
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Battery Rack
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R/C  
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Switch

No 
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Driving Challenge Reference Guide

Expectations

Technology:
•	Understand that inventions and innovations are the 
results of specific, goal-directed research.

•	Understand and apply the design process.
•	Develop and produce a product or system using a 
design process.

•	Understand that design needs to be continually checked, 
critiqued, and improved.

•	Develop an understanding of the attributes of design.
•	Develop an understanding of engineering design.

Mathematics:
•	This activity focuses on expectations in technology, 
science, and engineering.

Science: 
•	Understand the abilities of technological design. 
•	Evaluate a solution and its consequence. 
•	Understand that creativity, imagination, and a good 
knowledge base are all required in the work of science 
and engineering. 

•	Implement a proposed solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Understand how scientific knowledge is acquired and 
how scientific explanations are developed.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem. 

•	Design the best solution under given constraints and 
criteria.

Classroom Organization and Setup
1. Provide a copy of the Engineering Journal Worksheet for each student.

2. Make sure AA batteries are inserted correctly and functioning properly before beginning.

3. Obtain white paper and black tape to mark an enclosed area for the challenge to take place.

4. Place a bin in the middle of the playing field.

5. Place several objects randomly within the playing field for the R/C Ranger Bot to collect and deposit in the bin. 

Lesson Progression
1. Use available resources as well as what has been learned in previous lessons and extensions to develop ideas on how to 

complete this challenge. Look at robots that may have completed similar tasks and note design features that may help with 
the design. Research real world robotic platforms being used in industry that are completing similar tasks and note design 
features that may help with your design. For example, in a disaster relief scenario, what features would a robot need in 
order to deliver supplies to someone in an unstable building.

2. Create a design to complete this challenge. Consider which extensions can be used or combined, or create an original 
extension to complete the challenge.

3. Implement the design using the R/C Ranger Bot and extensions. Build a custom extension to complete this challenge, or 
begin with the extension suggested in the Building Guide and make modifications from that point.

Note: The Arm and Gripper Extension has been recommended as an initial build to complete this challenge.

4. Practice driving the robot and test whether the robot can complete its task.

5. If the results of driving and testing the robot are unsatisfactory, identify key deficiencies that could be improved upon. Find 
and implement design changes to fix the robot. 
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Frequently Asked Questions 
Q: What is the correct way to connect the servo into the 4-channel receiver?

A:  When using the servo motors, ensure that the yellow, red, and black wires are aligned from left to right, as you look at the 
receiver with the lettering in a readable orientation. Consult the Lesson 2 wiring diagram instructions for more details. 
 

Q:  Is there an extension which will be effective for picking up objects?

A:  The harvester can be used to pick up objects effectively if they are high enough off the ground. This works well for balls 
and many other objects. The arm and gripper can also be used to pick up objects. However, modifications to this extension 
may be required to pick up different objects. Because of the limited range of motion of the servo motors, certain mecha-
nisms will only be able to lift objects from or to certain heights.  

Q:  How will the objects be stored?

A:  To store multiple objects at once, the transporter can be used, or an original container can be designed to hold them. If 
the game strategy is to pick up only one object at a time and dispense it directly into the bin, a storage device will not be 
necessary. 

Innovation and Inspiration
Suggestion #1: “That was easy.”

•	 Modify this challenge to be more difficult for another team, or create an original challenge for classmates.

•	 Experiment with or include more cumbersome objects to be picked up and placed in the bin.

•	 Try placing objects directly on the floor to be picked up.

•	 Experiment with depositing items collected in different places or containers, such as in a small hole in the side of a box, 
or requiring that the R/C Ranger Bot reach up to place objects on an elevated surface.

•	 Add obstacles such as ramps and tunnels to the playing field.

•	 Have more than two robots compete at the same time. 

Suggestion #2: “4 Corners”
•	 Designate a rectangular area of the room as the playing field.

•	 Four robots or teams compete in this challenge at one time for a duration of three minutes. Distribute different objects 
that may be allotted different point values, over the playing field.

•	 The goal of the game is to pick up as many objects as possible, using the modified R/C Ranger Bots, and place them into 
one’s own team bin. Tip the bins on their sides for easy access by the robots.

•	 One bin will be allotted to each team. The robots are allowed to pick up objects from anywhere, including the bins of 
other teams.

•	 As a strategy, teams may choose to focus on deterring other robots, stealing objects from other teams’ bins, or going out 
to collect new objects from the field.

•	 When three minutes have passed, the objects in the bin are sorted and counted. The team with the most objects wins.
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Competition Challenge Overview

The goal of this challenge is to maneuver around an obstacle course, picking up objects in designated stations and dropping 
them off at designated drop off stations. To complete this task, partners or teams will develop a strategy and select the most 
effective extension builds from the TETRIX® Builders Guide. Whoever completes the course with accuracy in the shortest amount 
of time will win. 

Note: Original or modified extensions can also be built and attached to the R/C Ranger Bot.

Estimated Time: 240 minutes

Preparation:
•	Make sure the AA batteries are 
inserted correctly and are working.

•	Set up a disaster field on the ground 
with 2 pickup and 2 drop off stations 
for supplies. This area can be set 
up quickly using tape on the ground 
or benches arranged in a square to 
create a fully enclosed area. Different 
objects can be used within the course 
area to create obstacles for the R/C 
Ranger Bot. See the Competition 
Challenge Reference Guide for an 
example.

Materials: 
•	Completed R/C Ranger Bot from 
Lesson 3

•	TETRIX Base Set (W39137)
•	Measuring stick
•	Stop watch
•	Survival Materials (first aid kit, empty 
water bottle, matches, etc.)

•	White paper
•	Black tape
•	12x AA Batteries
•	Objects for obstacles (cups, tools, 
cardboard ramps, etc.) 

Resources:
•	Engineering Journal Worksheet
•	Competition Challenge Overview
•	Competition Challenge Building 
Guide

•	Competition Challenge Reference 
Guide

•	R/C Ranger Bot Extension Building 
Guides

Building Objectives:
•	Use any combination of build 
extensions to complete the challenge.

Best Practices:
Be sure to review the General Best Practices Guide in the Introduction section of the TETRIX Builders Guide.

Building
•	Objects placed in course as obstacles should be small enough for the R/C Ranger Bot to climb over.
•	Ensure that the height of the bin is low enough for objects to be easily dropped into it.

Special Notes: The Harvester and Transporter Extension has been recommended as an initial build to complete this challenge. 
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Parts Needed

Step 1

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	angles.
•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 4x 2" Stand-Off Post2x 144 mm Angle

Special Notes: The Harvester and Transporter Extension has been recommended as an initial build to complete this challenge. 

150

ChallengesTETRIX® Builders Guide

Competition Challenge Building Guide



Parts Needed

Step 2

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	flat	bars.
•	Make	sure	all	screws	are	snug.

Tips

4x 5/16" SHCS 2x 288 mm Flat Bar
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Parts Needed

Step 3

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 2x 2" Stand-Off Post
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Parts Needed

Step 4

•	Make	sure	all	screws	are	snug.

Tips

1x L Bracket 2x Kep Nut2x 1/2" SHCS
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Parts Needed

Step 5

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	side	channel.
•	Make	sure	all	screws	are	snug.

Tips

2x 2" Stand-Off Post 2x 1/2" SHCS
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Parts Needed

Step 6

•	Check	that	the	screws	are	placed	in	the	correct	holes	of	the	side	channel.
•	Make	sure	all	screws	are	snug.

Tips

2x 2" Stand-Off Post 2x 1/2" SHCS
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Parts Needed

Step 7

1x Rack Assembly 4x 1/2" SHCS

•	Make	sure	all	screws	are	snug.

Tips
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Parts Needed

Step 8

•	Make	sure	all	screws	are	snug.

Tips

4x Kep Nut4x 5/16" SHCS 1x Flat Bracket1x Servo Horn
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Parts Needed

Step 9

•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut3x 5/16" SHCS 1x Flat Bracket
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Parts Needed

Step 10

•	Check	that	the	L	brackets	are	oriented	correctly.
•	Make	sure	all	screws	are	snug.

Tips

3x Kep Nut2x L Bracket 3x 1/2" SHCS
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Parts Needed

Step 11

•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut1x Flat Bracket
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Parts Needed

Step 12

•	Keep	the	holes	of	the	two	L	brackets	and	the	flat	bracket	aligned.	An	additional	screw	will	be	inserted	through	these	
holes	in	the	next	step.

•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x 1/2" SHCS1x Flat Bracket1x Bracket Assembly
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Parts Needed

Step 13

•	Make	sure	all	screws	are	snug.

Tips

1x 2" Stand-Off Post 1x 1/2" SHCS
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Parts Needed

Step 14

•	Notice	this	is	the	mirror	image	of	Step	11.
•	Make	sure	all	screws	are	snug.

Tips

2x 5/16" SHCS 1x L Bracket 2x Kep Nut1x Flat Bracket
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Parts Needed

Step 15

•	Keep	the	holes	of	the	two	L	brackets	and	the	flat	bracket	aligned.	An	additional	screw	will	be	inserted	through	these	
holes	in	the	next	step.

•	Make	sure	all	screws	are	snug.

Tips

1x Kep Nut1x 1/2" SHCS1x Flat Bracket1x Bracket Assembly
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Parts Needed

Step 16

•	Make	sure	all	screws	are	snug.

Tips

1x 2" Stand-Off Post 1x 1/2" SHCS
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Parts Needed

Step 17

•	Check	that	the	screws	are	screwed	in	the	correct	holes.
•	Make	sure	all	screws	are	snug.

Tips

2x Kep Nut2x 5/16" SHCS 1x Single-Servo Motor 
      Bracket
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Parts Needed

Step 18

•	Place	all	four	screws	and	kep	nuts	in	the	holes	of	the	servo	and	servo	bracket	to	align	the	holes,	then	tighten	the	
screws.

•	It	can	be	tricky	to	get	the	kep	nuts	on	the	screws.	Try	holding	the	kep	nut	still	behind	the	lower	servo	bracket	while	
you	turn	the	screw	with	the	appropriate	hex	key.

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	servo	cover.

Tips

4x 3/8" BHCS 4x Kep Nut1x 180° Servo Motor

167

TETRIX® Builders GuideChallenges

Competition Challenge Building Guide



Parts Needed

Step 19

•	A	Philips/crosshead	screwdriver	is	needed	to	turn	the	servo	screw.

Tips

1x Servo Screw  1x Harvester 
Assembly 
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Final View
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Wiring Diagram

Left DC Motor
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No 
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Parts Needed

Ball Stand – Step 1

•	Press	the	tube	into	the	clamp,	then	fix	it	to	the	clamp	by	tightening	the	5/16”	screw	acting	as	a	set	screw.

Tips

1x 145 mm Tube1x Tube Clamp1x 5/16" SHCS 
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Parts Needed

Ball Stand – Step 2

•	Do	not	over-tighten	the	screws,	you	might	crack	the	plastic	wheel.

Tips

1x 3" Wheel 2x 1/2" SHCS
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Ball Stand – Final View
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Competition Challenge Reference Guide

Expectations

Technology:
•	Develop an understanding of the characteristics and 
scope of technology. 

•	Understand that inventions and innovations are the 
results of specific, goal-directed research.

•	Develop an understanding of the core concepts of 
technology.

•	Understand and apply the design process.
•	Develop and produce a product or system using a 
design process.

•	Understand that design needs to be continually checked, 
critiqued, and improved.

•	Develop an understanding of the attributes of design.
•	Develop an understanding of engineering design.

Mathematics:
•	This activity focuses on expectations in technology, 
science, and engineering.

Science: 
•	Develop abilities necessary to do scientific inquiry.
•	Understand that creativity, imagination, and a good 
knowledge base are all required in the work of science 
and engineering. 

•	Implement a proposed solution.

Engineering: 
•	Define the problem and specify the criteria and 
constraints for potential solutions.

•	Test and design through an iterative process.
•	Modify technological systems by applying scientific 
knowledge and engineering design practices.

•	Understand how scientific knowledge is acquired and 
how scientific explanations are developed.

•	Use physical prototypes in various ways to aid in the 
engineering process. Troubleshoot to identify and 
describe a problem.

•	Design the best solution under given constraints and 
criteria.

Classroom Organization and Setup
1.  Provide a copy of the Engineering Journal Worksheet for each student.

2.  Make sure AA batteries are inserted correctly and functioning properly before beginning.

3.  Obtain white paper and black tape to mark an enclosed area for the challenge to take place.

4.  Place small objects to act as obstacles for the course.

5. Place designated survival objects (first aid, water bottles, matches, etc.) within the playing field for the R/C Ranger Bot to 
collect and drop off in designated areas. Do not use an object heavy enough to damage the servo motors when trying to 
lift it. For example, a full water bottle may be too heavy for the servo motors to lift.  

Lesson Progression
1. Use available resources (Internet, books, and so forth) as well as what has been learned in previous lessons and extensions 

to develop ideas on how to complete this challenge. Look at robots that may have completed similar tasks and note design 
features that may help with the design. Research real world robotic platforms being used in industry that are completing 
similar tasks and note design features that may help with your design. For example, in a disaster relief scenario, what 
features would a robot need in order to deliver supplies to someone in an unstable building. 

2.  Create a design to complete this challenge. Consider which extensions can be used or combined, or create an original 
extension to complete the challenge.

3.  Implement the design using the R/C Ranger Bot and extensions. Build a custom extension to complete this challenge, or 
begin with the extension suggested in the Building Guide and make modifications from that point.

Note: The Harvester and Transporter Extension has been recommended as an initial build to complete this challenge.

174

ChallengesTETRIX® Builders Guide



Competition Challenge Reference Guide

4.  Practice driving the robot and test whether the robot can complete its task.

5. If the results of driving and testing the robot are unsatisfactory, identify key deficiencies that could be improved upon. Find 
and implement design changes to fix the robot.

6. As a class (or as pre-class preparation) design and create a scoring mechanism for the Competition Challenge. Identify the 
different goals and challenges associated with the competition, and use these to define a point system based on speed of 
completion and accuracy. Consider creating a series of achievements, such as fastest to deliver 4 different types of objects, 
delivering the most payload in one trip, or delivering a specific object most accurately. 

Frequently Asked Questions
Q:  What is the correct way to connect the servo into the 4-channel receiver?

A:  When using the servo motors, ensure that the yellow, red, and black wires are aligned from left to right, as you look at the 
receiver with the lettering in a readable orientation. Consult the Lesson 2 wiring diagram instructions for more details.  

Q:  Is there an extension which will be effective for picking up objects?

A: The harvester can be used to pick up objects effectively if they are high enough off the ground. This works well for balls 
and many other objects. The arm and gripper can also be used to pick up objects. Modifications to this extension may be 
required to pick up different objects. 

Q: How will the objects be stored?

A: To store multiple objects at once, the transporter can be used, or an original container can be designed to hold them. If the 
game strategy is to pick up only one object at a time and dispense it directly at the drop off station, a storage device will 
not be necessary.

Q: How many robots will be on the playing field?

A: Only one robot will complete the challenge at a time. If more than one robot is on the playing field they could collide and 
possibly damage the electronics. After each robot completes the challenge the playing field will be reset for the next robot.  

Q: How can you measure the accuracy of survival object placement?

A: Place a target at in a specific area of the drop off zone. Measure how close the object was dropped in this area. If the ob-
ject was not dropped on the target a time penalty will be recorded. The farther the object is from the target, the greater the 
time penalty. The team with the fastest total time will win the challenge. 

 
Inspiration and Innovation
Suggestion #1: “Progression Session”

•	 Modify this challenge to be more difficult. This can be accomplished by adding drop off stations and pick up stations for 
survival objects in the playing field. 

•	 Experiment with or include more cumbersome objects to be picked up and placed in the target zones.

•	 Add more obstacles in the challenge area to be manoeuvred around or traversed.

•	 Add obstacles such as ramps and tunnels to the playing field.

•	 To increase the difficulty of the challenge, consider designating a particular order in which the items must be dropped off. 

Suggestion #2: “Safety Bunker”
•	 Designate a rectangular covered area as a safety zone for your R/C Ranger Bot.

•	 Ensure that teams design their R/C Ranger Bot to be able to fit into the Safety Zone as well as complete the Competition 
Challenge. R/C Ranger Bots will need to meet the height, width and length of the safety zone.

•	 Teams would have to complete the challenge and park their R/C Ranger Bot within the Safety Zone. Teams must be able 
to successfully park their R/C Ranger Bot in order to complete the course. The fastest recorded time will win. 
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Suggestion #3: “Camera Views”
•	 Teams must connect an onboard wireless camera system to their R/C Ranger Bot. 

•	 Set up a “command center” where teams can view what the camera is recording. This can be in another room or an 
area that cannot view the course. If space is an issue, teams can have their backs to the course where they can see the 
images from the camera but not the actual course itself.

•	 Teams must then complete the original challenge using the onboard wireless camera system. 

Suggestion #4: “Visual Progression”
•	 Teams must connect an onboard wireless camera system to their R/C Ranger Bot. 

•	 Modify the original course, possibly including more obstacles, tighter course design, and a tight space for the R/C Ranger 
Bot to traverse. 

•	 Do not let the teams view the actual modifications to the course. Users should not have the ability to devise strategy 
before they begin. Teams cannot place their R/C Ranger Bots on the course, an instructor or referee must place the R/C 
Ranger Bot on the course for them.

•	 Teams must then use the camera system to navigate the course, locate the supplies and the drop off points, and 
complete the challenge. The fastest recorded time will win.
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Hand-Tool Guide

Tool: Used With: Useful Information:

7/64" Hex Key 5/16" SHCS

1/2" SHCS

•	The 7/64" Hex Key can be used with 
any of the Socket Head Cap Screws. 

•	These are the most frequently used 
screws in the set, so this hex key will 
be used often. 

3/32" Hex Key Motor Shaft Hub

Axle Hub 

•	The 3/32" Hex Key can be used with 
both the Motor Shaft Hub and the 
Axle Hub. 

•	These hubs are similar in 
appearance but have very different 
uses. 

5/64" Hex Key 3/8” BHCS

Axle Set Collar

•	The 5/64" Hex Key can be used with 
the 3/8" Button Head Cap Screw. 

•	The screw itself is only 1/16" smaller 
than the 5/16" SHCS, so instead of 
using size, take note of the circular 
head to distinguish between them. 

•	The 5/64" Hex Key can be used with 
the Axle Set Collar. 

•	Because the collar is very small, 
make sure that it is placed where it 
can be easily accessed with a hex 
key.

4-in-1 Screwdriver DC Motor Speed Controller •	The screwdriver can be used 
to tighten the screws to secure 
the wires in place after they are 
connected to the motor controller.
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TETRIX® Builders Guide FAQ’s

Building:
Q: What are the benefits of using metal pieces to construct the basic chassis?

A: Metal pieces make the structure of the basic chassis much sturdier than one made with plastic materials. Using metal 
pieces means that the basic chassis will be able to accomplish tasks that require greater strength. 

Q: Which tool would be most effective in assembling the basic chassis? Why?

A: The 7/64" hex key provided in the TETRIX® Base Set is required to assemble the basic chassis because it is the only tool that 
will fit the head of the socket head cap screw. 

Q: What features make the base stable?

A: The basic chassis is stable because it has a square base and because its center of mass is very low to the ground and near 
the center of the robot. 

Q: Why is it important to pay attention to the orientation of the screws while assembling the basic chassis?

A: It is important to orient the screws so that they can be easily accessed in future lessons as additional elements are added 
to the model. 

Q: Why should the inside angle of the channel face away from the center of the basic chassis when assembling the 
basic chassis?

A: Orienting the channels so that the inside angle of the channel faces away from the center of the basic chassis ensures 
easy access and a clear visual line to elements that may be attached in future lessons. For an illustrated example, see the 
General Best Practices Guide in the TETRIX Builders Guide. 

Q: What could be the result of using an incorrectly sized screwdriver or hex key?

A: It is easy to accidentally strip the screws and even damage the hand-tools when the wrong-sized tool is used. 

Q: What is the proper way to orient the nuts when assembling the basic chassis?

A: The teeth of the nut should face the head of the screw. 

Q: Why should screws be tightened fully only after the entire subassembly has been completed?

A: Tightening screws before an entire subassembly is complete can make it difficult to accurately line up the holes in the 
channels. All screws in a subassembly should be fastened loosely before any are completely tightened to ensure that the 
elements have been aligned properly. 

Q: Why are the battery packs and electrical and communication components spread out over the R/C Ranger Bot  
chassis?

A: These elements are spread out evenly to balance the mass over the entire chassis. The even distribution of mass makes 
the robot much more stable. The main battery pack, the heaviest object mounted on the chassis, is placed closest to the 
center of the chassis to help maintain a balance of mass. 

Q: How is the horn secured onto the servo?

A: Use the small black screws that come with the servo to secure the horn onto the servo. 

Q: What elements are used with the axle?

A: Axle spacers, bronze bushings, and axle hubs are used with axles.
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Wiring:
Q: Why should all wiring be completed before inserting the batteries?

A: It can be dangerous to work with wires when they are connected to a power source, as there is a risk of an electric shock. 
Waiting until all of the wiring has been completed before attaching the battery ensures that live wires will not be exposed. 

Q: When I push forward on the transmitter joystick why does the motor move backwards?

A: Make sure to check your wiring to make sure the motor has been wired correctly. Check that the wires from the motor are 
properly inserted into the block connectors on the receiver. Make sure the yellow wire faces the left side of the receiver, 
while the brown wire faces the right side of the receiver. Control the direction of the motor by using the servo reverse 
switches on your transmitter. Check each of the 4 channels individually to make sure the direction of the motors meet your 
requirements for the R/C Ranger Bot. 

Q: Why does my left joystick control the movement of my R/C Ranger Bot?

A: To make sure your joysticks control the correct motors, ensure that the channels are wired correctly on the receiver accord-
ing to the schematic. You can switch between channels to find the correct combination. Make sure the yellow wire faces the 
left side of the receiver, while the brown wire faces the right side of the receiver. 

Q: What is the correct way to connect the servo into the 4-channel receiver?

A: When using the servo motors, ensure that the yellow, red, and black wires are aligned from left to right when plugged into 
the receiver. 
 

Performance:
Q: The R/C Ranger Bot is very low to the ground. How does this help with stability?

A: Being very low to the ground lowers the R/C Ranger Bot’s center of gravity. This makes it more difficult to tip the robot over. 
This is important if the robot is going to be used in a competition or in a situation in which the surface on which it travels is 
uneven. A low center of gravity is also important if elements will be added to the model to make it taller. 

Q: Why is the servo's range of rotation of the servo important?

A: The servo only rotates 90°. This is important because the starting position of the servo has to be physically oriented in ac-
cordance with whatever it is rotating.  

Q: How does the gearing of the servo and arm affect the amount the arm can rotate?

A: Because the servo can only rotate 90°, the gear ratio affects the arm’s range of motion. By using a larger gear to drive a 
smaller gear, the turning radius can be increased. 

Q: What strategies can be used to improve the team’s performance during the Robot Challenge competition (defined in 
the Innovation and Inspiration section in the Arm and Gripper Reference Guide)?

A: Some effective strategies for gaining as many points as possible with the least amount of effort may include:

1. Set a goal to collect objects that are worth the greatest number of points. This might involve determining which objects 
are the most valuable, developing a plan or route to collect the greatest number of these objects in the most efficient 
way, and possibly outlining a strategy to prevent other teams from reaching these objects before one’s own robot. 

2. Gather as many objects with a low value as possible. This strategy may be effective if objects with a lower value are 
easier to reach and collect or if other teams have chosen to target more valuable objects. Difficult manoeuvres and 
interaction with other robots may be avoided.

3. Gather a few highly valued objects and then focus on preventing other teams from gaining points. This is a very 
defensive strategy. It might involve physically blocking other robots, taking objects from their storage (if permitted) or 
knocking  
objects out of t he way so that they are difficult for other teams to reach. 
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Strategies:
Q: What is the safest way to test the R/C Ranger Bot?

A: Mount the R/C Ranger Bot on a platform so that the wheels can spin without touching the ground. When you operate the 
R/C transmitter, the R/C Ranger Bot wheels can freely spin without the chance of accident. Watch the spin of the wheels to 
determine which direction the R/C Ranger Bot will move. Test each motor individually in order to not damage the motors. 

Q: When I use the R/C Transmitter why is the R/C Ranger Bot not responding?

A: The R/C Ranger Bot may not be moving because it does not have all of its switches turned on. Make sure to turn on the 
switches to the DC motor speed controller and the receiver. In addition, make sure your electrical wires are connected 
properly from your motors to your receiver. Make sure the yellow wire faces the left side of the receiver, while the brown 
wire faces the right side of the receiver. In addition, always make sure your batteries are fully charged. 

Q: Why is the servo's range of rotation of the servo important?

A: The servo only rotates 90°. This is important because the starting position of the servo has to be physically oriented in ac-
cordance with whatever it is rotating.  

Q: Why does the ball not go into the transporter once the harvester has picked it up?

A: The harvester might not be rotating back far enough once it has picked up the ball, therefore the ball cannot roll into the 
transporter. Adjust the TETRIX® servo position so that the ball rolls back and deposit themselves. 

Q: How in-depth does the Creative Challenge presentation component have to be?

A: Follow the design process to complete the presentation. The design process includes identifying the problem, brainstorm-
ing possible solutions, analyzing all ideas, and validating the best one. Then, construct the design and evaluate its working 
capabilities. The findings will need to be presented to an instructor or guide before completing the final Creative Challenge 
build. 

Q: How useful or complicated would the Creative Challenge Build need to be?

A: The possibilities for this build are endless. For example, the challenge could recommend that builds use at least 2  
mechanical systems in their design, not counting the drive train. 
Example: Use a lever and a gearing system to perform the chosen task in the build. 

Q: What design limitations could be imposed to make the design more challenging?

A: Possible limitations include: 
•	The	size	of	the	R/C	Ranger	Bot. 
•	The	height	of	the	R/C	Ranger	Bot. 
•	The	width	of	the	R/C	Ranger	Bot. 
•	Enforce	a	specific	number	of	requirements	for	the	number	of	mechanisms	used	within	the	build	of	the	R/C	Ranger	Bot. 

Q: Is there an extension which will be effective for picking up objects?

A: The harvester can be used to pick up objects effectively if they are high enough off the ground. This works well for balls 
and many other objects. The arm and gripper can also be used to pick up objects. However, modifications to this extension 
may be required to pick up different objects. 

Q: How will the objects be stored?

A: To store multiple objects at once, the transporter can be used, or an original container can be designed to hold them. If 
the game strategy is to pick up only one object at a time and dispense it directly into the bin, a storage device will not be 
necessary. 

Q: How can you measure the accuracy of survival object placement?

A: Place a target at in a specific area of the drop off zone. Measure how close the object was dropped in this area. The farther 
away from the target the drop was must be measured and recorded as an addition to the time. The team with the shortest 
total time will win the challenge. 
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3D Model Instructions

Objective:
This guide has been created as a brief introduction to help users:
1. Open 3D Model files for the R/C Ranger Bot and its extensions from the TETRIX® Builders Guide using Creo Elements/View 

Express.
2. Rotate images in the 3-D viewer.
3. Access help files in Creo Elements/View Express. 

Preparation:
Navigate to the 3D Model Installer tab on the TETRIX Builders Guide Framework and install Creo Elements/View Express. 

Opening the Viewer:
The viewer can be opened by right-clicking the 3D model and selecting Open in Creo Elements/View Express. This will open 
the viewer as shown below. 

Upon opening the 3D Model file from the TETRIX Builders Guide Framework, users will see the following screen: 

Opening Files:
1. Hover over the View-Model tab in the panel on the left side of the screen.
2. Select the image by checking the box beside the model, which runs the program slightly differently. 
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Rotating the Image:
1. Click the Rotation Mode button in the top panel. 

2. Press the right mouse button and drag the mouse inside the viewer screen to rotate the whole assembly. 
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3D Model Instructions

Accessing Additional Help Files in Creo Elements/View Express:
Click the question mark icon in the top-right corner of the window, or press F1 to access help files. 

PTC® approves Pitsco the ability to distribute Creo Elements/View Express on the contained inbox DVD to be used as part of the 
user experience set forth by Pitsco. PTC holds the rights for this application and users will have to accept the license terms as 
part of the installation. The application can only be used in context to the TETRIX® Builders Guide, and no other distribution is 
authorized
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Remote Control Guide

The R/C Transmitter is used to operate and maneuver the R/C Ranger Bot. The analog joysticks of the transmitter can be used 
to control the direction of each motor, both DC motors and both servo motors. Use the following guide to properly link and 
operate the transmitter for the R/C Ranger Bot. 

Linking the R/C Ranger Bot with the 4-Channel Transmitter:
In order to link the R/C Ranger Bot with the transmitter follow the steps below: 

Note: Before connecting the transmitter, make sure there are 4 AA batteries with enough of a charge inside the transmitter, and 
4 AA batteries in the Receiver battery pack.  

1. Connect the 4-channel receiver to the R/C Ranger Bot chassis.
2. Place the R/C Ranger Bot and the transmitter close to one another. Make sure there are no obstructions between the R/C 

Ranger Bot and the transmitter.
3. Turn on the receiver.
4. Turn on the transmitter.
5. Push and hold the Link switch on the receiver. The link switch is labelled SW, and is located beside the LED light on the 

4-channel receiver.
6. When you have successfully linked the 4-channel receiver to the transmitter the LED light on the 4-channel receiver will 

change to solid green. 

Note: Do not link the transmitter with the R/C Ranger Bot with the motor’s main wire connected or with the servos operating 
as it may result in serious injury. This can be accomplished by turning off the switch to the 8x AA battery pack and 
unplugging the servo motors. 
 
Also, be sure to synch one transmitter at a time. This is done so that the multiple transmitters do not cross sync with 
one another. 

The 4-Channel Receiver Antenna:
In order to operate your R/C Ranger Bot from a distance you will need to ensure that the receiver antenna is operating correctly. 
Consider the tips below:

•	The antenna must be kept away from conductive materials such as metal and carbon by at least half an inch. The coaxial 
part of the antenna does not need to follow this rule and can be close to the chassis of the R/C Ranger Bot. However, the 
coaxial portion of the antenna cannot and should not be bent in a small radius.

•	Ensure to keep the antenna away from the R/C Ranger Bot motors as much as possible. 

Motor Reversing
The channel reverse switches are used to change the direction that a motor responds to a control input from the transmitter 
sticks. After using the reversing function of the transmitter, ensure to check ALL the controls on the bot to be certain they are 
operating in the correct direction and that you did not inadvertently reverse a motor other than the one intended.  
 
Note: It is imperative to check that the wheels of the R/C Ranger Bot are turning in the proper direction to save the servo 

motors themselves and prevent accidents.

Driving the R/C Ranger Bot
Driving Forward:
The right joystick is used to control the drive motors of the robot. Moving the joysticks operate and maneuver the R/C Ranger 
Bot.  

Depending on how you have setup your transmitter and DC Gear motors, pushing up on the joystick will move your R/C Ranger 
Bot forward.  

If your DC gear motors are perfectly centered, moving your joystick forward should make your R/C Ranger Bot travel in a straight 
line. If your motors are not calibrated on your transmitter you will notice your R/C Ranger Bot to be driving slightly to the left or 
right depending on the non centered motor. Adjust the direction of the robot by moving the right horizontal (aileron) trim lever in 
the preferred direction. 
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Remote Control Guide

Moving the Joystick completely to the right or the left will cause the motors to spin in opposite directions accordingly. This allows 
your R/C Ranger Bot to move in a circular fashion and rotate about the center.  
 
Reversing:
To reverse your R/C Ranger Bot pull the right joystick back. This should cause your R/C Ranger Bot to move backwards in a 
straight line. If your motors are not calibrated on your transmitter you will notice your R/C Ranger Bot to be driving slightly to the 
left or right depending on the non centered motor. 

Operating an Extension
To operate the servo motors of one of the R/C Ranger Bot extensions the transmitter will give commands by moving the left 
joystick. Moving forward and backwards will control one servo motor, while moving left and right will control another servo motor. 
If the joystick is in the centered location, you can also adjust the “home” position of the servo motor by adjusting the left trim 
levers on the joystick. This gives you flexibility of +/- 10 degrees to adjust the home position. 
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Sample Rubric

Category Challenge Criteria Comments Total Points

Building (Example:
•	Stable chassis – 10pts
•	Cleanliness of wiring – 15pts)

(Ex. 90/100)

Driving (Example:
•	Completion of Challenge – 25pts
•	Accuracy of Challenge – 15pts
•	Time of challenge – 15pts)

Miscellaneous (Example:
•	Innovation – 10pts
•	Group Presentation of facts – 5pts)

Total Points

Total Score

/__

/__

/__

/__
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Full Wiring Diagram

Left DC Motor

Servo #1 Servo #2

Right DC Motor

4-Cell  
Battery Rack

8-Cell  
Battery Rack

R/C  
Receiver

DC Motor  
Speed Controller

Power 
Switch

Power  
Switch

No 
Connection

M2B
M2A
B-
B+
M1B
M1A
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TETRIX® Elements Inventory

4x 739068 Channel – 288 mm

2x 739067 Channel – 160 mm

2x 739076 Tube – 220 mm

2x 739075 Tube – 145 mm

2x 739074 Tube – 80 mm

2x 739071 Angle – 288 mm

2x 739072 Angle – 144 mm

2x 739070 Flat Bar

2x 739066 Channel – 96 mm

4x 739065 Channel – 32 mm

12x 731902  Zip Tie12x 739103 Stand-Off Post – 2" 

12x 739102 Stand-Off Post – 1" 
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TETRIX® Elements Inventory

2x 739086 Gear – 80-Tooth

2x 739028 Gear – 40-Tooth

2x 731132 Omni-Wheel – 3"

6x 739088 Axle – 100mm

4x 739025 Wheel – 3"

12x 739062 L Bracket

2x 739073 Flat Building Plate

2x 739063 Servo Joint Pivot Bracket

1x 739064 Dual-Servo Motor Bracket

2x 739060 Single-Servo  
Motor Bracket

2x 739089 Motor Mount

2x 731903 Motor Power Cable

2x 739081 Servo Extension

2x 739083 DC Drive Motor

8x 739061 Flat Bracket
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TETRIX® Elements Inventory

6x 739077 Tube Clamp

6x 739193 Tube Plug

2x 739079 Motor Shaft Hub

4x 739090 Gear Hub Spacer

6x 739172 Axle Hub

6x 739092 Axle Set Collar

6x 739101 Axle Spacer – 3/8"

12x 739091 Bronze Bushing

12x 739100 Axle Spacer – 1/8"

100x 739097 Socket Head Cap Screw  
(SHCS) – 1/2" 

100x 739098 5/16" Socket Head Cap Screw 
(SHCS) – 5/16"

50x 739111 Button Head Cap Screw  
(BHCS) – 3/8"

200x 739094 Kep Nut

2x 739080 180° Servo Motor with Horn

1x 739104 Hex Key 4-Pack

1x Pen Screwdriver

1x 734244 DC Motor Speed Controller

1x Receiver Power Switch

1x R/C Receiver

1x 739136 8-Cell Battery Rack

1x 4-Cell Battery Rack

1x 739176 Mounting Bracket

1x 739082 Servo Y Connector

1x 739129 On/Off Switch

1x 739093 Pivot Bearing

1x  737663 R/C Deck
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