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1.6 FMS Layout Configuration

The layout of the NJIT FMS has a loop configuration, as it was shown in Figure 1.4 and

illustrated in Figure 1.15.additional views for NJIT FMS wrokcell are shown in appendix

A. The parts flow in one direction around the loop with the capability to stop at any station.

Figure 1.15 NJIT FMS layout.

1.7 Product Cycle

One complete product cycle for the FMS workcell operates as follows:

•The GE P-50 robot loads the four conveyor carts with blank parts.

•The conveyor carts are indexed to the four process stations by the Cartrac material

handling system.

•Each process station performs its function concurrently.

•Each part is indexed to the next process station.

•The IBM 7535 robot is programmed to execute the drilling operation on the part
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•The GMF Ml 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 'NET 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]

• 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.

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

• Repeatability: the ability of the control system to return to a given location that

was previously programmed into the controller.

• Mechanical Errors: results from gear backlash, leadscrew play, deflection of

16
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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:

✓ Mechanical systems

✓ Control systems

✓ Coordinate system

✓ Motion control

✓ Number of axes

✓ 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:

• Clamps and Fixture: A Riveted fixture is used in CNC milling table; it is two

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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clamps. Generally, the setup of the fixture is the most time consuming process, which

requires tool- making skills to design the proper features for ultimate matching stability.

• Mechanical Drive Elements Consist of a servomotor, a feedback system and

recalculating ball screws( consisting of ballscrews and a mounting ballnut).

Servomotor

A servomotor shown in Figure 2.2 is an electromechanical device in which electrical

input determines the position of the armature of a motor and the rotation of the shaft

moves the table forward or backward. They are used extensively in robotics and radio-

controlled cars, CNC machines, airplanes, and boats.

Figure 2.2 Servomotors.

Feedback system

The function of the feedback system is to assure that the table and workpart have been

properly located with respect to the tool. It could be triggered by analog sensors such as

synchros, revolvers, and linear inductive scales, or digital sensors such as binary

encoders, rotary pulsers, linear optical scales, and laser interferometers. Figure 2.3 shows

some example sensors.
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Figure 2.3 (a) Resolver, (b) Synchros, (c) Inductive linear scales, (d) Binary encoders,
and (e) Laser interferometer.

Ballscrews

A ballscrew shown in Figure 2.4 and 2.5 is a mechanical device that replaces the sliding

friction of leadscrews with the rolling friction of ball bearings placed between the screw

and nut members. A ballscrew performs at very high mechanical efficiency and with

much less energy consumption for a given load. As compared to conventional screw

drives, predictable wear life and smooth quiet operation are also obtained [8].
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Figure 2.4 Ballscrew.

Mounting Ballnuts

Ballnuts are typically mounted in mating flanges as shown in Figure 2.5, A to restrain the

nut from rotation and translation and are sufficient when loads are axial. If significant

side loads are present, support rails should be used in parallel with the ballscrew. The

longer and the smaller the ballscrew diameter, the greater the possibility of column

loading limitations.[8]

Figure 2.5 Mounting Ballnuts and Ballscrews; (a) conventional screw, (b,c)
Ballscrew.
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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.

• 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.

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

• 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

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.

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 concept 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]

Figure 2.10 Visualization for coordinate system.

2.2.4 Motion Control System

The motion control system can utilize the following three control motions:

• Point to point control

• 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]

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.


