Lesson Plan

Course Title: Graph Paper

Session Title: X, Y, Z and Simple CNC Programming

Performance Objective: Students will understand how a computer controlled machine (CNC)
operates and how solid objects can be represented using a three dimensional graphing system.

Specific Objectives:

Upon completion of this assignment, the student will be able to:

1) Explain how a computer controlled machine (CNC) operates.

2) Explain he relationship of x, y and z coordinates.

3) Explain how they are used to create a product on a CNC machine.

Preparation

TEKS Correlations:

* 123.43(c)(3)(A)

Describe the design processes and techniques used in manufacturing;

* 123.43(c)(4)(A)

Report on emerging and innovative manufacturing technologies;

* 123.43(c)(5)(A)

Describe different quality control applications in manufacturing;

* 123.43(c)(6)(C)

Use a variety of tools, equipment, machines, and materials to manufacture products;
* 123.43(c)(7)(B)

Follow safety manuals, instructions, and requirements;

* 123.43(c)(9)(A)

Develop a plan for completing a manufacturing technology project;

* 123.43(c)(9)(B)

Participate in the organization and operation of a real or simulated manufacturing project;
* 123.43(c)(12)(A)

Describe how changes in manufacturing technology affect business and industry;
* 123.43(c)(13)(A)

Develop or improve a product by following a problem-solving strategy;

* 123.43(c)(13)(C)

Apply decision-making techniques to the selection of manufacturing technology;
* 123.43(c)(14)(B)

Determine the most effective strategies to minimize costs;

* 123.43(c)(15)(B)

Use mathematics concepts in manufacturing technology;

* 123.43(c)(15)(D)

Use the appropriate units of measure;

* 123.43(c)(17)(A)

Identify an area of interest in manufacturing and investigate its entry-level and advancement
requirements and its growth potential,

* 123.43(c)(17)(B)
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Describe the careers available in manufacturing;

* 123.43(c)(18)(G)

Use time management techniques to develop and maintain work schedules and meet deadlines;
and,

*123.43(c)(18)(H)

Complete his/her work according to established criteria.

Interdisciplinary Correlations:

English:

110.xx(6)(A) — Vocabulary Development
...expand vocabulary through...listening and discussing...

110.xx(6)(B) — Vocabulary Development
...rely on context to determine meanings of words...

Math:

111.36

M.1A

...compare and analyze various methods for solving a real-life problem...

M1.B

...use multiple approaches (algebraic, graphical, and geometric methods) to solve problems from
a variety of disciplines...

Integrated Physics and Chemistry:
112.42(c)(2)(B)
...collect data and make measurements with precision...

Teacher Preparation:

References:
Manufacturing Technology by Komacek, Lawson and Horton, Delmar book published in 1990.

Instructional Aids:
PowerPoint

Design 1

Design 2

Design 3

Model Rubric

Materials Needed:

Graph paper (8.5 x 11)

Pencil

Inch ruler

.25 x 3 x 5 inch plastic (acrylic)**
CNC mill or router**

arwdE

Equipment Needed:
Infocus projector
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Computer with PowerPoint software
CAD software
CAM software

Learner Preparation:

None

Lesson Plan

Introduction (LSI Quadrant I):

SAY: Today we are going to do a simple exercise using x and y coordinates to create a design
of your choice. Using your graph paper and a ruler, draw a 3 x 5 inch rectangle on the sheet.
(You can create a large version of the 3 x 5 on your marker board to assist the students).
Number each of the lines on the 3 x 5 rectangle from 0 to 20 across the bottom or the horizontal
axis (X axis) of your rectangle, and label the vertical axis on the left hand side (Y axis) from 0 to
12. Be sure and place your nhumbers on the lines and not in the spaces. (Show this on your
large version on the board.)

Give the students time to do this much. Students who catch on can help those that are slower
with this part of the assignment. Allow three to five minutes for this part of the activity. You can
show the examples (in the mail to you) at this point for clarity.

SAY: Now that you have created a 3 x 5 rectangle and labeled the lines, create a design inside
the rectangle on your sheet. Your initials are a good example of what you can create for this
assignment. It is important that you use only straight lines for this activity. (Once again refer to
the examples for this activity or the one you created on the board). No curves are allowed.

Let the students work on their ideas and monitor them as they work. Help them to create lines
only for this activity. (Allow 8-12 minutes for this part of the activity.)

SAY: Now that you have your design on the rectangle, place a point at the beginning and end of
each line segment on your design. (Show the students how to do this on your large example.)

Give students time mark the points on their assignment. (Allow 5-7 minutes for this part of the
activity.)

SAY: We are now going to name each point that you marked on your design. Points are named
by using coordinate pairs (X, Y). X is always the first number and Y is always the second
number. (You can do your school initials on a marker board as an example for your class and
also show the examples provided of individual letters in block style). Keep this first design
simple. Be sure and name all the points on your design. Finish the first letter, then proceed to
the next letter or letters. Name them in a logical order just as if you were completing a dot to dot
exercise. This is very important.

This part of the activity will take the longest amount of time depending on the complexity of the
designs your students create. (Allow 10-15 minutes for this part.)

SAY: CNC equipment uses these numbers and coordinates to cut parts and products for
manufacturing. Have any of you ever seen a CNC in operation? (You might let the students talk
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about this for two or three minutes and then get back on track). Who knows what the Z
coordinate might be used for? (Give time for response). Z controls the depth of cut on a CNC
machine.

At this point, take up the papers from the students.

** |f you have a CNC machine, you can actually cut the student’s designs.

Outline

Outline (LSI Quadrant II):

Instructors can use the PowerPoint presentation, slides, handouts, and note pages in conjunction
with the following outline.

Ml Outline Notes to Instructor

I.  Go over instruments needed for process.

&

II. Begin drawing.

[ll. Evaluate finished drawing. Self-evaluate your
A. Accuracy product created during
B. Neatness the class
C. Completeness demonstration so

students learn how to
reflectively evaluate
their own work

Copy and paste Multiple Intelligences Graphic in appropriate place in left column.
V=4

. +

& &

Verbal Logical Visual Musical Bodily Intra- Inter- Naturalist | Existentialist
Linguistic Mathematical | Spatial Rhythmic | Kinesthetic | personal | personal
Application

Guided Practice (LSI Quadrant Ill):

The teacher will demonstrate model building techniques while students observe. Ask for one or
two volunteers to re-demonstrate in front of peers. Encourage students watching to peer coach
and evaluate the student demonstrator on drawing techniques.

Independent Practice (LSI Quadrant Ill):
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Students will work on drawings independently.

Summary

Review (LSI Quadrants | and IV):

Q. How are points named? By a coordinate system.

Q. What is the first number, second, third? X position left or right, Y position forward and
back, Z position Up and Down of the cutter

Q. Do you need to name all the points on your design? If so, why? Yes, to allow the
programmer to assign values to the Points

Q. How does the CNC use the numbers and coordinates? The CNC uses the coordinates to
move the cutting tool along a path to remove the unwanted material.

Evaluation

Informal Assessment (LSI Quadrant Ill):

Teacher will observe student demonstrators and student observers during guided practice to
assess student understanding of concepts and techniques. Revision/reteach will occur as needed
before moving to Independent Practice portion of the lesson.

Teacher will circulate through lab as students work on drawings independently to redirect/reteach
as necessary.

Formal Assessment (LSI Quadrant lll, IV):
Use model Rubric to evaluate the finished drawings.

Extension/Enrichment (LSI Quadrant 1V):

1) Take the designs and type in the X and Y coordinates into your CAD software to verify the
accuracy of the student’s work. This can be an entire class period as students work peer
to peer on this activity.

2) Import the CAD drawing into your CAM software. Set the tooling parameters and
simulate the cutting of the designs created by the students.

3) Actually cut the designs into the .25 x 3 x 5 acrylic for the students.

4) Students can now proceed to more complicated designs if you wish to spend more time
on CNC programming.
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