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A B 8 TRACT

This project deals with CHC Applications in Continuous
Path Machining and especially with applications in CHNC

Milling Machine.

First, the basic  theory of the project, was prepared
with the philosophy of CNC, positional control,
measurement and actuation of slides and tool changing
systems. Also +the tape preparation, codes, axes,
control modes and technigues of positioning are
described. Then the measuring systems and a basic

milling machine were prepared.

The main part of this project ig the part programming

which deals with ten (10) exercises.

Finally, a cost analysis 1is prepared and some

conclusions dealing with the work done in this

project.




C O NTEMHNTS
PAGE

Acknowledgements
Abstract
Introduction
CHAPTER 1 : THE PHILOSOPHY OF CNC 1
1.1 : CNC in Manufacturing Industries 1
1.2 : Design of CNC 2
1.3 : CNC Advantages 4
1.4 : Outlook 4
CHAPTER 2 : POSITIONAL CONTROL, MEASUREMENT AND

ACTUATION OF SLIDES AND TOOL

CHANGING SYSTEMS 6
2.1 Information into the Control 6
2.1.1 : Mechanical Tape Reader 7
2.1.2 : Photoelectric Readers 7
2.2 Types of Numerical Control Systems 7
2.3 Positioning of Mechanical Slides 8
2.3.1 : Potentiometers 8
2.4 Fine Positioning Devices 11
2.4.1 :+ Resolver 12
2.4.2 : Inductosvyns 14
CHAPTER 3 : TAPE PREPARATION, CODES, AXES 25
3.1 : Tape Preparation 25
3.1.1 :+ Arrangement of Tape 25
3.1.2 : Character 27
3.1.3 : Word 27
3.1.4 : Block 27




T

3.2 Punch Tape Codes 28
3.2.1 : I80-Code 28
3.2.2 Binary Code 28
3.2.3 : Parity 29
3.3 Advantages and Disadvantages of Punch

Tape 29

3.4 : Machine Tool-axes 30

CHAPTER 4 : CONTROL MODES AND TECHNIQUES OF

POSITIONING 37
4.1 : Point to Point Control With Straight

Line Machining 37
4.2 Continuous Path Control 37
4.3 Types of Interpolation 38
4.3.1 Linear Interpolation 38
4.3.2 : Circular Interpolation 39
4.3.3 : Parabolic Interpolation 39
CHAPTER 5 : MEASURING SYSTEMS 43
5.1 ¢+ Measuring Procedures 43
5.1.1 :+ Incremental Procedure 44
5.1.2 : Absolute Procedure 44
CHAPTER 6 : MILLING MACHINE 47
6.1 : CNC Vertical Boring and Milling

Machines 47
6.2 Parts of a CNC Milling Machine 48
6.2.1 : Milling Spindle 48
6.2.2 : Boring and Milling Slide 48
6.2.3 : Measuring Eguipment for the Milling

and Boring 8Slide 48
6.2.4 Column-Swivelling Mechanism 48
6.2.5 : Feed Drive 49

6.2.6 : Swivel Action Milling Head 49




CHAPTER 7 : PART PROGRAMMING 53
7.1 : Approaching the Problem 55
7.1.1 : Theoretical Approach 55
7.1.2 : Practical Approach 56
7.2 Linear Interpolation 57
7.3 Circular Interpolation 60
7.4 Circular Pocket Milling 63
7.5 S5lot Milling 66
7.6 Peck Drilling 69
7.7 Fixed Cvycles on Three Dimensional
Line 72
7.8 : Labels : 75
7.9 : Polar Co-~ordinates 78
7.10 : Datum Shift Cycle 82
7.11 : Mirror Image Cycle 86

CHAPTER 8 : ECONOMIC ANALYSIS FOR NUMERICAL

CONTROL MACHINE 90
8.1 :+ Factors to be Considered in

Evaluation 950
8.2 Practical Approach 91
8.3 Production Cost 91
8.3.1 Material Cost 91
8.3.2 : Labour Cost 92
8.3.3 : Depreciation of Machinery and Tooling

Cost 92
8.3.4 Overheads cost 93
Conclusion
Appendices

References




