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COURSE DESCRIPTION 

This course introduces the programming, setup, and operation of CNC turning centers.  Topics include programming formats, control functions, program editing, part production, and inspection.  Upon completion, students should be able to program and manufacture simple parts using CNC milling techniques. This course is aligned with NIMS certification standards.  
CREDIT HOURS 

Theory

1 credit hours

Lab


2 credit hour

Total


3 credit hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES 
Determined by college unless stated otherwise 

CO-REQUISITE COURSES 

Determined by college unless stated otherwise

PROFESSIONAL COMPETENCIES
· Understand CNC mill components and safety. 
· Explain the various aspects of mill tooling. 
· Use the appropriate workholding device for different workpiece shapes.  
· Comprehend coordinate grids, axis identification, and basic positioning G-codes. 
· Explain the concept of compensation and how it relates to tool offset values.  
· Recognize the important settings and features of a CNC mill controller.  
· Set-up a CNC mill. 
· Comprehend CNC programming concepts. 
· Explain how to create arcs and radii. 
· Use CNC programs to operate a mill. 
GENERAL INSTRUCTIONAL GOALS  

· Cognitive:  Comprehend principles and concepts related to Basic Computer Numerical Control Milling.
· Psychomotor:  Apply principles of Basic Computer Numerical Control Milling.
· Affective:  Value the importance of adhering to policy and procedures related to Basic Computer Numerical Control Milling.

STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – INTRODUCTION TO CNC MILLS AND SAFETY

	Module Description – This module introduces the CNC mill components, their functions and purpose.  Students will also learn about the hazards of working on mills and the safety rules inherent in the safe operation of a mill.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0   
Understand CNC mill components and safety. 
	A1.1
This competency is measured cognitively.
	3



	LEARNING OBJECTIVES
	KSA

	A1.1.1 
Describe various CNC mill components.

A1.1.2
Describe the function and purpose of a milling machine.
A1.1.3
Differentiate between the advantages and disadvantages associated with both manual and CNC mills.
A1.1.4
Describe the personal hazards associated with mills.

A1.1.5
Explain CNC mill safety rules.
	1
2
3
2
2

	Module A Outline

· Mill components

· Mill capabilities

· Manual and CNC mills

· Advantages

· Disadvantages

· Safety hazards

· Safety rules




	MODULE B – TOOLING

	Module Description – This module focuses on the various aspects of mill tooling.  Students will learn the primary function of tools and how they differ.  They will also learn about tool holders, installation, chatter, tool failure, and troubleshooting.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0   
Explain the various aspects of mill tooling. 
	B1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES
	KSA

	B1.1.1
Differentiate between various tools by explaining the primary function of each and how they differ.

B1.1.2
Describe considerations for various tool holder and tool installations.
B1.1.3
Describe the considerations when checking for chatter.

B1.1.4
Explain the process for repairing chatter.

B1.1.5
Describe various aspects to consider when troubleshooting tool failure.
B1.1.6
Describe remedies for failure of tool inserts.
B1.1.7
Differentiate between base tool materials and explain when tool inserts should be replaced.
	2
2
2
2
3
2
3

	Module B Outline

· Shapes and features produced by tooling

· Tool identification

· Tool holder installation

· Cutter installation

· Chatter

· Diagnosing

· Repairing

· Tool failure and remedy

· Tool inserts and base materials




	MODULE C – WORKHOLDING DEVICES

	Module Description – This module teaches the students which work-holding devices are appropriate for various work-piece shapes.  They will learn to identify characteristics of various work-holders, examine advantages and disadvantages of each, and discuss safe work-holding practices. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0   
Use the appropriate work-holding device for different work-piece shapes.  
	C1.1
Safely use various work-holding devices for specified work-piece production. 
	3



	LEARNING OBJECTIVES
	KSA

	C1.1.1 
Identify the characteristics of and purpose for various work-holding devices.

C1.1.2
Differentiate between tables, pallets, and grid plates, and what shape stock each should be used with.

C1.1.3
Describe the correct and incorrect use of clamps.
C1.1.4
Describe the advantages and disadvantages of various work-holding devices.

C1.1.5
Describe the procedure for changing a work-holding device.

C1.1.6
Identify the meaning and significance of various work-holding concepts such as overhang and rigidity.

C1.1.7
Discuss safe work-holding practices.

C1.1.8
Identify examples of situations when it would be necessary to use a work support on a part.
C1.1.9
Describe the procedures for using various work-holding devices.

	1
3
3
2
2
2
2
3
2

	Module C Outline

· Devices

· Tables

· Pallets

· Grid plates

· Clamps

· Advantages and disadvantages

· Changing devices

· Concepts

· Rigidity

· Overhang

· Safe work-holding practices

· Work supports

· Procedures




	MODULE D – COORDINATE SYSTEMS

	Module Description – This module delves into the coordinate systems of a CNC mill.  Topics include coordinate grids, axes’, G-codes, and sequencing steps for programming.   

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0   
Comprehend coordinate grids, axis identification, and basic positioning G-codes. 
	D1.1
This competency is measured cognitively.
	2



	LEARNING OBJECTIVES
	KSA

	D1.1.1
Explain how the coordinate grid, linear axes, and rotational axes enable cutting operations on a CNC mill.

D1.1.2
Explain the various aspects of each axis and describe how to identify each.

D1.1.3
Explain which quadrant various sets of X and Y coordinate points would be located in.

D1.1.4
Describe when and why various G-codes would be used in a CNC program.

D1.1.5 
Differentiate between machine zero and program zero.

D1.1.6
Describe how a program would be written if either absolute or incremental positioning were used.

D1.1.7
Describe the correct sequence of steps for developing a CNC mill program.

D1.1.8
Describe how tool movements are related to the specifications contained in a blueprint.
D1.1.9
Describe how the mill coordinate system affects tool positioning and cutting operations.
	2
2
2
2
3
2
2
2
2

	Module D Outline

· Coordinate grids

· Linear axis

· Rotational axis

· G-codes

· Zero

· Machine

· Program

· Positioning

· Absolute

· Incremental

· Program sequencing

· Tool movements

· Tool positioning and cutting operations



	MODULE E – TOOL OFFSETS

	Module Description – This module explains compensation and the relationship to tool offsets.  Topics include offset terms, types, variations, cutter compensation, and benefits of tool offsets.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0   
Explain the concept of compensation and how it relates to tool offset values.  
	E1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES
	KSA

	E1.1.1
Define various tool offset terms.

E1.1.2 
Identify the different types of tool offsets.

E1.1.3
Describe the benefits of using tool offsets.

E1.1.4
Describe the appropriate tool offset for specific kinds of variations in the tool or workpiece.

E1.1.5
Describe what specific digits instruct a CNC mill to do.
E1.1.6
Describe the most common methods for calling up a tool and associated offsets.

E1.1.7
Identify which programming codes are used to turn on and off cutter diameter compensation.


	1
1
2
2
2
2
2


	Module E Outline

· Offsets

· Terms and definitions

· Types

· Offsets for specific variations

· Digits

· Calling up 

· Cutter compensation

· Benefits of tool offsets




	MODULE F – OPERATOR CONTROLS 

	Module Description – This module focuses on the operator controls of a CNC mill.  Students will be required to understand and use the controls in order to turn on and adjust system overrides, identify and implement the appropriate operating mode for various tasks, and know the various machining tasks performed by each operator control.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0   
Recognize the important settings and features of a CNC mill controller.  
	F1.1
Use various CNC mill control functions to perform an operational check of a CNC mill.
	3

	LEARNING OBJECTIVES
	KSA

	F1.1.1 
Describe how system override features affect the functioning of a CNC mill.

F1.1.2
Describe the mechanisms used to turn on and adjust system overrides.

F1.1.3
Differentiate between the three different operational modes and when each is used.
F1.1.4
Identify the appropriate operating mode to complete various tasks.

F1.1.5
Describe considerations when using any of the system overrides or the emergency stop.

F1.1.6
Describe the various machining tasks performed by each operator control.

F1.1.7
Describe the steps involved in the operational check and the correct sequence for performing these tasks.
	2
3
3
1
3
2
2


	Module F Outline

· System overrides

· Override adjustments

· Operational modes

· Emergency stop considerations

· Operational procedures

· Machining tasks

· Power up

· Homing

· Jogging

· Program loading 

· Power down




	MODULE G – MILL SET-UP

	Module Description – This module teaches the set up of a mill machine.  Methods of set up and documentation are looked at as well as how to load a CNC program, program zero, and performing trial runs.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0   Set-up a CNC mill. 
	G1.1
Follow all procedures to safely set-up a mill for initial part production.
	2

	LEARNING OBJECTIVES
	KSA

	G1.1.1 
Identify the kinds of information that are normally part of a CNC mill set-up package.

G1.1.2
Describe which methods are used to convey set-up information within CNC programs.

G1.1.3
Describe the documentation necessary to set-up a job.
G1.1.4
Describe the steps involved in the set-up process and the correct sequence for performing these tasks.


	1
2
2
3


	Module G Outline

· Set-up package information

· Methods

· Documentation

· Set-up steps and sequence

· Loading a CNC program

· Program zero

· Trial runs

· Program and set-up verification




	MODULE H – UNDERSTANDING PROGRAMS

	Module Description – This module goes into CNC programming concepts.  Students will learn about specifications, programming functions, development methods, program components, formats, storing and retrieving information, and code interpretation.  

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0   
Comprehend CNC programming concepts. 
	H1.1
Use CNC programming concepts to produce specified shapes.
	3

	LEARNING OBJECTIVES
	KSA

	H1.1.1 
Describe word types and letter address specifications, and what type information they provide to the mill.

H1.1.2
Describe decimal point programming.

H1.1.3
List other programming functions.

H1.1.4
Identify the primary methods used to develop CNC programs.

H1.1.5
Describe the purpose or function performed by specific program components.

H1.1.6
Differentiate between various program formats. 

H1.1.7
Differentiate between the applications of various methods of programming.

H1.1.8
Describe which sample blocks of code follow the programming rules for usage of G-codes and M-codes. 

H1.1.9
Describe methods for storage and retrieval of program information.
H1.1.10
Describe considerations when interpreting pre-written programs.

H1.1.11
Describe how to plot out the tool path of a pre-written program.

H1.1.12
Describe considerations when writing a CNC program from a blueprint drawing.
	2
2
1
1
2
3
3
3
2
3
2
2


	Module H Outline

· Specifications

· Word types

· Letter addresses

· Decimal point programming

· Other programming functions

· Program development methods

· Program components

· Programming formats

· Application of programming methods

· Storing and retrieval of programming information 

· Interpreting codes

· G-codes

· M-codes

· Pre-written programs

· Plotting tool paths

· Writing a program from a blueprint




	MODULE I – PROGRAMMING ARCS

	Module Description – This module teaches the students about creating arcs and radii.  Topics include G code and tool movement, letter addresses for arcs and radii, various methods of cutting, and plotting tool paths.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	I1.0   
Explain how to create arcs and radii. 
	I1.1
Write a CNC program to produce specified arcs.
	3

	LEARNING OBJECTIVES
	KSA

	I1.1.1 
Explain the purpose of Radii.

I1.1.2
Explain the various G-codes used for tool movement and which movement they control.

I1.1.3
Describe letter addresses used to create arcs and radii.
I1.1.4
Describe various types of circular cuts that can be made with a mill.

I1.1.5
Explain which codes are necessary to develop the tool paths for the various types of circular cuts.

I1.1.6
Describe how I, J, K, and R addresses are used to make rounded or circular cuts and why one is preferable over another.
I1.1.7
Differentiate between cutting on a center point versus a radius value.  

I1.1.8
Explain the commands needed to produce specific part features.

I1.1.9
Describe considerations when interpreting pre-written arc and radii programs.

I1.1.10
Describe considerations when plotting out the tool path for a program containing linear and circular cuts.

I1.1.11
Describe considerations when writing a CNC program from a blueprint drawing. 
	2
3
2
2
3
3
3
3
3
3
3


	Module I Outline

· Purpose of radii

· G-codes and tool movement

· Letter addresses

· Arcs

· Radii

· Circular cuts

· Tool path codes

· I, J, K, and R addresses

· Rounded cuts

· Circular cuts

· Cutting on a center point

· Cutting on a radius value

· Commands and features 

· Interpreting pre-written programs

· Plotting tool paths

· Linear cuts

· Circular cuts

· Writing a program from a blueprint




	MODULE J – MILL PROJECTS

	Module Description – This module is designed to allow the students to put their knowledge of a CNC mill into practice.  Here they will develop CNC programs for specified projects and produce the desired parts on a CNC mill.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	J1.0   
Use CNC programs to operate a mill. 
	J1.1
Develop CNC programs for specified projects and produce the desired part on a CNC mill. 
	3

	LEARNING OBJECTIVES
	KSA

	J1.1.1 
Describe safety considerations for mill operations.
J1.1.2
List the machining operations for a specified part.

J1.1.3
Describe considerations for selecting tooling and workholding devices for specified part production.
J1.1.4
Explain considerations for determining speeds and feeds transition.

J1.1.5
Describe coordinate system considerations when calculating any unknown points.

J1.1.6
Describe tool offset considerations for specified part production.

J1.1.7
Explain considerations when determining the paths that the tools will take as well as any additional considerations when planning a program for a CNC mill.


	2
3
3
3
3
2
3


	Module J Outline

· Safety considerations

· Listing machining operations

· Tooling selection

· Workholding device selection

· Speeds and feeds transition

· Coordinate system

· Unknown points calculation

· Tool offsets

· Tool paths 

· Program planning

· Program creation




LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	KSA
	1
	2
	3
	4

	Module B
	
	71%
	29%
	

	Module C
	11%
	56%
	33%
	

	Module D
	
	89%
	11%
	

	Module E
	29%
	71%
	
	

	Module F
	14%
	43%
	43%
	

	Module G
	25%
	50%
	25%
	

	Module H
	17%
	50%
	33%
	

	Module I
	
	27%
	73%
	

	Module J
	
	29%
	71%
	


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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