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COURSE DESCRIPTION:

This course offers the theory and practices involved in the safety and operation of CNC vertical machine centers and CNC turning centers and their appropriate tooling. Emphasis is placed on basic operation skills and students will be expected to do a practical set-up and operation on a vertical mill and lathe. 

Note: Machine shop experience or MTT 111 or MTT 112 is recommended.

PREREQUISITES:
NONE
GENERAL LEARNING OUTCOMES

Students who have successfully completed this course will be able to:

1. Demonstrate knowledge of basic OSHA requirements, general shop safety, and machine tool safety procedures.

2. Interpret basic part prints and/or technical drawings including Geometric Dimensioning & Tolerancing (GD & T) and apply the information as it relates to gauging, dimensioning, and tolerancing.
3. Apply a working knowledge of basic measuring and inspection tools and use appropriate measuring devises to confirm a part’s compliance to required specifications including GD&T symbols.
4. Demonstrate use of basic math skills to facilitate technical metal cutting competences.
5. Preform conversion, computations, and calculations that result in parts production to specific industry standards and specifications.
6. Demonstrate entry-level skills to setup and operate machine tools.
7. Use basic communication skills (reading, writing, speaking, and listening) to understand technical manuals and written work instructions while interacting well in a team/group environment. 

8. Set for the relevant National Institute for Metalworking Skills (NIMS) credentialing exams.    

SPECIFIC LEARNING OUTCOMES:  TECHNICAL COMPETENCIES________

After the successful completion of this course the student will be able to:

A. describe the CNC Programming process

1. Describe the history of CNC 

a. Describe the origins of CNC and NC
2. Describe advantages and disadvantages of NC programming

3. Describe advantages and disadvantages of CNC programming
B. DESCRIBE CNC VERTICAL MILL AND LATHE PROCESS AND SAFETY 
1. Describe History of Vertical Machining and Turning

a. Describe origins and proper use of various machines

2. Describe Theory of Operation

a. Describe how vertical mills and lathes function

b. Describe various oil and air requirements

3. Describe Types of CNC Machine Tools

a. Describe types of milling machines

b. Describe types of turning centers

c. Describe types of EDM machines

4. Demonstrate Safety Practices Related to Vertical Machining Centers and Lathes.

a. Demonstrate operating safety practices, including:

1) Safety door interlocks

2) Machining vise loading and unloading

3) Power box interlocks

4) Machine coolant disposal

5) Tool loading and unloading

b. Describe/Identify personnel safety equipment

5. Describe Nomenclature Used in CNC milling and Turning

a. Describe  and identify common tools used on the mill to:

1) Mill

2) Tap

3) Ream

4) Countersink

5) Counter-bore

6) Bore

7) Drill

8) Single point thread

b. Describe  and identify common tools used on the lathe to:

1) Turn

2) Drill

3) Groove

4) Face

5) Bore

6) Ream

7) Tap

8) Single point thread

c. Describe and identify work holding devices used in mill, including:

1) Vises

2) Fixtures

3) Plattens

4) Tombstones

d. Describe and identify work holding devices used in turning, including:

1) 3-jaw chuck

2) Collets

3) Soft-jaw chucks

4) Centers

e. Describe Solid and collet type tool holders for milling operations

C. Describe the mechanics of CNC
1. Describe how CNC machines have impacted modern manufacturing

2. Identify machine components the move during CNC machining

3. Describe the role of the machine control unit (MCU)

4. Define open loop systems

5. Define closed loop systems

6. Describe the role of servomechanisms

7. Describe the various input methods

8. Describe different control and operation features available to the CNC machine

D. Describe the Cartesian coordinate system
1. Describe the importance of coordinates for CNC machines

2. Describe the 3 planes of operation in programming

a. G17, G18, and G19

3. Identify the three axes of the Cartesian coordinate system

4. Identify positive and negative directions along axes

5. Describe the relationship between measurements on the drawing and coordinates

6. Describe origin and its relevance in programming

a. Define machine zero

b. Define program zero

7. Describe the X, Y and Z axes of movement of the machine and how its relates to the Cartesian coordinate system

8. Describe absolute and incremental dimensioning

a. Define absolute coordinates

b. Define incremental coordinates

c. Demonstrate plotting coordinates on a graph

d. Identify coordinates of a known point

9. Identify the axes for the vertical milling machines

10. Identify the axes for the horizontal milling machines

11. Identify the axes for the turning center

E. DESCRIBE CNC VERTICAL MACHINING CENTER AND CNC TURNING CENTER FUNCTIONS
1. Describe Controller Functions, including:

a. Power meter

b. Automatic mode

c. Key lock

d. Emergency stop

e. Option switches

f. Manual Modes:

1) Command mode

2) MDI mode

3) Rapid travel override

g. Rapid travel override

h. Single block mode

i. Feed rate override

j. Jog mode

k. Spindle speed override

l. Spindle on/off

m. Axis selector

n. Slide hold

o. Increment of movement selector

p. Coolant on/off

q. Tool in/out

r. Start button

s. Turret clockwise (CW)and turret counterclockwise (CCW)

t. Start function

F. SET-UP AND PROGRAM OPERATIONS OF THE CNC VERTICAL MILL 
1. Describe Machine Tool Limitations, including:

a. Number of possible tools

b. Limits in X, Y and Z

c. Maximum spindle speed and horsepower

d. Memory size in controller

e. Fast feed rate

f. Oil and air requirements

g. Rapid positioning rate

h. Communication systems

2. Perform Basic Machine Set-up on the mill

a. Check oil and air supply

b. Identify programmed tool numbers 

c. Turn power on

d. Mount machine vise on table

e. Indicate vise to within specified tolerances

f. Set machine home position

g. Load tools into proper tool holders 

h. Load part into vise

i. Load tools into tool carousel

1) Load tools using spindle

2) Load tools directly into carousel

3. Set Part Origin

a. Set part origin using an offset edge finder

b. Set part origin using a test indicator and gauge block

c. Set part origin from tooling ball using fixture offsets

4. Set Tool Length Offsets

a. Set tool length offsets using the work piece

b. Set tool length offsets using a gauge block

c. Set tool length offsets using electronic probe

d. Set tool length offsets using key board commands, including:

1) Set-length (SL) command

2) Utility (UT) option

e. Modify length and diameter offsets using tool page editor

f. Modify length and diameter offsets using keyboard and SL command

g. Upload and download tool information to storage

5. Load Program

a. Upload and download programs using RS-232 interface

b. Upload and download programs using local area network

6. Edit Program for Machine Tool

a. Edit program at the machine using editor in controller

b. Edit program using DOS and Windows editors

7. Create Program at Machine Tool for Common Machine Operations

a. Use machine controller

b. Use DOS editor

c. Use Windows editor

G. SET-UP AND PROGRAM OPERATIONS OF THE CNC TURNING CENTER 
1. Describe Machine Tool Limitations, including:

a. Number of possible tools

b. Limits in X, Y and Z

c. Maximum spindle speed and horsepower

d. Memory size in controller

e. Fast feed rate

f. Oil and air requirements

g. Rapid positioning rate

h. Communication systems

2. Perform Basic Machine Set-up on the mill

a. Check oil and air supply

b. Identify programmed tool numbers 

c. Turn power on

d. Mount machine vise on table

e. Indicate vise to within specified tolerances

f. Set machine home position

g. Load tools into proper tool holders 

h. Mount work piece into chuck

i. Load tools into tool carousel

3. Set “Z” part origin on the face of the part

a. Set part origin using the work piece

b. Set part origin using the tool pre-setter

4. Set Tool Length Offsets

a. Set tool length offsets using the work piece

b. Set tool length offsets using a tool pre-setter

c. Modify length and diameter offsets using tool page editor

d. Modify length and diameter offsets using keyboard and SL command

e. Upload and download tool information to storage

5. Load Program

a. Upload and download programs using RS-232 interface

b. Upload and download programs using local area network

6. Edit Program for Machine Tool

a. Edit program at the machine using editor in controller

b. Edit program using DOS and Windows editors

7. Create Program at Machine Tool for Common Machine Operations

a. Use machine controller

b. Use DOS editor

c. Use Windows editor

H. DEMONSTRATE MACHINING OF OBJECTS ON CNC VERTICAL MACHINING CENTER
1. Machine objects, including:

a. Outside contours

b. Pockets

c. Drill and tapped holes

d. Single point boring

e. Reaming

f. Single point thread internal and external

2. Machine work piece to finish specifications

a. Complete dimensional measurements

b. Adjust wear offsets to size the part

c. Complete finish machining after adjustments

3. Maintain Vertical Machine

a. Mix coolant

b. Determine need for coolant change

c. Change coolant

d. Clean coolant tank

e. Clean machine

f. Change oil filters

g. Add lubricating fluid

h. Ad hydraulic fluid

i. Dispose of coolant and oils per EPA regulations

I. DEMONSTRATE MACHINING OF OBJECTS ON CNC TURNING CENTER
1. Machine objects, including:

a. Outside contours

b. Grooves

c. Drill and tapped holes

d. Single point boring

e. Reaming

f. Single point thread internal and external

g. Facing

h. Turning tapers

2. Machine work piece to finish specifications

a. Complete dimensional measurements

b. Adjust wear offsets to size the part

c. Complete finish turning after adjustments

3. Maintain Turning Center

j. Mix coolant

k. Determine need for coolant change

l. Change coolant

m. Clean coolant tank

n. Clean machine

o. Change oil filters

p. Add lubricating fluid

q. Ad hydraulic fluid

r. Dispose of coolant and oils per EPA regulations

REQUIRED COURSE MATERIALS:

Textbooks:
Smid, CNC Control Setup for Milling and Turning, Industrial Press Publishers
Hand Tools/Supplies:
Scientific Calculator





6” rule





Safety Glasses

Lecture:
Presentations will include: Lecture with or without various audio-visual aids, discussion, demonstrations, computer-assisted or other self-paced instruction, field trips, and laboratory assignments utilizing specifically planned instructional activities or “live” work.

Laboratory:


Laboratory will be a “hands-on” process.

Method of Evaluation: A student’s grade will be based on multiple measures of performance. The assessment will measure development of independent critical thinking skills and will include evaluation of the student’s ability to:

1. Perform the manipulative skills of the craft as required to satisfactory complete laboratory assignments

2. Apply theory to laboratory, homework, and in-class assignments

3. Satisfactory perform on written, oral, or practical examinations

4. Satisfactory perform on outside assignments including writing assignments and processing documents

5. Contribute to class discussions

6. Maintain attendance per current policy

7. Follow all laboratory rules and safety regulations

8. Complete the NIMS Credentialing Achievement Record with 100% proficiency

9. Complete the NIMS Theory exam 

LECTURE OUTLINE:   __________________________________________________
 

_     Lecture Topics









             

Lesson 1

Introduction to CNC Operations. Cartesian Coordinate system, Absolute & Incremental dimensioning systems, Speeds & Feeds, and editing programs
Lesson 2
    


Editing programs, G & M codes, Dimensional Measuring

Lesson 3

Decimal Format system, MDI functions. Program format, 3 Types of Offsets

Lesson 4

Workholding and fixturing on mills and lathes
Lesson 5
   
Setting tool lengths, setting part zero (origin), and shifting “Z” zero on a lathe

Lesson 6

Setup and install ID/OD tools, boring bars, and drills on lathes; tool insert replacement

Lesson 7
   
Setup and install mill tools
Lesson 8                

Optional and programmed stoppage
Lesson 9
 
Block delete, and clearance points 
Lesson 10
Cutter compensation for mills and tool nose compensation for lathes.

Lesson 11
  
Adjusting chuck jaws on a lathe

Lesson 12      
Operator Level Maintenance
Lesson 13
 
Machine Alarms
Lesson 14
 
CNC Lab

Lesson 15
  
CNC Lab

Lesson 16
  
Final Exam
LAB OUTLINE:   _______________________________________________________
 

_     Lab Topics

________________________



           

CNC Operations Labs

A. Observe all machine demonstrations

a. Milling Machine

i. Machine Controls

ii. Operation Modes

iii. Tool Setup

iv. Program loading

v. Geometry Offsets

vi. Work Offsets

vii. Wear Offsets

viii. Workholding

b. Lathe

i. Machine Controls

ii. Operation Modes

iii. Tool Setup

iv. Program loading

v. Geometry Offsets

vi. Work Offsets

vii. Wear Offsets

viii. Workholding

B. Complete Lab Projects

a. Lab 1 – Machine Program Editing

b. Lab 2 – Metal Cutting Lab

c. Lab 3 – Metal Cutting Lab

COURSE OBJECTIVES:   SCANS COMPETENCIES___________________

 
The Secretary’s Commission on Achieving Necessary Skills (SCANS), U.S. Department of Labor has identified in its “AMERICA 2000 REPORT” that all students should develop a new set of competencies and foundation skills if they are to enjoy a productive, full and satisfying life. These are in addition to the Technical Workplace Competencies required by industry. SCANS is made up of five competencies and a three-part foundation of skills and personal qualities that are needed for solid job performance.

__________________________________________________________________
 

The following activities will be performed by each student for successful completion of this course:

I. COMPETENCIES
A. Resources: Identifies, organizes, plans, and allocates resources
1. follow a schedule to complete assigned tasks on time
2. determine initial cost of materials and “value added” as a result of 
machining
3. complete a stock request form for required material
4. provide a self-evaluation of performance based on the time and 
quality of work
B. Interpersonal: Works with others
1. complete assigned responsibilities within the shop floor serving a 
member of the team

2. provide individual assistance / direction to peers as requested

3. produce machine parts to acceptable levels of quality as required

4. work well with all members of the class

C. Information: Acquires and uses information
1. read and interpret blueprints

2. organize and practically apply theories of machine tool operation

3. perform basic semi-precision and precision layout as necessary

D. Systems: Understands complex inter-relationships
1. demonstrate knowledge of the following systems:

a) laboratory organization structure: physical and social

b) organization of personnel and facilities on the shop floor

c) systematic approach to the metal removal process

d) dimensioning and measuring systems

e) systematic organization of training materials

2. monitors and corrects performance during:

a) the machining process

b) adjustments of individual laboratory work schedule

c) constantly evaluation the quality of work to achieve 
acceptable standards

d) maintaining record of evaluations and sets individual goals

E. Technology: Works with a variety of technologies
1. chooses procedure, tools and equipment required to produce a part

2. applies appropriate procedures and uses appropriate tools and 
equipment to produce a machined part to acceptable standards

3. maintains and troubleshoots equipment

a) applies appropriate preventative maintenance

b) when operating machines

c) reports all malfunctions

d) perform clean-up assignments of machine and shop at the 
end of the laboratory

II. FOUNDATION SKILLS
A. Basic Skills: Reads, writes, performs arithmetic and mathematical 
operations and speaks.
1. Reading: Locates, understands, and interprets written information on 

pose and in documents such as manuals, graphs, and schedules.
a) Studies student laboratory manual

b) Interprets blueprints and technical drawings

c) Read / studies textbook

d) Follow a daily laboratory schedule to maintain appropriate 
time-line and production completion

2. Writing: Communicates thoughts, ideas, information, and messages in 
writing; and creates documents such as letters, directions, manuals, reports, graphs, and flow charts.
a) Outline the steps necessary to produce a simple machine 
part
b) Maintain a lecture notebook
c) Submit written responses to chapter question assignments

d) Complete all written assignments

3. Arithmetic / Mathematics: Perform basic computations and 
approaches practical problems by choosing appropriately from a variety of mathematical techniques.
a) Determine optimum machining speeds, feeds, and depths 
of cut

b) Calculates “value added to the part”

c) Aligns machine and/or work holding device

d) Taps and threads

e) Keeps a running computation of individual grade

f) Interconvert’s fractions to decimal expressions

g) Use protractors to lay-out angle machining

h) Use trigonometry to solve angle and taper calculations

4. Listening: Receives, attends to, interprets, and responds to verbal 
massages and other cues.
a) Assimilate classroom instruction

b) Interpret and assimilate video instruction
c) Observe laboratory demonstrations

d) Seek and receive individual instruction in the laboratory

5. Speaking: Organizes ideas and communicates orally.
a) Participates in classroom discussions

b) Organize ideas and communicate specific questions to the 
instructor

c) Verbally affirms understanding of a concept, procedure, or 
required skill

d) Communicates with peers to ensure the smooth and safe 
operation of the laboratory

B. Thinking Skills: Thinks creatively, makes decisions, solves problems, 
visualizes, knows how to learn and reason.
1. Decision Making: Specifies goals and constraints, generates     
alternatives, considers risks, and evaluates and chooses best 
alternative.
a) Identifies personal goals
b) Identifies actions required to accomplish personal goals

2. Problem Solving: Recognizes problems and devises and 
implements plan of action.
a) Makes daily accommodations to stay on schedule

b) Seeks additional instruction / clarification for assignment 
completion

c) Balances social and academic life / responsibilities

d) Accepts responsibility

3. Seeing Things In The Mind’s Eye: Organizes, and processes 
symbols, pictures, graphs, objects, and other information.
a) Interprets technical drawings
b) Interprets technical illustrations and symbols

c) Understands both written and verbal instructions

d) Assimilates process during instructor demonstrations

4. Knowing How To Learn: Use efficient klearning techniques to 
acquire and apply new knowledge and skills.
a) Demonstrate mastery of the basic skills and techniques

b) Use these sequential skills to support mastery of new skills

c) Understand the sequential nature of acquired skills and the 
subsequent knowledge application of new skills and 
techniques

5. Reasoning: Discover a rule or principle underlying the 
relationship between two or more objects and applies it when solving 

a problem.
a) Understands that practice may not make it perfect but it 
certainly will improve the skill of the operator

b) Understand that the quality of the product is a function of 
the time of the operation and the attitude and skill of the 
machinist

c) Understand the relationship between different metals and 
tool applied to the metal surface and adjusts machining 
parameters accordingly

C. Personal Qualities: Displays responsibility, self-esteem, sociality, self-
management, and integrity and honesty.
1. Responsibility: Exerts a high level of effort and perseverance 
towards goal attainment
a) Develops an understanding that in order to be successful 
you must be a “good” student

b) Develops an understanding that a “good” students is the 
one who is prompt to every class and has prepared for the 
days’ work

c) Develops an understanding good students know what they 
are going to do in class and does not waste time

d) Develops a fine work-ethic

2. Self-Esteem: Believe in own self-worth and maintains a positive 
view of self.
a) Learns to take pride in his or her work through positive 
reinforce
b) Sees himself or herself as an asset to the class through 
continued contributions to the group and a shared common 
goal
c) Understands that an individual with a p[ositive attitude and 
the belief in their own abilities will systematically seek 
solutions and be a valuable employee
3. Sociability: Demonstrates understanding, friendliness, adaptability, 

empathy, and politeness in group settings.
a) Assist classmates in improving technical skills

b) Assist students with special needs as a peer tutor

c) Share laboratory resources )machines, tools, and instructor’s 

individual attention)

4. Self-Management: Assesses self accurately, sets personal goals, 
monitors progress, and exhibits self-control.
a) Perform in-progress quality checks on machine parts

b) Maintain a record of academic achievement (individual 
grade book)

c) Make accommodations to laboratory schedules due to 
broken machine/tools

d) Accept the responsibility for self-management
5. Integrity / Honesty: Choose ethical courses of action
a) Accept the responsibility for own actions
b) Exhibit personal honesty at all times

c) Accept the challenge of doing your own work in the 
laboratory, during examination, and on outside assignments

d) Understand the consequences of unethical behaviors

POLICIES








________


A. Attendance Policy:
The Precision Metalworking program expects students to attend all scheduled instructional activities. Regular class attendance is important and expected. The college considers both tardiness and early departure from class as forms of absenteeism. Students absent from class for any reason are still responsible for all work missed. Instructors have the right to determine whether work missed can be made up and have the liberty to set reasonable expectations for attendance based on frequency of class meetings and on the instructional delivery method, subject, type, and level of the class. Class attendance policies will be clearly stated for students by their respective instructors on separate documents (course outlines/schedules) or appendices to the master syllabus. 

B. Grading Policy and Criteria: Students are graded on each written or lab assignment according to the grading rubric for that assignment. Students are responsible for completing each task and submitting each completed task to an instructor for evaluation. Each instructor will define their grading policy within their syllabus or course instructions. Work which is not completed by the due date will be averaged as a grade of 0. A comprehensive final written exam is given at the completion of all courses. Failure to complete the final exam will result in a failing grade (F) for the course.
C. Academic Dishonesty:
The very nature of higher education requires that students adhere to accepted standards of academic integrity. Therefore, the College of Lake County has adopted the Student Rights and Responsibilities Policy (#403) and a Statement of Student Academic Integrity. These may be found in the Student Handbook. Among the violations of academic integrity listed and defined are: cheating, plagiarism, falsification and fabrication, unauthorized complicity, abuse of academic materials, complicity in academic dishonesty, falsification of records and official documents, personal misrepresentation and proxy, and bribes, favors, and threats.

It is the student’s responsibility to be aware of behaviors that constitute academic dishonesty. Pursuant to the due process guarantees contained in the Student Rights and Responsibilities Policy and Procedures on Student Academic Integrity, the minimum punishment for the first offense for a student found in violation of the standards of academic integrity is failure in the assignment. In addition, a disciplinary record will be established and kept on file in the office of the Vice President for Student Development.

D. Accommodations for Disabilities:
If you are a student with a documented disability, such as needing extended time for exams and/or an in-class note taker, please present documentation to the Office of Students with Disabilities in L112 at the Grayslake campus. To schedule an appointment, please call (847) 543-2055 / TTY 223-0134. If you already have contacted the Office for Students with Disabilities and have completed the Instructor Notification Form, please schedule a time to meet with me and discuss your needs.

E. Course Policies:
•
Homework is designed to focus on the topics and skills covered in class. The reading assignments focus on the following week’s lecture, while the written assignments reinforce the topics and skills covered in the current week.

•
You are responsible for all material covered in class even if you are late or absent from class. 

•
Due dates for each lab or assignment will be announced when each lab or assignment is issued.

•
All homework is due on the due date. No late work will be accepted for any reasons unless defined by the instructor.

•
Make-up tests must be arranged in advance. If a make-up test is scheduled and you fail to show-up, then you will receive no credit for that test.

•
No tape recording or video taping of the course is permitted unless you have allowances through the Office for Students with Disabilities (OSD).

•
No lap top or personal computers are permitted in the lab during tests.

•
No food or drinks are allowed in the lab.

•
You must use your student log-in at the beginning of class to log-in to the computers and log-out when class is completed.

•
You are responsible for assuring no personal belongings, texts, paperwork, or external storage drives are left in the lab.

•
If enrolled in a programming course, a USB SIM device may be issued to each student. You are responsible for the security and possession while using this USB SIM on your personal computer at home to verify and write programs. Predator Software will provide Technical support for this software and SIM while you are enrolled in the programming class. You will be required to hand-in this USB SIM on the last day of the course prior to being allowed to take the final exam. Failure to return the USB SIM no later than the last day of the course will result in a replacement fee of $100 being placed on your student account.

F. Work Ethics: 
To fulfill the responsibility to teach essential workplace ethics, the career program evaluates students on attendance, character, teamwork, appearance, attitude, productivity, organizational skills, communication, cooperation, and respect. Because students are preparing for employment, it is essential that they become accustomed to standards of behavior in the workplace. As a part of course grades, faculty members may assign a grade for work ethics.

G. Course Withdrawal: 
Students may withdraw from a course without academic penalty until the midpoint of the quarter (as stated in the Academic Calendar published in the ATC Catalog and Student Handbook). By withdrawing before the midpoint of the quarter, the student is automatically assigned a grade of W, which does not affect quarterly or cumulative grade point average. Grades of W will affect satisfactory academic progress for financial aid purposes. Students who stop attending class(es) without formally withdrawing risk earning a final grade of F, which will appear on the academic transcript. Refer to the ATC Catalog and Student Handbook for further details.
H. Other Polices:

Safety and Equipment Abuse:

Repeated safety violations will result in a reduction of final grade, at the instructor’s discretion. 
Flagrant violations which result in equipment or personnel injury could result in automatic failure of the course.  

This workforce solution was funded by a grant awarded by the U.S. Department of Labor’s Employment and Training Administration. The solution was created by the grantee and does not necessarily reflect the official position of the U.S. Department of Labor. The Department of Labor makes no guarantees, warranties, or assurances of any kind, express or implied, with respect to such information, including any information on linked sites and including, but not limited to, accuracy of the information or its completeness, timelines, usefulness, adequacy, continued availability, or ownership. This solution is copyrighted by the institution that created it. Internal use, by an organization and/or personal use by an individual for  non-commercial purposes, is permissible. All other uses require the prior authorization of the copyright holder.
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