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ABSTRACT: This paper deals with configuration and
implementation of latest state of art CNC system for
Automation. The apparatus required in CNC system, PLC
software HMI software, electronic AC Servo Motors drivers,
Position Feedback Devices. A thorough understanding of the
physical configuration of CNC machining centre and its
various functions are presented here. A study of CNC & PLC
system, AC Servomotor, drivers and feedback elements and
automation of machine functions using these devices. The
introduction of CNC has radically changed the manufacturing
industry implementation of latest CNC and AC Servo Motors
and drivers allows reduced cycle time, higher productivity and
higher level of accuracy and flexibility in the manufacturing
processors. Moreover technically it has rugged and designed to
withstand vibrations, temperature, humidity and noise. It has
interfacing for inputs and outputs already inside the controllers
which is easily programmable. Complex 3D structures are
relatively easy to produce and the number of machining steps
that require human action will be reduced. It is applied in
turning Centers, Grinding machines, Punch press, wire-cut E
D M, communication Industries etc. CNC and HMI systems
can be updates/ upgraded by improving the software to
accomplish more complex tasks. The paper can be extended to
automation of 5 axes machining centers.

Keywords: Load Frequency Control (LFC), Extended State
bserver (ESO), Active Disturbance Rejection Control(ADRC),
programmable logic control (PLC).

1. INTRODUCTION

Development of Computer Numerically Controlled (CNC)
machines is an outstanding contribution to the manufacturing
industries. It has made possible the automation of the
machining processes with flexibility to handle small to
medium batch quantities in part production.

Initially, the CNC technology was applied on basic metal
cutting machines like lathes, milling machines, etc. Later, to
increase the flexibility of the machines in handling a variety of
components and to finish them in a single set-up on the same
machine, CNC concept was applied to develop a CNC
machining center for machining prismatic components
combining operations like milling, drilling, boring and
tapping. Further, the concept of multi-operations was also
extended for machining cylindrical components, which led to
the development of turning centers.

The introduction of NC machine tools has enabled the
designer to shed some of his shackles, which inhibited him
while using conventional machines. If desired, a shape can be
specified which must confirm to a given mathematical
formulae for example a curved profile or conic section and this
shape can be produced with no more difficulty them for a
circular arc.

2. LITERATURE REVIEW

H. Ganesan et al (1) describes about optimal machining
parameters for continuous profile machining are determined
with respect to the minimum production time, subject to a set
of practical constraints, cutting force, Power and dimensional
accuracy and surface finish. Due to complexity of this
machining optimization problem, a genetic algorithm (GA)
and Particle Swarm Optimization (PSO) are applied to resolve
the problem and the results obtained from GA and PSO are
compared.

Dr M. Naga Phani Sastry et al (2) describes about the main
effects (independent parameters), quadratic effects (square of
the independent variables), and interaction effects of the
variables have been considered separately to build best subset
of the model. Three levels of the feed, three levels of speed,
three values of the depth of cut, two different types of work
materials have been used to generate a total 20 readings in a
single set. After having the data from the experiments, the
performance measures surface roughness (Ra) of the test
samples was taken on a profilometer and MRR is calculated
using the formulae.

S.R das et al(3) describes an optimization method of the
cutting parameters (cutting speed, depth of cut and feed) in
dry turning of AISI D2 steel to achieve minimum tool wear
and low work piece surface temperature. The experimental
layout was designed based on the Taguchi’s L9 Orthogonal
array technique and analysis of variance (ANOVA) was
performed to identify the effect of the cutting parameters on
the response variables.

N.S. Pohokar, et al (4) explains optimizing machining
parameters and geometric parameters in CNC machine.
Various conventional techniques employed for machining
optimization include geometric programming, geometric plus
linear programming, goal programming, sequential
unconstrained minimization technique, dynamic programming
etc. The latest techniques for optimization include fuzzy logic,
scatter search technique, genetic algorithm, and Taguchi
technique and response surface methodology. This paper gives
the machine tool methodology explains about optimization of
tool methodology which include various cutting parameters in
it.

Upinder Kumar, et al(5) describes, the optimization of two
response parameters (Surface roughness and Material
Removal Rate) by three machining parameters (cutting speed,
feed rate and depth of cut) is investigated in high speed turning
of H13 in dry conditions. Taguchi’s L’9 orthogonal array and
analysis of variance (ANOVA) are used for individual
optimization. The simultaneous optimization is done by Grey
Relational Analysis approach. The different levels of all
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machining parameters are used and experiments are done on
HMT STALLION-100 HS CNC lathe machine.

P P Shirpukar et al(6) reviewed the literature on optimizing
the machining parameters in turning processes by using
tool inserts. Various conventional techniques employed for
machining optimization include geometric Programming
geometri  plus linear programming, Non-Linear
Programming, goal programming, sequential unconstrained
Minimization Technique and Dynamic Programming.

Tian-syung Lan et al (7) explains surface roughness and tool
wear and material removal rate are major intentions in modern
computer numerical control (CNC). Therefore L9 orthogonal
array in Taguchi experiment is selected for optimizing the
multi objective machining. Through the examination of
surface roughness(R) tool wear ratio and the calculation of
material removal rate; then machining objectives were
received.

Durai Matinsuresh BABU et al (8) explains optimization of
cutting parameters for CNC turned parts using Taguchi
Technique,with an extruded aluminium shaft on a CNC lathe
with cutting speed, feed rate and depth of cut as process
parameters. Power consumed (energy) the output characteristic
was measured with the help of a data acquisition system. The
data were analyzed and appropriate process parameters were
selected for minimum energy consumption.

3. FUNCTION OF MACHINE TOOL

The purpose of a machine tool is to cut away surplus material,
usually metal from the material supplied, to leave a work piece
of require shape and size, produced to a high degree of
accuracy and surface finish. The machine tool must possess
certain capabilities in order to fulfill these requirements.

It must be:

eAble to hold the work piece and the cutting tool securely.
eEndowed with sufficient power to enable the tool to cut the
work piece material at economic rates.

eCapable of displacing the tool and work piece relatively to
one other to produce the required work piece shape: the
displacement must be controlled with a degree of precision,
which will ensure desired accuracy of surface finish and size.

Ancillary functions

In addition to the main features, the machine tool must have
provision for performing ancillary functions, such as altering
the spindle speed and feed rate, tool changing, etc. On a
conventional machine tool, i.e. a machine tool under the direct
control of an operator these functions are performed by the
operator as and when he considers them to be necessary, but
when the principles of automatic control are applied to the
machine tools, the signal to change the speed, etc. must be
written into the instructions which are supplied to the machine
data.

4. FUNCTION OF CONTROL SYSTEM
Automatic control systems in one form or another can be
applied to machine tool, in order to control the overall
machine functions. The following are some of the more
important functions, which can be controlled:

o Displacement of slide members

Angular rotation of circular tables
Stop/start of the main spindle
Change the spindle speed

Reverse spindle

Change feed rate of slide members
Rotate tool turret

Change tool

Cutting fluid, ON/OFF

Lock table in position.

e Slide Displacement:
The main function to be performed by a control system on a
machine tool is the displacement of the machine slides. Since
the slides are displaced to alter the position of the tool related
to the work piece and produce the component to the required
dimensions, system of automatic control applied to machine
tools are known as a Numerical Control Systems and the
machine itself as an NC machine tool.
e Conventional Nomenclature for
Slides:
Machine tool has two or more slide ways, disposed at right
angles to one another, along which the slide is displaced. Each
slide can be fitted with a control system. In a machine with
three orthogonal slide ways the movements will be considered
to take place along X, Y, and Z-axis.

Displacement  of

e Control Systems for Slides of NC Machine Tools:

In a NC machine tool, the main condition subject to control is
the displacement and positioning of the slides. Machine tools
have slide displacement controlled by open loop or closed-
loop.

e Command Signals:

The command signal for displacing the slide of a NC machine
tool normally represents dimensions, or a continuous stream of
successive dimensions relating to the component being
machined.

5. CNC SYSTEM

The CNC is a computer based electronic equipment that
receives commands in digital form from perforated tape or
other types of input, as well as positional information of
certain elements of the machine. The CNC interprets certain of
these digital data as requirements for new positions of the
machine elements and gives appropriate commands of
direction and velocity. The CNC also interprets certain other
additional data as command of velocity, of discrete functions,
of actions etc.

Numerical control (NC) is a method employed for controlling
the motions of a machine tool slide and its auxiliary functions
with an input in the form of numerical data. A computer
numerical control (CNC) is a microprocessor based system to
store and process the data for the control of slide motions and
auxiliary functions of the machine tools. The CNC system is
the heart and brain of a CNC machine which enable the
operation of the various machine members such as a slides,
spindles, etc. as per the sequence programmed into it,
depending on the machining operations.
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The CNC systems are constructed with an NC unit integrated
with a programmable logic controller (PLC) and sometimes
with an additional external PLC (non-integrated). The NC
controls the spindle movement and the speeds and feeds in
machining. It calculates the traversing paths of the axes as
defined by the inputs. The PLC controls the peripheral
actuating elements of the machine such as solenoids, relay
coils, etc. Working together, the NC and PLC enable the
machine tool to operate automatically.

+« Elements of a CNC Machine Tool

In a CNC machine tool there are three major groups of
elements

e  Control and electronics

e  Electric drives (electromechanical drives)

e Mechanical elements (table, Slide, tool holder, etc.)

In addition, there can be hydraulic and pneumatic systems,
which are integrated with the CNC machine tool.

The primary function of the drive is to cause motion of the
controlled machine tool member (spindle, slide, etc.) to
conform as closely as possible to the motion commands issued
by the CNC system.

In order to maintain a constant material removal rate, the
spindle and the tool movements have to be coordinated such
that the spindle has a constant power and the slide has a
constant torque.

+«» Hydraulic power pack

It consists of hydraulic oil, hydraulic motor and hydraulic
pump to send the pressurized oil to various parts of the
machine for carrying out different hydraulic functions like Job
Fixture clamp and unclamp etc.

+ Coolant system
In the present machine, the Coolant system consists of Coolant
flow system and Coolant Filtration system. The whole system
is of KNOLL make.

+ CNC Part Program

The instructions for carrying out movements of all axes
combined with relevant Auxiliary functions (like spindle
rotation, coolant on/off etc.) are written sequentially &
logically in a language called “G-CODE & M-CODE
PROGRAMMING”. The set of instructions is called “PART
PROGRAM”.

¢+ CNC system basically consists of the following
Central processing unit (CPU)

Servo-control unit

Operator control panel

Machine control panel

Speed control unit

Programmable logic controller

e Central Processing Unit (CPU)

The CPU is the heart and brain of a CNC system. It accepts
the information stored in the memory as part program. This
data is decoded and transformed into specific position control

and velocity control signals. It also oversees the movement of
the control axis or spindle and whenever this does not match
with the programmed values, a corrective action is taken..

e Servo Control Unit

The decoded position and velocity control signals, generated
by the CPU for the axis movement forms the input to the
servo-control unit. This unit in turn generates suitable signals
as command values. The command values are converted by
the servo-drive unit which is interfaced with the axes and the
spindle motors.

The servo-control unit receives the position feedback signals
for the actual movement of the machine tool axes from the
feedback devices (like linear scales, rotary encoders, resolvers,
etc.). The velocity feedback are generally obtained through
tacho generators. The feedback signals are passed on to the
CPU for further processing. Thus, the servo-control unit
performs the data communication between the machine tool
and the CPU.

The amount of movement and the rate of movement are
controlled by the CNC system.

Closed Loop System

The closed loop system is characterized by the presence of
feedback. In this system, the CNC system sends out
commands for movement and the result is continuously
monitored by the system through various feedback devices.
There are generally two types of feedback to a CNC system-
position feedback and velocity feedback.

Open Loop System

The open loop system lacks feedback. In this system, the CNC
system sends out signals for movement but does not check
whether actual movement is taking place or not. Stepper
motors are used for actual movement and the electronics of
these stepper motors is run on digital pulses from the CNC
system.

e Operator Control Panel
The operator control panel provides the user interface to
facilitate a two-way communication between the user, CNC
system and the machine tool. The consists of two parts:

> Video display unit

» Keyboard

Video Display Unit (VDU)

The VDU displays the status of the various parameters of the

CNC system and the machine tool. It displays all current

information such as:

e Complete information on the block currently being
executed actual position values, set or actual difference,
current feed rate, spindle speed.

e Actual position value, set or actual difference, current
feed rate, spindle speed.

e Active G functions, miscellaneous functions

e Main program number, subroutine number

e Display of all entered data, user programs, user data,
machine data, etc.

e  Alarm messages in plain text

Soft key designations.
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Keyboard

A keyboard is provided for the following purposes:

o  Editing of part programs, tool data, machine parameters.

e  Selection of different pages for viewing.

e Selection of operating modes, e.g., manual data input, jog,
etc.

e Selection of feed rate override and spindle speed override

e  Execution of part programs

e  Execution of other tool functions.

e Machine Control Panel (MCP)

It is the direct interface between the operator and the NC

system, enabling the operation of the machine through the

CNC system. During program execution, the CNC controls the

axis motion, spindle function or tool function on a machine

tool, depending upon the part program stored in the memory.

Prior to the starting of the machining process, machine should

first be prepared with some specific tasks like,

e Establishing a correct reference point

e Loading the system memory with the required part
program

e Loading and checking of tool offsets, zero offsets, etc.

e  Speed Control Unit:

This unit acts in unison with the CPU for the movement of the
machine axes. The CPU sends the control signals generated
for the movement of the axis to the servo-control unit and the
servo-control unit converts these signals into a suitable digital
or analog signal to be fed to a servo-driver for machine tool
axis movement. This also checks whether machine tool axis
movement is at the same speed as directed by the CPU.

6. DESIGN OF MODERN CNC MACHINES
The design & construction of computer numerically controlled
(CNC) machines differs greatly from that of conventional
machine tools. Important parts and aspects of CNC machine’s
to be considered in their designing:

(@) Machine structure

(b) Guide ways

(c) Feed drives

(d) Spindle & spindle bearings

(e) Controllers, software & operator interface

(f) Measuring instruments

(9) Gauging

(h) Tool monitoring.

(a) Machine Structure

The Machine structure is the load carrying & supporting
member of the Machine tool. All the motors, drive mechanism
& other functional assemblies of machines tools are aligned to
each other & rigidly fixed to the Machine structure. The
Machine structure is subjected to static of dynamic forces & it
is, therefore, essential that the structure does not deform or
vibrate beyond the permissible limits under the action of these
forces.

(b) Guide ways
Guide ways are used in Machine tools to:

i)Control the directions or lines of action of the carriage or the
table on which a tool or a work piece is held.
ii)To absorb all the static & dynamic forces.

(c) Feed Drives
On a CNC Machine the function of feed drives is to cause
motion of the slides as per the motion commands. Since the
degree of accuracy requirement is high, the feed drive should
have high efficiency & response.
The fed drive consists of

(a) servomotor (b) Mechanical transmission system.

(d) Spindle / Spindle Bearings

Material removal using single point or multi point work piece
requires rotational speeds of the order of 30-6000 rpm and
even higher. All work or tool carrying spindles rotating at
these speeds are subjected torsional and radial deflections.
They are also subjected to thrust forces depending on the
nature of the metal cutting operation being performed. To in
torsional strain on the spindles they are designed to be as stiff
as possible with a minimum over hang. Also, the final drive to
the spindle should be located as near as possible the bearings.

(e) Controls, Software & User Interface

CNC controls are the heart of the CNC MACHINESs. The early
CNC controls were developed for simple applications in
turning, machining centers & grinding.

The new generation computer numerical controls allow
simulations control of more axes, interpolate positions faster,
and use more data points for precise control. These processors
perform multi tasks run one programming & simulating a
second —which maximizes the Machine use.

(f) Measuring systems

On all CNC Machine, an electronic measuring system is
employed on each controlled axis to monitor the movement &
to compare the position of the slide & the spindle with the
desired position.

Measuring systems are used on CNC Machines for:

(i) Monitoring the positioning of a slide on a slide way.

(ii) Orienting the spindle table & measuring the speed of the
spindle.

(9) Gauging

Gauging on a Machine tool is basically used for work piece
inspection, for defining tool off-sets & for tool breaking
detection.

(h) Tool monitoring systems A tool monitoring system
monitors the tools wear & tool breakage.

7. BLOCK DIAGRAM OF A CNC SYSTEM

The block diagram of a typical CNC system is shown in the
fig. The microprocessor along with associated hardware does
the function of data storage, motion path calculation,
command generation etc. The intelligence needed for the
execution of these functions is in the form of a series of
instructions to the microprocessor and is called “executive
program”, which resides in memory. The output interface has
provision for connecting external peripheral devices needed
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for data transfer. The operator’s control panel and CRT is used
as a media by which the operator communicates with the
system. The axis interface does the function of command
generation and feedback signal processing. The peripheral to
machine interface (PMI) does the machine oriented functions
like spindle speed decoding, tool functions and miscellaneous
functions like coolant switching and lubrication control,
interfacing with the push buttons, limit switches, pressure
switches, float switches, proximity switches etc

7.1 Closed Loop System

The closed loop system is characterized by the presence of
feedback. In this system, the CNC system sends out
commands for movement and the result is continuously
monitored by the system through various feedback devices.
There are generally two types of feedback to a CNC system-
position feedback and velocity feedback.

Part Programmes

Manhi
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Unit | Unit |«
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Fig.1. Close loop system

7.2 Open Loop Control System:

In this system the machine slides are commanded and moved
to a position but the information of the actual movement of the
slide is not feedback to control system. There is no check on
the actual position reached with reference to the desired
position as directed by the command. The feed drive used is a
stepper motor or electro hydraulic stepper motor. When a
single pulse is given to these motors, they move through
discrete angles thus achieving the desired position. The
disadvantage of this type of system is that there is no check on
the final position reached.
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Fig.2. Open loop system

8. ADVANTAGES OF CNC MACHINES

1. CNC machines can be used continuously 24 hours a day,
365 days a year and only need to be switched off for
occasional maintenance.

2. CNC machines are programmed with a design which can
then be manufactured hundreds or even thousands of
times. Each manufactured product will be exactly the
same.

3. Less skilled/trained people can operate CNCs unlike
manual lathes /milling machines etc. which need skilled
engineers.

4. CNC machines can be updated by improving the software
used to drive the machines.

5. Training in the use of CNCs is available through the use
of virtual software. This is software that allows the
operator to practice using the CNC machine on the screen
of a computer. The software is similar to a computer
game.

6. CNC machines can be programmed by advanced design
software, enabling the manufacture of products that
cannot be made by manual machines, even those used by
skilled designers / engineers.

7. Modern design software allows the designer to simulate
the manufacture of his/her idea. There is no need to make
a prototype or a model. This saves time and money.

8. One person can supervise many CNC machines as once
they are programmed they can usually be left to work by
themselves. Sometimes only the cutting tools need
replacing occasionally.

9. A skilled engineer can make the same component many
times. However, if each component is carefully studied,
each one will vary slightly. A CNC machine will
manufacture each component as an exact match.

9. APPLICATIONS

The applications of CNC include both for machine tool as well
as non-machine tool areas. In the machine tool category, CNC
is widely used for lathe, drill press, milling machine, grinding
unit, laser, sheet-metal press working machine, tube bending
machine etc. Highly automated machine tools such as turning
center and machining center which change the cutting tools
automatically under CNC control have been developed. In the
non-machine tool category, CNC applications include welding
machines (arc and resistance), coordinate measuring machine,
electronic assembly, tape.

10. CONCLUSION

In the study of computer numerical control machines the
production improvement can be done more effectively and
efficiently. The CNC programming is a way to operate CNC
machine. CNC Lathe machine usage gives many benefits of
increased productivity and accuracy and time management but
the only drawback is its cost. This could not be employed for
all small jobs and is preferable to use in large amount of
production and complicated shapes. CNC Lathe machines are
economical only for industrial purposes in large scale
production and is not suitable for small scale industries
because of its high initial cost.
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