Instructor's Guide 

Numerical Control – Introduction to NC Programming
1. Module Title – Numerical Control :  Two parts – 1) An Overview and Introduction to NC Programming, and 2) CAD/CAM Programming
2. Time Management – The total time for this module is ~3 in-class hours.  Works best with three (3) 2 hour labs (  1: Setting up an NC machine, 2: manual NC programming, and 3: programming with MasterCAM)
1. Readiness Assessment Test (Pre-class and in-class)  Class time only -  4 minutes total.

2. Active exercises -- Beginning of materials  
-  4 minutes

        End of materials

-  8 minutes in class


-  10 minutes in class, but group activities can be done outside of class

3. Lecture time  --  approximately 175 minutes

4. Total module time – 3 hours plus the laboratory materials.  Each lab will take ~2 hours.

3. Overview/Motivation/Background – In this module, an overview of NC principles is provided.  This module consists of two parts with the first module focusing on principles of NC methodologies (systems and programming), and the second focused on CAD/CAM programming.  The intent of the module is to introduce basic NC concepts, equipment and conventions, and then introduce some programming specifics – first manual programming and then computer assisted.  Although the module can be used without a laboratory component, the laboratory reinforces the materials and provides a good practicum for students.
4. Learning objectives – The specific learning objectives for the module are to introduce students to: 
· The elements of Numerical control systems
· How a process plan is used to facilitate the development of an NC part program

· The concepts of programming a tool path for an NC machine
· Introduce and implement computer assisted NC programming
5. Materials - The material needed for this module include: two power point presentations (NCprogramming-1.ppt and Mastercam-1.ppt), Chapter 9-10 from Chang, Wysk and Wang, Computer Aided Manufacturing
There is a three-part laboratory that accompanies the material.  

6. Prerequisite Knowledge for Students – Before undertaking this module, students should be familiar with machining processes and planning for manufacturing (see Readiness assessment test or a variant of the test should be given without the processing flavor). 
7. Preparation requirements (for the instructor) – The instructor should decide whether he/she will use the laboratories before going over the material.  If the labs are not used, the discussion should focus around several examples of NC programming.  No other special preparation is needed in order to be ready for the classroom discussion.

8. Hints/Traps including suggested discussion topics and questions – This module has been delivered to undergraduate engineering students as well as plant managers and general managers.  Practitioners will want to work on labs and share their experience.  It can be difficult to move them back to the materials

Readings and useful references - Chapter 9 and 10 from Chang , Wysk and Wang, Computer Aided Manufacturing, Prentice-Hall, 1993.   
9. Classroom/computer and other requirements - No special classroom arrangement (teams, circle discussion, etc.) is needed.

10. Homework – If the labs are not used, the students should be given an assignment to locate a part and process plan it all the way through NC part program preparation.  If the labs are used, it will be the technical aspects and traps associated with NC programming.

11. Exam Questions – 

· What are the 2 major control components of an NC machine?  Define them.

· Draw a picture of a machining center and label the axis (both translation and rotation).

· Draw a horizontal turning center and label the axis on it.
· For the part on the page following the next and the tooling below, create the process plan to create the three holes and the half-circle on the part provided on the next page.  Once you have a process plan, you are to create the NC code for our Haas VF-0E configured with the tooling noted.
	Tool #
	Tool Dia
	No. Teeth
	Description
	Feed

(in)
	Velocity

(ft/Min)
	Max depth of cut

	1
	0.625
	2
	Twist drill
	0.010
	300
	0.3125

	2
	0.625
	12
	Ream
	0.015
	750
	0.02

	3
	0.625
	2
	Bore
	0.004
	600
	0.02

	4
	19/32
	2
	Twist drill
	0.010
	285
	0.2969

	5
	0.500
	4
	End mill
	0.008
	300
	0.500

	6
	0.7500
	4
	End mill
	0.008
	335
	0.750


	
	ACCURACY
	ACCURACY

	PROCESS
	SIZE
	POSITION (TRUE POSITION)

	DRILL
	+ 0.010
	0.010

	REAM
	+ 0.003
	0.010

	BORE
	+ 0.005
	0.002

	ROUGH END MILL
	+ 0.008
	0.005

	FINISH END MILL
	+ 0,003
	0.003


	OPERATION

NUMBER
	DESCRIPTION
	TOOL
	VELOCITY

(FT/MIN)
	FEED
	TIME (sec)

(YOU COMPUTE)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	










3 HOLES








0.625 + 0.004

· INITIAL

· STOCK

