Unit Plan
Coordinate Geometry for CNC & 3D Printing
Electronics/Robotics and Automation
High School / Year 2 / Arts, A/V Technology & Communications

Unit Profile
This unit builds students' understanding of coordinate geometry as it applies directly to CNC machining, 3D printing, and robotics positioning. Students will master plotting points in two- and three-dimensional Cartesian coordinate systems, understand how machines use coordinate systems to execute precise movements, and gain introductory experience reading and writing G-code — the language that controls CNC machines and many 3D printers. By connecting abstract mathematical concepts to tangible machine operations, students develop spatial reasoning skills essential for programming robotic motion and fabrication processes.
Total Hours: 10
ELA Hours: 2
Math Hours: 7
Science Hours: 1
Essential Questions
1. How do machines use coordinate systems to achieve precise positioning and movement?
1. What is the relationship between a point on a graph and a physical location in a 3D printer's build volume?
1. How does G-code translate coordinate geometry into machine motion?
1. Why must robotics engineers understand both 2D and 3D coordinate systems?
1. How do absolute and incremental coordinate systems differ, and when is each used?
Content
1. Cartesian Coordinate System Fundamentals: Review of the 2D Cartesian plane (X, Y axes); extending to 3D space with the Z-axis; plotting points using ordered pairs (x, y) and ordered triples (x, y, z); quadrants and octants; positive and negative coordinate values; the origin as machine home position; right-hand rule for axis orientation
1. Coordinate Systems in Machines: How a 3D printer defines its build volume using X, Y, Z coordinates; the concept of machine home and coordinate origin; absolute coordinates (position relative to origin) vs. incremental/relative coordinates (position relative to current location); work coordinate systems and offsets in CNC; how stepper motors translate coordinate commands into physical motion
1. Introduction to G-code: What G-code is and its role in digital fabrication; basic G-code commands: G0 (rapid move), G1 (linear move), G28 (home), G90 (absolute mode), G91 (incremental mode); M-codes for machine control: M104 (set temperature), M106 (fan on), M84 (disable steppers); reading and interpreting a simple G-code file from a 3D printer slicer; manually writing G-code to move a print head to specified coordinates; feed rate (F parameter) and its relationship to speed and precision
1. Plotting and Path Planning: Plotting a 2D shape using coordinate points and connecting them in sequence; translating a plotted shape into G-code move commands; understanding how slicers convert 3D models into layered coordinate paths; calculating distances between points using the distance formula in 2D and 3D; linear interpolation — how machines move smoothly between coordinate points
1. 3D Coordinate Applications in Robotics: How robot arms use coordinate systems (Cartesian, cylindrical, spherical); the concept of workspace and reachable coordinates; waypoints and path planning for robot movement; coordinate transformations — translating and rotating reference frames; connecting coordinate math to real robot positioning tasks
Academic Skills
Mathematics:
1. Plot points accurately in 2D and 3D Cartesian coordinate systems
1. Calculate distances between points using the distance formula: d = sqrt((x2-x1)^2 + (y2-y1)^2 + (z2-z1)^2)
1. Convert between absolute and incremental coordinate representations
1. Determine the coordinates of geometric shapes (rectangles, triangles, circles) for machine path planning
1. Calculate feed rates and travel times for machine movements given distance and speed
1. Apply the midpoint formula to find center points of features
1. Use linear equations to describe straight-line tool paths
English Language Arts:
1. Read and interpret G-code documentation and CNC programming references
1. Write a technical procedure document explaining how to manually program a simple G-code file for a 3D printer
Science:
1. Understand the physics of stepper motor operation and how electrical pulses translate to precise positional increments in a coordinate system
CTE Skills
1. Plot points and shapes accurately in both 2D and 3D coordinate systems
1. Read and interpret basic G-code files, identifying coordinates and movement commands
1. Write G-code manually to move a machine tool head through a specified sequence of coordinates
1. Distinguish between absolute and incremental positioning modes and convert between them
1. Calculate the distance and travel time for a machine movement between two coordinate points
1. Use slicer software to generate G-code from a 3D model and identify coordinate data in the output
1. Apply coordinate geometry concepts to plan a simple robot path through a set of waypoints
1. Identify the X, Y, Z axes and home position on a 3D printer and relate them to the coordinate system
Standards & Indicators
NY: NGLS: English Language Arts (2017)
**NY: Grades 11-12**
1. 11-12R4: Determine the meaning of words and phrases as they are used in a text, including technical meanings.
1. 11-12W2: Write informative/explanatory texts to examine and convey complex ideas clearly and accurately.
NY: NGLS: Literacy in History/Social Studies, Science, and Technical Subjects (2017)
**NY: Grades 11-12**
1. RST 3: Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.
1. WHST 2: Write informative/explanatory texts, including the narration of technical processes.
NY: NGLS: Mathematics (2019)
1. GEO-G.GPE.4: Use coordinates to prove simple geometric theorems algebraically.
1. GEO-G.GPE.7: Use coordinates to compute perimeters of polygons and areas of triangles and rectangles.
1. AI-A.REI.10: Represent the solutions of equations and inequalities graphically.
1. AI-N.Q.1: Select quantities and use units as a way to interpret and guide the solution of multi-step problems.
1. AI-F.IF.1: Understand the concept of a function and use function notation.
1. AI-F.IF.4: For a function that models a relationship between two quantities, interpret key features of graphs and tables.
NY: Career Development and Occupational Studies
**NY: Commencement**
1. Standard 3a — Universal Foundation Skills: Basic Skills — Read, write, listen, speak, and perform arithmetical and mathematical functions.
1. Standard 3a — Universal Foundation Skills: Thinking Skills — Demonstrate the ability to organize and process information and apply skills in new ways.
1. Standard 3b — Career Majors: Students who choose a career major will acquire the career-specific technical knowledge/skills necessary to progress toward gainful employment.
Assessments
Activities / Strategies
ELA
1. Students will read G-code reference documentation and write a step-by-step technical guide explaining how to manually code a square path in G-code
1. Students will annotate a slicer-generated G-code file, explaining each command in plain English
MATH
1. Students will plot a set of 3D coordinates on graph paper and identify the resulting shape
1. Students will convert a set of absolute coordinates to incremental coordinates and verify the path remains identical
1. Students will calculate distances between coordinate points using the 2D and 3D distance formulas
1. Students will write G-code by hand to trace a geometric shape (triangle, rectangle, hexagon) on a 3D printer bed, then execute the code to verify accuracy
1. Students will calculate the total travel distance and estimated print time for a simple G-code path given a specified feed rate
1. Students will solve coordinate geometry problems involving midpoints, distances, and slopes in the context of machine paths
1. Students will plan a robot arm path through five waypoints, calculating the total distance traveled
SCIENCE
1. Students will investigate how stepper motor step angles correspond to positional resolution in the coordinate system, calculating the minimum movement increment for a given motor and lead screw combination
Resources
1. RepRap G-code Reference (reprap.org/wiki/G-code)
1. Marlin Firmware G-code Documentation (marlinfw.org)
1. 3D printer with accessible G-code terminal (Pronterface, OctoPrint, or equivalent)
1. Graph paper and 3D coordinate plotting worksheets
1. CNC Cookbook — G-code Tutorial (cnccookbook.com)
1. Autodesk Fusion 360 — CAM workspace for G-code generation (educational license)
1. Khan Academy — Coordinate Geometry lessons (khanacademy.org)
1. OpenSCAD — programmatic 3D modeling using coordinates (openscad.org)
