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*The GMF M1 robot picks the part and loads the Olivetti machining center for the
chamfering operation.

*The GMF M1 robot also loads the tools from the 100-tool crib into the machining
center.

*The GE P-50 robot picks up the part with its vacuum end effecter and places it into the
fixture installed on the CNC milling machine.

*The NASA II CNC milling machine performs the etching of ‘NJIT FMS’ on the upper
surface of the part.

*The GE P-50 robot picks up the completed part from the milling machine and loads it
back onto the fixture on the cart.

*The Vision system inspects the completed part to determine the acceptance or rejection
of the part.

*The GE P-50 robot then picks up the completed part and places it in the acceptance or

rejection bin.



CHAPTER 2

COMPUTER NUMERICAL CONTROL

2.1 Introduction
The evolution of this field could not have been possible without the existence and
availability of computers, especially mini or personal computers. The most important
application of computers was in the development of the control operations in the
conventional machines industry such as cutting, welding, lathing, and milling. Computer
use in metalworking machines aids in controlling and performing complex and precise
machining operations at a low cost.

Sections 2.2, and 2.3 contain CNC classifications, Section 2.4 discusses numerical
control (NC), CNC and direct numerical control (DNC), Section 2.5 shows details about
NC part programming and Section 2.6 describes some data used in CNC programming.
Finally there are examples for CNC programming for the case study in NJIT FMS
presented in Section 2.7.

The following terms are used CNC operations:[27]

e Control Resolution: the capability of machine control unit MCU to divide the
range of a given axis movement into closely spaced points that can be identified by
the controller.

e Accuracy:.the capacity of MCU to position the worktable at a desired location.

e Repeatability: the ability of the control system to return to a given location that
was previously programmed into the controller.

e Mechanical Errors: results from gear backlash, leadscrew play, deflection of
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machine components, and similar inaccuracies in the mechanical positioning system.

2.2 CNC Machine Classification
CNC machines can be classified as shown in Figure 2.1 according to:
v Mechanical systems
v Control systems
v Coordinate system
v" Motion control
v Number of axes

v" Control loop system
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Figure 2.1 Classification of CNC machine

2.2.1 Mechanical Systems

The mechanical system used in CNC machines consists of the following vital parts:

e Clamps and Fixture: A Riveted fixture is used in CNC milling table; it is two
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Perpendicular plates are fixed with rivets or threaded by screws. It’s very important to be

precise in firming the fixture, so a hydraulic motor is used to push the block to the
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The servomotor is hard mounted on the end of a ground screw that is coupled with a

recirculating ballnut assembly, which allows zero screw backlashes.

e Tools. All parameters associated with the tool such as diameter, length, rpm, and
other geometry features should be saved in CNC control memory. The controller of CNC
machine should have the capability to chose the right tool for that dedicated program.

Tools examples are shown in Figures 2.6 and 2 7

CNC Tooling
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Figure 2.7 Tools, which are used in (a) NASA II milling machine, (b) drilling
operation.
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2.2.2 Control System
e The control system consists of the following major parts; machine control unit
(MCU), data processing unit (DPU), and control loop unit (CLU). MCU consists
of a microcomputer and other related control hardware that store the program of
instructions and execute them by converting each command into mechanical
action of the processing equipment (e.g. machine tools), one command of a time.

Figure 2.8 shows an MCU structure

Memory Input/output interface
* ROM - Operation Central processing unit * Operator panel
system. , (CPU) * Tape reader

* RAM - Part programs.

I I I

l I

Machine tool controls Sequence controls

* Position control * Coolant

* Spindle speed control * Fixture clamping
* Tool changer

Figure 2.8 Configuration of CNC machine control unit

The main functions of the DPU are to read the part program, decode the part program
statement, process the decoded information, and pass the information to the control loop
unit (CLU). In addition, it positions each axis of the machine tool, and directs the motion
of the axis, the feed rate and cutting speed.

The functions of the CLU are to receive data from the DPU, convert the data to
control signals, operate the drive mechanisms of the machine, receive feedback signals

about the actual position and velocity of the axes, and instruct the DPU to read new
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instructions from the part program when the operation has been completed. Figure 2.9

illustrates a schematic diagram of a CNC machine.

‘ MCU - Machine Control Unit
U E@:—_
) DPU ~ Data Processing Unit
=%

CLU - Control Loop Unit

Machine control unit (MCU}

Figure 2.9 Schematic diagram that shows the MCU, DPU, and CLU
used in a CNC machine.

2.2.3 Coordinate System
The most basic important programming concepi of numerical control is to provide the
mean of locating the tool in relation to the workpiece. Figure 2.11 below shows three
major programming axes, X,Y, and Z, However, there are three more axes; a, b, and c,
representing the motion around each axis X, Y, and Z respectively.

The axes maybe referenced on the bases of two major systems; fixed zero system
(absolute zero) and float zero system. The fixed zero system is a numerical control
system in which all-positional dimensions, both input and feedback are given with

reference to a common datum point. Float zero system is a characteristic of a machine
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control unit that allows the zero reference point to be established at any point along an

axis.[9]
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Figure 2.10 Visualization for coordinate system.

2.2.4 Motion Control System

The motion control system can utilize the following three control motions:
e Point to point control
e Straight cut control

¢ Contouring control

Point to point control (PTP)

The objective of PTP is to move the cutting tool to a predefined location. The motion
maybe programmed as a sequence of movements along the X and Y-axes or direct
movement between two points by simultaneously controlling the X and Y-axes drives.
Drilling, tapping, boring riveting, and sheet metal bunching are examples of this kind of

control motions. [27] See Figure 2.12.
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Figure 2.11 Point to point control system.
Straight Cut control
Straight cut control provides a limited degree of control during the positioning of the tool
from one point to another. That can be parallel to one of the major axes or it can be

performed at 45°. Figure 2.13 shows the straight cut operation.[27]

Workpiece
»
N,
Y \ b
‘ "
Tool path — operations
- performed during tool
g e . A ]
motion parallel 10 x or
i ¥ axes.
B Ja
i i i i 1 I 1 »®
Starting \ Cutting tool

point
Figure 2.12 Straight cut control system.
Contouring control

Contouring control is recognized for its ability to control continuously the cutting tool

path in all directions. An example for contouring control is shown in Figure 2.14.



