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Automation
NC technology
• NC machine tools
• NC machine tool use
• NC programming

CAD/CAM simulation

Numerical control, NC

The testing of cutting forces in turning
Machining parameters
Machining optimization



Today’s Agenda

• What is this course about ?

• Course structure, policy, timetable, safety, 
etc.



Mandatory prerequisite

• MEC-1080 Production Engineering

• MEC-E7002 Manufacturing methods I 
(ongoing) must be started in period III 
at the latest



Teachers

• Juha Huuki 

• Pekka Kyrenius

• Eklavya Koshta

• firstname.lastname@aalto.fi



Course overview

• Credits: 5 credits

• a master’s level course

• to familiarize students with the research lab environment 
as well as research methods

• All the information: Shared through 
https:// Mycourses.aalto.fi



Learning outcomes
Student:

• knows the basics of NC-and CAD/CAM-programming 
including industrial robots.

• is able to apply knowledge and skills previously taught in 
the field of production engineering.

• is able to design and conduct small-scale empirical 
research.

• is able to produce a written research report based on the 
results of the research.

• has learned collaborative skills in laboratory exercises 
and writing reports as a part of a small group.



Assignment guideline

• Fixed size groups of 4 students (grouping in MyCourses) 

• Total of 4 assignments: 

1. NC-lathe

2. Robot 

3. Machining research

4. CAM

• Assignment (except CAM) have different task i.e teams-
meetings for every group and written research report.

• Each assignment must be done by the whole group



Assignment scheduling
(A more detailed information for some assignment is    

given separately)
• Materials in MyCourses:

– Instructions for assignments
– The proposed schedule of laboratory exercises for 

each group (Adjustment of scheduled times will be 
agreed separately.)



NC Machining Process

• The basic NC machining process includes 
the following stages:

• Designing the CAD model

• Converting the CAD file to a NC program

• Preparing the NC machine

• Executing the machining operation



1. CAM simulation
• The deadline of CAM assignment is 2nd of June 2024.

• The group designs the machining simulation model including NC 
code for workpiece using some CAM-software. Strongly
recommended to use i.e Creo. 

• The group makes also manufacturing plans for workpiece using
manufacturing template. 

• The workpiece is: Clamp swivel base part number art.367
http://www.gerardispa.com/media/documents/catalogues/workholding/0
4.pdf
Update the drawing and use the follow dimensions and and add
missing dimensions.



Manufacturing plan



NC-lathes



Okuma exercise part I
Okuma exercise introduces the manual programming, setup, and 
operation of NC lathe. 
Aim: to perform step on turning according to the given dimensions.



Part II NC-lathe / Okuma 
exercise

• Every group has given draft 2d-drawing for 
NC-Okuma exercise. 

• Scheduling for groups, see timetable from
MyCourses.

• The workpiece features must include: 
chamfer, external turning, grooving and 
thread. 



NC-lathe / Okuma part II 
continue

• Write a program for the OKUMA with notepad using the 
template.

• Calculate total time for lathe operations
• Task: a drawing, setup sheet, calculated machine

time and NC-program.
• Use time and effort to make NC-program
• Upload task to Mycourses:

drawing, setup sheet, machining time and NC program. 
• Workgroup take part Okuma demo in laboratory. See time from Mycourses



Programming the Okuma device: 



Okuma’s work report

• Should included the following elements:

• 1 INTRODUCTION Work background,goals,etc.

• 2 Theory

• Theory of lathes and turning, especially in NC lathes. Theory of 
NC–programming and tools etc. 

• 3 APPLIED PART Used Equipment

• Used tools,cutting data,toolpaths Okuma’s NC program description

• 4 SUMMARY

• 5 REFERENCES

• ATTACHMENTS 

• The length of the report(max 12 pages)



3. Industrial robot (Fanuc)
• No pre-tasks, hands-on exercise + report only
• Mandatory to attend, location K2-building 

machine shop 107
• Instructor Pekka Kyrenius

• FEC system (Fanuc Education Cell)
• Intro to industrial robot operating, programming 

& testing
• Pick & place demo environment
• Modification of demo program
• Topics: frames (coordinate systems), tool 

(gripper) setup, robot registers
• Starts 10:15 am (do not be late, please)
• A written group exercise report, 1-2 pages, of 

“lessons learned” during the exercise must be 
emailed to the instructor within 5 working days 
(1 week). Pdf preferred.



4. Machining Research
• Instructor: Eklavya Koshta
• Designing and performing cutting experiments in 

turning on a manual lathe.
• Title: Examining the effects of cutting parameters on 

cutting forces.
• Pre-requisite questions and tasks: 

– Both student and group-specific (see 
Instructions in MyCourses).

– Answers must be uploaded to MyCourses at 
the latest the day before the actual exercise 
session.

– The answers and related theory are discussed in 
the beginning of the exercise. 

• Monday, Wednesday, & Friday (exceptional) are 
reserved for MR.

• Writing final report and submitting to MyCourses two 
weeks from the exercise.



NC-exam
• Pre-requisite exam includes the basic theory needed in 

this course.
• Examination will be held on Tuesday 12nd of March at 

09.00 - 11.00. Hall K1/ K326
• Book: Radhakrishnan, P., Subramanyan, S., & Raju, V. 

(2008). Cad/cam/cim. New Age International.
Chapter 12: CNC Machine Tools (pp. 341-471)

• Link to e-book:https://ebookcentral.proquest.com/lib/aalto-
ebooks/detail.action?docID=437710

• Questions are selected from the list in the end of Chapter 
12. In addition, NC code identification task is included.  

• Grading: failed/passed/passed with distinction 
• With distinction can be obtained only on the first 

attempt and will raise the personal course grade 
by one (1)!



Written reports

• Research reports are written based on the laboratory
exercises.

• Assignment-specific instructions of the reports are given
separately.

• Groups should explain contribution of each member in 
the reports (i.e. who has done what).

• The grading of reports is primarily based on the first
versions of the reports.

• The reports must be uploaded to MyCourses within two 
(2) weeks from the date of the actual exercise. Late 
submission will decrease the grade. Extra time for writing 
reports can be given on request.



Grading

• Grading of assignments is based on written reports
(mostly, grades, 0 - 5), pre-requisite tasks and activity in 
exercises.

• The (group-specific) course grade is the average of 
grades of all the assignments.



Rules in the laboratory

• Manuals, folders etc. must not be taken out of 
the lab.

• Computers in lab are for practical working only
and shall not be reserved and used for writing
reports.

• Staff has a priority to use devices. 
• Eating and drinking is not allowed in lab.
• Only 3D images, CAD/CAM files and NC 

programs are allowed to be stored to computer
hard disks.

• Remember to have a memory stick and to take
a backup of a file.



K2 machine shop safety 1

• working alone in machine shop is 
forbidden

• machine tools may only be used by 
authorized personnel

• one K2 *staff member* must always be 
present on location to supervise

• student access is only during designated 
group work times

• never leave machine running unattended



K2 machine shop safety 2

• machine tool guards must be used, use 
chip/coolant shield

• use secure work holding fixtures, remove 
spanner or chuck key

• protective gear (eyes & hearing) plus 
suitable clothing must be used, long hair 
must be tied back



K2 machine shop safety 3

• Attachment (fixture) of work pieces and 
tools must be secure in order to prevent 
unfastening due to cutting forces

• Be extra careful when employing rapid 
feeds or tool changes operations

• Keep hands off moving parts when 
machine tool is in operation



K2 machine shop safety 4

• get to know nearest first aid point and eye 
wash station as well as nearest exit routes 
in case of fire

• machine and surroundings (floor) must be 
cleaned afterwards

• remove chips only with hook and brush, do 
*not* use pressurized air



K2 machine shop safety 5

• all tooling & equipment must be returned 
to right / proper places

• report tool damage, maintenance needs 
and safety concerns immediately to staff

• no eating or drinking at machine shop 
(room 105d is for coffee breaks).


