
 
 

 

 

 

VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ 

BRNO UNIVERSITY OF TECHNOLOGY 

 

 

FAKULTA STROJNÍHO INŽENÝRSTVÍ 
FACULTY OF MECHANICAL ENGINEERING 

 

 

ÚSTAV STROJÍRENSKÉ TECHNOLOGIE 

INSTITUTE OF MANUFACTURING TECHNOLOGY 

 

 

 

 

 

 

RUČNÍ PROGRAMOVANÍ CNC STROJŮ 

MANUAL PROGRAMMING OF CNC MACHINES 

 

 

 

DIPLOMOVÁ PRÁCE 

MASTER'S THESIS 

 

AUTOR PRÁCE 

AUTHOR 

 

Bc. Maksym Cherepanov 

VEDOUCÍ PRÁCE 

SUPERVISOR 

 

prof. Ing. Miroslav Píška, CSc. 

BRNO 2017 
  

  



Master's Thesis Assignment

Institut:

Student:

Degree programm:

Branch:

Supervisor:

Academic year:

As provided for by the Act No. 111/98 Coll. on higher education institutions and the BUT Study and

Examination Regulations, the director of the Institute hereby assigns the following topic of Master's

Thesis:

Institute of Manufacturing Technology

Bc. Maksym Cherepanov

Mechanical Engineering

Manufacturing Technology

prof. Ing. Miroslav Píška, CSc.

2016/17

Manual programming of CNC machines

Brief description:

Basic description of manual programming of CNC machines, its advantages and disadvantages,

possibilities of automation. Applications of CNC machining of a part, its verification, evaluation of the

results..

Master's Thesis goals:

1. Introduction into CNC programming.

2. Manual programming, position in manufacturing processes.

3. PossibilitIes of its expansion to standardization of machined parts and automation.

4. Application of the CNC machining of the part, its verification.

5. Discussion of results.

6. Conclusions.

Recommended bibliography:

CIHLÁŘOVÁ, P., HILL, M., PÍŠKA, M. Fundamentals of CNC machining, interaktivní studijní text v

angličtině. Dostupné z:

http://www.fme.vutbr.cz/opory/pdf/ust/obrCNC/Fundamentals%20of%20CNC%20Machining.pdf

MATTSON, M. CNC programming principles and Applications. Delmar-Thompson Learning, 1st ed.,

2002, pp. 351. ISBN-0-7668-1888-8.

QUESADA, R. Computer numerical control: machining and turning centers. Upper Saddle River, N.J.:

Pearson/Prentice Hall, c2005. ISBN 0130488674.

Computer Numerical Control [online]. Dostupné z: http://cnc.fme.vutbr.cz/

Faculty of Mechanical Engineering, Brno University of Technology / Technická 2896/2 / 616 69 / Brno



In Brno, 6. 11. 2016

L. S.

prof. Ing. Miroslav Píška, CSc.

Director of the Institute

doc. Ing. Jaroslav Katolický, Ph.D.

FME dean

Students are required to submit the thesis within the deadlines stated in the schedule of the academic

year 2016/17.

Faculty of Mechanical Engineering, Brno University of Technology / Technická 2896/2 / 616 69 / Brno



ABSTRACT 

CHEREPANOV Maksym: Manual programming of CNC machines  

 

This diploma work reflects the basic principles of CNC machines manual 
programming, its advantages and disadvantages, as well as automation 
capabilities. The next target of this thesis is appling methods of manual 
programming on the part specified in task description and evaluation of 
results. 

Keywords: CNC Machining, manual programming of CNC Machines, ISO Code. 

 

 

ABSTRAKT 

CHEREPANOV Maksym: Ruční programovaní CNC strojů 

 

Diplomová práce uvádí zakladní popis ručního programování CNC strojů, 
jeho výhod a nevýhod, možností automatizace. Aplikace CNC obrábění na 
součásti, její verifikace, vyhodnocení dosažených výsledků 

Klíčová slova: CNC obrábění, ruční programovaní CNC strojů, ISO kód. 
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Introduction 
There is a great variety of machines and devices that were created and used by 

man. Modern machines are complex technical systems, which consists a large number of 

technical and measuring devices, various types of drives and computing systems. All these 

machines and devices are equipment that is the basis for the operation of any 

manufacturing: machine:building plants, transport, power stations, etc. 

Thus, the equipment can be understood as the whole amount of technology, on 

which humanity relies in its development [1].  

The emergence of advanced computing technologies, personal computers, 

information networks opens real opportunities for further automation of equipment : from 

the automation of its design to the creation of highly adaptive machines and systems for 

various purposes. 

In the machinery and metal industry, more than half of all machine:tools operate 

under mass, serial and small:scale production. The application of numerical control systems 

in machinery is the most effective means of increasing machine time and automating small:

scale production, which ensures high technical and economic efficiency and allows 

centralized preparation of control programs even outside the enterprise, which can easily 

be replicated and applied in other manufacturing or other field of machinery [7]. 

The terms of preparation of production, along with increasing productivity are 

almost halved with using CNC machines. At the same time, sharpening and finishing works 

and other works that require more labor and more mistakes are reduced. It is also possible 

to obtain significant savings in the design and manufacturing of tools [1]. 

The emergence of industrial robots and other means of automation significantly 

reduces the amount of manual labor and places high demands on the level of personnel 

qualification [1]. 
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1 Introduction to CNC programming 

1.1 General structure and classification of CNC systems 

CNC systems are widely used in industry. Its development is based on the 

achievements of cybernetics, electronics, computer technology and tool engineering. 

These systems are called numerical because the value of each stroke or motion of the 

machine's executive body is given by a number. Each unit of information corresponds to a 

discrete movement of the executive body by a certain amount, called the resolution of the 

CNC system. 

Within certain limits, the executive body can be moved to any value that is a 

multiple of the resolution. The number of input pulses to effect the required movement is 

determined by the ratio of the travel length to the impulse value of the CNC system. The 

number of pulses recorded in a certain coding system on the information carrier is a 

program. 

Machines with software control can be divided into machines of cyclic program 

control and machines with numerical control systems. The systems of cyclic program 

control are simpler, because only the cycle of the machine's operation is programmed on 

them, and the values of the working displacements (geometric information), are set in a 

simplified way, for example, using mechanical stops. In CNC machines, the control is carried 

out from a program in which both geometric and technological information is entered 

numerically [6]. 

The CNC system is a set of specialized devices, methods and means necessary for 

CNC machine implementation. This set is intended for issuing control actions to the 

machine's executive bodies in accordance with the control program. The machine control 

software unit is a part of the CNC system that carries out the issuing of control actions 

according to the specified program. 

A CNC system includes 6 major elements (Fig 1.1):  

• input device; 

• machine control unit;  

• driving system; 

• feedback devices; 

• display unit; 

• machine tool [1]. 
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Fig.1.1 Working Principles of CNC Machines  

 

1.2 Input devices 

There are a big variety of devices for transferring information. Most of them are 

suitable for CNC. Punch cards and punched tapes were the first carriers of information. 

Because of the low reading speed and the extremely small capacities, it’s not usable in the 

modern world. 

Types of data input: 

a. Floppy Disk Drive 

Floppy disk is a small magnetic storage device for CNC data input (Fig1.2). It has 

been the most common storage media up to the 1970s, in terms of data transfer speed, 

reliability, storage size, data handling and the ability to read and write. Furthermore, the 

data within a floppy could be easily edited at any point as long as you have the proper 

program to read it. However, this method has proven to be quite problematic in the long 

run as floppies have a tendency to degrade alarmingly fast and are sensitive to large 

magnetic fields and can be easily scratched with a dust that is usual on the shop floor [1]. 
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Fig.1.2 Floppy disk drives. [2] 

b. USB Flash Drive  

A USB flash drive is a removable and rewritable portable hard drive with compact 

size and bigger storage size than a floppy disk (Fig.1.3). Data stored on the flash drive are 

impervious to dust and scratches that enable flash drives to transfer data from place to 

place. In recent years, all computers support USB flash drives to read and write data that 

makes them the most popular in CNC machine controlling [1]. 

 

 

Fig.1.3 USB Flash drive on CNC machine. [3] 
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c. Serial communication 

The data transfer between a computer and a CNC machine tool is often 

accomplished through a serial communication port. International standards for serial 

communications are established so that information can be exchanged in an orderly way. 

The most common interface between computers and CNC machines is referred to the EIA 

Standard RS:232. Most of the personal computers and CNC machine tools have built in 

RS232 port and a standard RS:232 cable is used to connect a CNC machine to a computer 

which enables the data transfer in reliable way. Control programs can be downloaded into 

the memory of a machine or uploaded to the computer for temporary storage by running 

a communication program on the computer and setting up the machine control to interact 

with the communication software [1]. 

Direct Numerical Control is referred to a system that connects a set of numerically 

controlled machines with a common memory for control program or machine program 

transfers with provision for on:demand distribution of data to the machines. (ISO 

2806:1980) The NC control program downloads a block or a section into the controller. 

Once the downloaded section is executed, the section will be discarded to leave place for 

other sections. This method is commonly used for machine tools that do not have enough 

memory or storage buffer for large NC control programs [1]. 

Distributed Numerical Control is a hierarchical system (Fig 1.4) for transferring 

data between a production management computer and NC systems. (ISO 2806:1994). The 

host computer is linked with a number of CNC machines or computers connecting to the 

CNC machines for control programs downloading. The communication program on the host 

computer can utilize two:way data transfer features for production data communication 

including: production schedule, parts producing etc. [1]. 

 

Fig.1.4 Serial communication in the DNC system. 
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d. Ethernet communication  

Due to the advancement of the computer technology, it is becoming more 

practical and economic to transfer part programs between computers and CNC machines 

via an Ethernet communication cable (Fig 1.5). This media provides a more efficient and 

reliable means in part program transmission and storage. Most companies now built a Local 

Area Network (LAN) as their infrastructure. More and more CNC machines provides an 

option of the Ethernet Card for direct communication within the LAN (Fig 1.6) [1]. 

 

 

Fig.1.5 Ethernet port on CNC Machine. [4] 

 

Fig.1.6 Ethernet network in DNC systems. 

1.3 Machine control unit 

The postprocessor is a module that converts the tool path and technological 

command file, calculated by the CAM or CAD / CAM system, to a control program file in 

strict accordance with the requirements of the manual programming methodology of a 
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specific machine:to:machine system. The postprocessor performs a lot of functions, for 

example: 

• encodes linear movements according to the pulse; 

• performs a linear or circular interpolation of movements along the arc of a 

circle, and also encodes them in pulses; 

• calculates the dynamics of movements, monitoring and, if necessary, reducing 

too much flow on a small displacement (the machine will not have time to 

accelerate); 

• automatically provides a trajectory compensation or a tool radius correction 

function to the program; 

• provides automatically numbering blocks under the address "N"; 

• converts feeds assigned by a technologist into a specific set of characters with 

the "F" address and outputs to the desired location of the block; 

• builds up both the beginning and the end of the control program, as well as 

the block structure. 

The first postprocessors were developed individually for every single complex 

"machine tool : CNC system" by specially trained programmers. Further, there was a long 

process of debugging the postprocessor by active consultations with the technologist 

control programs, as well as by testing runs of control programs on a CNC machine. The 

postprocessor was put into work only after the successful passing of a number of tests. 

Such postprocessor was individual for a specific machine, the CNC rack and sometimes even 

for the processing technology. The cost of developing an individual postprocessor was very 

high, and could reach several thousand dollars. Other disadvantage is that only the 

programmer who developed this postprocessor is able to correct errors and make 

improvements [6]. 

Post processing passed several stages of development. On the one hand, in the 

80s of the last century, there was a worldwide boom in the automation of mechanical 

engineering, on the other hand, the number of new machines with a new CNC system 

increased very quickly, and on the third side there was an unprecedented demand for 

computer:aided design tools for such machines from factories and companies. Under these 

conditions, the method of individual post processing turned out to be inefficient, because 

of the very high time required to create and debug each postprocessor. These objective 

reasons prompted developers of postprocessors to the idea of automating their own work : 

the automating development of postprocessors [7]. 

One of the first methods of automating the development of postprocessors was 

the generalization of information from using the same CNC system together with machines 

of various manufacturers, according to the principle of processing (for example, turning, 

milling, etc.). 
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As a result, the time, cost and labor intensity of a new postprocessor developing 

have significantly decreased. 

The next step in the postprocessor development was the possibility to use of 

automatic block correctors for control programs. The essence of this innovation is to enable 

developer or user to specify changes in a special macro language, which are then 

automatically and sequentially executed by postprocessor for the control program. This 

method was first applied in the PEPS system. The macro language of the control program 

correction is now used very widely and not only for main postprocessors. 

Almost simultaneously with the advent of the methodology of generalized post 

processing, the method of creating universal postprocessors began to be developed. Such 

postprocessors sequentially read the data of the tool trajectory (CL DATA file) and convert 

these data into one or more subroutine of the control program according to some rules 

that are different for different CNC machines and systems. 

The postprocessor maps each CL DATA file into a control program blocks, and 

stores these rules separately for each CNC machine as a file. This is what made creation 

one universal postprocessor possible. Universal postprocessor translates each record of a 

CL DATA file into the subroutine of the control program by rules that can be loaded from 

external files. 

Modern postprocessors require only the input of data from the drawing or other 

product documentation, and then, through internal calculations issue, makes complete 

processing program. Such software modules are highly specialized and are developed by 

special order of the enterprise. The last trend was the implementation of such modules in 

the CNC system, which allowed the skilled worker to independently program complex types 

of processing. 

The machine control unit is the heart of the CNC system. There are two sub:units 

in the machine control unit: The Data Processing Unit (DPU) and the Control Loop Unit 

(CLU).  

a. Data Processing Unit 

The DPU firstly interprets and encodes the part program into internal machine 

codes. The interpolator of the DPU calculates the intermediate positions of the motion in 

terms of BLU (basic length unit) which is the smallest unit length that can be handled by 

the controller. The calculated data are passed to CLU for further action [1]. 
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b. Control Loop Unit 

To control the driving system and to perform the required motions the data from 

the DPU should be converted into electrical signals by the CLU. Other functions such as 

machine spindle ON/OFF, coolant ON/OFF, tool clamp ON/OFF are also controlled by this 

unit according to the internal machine codes [1]. 

1.4 Driving system 

Electric drives are part of the machine tool, which is designed to implement and 

regulate the metalworking processes using the CNC system. 

When processing, it is necessary to identify the main movements that provides 

cutting processes with the mutual movement of tools and work piece, as well as auxiliary 

movements that facilitate the procedures for automatic operation of equipment (supply 

and retraction of instruments for monitoring, tool changing, etc.) [8]. 

The main cutting motion has the greatest speed and power, which provides the 

necessary cutting force, as well as the feed motion necessary for moving the cutting tool 

along the working trajectory with a given speed. To obtain the given shape of product’s 

surface the working elements of the machine transfers to the the work pieces and the tool 

the necessary movement of the desired trajectory with the established speed and force. 

Electric motor gives rotational and translational motion, the combinations of which s 

provides the required mutual movements by the kinematic structure of the machine [8]. 

Today drives are mainly performed on the basis of reliable electric motors with 

frequency control, carried out by digital regulators. Different types of electric drives are 

implemented using standard industrial modules. 

The basic structure of electric drive is given on a figure 1.7: 

• executive electric motor (EM); 

• power frequency converter (PFC), which converts the electric power of the 

industrial network into a three:phase current with the required amplitude and 

frequency; 

• microcontroller (MC), performing the functions of the control device and the 

task driver [8]. 

The algorithm of electric drive controlling is managed by the microcontroller. 

Microcontroller creates instructions obtained as a result of the comparison of the signals 

of the task generator and the data received from the information and computing complex 

(ICC) on the basis of signals from a set of sensors. 
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Fig.1.7 Typical function scheme of the electric drive. 

An asynchronous motor with a short:circuited winding of the rotor (AC Servo 

Motor) and a gearbox is the most commonly used as a main drive. The reducer is often 

performed in the form of a gearbox with electromechanical remote gearshift. The main 

drive provides the necessary cutting force at a certain rotation speed and therefore the 

purpose of speed control is to maintain a constant power. 

Feed drives also require very large speed ranges. For example, in contour milling, 

in theory it is necessary to have an infinite speed range, because the minimum value at 

some points tends to zero. Often, rapid movement of the working elements are also carried 

out by the feed drive, which greatly increases the speed variation range and complicates 

the drive control systems. 

DC Servo Motor (Fig.1.8) is the most common type of feed drive used in CNC 

machines. The principle of operation is based on the rotation of a winding in a permanently 

energized magnetic field. The armature winding is connected to a commutator, which is a 

number insulated copper segments mounted on the shaft. DC current goes to the 

commutator through carbon contacts, which are connected to the machine terminals. The 

motor speed may be changed by varying the winding voltage. The motor torque control is 

also achieved by controlling the motor's winding current. In order to achieve the necessary 

dynamic behavior, it is better to be operated in a closed loop system equipped with sensors 

to obtain the velocity and position feedback signals [1]. 

 



 

FME BUT MASTER’S THESIS Page 19 

 

Fig.1.8 DC Servo Motor [8] 

The stability of the characteristics of the drives should be provided for different 

performance variations, changeable temperature, voltage supply and many other reasons. 

AC Servo Motor  

In an AC servomotor (Fig.1.9), the rotor is a permanent magnet and the stator is 

equipped with 3:phase windings. The speed of the rotor is equal to the rotational frequency 

of the magnetic field of the stator, which is regulated by the frequency converter. AC 

motors are gradually replacing DC servomotors. The main reason is that there is no 

commutator or contacts in AC servomotor so that maintenance is virtually not required. 

Furthermore, AC servos have a smaller power:to:weight ratio and faster response [1]. 

 

Fig.1.9 AC Servo Motor [9] 



 

FME BUT MASTER’S THESIS Page 20 

Stepping Motor  

A stepping motor is a device that converts the electrical pulses into discrete 

mechanical rotational motions of the motor shaft (Fig.1.10). This is the simplest device that 

can be applied to CNC machines since it can convert digital data into actual mechanical 

displacement. It is not necessary to have any analog:to:digital converter nor feedback 

device for the control system. They are ideally suited to open loop systems [1].  

 

Fig.1.10 Stepping Motor [10] 

However, stepping motors are not commonly used in machine tools due to the 

following disadvantages: slow speed, low torque, low resolution and easy to slip in case of 

overload. Examples of stepping motor application are the magnetic head of floppy:disc 

drive and hard disc drive of computer, daisy:wheel type printer, X:Y tape control, and CNC 

EDM Wire:cut machine [1]. 

Linear Motor  

A linear electric motor is an AC rotary motor laid out flat (Fig.1.11). The same 

principle used to produce torque in rotary motors is used to produce force in linear motors. 

Through the electromagnetic interaction between a coil assembly and a permanent magnet 

assembly, the electrical energy is converted to linear mechanical energy to generate a 

linear motion. As the motion of the motor is linear instead of rotational, therefore it is 

called linear motor. Linear motors have the advantages of high speeds, high precision and 

fast response. In the 1980s, machine tool builders started using linear motors with the 

common motion control servo drives in the machine tool design [1].  
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Fig.1.11 Linear Motor [11] 

 

1.5 Introduction to CNC programming  

Program may be created by: 

a. Manual input of G:code therefore ISO program created or using 

conversational WOP method; 

b. Postprocessors of CAD/CAM systems which automatically generates ISO 

code. 

 

a. Manual programming 

Sometimes several CNC machines are used at the plant and the manufactured 

parts are extremely simple, a competent programmer with excellent manual programming 

technology will be able to surpass the productivity of a powerful programmer with a CAM 

system. Or, if the machines are used to perform a limited range of products. Once the 

processing of such products is programmed, it is unlikely to be changed at any time in the 

future. In this case, manual programming for the CNC is most cost:effective. Finally, even 

in the case of a CAM system, there is often a need to correct the program due to errors in 

the verification phase. Also, it is common to adjust the program after a number of the first 

test runs on the CNC machine. If the programmer must again use the CAM system to 

perform these, often elementary adjustments, then this will prolong the production 

preparation process [7]. 
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Manual method of programming (Fig 1.12) has become very popular in recent 

years. Programs may be created and entered directly on the CNC system rack, using a 

keyboard, display, as well as graphical icons and menus. The programmer can immediately 

verify program by graphically simulating the processing on the rack screen. 

 

Fig.1.12 Conversational programming in CNC Controller [12] 

The systems of dialogue:graphic design vary considerably among themselves. In 

most cases, any of them is a single:purpose system designed to automate the programming 

of a certain type of processing on certain equipment. Moreover, some models are designed 

only for manual input of the control program and thus cannot provide remote 

programming technology using a CAM system. However, more modern models work both 

in interactive mode and have devices for inputting G:codes generated by other CAM:

systems [6]. 

b. Programming with the help of CAM-systems. 

CAM systems allows to "raise" programming of CNC machines to a higher level 

than routine manual programming. Summarizing, it can be argued that CAM:systems 

facilitate the work of a software technologist in three main directions. CAM:systems relieve 

the programmer from the need to perform mathematical calculations manually; allow 

programmer to create in one basic language control programs for various CNC machines; 

finally, they provide the technologist with typical functions that automate different types 

of processing (Fig 1.13). 

To use the CAM system, the technologist programmer uses a personal computer 

or workstation. The computer program automatically generates a control program (G:

code). Then the control program is transmitted in one way or another to the memory of 

the CNC machine. The optimal scope of such systems is large enterprises, as well as 

enterprises that produce a significant range of constantly changing parts. 
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Fig.1.13 CAD/CAM programming on CNC Controller [13] 

1.6 Programming 

Procedure: 

• examination of technical documentation and drawings; 

• selection of the method of the work piece fixing; 

• selection of tools to use. 

• calculation of the transition of curvature points and editing the drawing 

according to the chosen method of programming; 

• construction of a dimensional chain from the base in the case of absolute 

programming. In absolute programming, all coordinate values are relative to a fixed origin 

of the coordinate system. Axis movement in the positive direction does not require 

inclusion of the sign; while negative movements do require signs; 

• construction of a dimensional chain in the case of incremental programming. 

In incremental systems, every measurement refers to a previously dimensioned position 

(point:to:point). Incremental dimensions are the distances between two adjacent points; 

• definition of the reference points on the work piece (zero point, etc.); 

• metalwork conditions selection (rpm, cutting speed, feed rate); 

• drawing up a scheme of technical operations; 

• compilation of program code; 

• simulation and running on the machine [1]. 
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1.7 Structure of the control program 

The control program is an ordered set of commands that determines movements 

of the machine's executive bodies and various auxiliary functions. Any control program 

consists of a number of lines, which are „blocks “. The block is a component of CP, entered 

and processed as a single unit and containing at least one command. The CNC system reads 

and executes the program block by block. Very often the programmer assigns to each block 

its number, which is located at the beginning of the block and indicated by the letter N. 

Most CNC machines allow you to work quietly without block numbers, which are used 

mostly for the convenience of visual perception of the program and searching for the 

required information in it. 

Each CP block consists of data words. A data word is constructed from the address 

(letter) and the number referring to it. For example, the address Y refers to the Y axis, and 

the number following the address indicates the coordinates along this axis (Fig 1.14). 

 

Fig. 1.14 CP block scheme 

a. Block  

A command given to the control unit is called a block [1].  

b. Word  

A block is composed of one or more words. A word is composed of an 

identification letter and a series of numerals, e.g. the command for a feed rate of 

200mm/min is F200 [1]. 

c. Address  

The identification letter at the beginning of each word is called address. The 

meaning of the address is in accordance with EIA standard RS:274:D. The most common 

addresses are listed below in table 1.1:  
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Tab. 1.1 Meaning of the address is in accordance with EIA [1] 

Function Address 

Sequence number N 

Preparatory function G 

Coordinate word X, Y, Z 

Parameters for Circular Interpolation I, J, K  

Feed function F 

Spindle function S 

Tool function T 

Miscellaneous function M 

 

An example of a program code is as follows:  

N20 G01 X20.5 F200 S1000 M03  

N21 G02 X30.0 Y40.0 I20.5 J32.0 [15] 

It is not necessary that a number referring to a G or M code has leading zeros 

(zeros in front of a number), for example G01, G02, G03, etc. It can be written G1, G2, G3. 

Nevertheless, many programmers prefer the option with leading zeros by habit [14]. 

Some CNC system does not work with all addresses. For example, the Fanuc 

software will refuse to accept the Latin Letters E, U, V and W, if they are not related to the 

macro program. This does not mean that the program containing the listed addresses 

cannot be loaded into the machine's memory [14].  

1.8 Modal and non-modal codes 

All machine codes can be conditionally divided into two classes, depending on 

their ability to be stored in the control memory. The non:modal codes operate only in the 

block in which they are located. Modal codes, in contrast, can last indefinitely until they are 

canceled by another code. 

Several groups of codes are allocated depending on the function they perform. 

Two modal codes from one group cannot be active at the same time. For example, G02 and 

G03 are in the group of axial movement codes, and you cannot apply both of these codes 

at once. One of these codes will necessarily cancel the action of the other. However, codes 

from different functional groups can be used at the same time. For example, in one block, 

you can write G02 and G90 [16]. 

1.9 Sequence number (N address) 

A sequence number is used to identify the block. It is always placed at the 

beginning of the block and can be regarded as the name of the block. The sequence 

numbers need not be consecutive. The execution sequence of the program is according to 

the actual sequence of the block and not the sequence of the number. In fact, some CNC 

systems do not require sequence numbers [1]. 
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1.10 Preparatory function (G address) [1] 

A preparatory function (Tab. 1.2) determines how the tool is to move to the 

programmed target. The most common G addresses are listed below:  

Tab. 1.2 Preparatory functions [1] 

Code Function 

G00 Point to point position at rapid feed 

G01 Linear interpolation 

G02 Circular interpolation, clockwise 

G03 Circular interpolation, anticlockwise 

G40 Cutter compensation cancel 

G41 Cutter compensation, Left 

G42 Cutter compensation, Right 

G45 – G48 Other cutter compensation, if used 

G70 – G79 Milling and turning cycle 

G80 – G89 Drilling and tapping cycle 

G90 Absolute dimensioning 

G91 Incremental dimensioning 

 

1.11 Co-ordinate Word (X/Y/Z Address) 

A co:ordinate word specifies the target point of the tool movement (absolute 

dimension system) or the distance to be moved (incremental dimension). The word is 

composed of the address of the axis to be moved and the value and direction of the 

movement [1]. 

Example: X100 Y:200 

represents the movement to (100, 200). Whether the dimensions are absolute or 

incremental will have to be defined previously (using G90 or G91) [1]. 

1.12 Parameter for Circular Interpolation (I/J/K Address) 

The G02 and G03 codes are designed to perform circular interpolation. Code G02 

is used to move along the arc clockwise, and G03 : counter:clockwise. The direction of 

movement is determined when we look at the tool from the side of the spindle, in the 

negative direction of the Z axis. As in the case of linear interpolation, in the circular 

interpolation block specifies the working feed rate F [17].  
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There are two methods for forming a circular interpolation frame. Example is the 

structure of the following blocks to compare: 

 

G02 Xn.n Yn.n Zn.n In.n Jn.n Kn.n Fn.n. G02 Xn.n Yn.n Zn.n Rn.n Fn.n. 

 

Using first variant, to perform a circular motion, inputs: code G02 (G03); 

coordinates of the end point of the arc; I, J, K – data words and speed of working feed. And 

using second variant, instead of I, J, K inputs R. The choice of the circular motion option 

depends on the capabilities of the CNC and the habit of the programmer. Most modern 

CNC machines support both recording options (Fig 1.15). 

 

Fig. 1.15 Direction of movement along the arc [17] 

In the block with the circular interpolation code, you need to specify the 

coordinates of the end point of the movement (arc). If, except X and Y, there is a Z:data 

word in the block, it means that helical interpolation is performed. Helical interpolation is 

not supported by all CNC systems. Important is to understand that helical interpolation 

allows thread milling and provides a smooth screw insertion of the tool into the work piece 

material. 

Specifying the relative (incremental) distances from the starting point of the arc to 

its center may be done by using I, J, and K parameters (Fig 1.16). The data word with I refers 

to the X axis, the data word from J to the Y axis, and the data word from K to the Z axis. 

Depending on the location of the arc, the values can be positive or negative [17]. 
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Fig. 1.16 To determine the center of the arc are used addresses I and J 

1.13 Spindle Function (S Address) 

The spindle rotation frequency is commanded under an S address and is always in 

revolution per minute if it is preceded by the function G97. It can be calculated by the 

following formula: 

� =
��∙����

�∙	
��
, �1 ∙ ������     (1.1) 

Where: � : spindle rotation frequency [min:1]; 

  �� – cutting speed [m/min]; 

  ���� : Cutting diameter at actual cutting depth, [mm] [1]. 

S address may have other meaning. With this function, you can determine the 

cutting speed if it is preceded by the function G96. 

1.14 Miscellaneous Function (M Address) 

The miscellaneous function is programmed to control the machine operation 

other than for coordinate movement. The most common M functions are as 

follows (Tab 1.3): 

 

Tab. 1.3 Miscellaneous function [1] 

Code Function 

M00 Program stop 

M03 Spindle rotation clockwise 

M04 Spindle rotation counterclockwise 

M05 Spindle STOP 

M06 Change of Tool 

M08 Coolant ON 

M09 Coolant OFF 

M10 Clamp 

M11 Unclamp 

M30 Program end and ready for another start 
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M00 – the programmed stop. When the control program executes command 

M00, a so:called programmed stop occurs. All axial movements stops and resumes only 

after the machine operator presses the Start cycle button on the CNC panel. The spindle 

continues to rotate (most machines) and other functions remain active. If the machine 

operator presses the Start cycle key, the program execution will continue from the block 

following the M00 [18]. 

M01 : stop by choice. The M01 command is for stopping by choice. It operates in 

the same way as code M00, but it provides a choice to the operator : interruption execution 

of the control program is necessary or not. On the CNC panel of almost any machine is a 

key (or switch) M01. If this key is pressed, the processing will be paused at nearest block 

M01. If the key is not pressed, the M01 block is skipped and the execution of the CP is not 

interrupted [18]. 

M02 – is the end of the program. The M02 code informs the CNC system of the 

completion of the program [18]. 

M03 – directs the rotation of the spindle. Using command M03, the spindle 

rotation with the programmed number of revolutions (S:word) is turned on (clockwise). 

The M03 command remains active until it is canceled with M04 or M05 [18]. 

M04 – reverse rotation of the spindle. Using command M04 the reverse 

(counterclockwise) rotation of the spindle with the programmed number of revolutions (S:

word) is activated. The M04 command remains active until it is canceled with M03 or 

M05 [18]. 

M19 – alignment of the spindle. With the M19 command, the spindle is radially 

adjusted (rotated to a specific position) to align the spindle drive spindle with the tool 

change position. In this position, the spindle is usually clamped and cannot be turned by 

hand [18]. 

M98 – call the subroutine. The M98 command is used to call a subroutine. 

Together with this command, the P:data word is programmed, which indicates the number 

of the called subprogram [18]. 

1.15 Subprogram 

The language of G: and M:codes, like any other programming language, allows to 

work with subprograms and perform transitions. By means of the subprogram function, the 

main control program can recall another program (subprogram) from memory and execute 

it a certain number of times. Using of subprogram makes it easier to program the program 

and make it much smaller in size, if the CP contains a frequently repeated action or works 

on a specific template. 

There are two types of subprogram – internal (Fig. 1.17) and external (Fig. 1.18). 

Internal subprograms are invoked using the M97 code and are contained within the main 

program. External subprograms are called by code M98 and are not contained in the main 

program body. In this case, the main program and subprogram are recorded in different 

files [19]. 
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Fig. 1.17 Internal subprogram 

The internal subprogram is executed when the control system encounters the 

M97 code. In this case, the address P indicates the block number to which you want to go, 

that is starting point of subprogram. When the control finds a block with the code of the 

end of the subprogram M99, the execution of the internal subprogram is terminated and 

control is transferred to the primary program frame following the block that caused the 

completed subprogram. 

 

 

Fig. 1.18 External subprogram 

External subprograms work in a similar way. A subprogram with the number set 

using the P address is called when a block with code M98 is encountered in the main 

program. When the M99 code is found, control is returned to the main program block 

following the M98 is executed. Important is that the external subprogram is recorded in a 

separate file. In fact, the external subprogram is a separate program with an individual 

number, which, if desired, can be executed independently of the main program. To call a 

subroutine, it must be stored in the control memory [19]. 
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1.16 Constant cycles of the CNC machine 

Constant cycles are called special macro programs stored in the CNC control unit 

for performing standard machining operations. Virtually all CNC machines have a set of 

cycles for hole machining : drilling, boring and tapping cycles. These cycles simplify the 

writing process of the CP and save time as well as they allow a lot of displacements to be 

performed with one frame [20]. 

For example, is needed to drill a few holes in the part. To drill one hole, you need 

to lower the drill bit to the required depth on the working feed, then pull it up on the 

accelerated feed and move it to the next hole and start cycle from the beginning (Fig 1.19).  

Using of a constant cycle simplifies the process of creating a program for 

processing holes, makes it easy to read and substantially reduces in size. There’s no need 

to create new CP for processing the same holes with a constant drilling cycle. 

 
Fig 1.19 Drilling of the number of holes 

CNC machines can have a variety of cycles: from fairly simple ones : for drilling, 

boring and threading to more complex ones : for processing contours and pockets 

(Tab. 1.4). Some cycles are standardized, although most of them are developed by 

manufacturers of machine tools and CNC systems independently. Therefore, on identical 

machines, identical cycles can be written differently, which of course makes programming 

difficult. 

Tab. 1.4 Constant cycles for hole processing [20] 

Code Cycle 

G80 Canceling a permanent cycle 

G81 Standard drilling cycle 

G82 Drilling with shutter speed 

G83 Intermittent drilling cycle 

G73 High speed intermittent drilling cycle 

G84 Tapping cycle 

G74 Left:sided tapping cycle 

G85 Standard boring cycle 
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2 Manual programming. place in the working process 

2.1 Manual programming 

The basis of manual programming is knowledge of the program coding language. 

Most manufacturers are rather using ISO:codes created by the company FANUC. But 

despite this fact there are some G:codes, M:functions and addresses of various different 

manufacturers. Therefore, it is important for the programmer to be well familiar with the 

program coding language and its specifications. Between the most important 

manufacturers of control software are FANUC, SINUMERIC, HEIDENHAIM, and MAZAC with 

MAZATROL coding language [6]. 

To create a program is used a text editor. Created program is then transferred to 

the machine. Cautions with the reduction of the number of lines of program has been 

dropped with the emergence of a more powerful machine hardware. Earlier machines that 

were not so hardware and software efficient as today, have had problems processing 

multiple lines in advance, therefore there was interruption of the smooth operation of the 

tool and it is in some Situations undesirable. 

2.2 Simulation 

A simulation is used to control the created program. It gives the possibility to get 

important information that affects the quality of the future program. 

By simulating the program, we have the opportunity to see the theoretical 

procedure at machining to avoid errors that could seriously damage the machine, the 

product or tool. 

Each program so created and de:simulated is then transferred to machines where 

it is fine:tuned. Only after that is the program eligible for production. This procedure is used 

in mass production. 

2.3 Machine reference points  

Each machine has a fixed reference system specified by the manufacturer 

(Fig. 1.20). User can select specific reference system for work piece: the control system 

knows the start and position of this reference system relative to the machine reference 

system. Therefore, the control system can correctly transmit position data from the NC 

program to the work piece [6]. 
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Fig. 1.20 Reference points [22] 

Lathe reference points: 

• machine zero:point M: fixed point. Position cannot be changed. Is given 

when machine is building. 

• Stop point A: stopping point. 

• Work piece zero:point W. 

• Program start point C: is chosen by a programmer. 

• Zero tool point F: at the center of the tool holder. All tool corrections are 

referred to this point [22]. 

2.4 Work piece reference points 

The reference work piece point is defined before the machining program is 

prepared. The coordinate data will apply to that point. Then in control program should be 

defined the work piece outline using path functions and coordinates [21]. 

2.5 Place in the working process 

Manual programming is rarely used in manufacturing. The reason is a big amount 

of time and the need for high qualification of the programmer. Complex geometric models 

pose additional difficulties and require complex mathematical calculations. 

In most cases, the method of absolute programming is used mainly due to 

simplicity of each specific task. 

In the production practice, manual programming is resorted to in the case of 

simple geometric shapes, or if there is an urgent need to create a program directly on the 

machine on which the part is made. 
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Further option to use manual programming in production practice is the 

modification programs that were created in CAD / CAM or in dialog mode. 

Programming on the machine (Fig. 1.21) could be done exceptionally in simple 

cases. The program is created especially when the machine is working to avoid downtime. 

 
Fig 1.21 SINUMERIK 8080 control panel [23] 

Creating a program on a computer (Fig. 1.22) is more widespread in manufacturing 

practice. The program can be written on the PC that is equipped with the appropriate 

software of the control system. 

The advantage lies in the economy of operation. The cost of a machine that stands 

with no producing during programming is higher than both: the PC and the software. 

Another advantage is the ability to create programs for a big number of various CNC 

machines.  

 
Fig 1.22 PC for manual programming [24] 
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3 Automation and utilities for programming 

3.1 CAD/CAM systems 

CAD = Computer Aided Design. 

CAM = Computer Aided Manufacturing. 

CAD / CAM systems are today the main supported tool for CNC machine 

programming. Their great advantage is considerable time savings in generating tool paths 

compared to classical programming, especially in complicated geometrical shapes [1]. 

3.2 Computer Aided Part Programming  

In manual preparation of a CNC part program, the programmer has to define the 

machine or the tool movements in numerical terms. 3D surfaces cannot be programmed 

manually as well as complicated geometry. 

Over the past years, lot of effort is devoted to automate the part program 

generation. With the development of the CAD/CAM system, interactive graphic system is 

integrated in the CNC part programming. Graphic based software is way more user friendly. 

The programmer can create the geometrical model in the CAM package or directly extract 

the geometrical model from the CAD/CAM data base. Built in tool motion commands are 

called to help programmer to calculate the tool paths automatically.  The programmer can 

verify the tool paths on graphic display using the animation function of the CAM system. It 

greatly enhances the speed and accuracy of tool path generation. 

3.3 Flow of A Computer Aided Manufacturing System 

There are several computer:aided manufacturing of CAD/CAM system available 

on the market. Their basic features can be summarized below: 

• geometric modeling / CAD Interface; 

• tool motion definition; 

• data processing; 

• post processing; 

• data transmission [1]. 

 

3.4 Geometric Modeling / CAD Interface 

The geometry of the work piece can be defined by basic geometrical elements 

such as points, lines, arcs, splines or surfaces.  The two dimensional or three dimensional 

geometrical elements are stored in the computer memory in forms of a mathematical 

model. The mathematical model can be a wire frame model, a surface model, or a solid 

model [1]. 
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In addition, the geometric models can be imported from other CAD/CAM system 

through standard CAD/CAM interface formats such as Initial Graphic Exchange 

Specification (IGES). Initial Graphic Exchange Specification (IGES) [1]. 

IGES is a graphic exchange standard jointly developed by industry and the 

National Bureau of Standards with the support of the U.S. Air Force. It provides 

transportability of 3:dimensional geometry data between different systems. Throughout 

this system, geometrical elements from one system can be translated into a neutral file 

standard and then from this standard into other format [1]. 

3.5 Tool Motion Definition 

After the geometric modeling, machining data such as the job setup, operation 

setup and motion definition are input into the computer to produce the cutting location 

file (CL file) for machining the work piece [1]. 

• Job setup. This is to input the machine datum, home position, and the cutter 

diameters for the CL file. 

• Operation setup. This is to input into the system the operation parameters 

such as the feed rate, tolerance, and approach / retract planes, spindle speed, coolant 

ON/OFF, stock offset and the tool selection etc.  

• Motion definition. Built in machining commands are used to control the tool 

motion to machine the products. This includes the hole processing, profile machining, 

pocketing, surface machining, gouge checking, etc. [1]. 

 

3.6 Workshop oriented programming 

Workshop Oriented Programming (WOP) is suitable for single:piece and small:lot 

production. It's a more sophisticated form of ISO programming. 

Other words it’s a program creating use graphical support. It is part of the control 

system, which enables the creation of a program even for a relatively complicated 

component. Once the contour is completed with graphic support, the control system 

creates a G:code that can be further edited. 

Workshop Programming Features: 

• the programming mode does not depend on machining technology; 

• the same procedure for creating a program in a workshop and at external 

workstation; 

• programming with direct input to a machine with graphic support; 

• the geometry of the work piece is independent of the machining technology; 

• possibility to edit the program repeatedly in WOP; 
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• possibility to manually edit the program created in WOP; 

• work process can be programmed during machining thanks to the powerful 

CNC machine hardware; 

• possibility of dynamic simulation of individual blocks; 

• ability to read data from other graphical systems; 

• continuity with higher levels of control. 

3.7 Contour programming 

Often programmers encounter drawings where the designer did not record 

important points that are required for programming. These are, in particular, intersections, 

tangent points of two curves or lines. If the lines are parallel to the axis, these points can 

easily be calculated from the drawings. But if they are out of line with the axis, or they are 

circular arcs that do not form the whole quadrant, points should be calculated using 

complex calculations [27]. 

These complicated calculations can be avoided by using a software solution that 

allows programmer to specify different ways of curves and lines connection (tangent 

connection, angular connection, arc connection, etc.). 
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4 Application of CNC machining on the Collet, its verification 

4.1 Task description 

The aim of the thesis is to offer a technology for manufacturing a collet:type 

part using CNC machining. The given part is a rotation body of a length of 74 millimeters 

and a maximal diameter of Ø58 mm. The illustration of a collet:type part was created 

using KOMPAS software and is shown on a Fig. 4.1. The drawing is given in appendix I. 

 

Fig. 4.1 Collet 

4.2 Material 

The component will be made of material 11 600.0, the properties of which are 

given in the following table. 4.1 and Tab. 4.2 sets out the different 11 600 steel standards. 

Tab. 4.1 Properties of 11600 steel [28] 

Material Steel ČSN 11 600 

Tensile strength Rm, MPa 590 : 710 

Minimum yield strength Re, MPa min. 325 

Steel 11600 is unprocessed structural steel suitable for machine parts statically 

and dynamically stressed, which do not require weldability. Suitable for parts working 

under high pressure, shafts, spindles, sprockets, levers, piston rods, pins, supports, holders, 

sockets, bolts and nuts, wedges, segments and inserts of axial bearings, spacers, various 

clamping elements, milling bodies, etc. [28]. 

 

Tab. 4.2 ČSN 11 600 Steel Grade Equivalent Table [28] 

Germany 
DIN,WNr 

France 
AFNOR 

European  
EN 

Italy 
UNI 

Spain 
UNE 

China 
GB 

Sweden 
SS 

Austria 
ONORM 

Russia 
GOST 

St60-2 A60-2 Fe590-2 
 
 

Fe590 A590-2 Q345C 1650-00 
1650-01 

St590 St5ps 
St5sp 
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4.3 Selection of the necessary work piece for the production of the specified part 

Selection of the necessary work piece for the production of a cylindrical part by 

turning. For shaft parts, the hot:rolled rod is most commonly used as a blank. 

For the rotation parts, the hot:rolled and cold:rolled bar. With a high percentage 

of waste, it is recommended to choose a free:forged or die forging as a blank. Cold:rolled 

bars are used in cases where a large part of the surface will not be machined, therefore this 

expensive semi:finished product is economically worthwhile [29]. 

The blank for the collet will be round cold:rolled bar according to ČSN EN 426510. 

Material of a blank will be 11 600. A detailed material analysis has already been 

done earlier in Chapter 4.1.1 Material. 

To determine the normalized diameter of the blank, it is necessary to take into 

account the maximum diameter of the given part. 

Calculations for this part are based on the processing allowance: 

�� =
������

���
+ 2 =

�∙�"

���
+ 2 = 4,9  ����    (4.1) 

Where: �� – diameter allowance, mm; 

  &'(�) – maximal part diameter, mm. 

Diameter of the blank wok piece �� is: 

�� = &'(�) + �� = 58 + 4,9 = 62,9   ����   (4.2) 

Length allowance �� for the collet part should be between 2 ÷ 4 mm. For given 

part the length allowance is chosen 3 mm. Full length -� will be: 

-� = - + ��   ����       (4.3) 

where: - – maximal length of given part, [mm]; 

-� = - + �� = 74 + 3 = 77 ����     (4.4) 

Nowadays, it is possible to order bars practically of any size from manufacturers. 

By itself if not the standard size will be produced specifically, it will be more expensive. 

Proceeding from this, the standard bar according to the standard ČSN 420134 is chosen. 

This standard defines dimensions of round cold rolled bars. According to the calculated 

diameter ��, the nearest higher standard value of the bar diameter determined. Also this 

standard determines the length of the rod:work piece and gives two possibilities: 0 =

3000��, 0 = 6000��. 

The nearest higher standard value of the work piece diameter �� = 62.9 �� is 

diameter 65 ��.  

The initial blank for the production of the part will have the form: 
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Ø65:77 ČSN 420134 is shown on a figure 4.2. 

Method of dividing the rod into work pieces : cutting with a band saw. Cutting 

width is 0,9 mm. 

 

Fig. 4.2 Schema of Work piece and collet 

4.4 Draft of technically suitable manufacturing facilities 

The manufactured part has small dimensions and a low degree of 

manufacturability. So it makes sense to choose universal machines that are as simple as 

possible. Their high productivity is not required by the task of thesis, since the production 

volume is not specified. Thus we can say that it is a piece production. In this section, the 

theoretical principle of the individual processing methods will be described, and then the 

optimal devices for performing the assigned tasks are proposed. 

4.5 Work piece dividing - cutting 

Cutting is one of the most common methods of dividing rod material. Cutting is 

process of dividing the work piece into parts of a given size and shape. Cutting is used to 

produce blanks of specified sizes and shapes from long products and sheets. Modern 

cutting methods provide high:performance processing of blanks of almost any size and 

from materials with any physical and mechanical properties [31]. 

Distinguish the following technological methods of cutting: 

• sawing with hacksaws, band saws and circular saws. Is commonly used for long 

products cutting. 

• Cutting with scissors. It is used for cutting sheet metal. 
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• Cutting on metal:cutting machines (turning, milling, etc.). 

• Anodic:mechanical, electro spark and laser cutting. These methods are used 

in cases where other methods do not provide sufficient productivity and the 

required quality. For example, they are used to cut high:strength materials in 

a complex and precise contour, and so on. 

• Acetylene:oxygen cutting. It is used for cutting work pieces of considerable 

thickness from carbon steel. It does not provide high accuracy, leads to a 

change in the structure and chemical composition of the material at the 

cutting site. However, it is widely distributed in a single production 

environment due to its simplicity, high productivity and versatility. 

As a cutting tool is commonly used: 

• saw blades : steel band with teeth on one side. It is made from high:speed 

steels. Lengths of the band may be from 300 to 700 mm and the thickness 

from 1.25 to 2.5 mm; 

• circular saws : steel blades with teeth on the circumference. It is made as solid, 

segmental or with cutting inserts; 

• saw bands : long steel bands with one side of the teeth. The width of the band 

is 4 to 32 mm, thickness 0.65 to 1.1 mm. They are produced welded or non:

welded, standard lengths from 25 to 100 meters [31]. 

Cutting Machines: 

• frame saw : the saw blade clamps into the saw arm, which performs straight 

reciprocating movement using the crank mechanism. 

• Circular saw : The saw blade is clamped on the spindle and acts as a rotary 

movement. The material feed acts by a hydraulic mechanism. 

• Band saw : Band saws have two discs, one drive, the other driven, over which 

the endless saw blade is tensioned [31]. 

 

4.6 Turning 

Turning is a mechanical processing by cutting external and internal surfaces of 

rotation, including boring, drilling, knurling, reaming, fillet processing, cylindrical and 

conical threading and facing [31].  

The rotary motion of the work piece is the main cutting motion, and the 

translational motion of the cutting tool is the feed motion [31].  
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Lathes may be semiautomatic and automatic machines, depending on the 

location of the spindle, they can be divided into horizontal and vertical. Vertical are mainly 

intended for machining parts of big mass, large diameter and relatively small length [31]. 

For turning the outer contour of collet, the Semi:automatic lathe SPN12 was 

selected. 

4.7 Description of machine and system SINUMERIK 810D control system [22] 

Semi:automatic lathe SPN12 (Fig. 4.3) is able to gradually change the speed and 

synchronize the feeds. Interdependent movement of the cutting element in two axes. High 

accuracy of positioning is also ensured by using ball screws pre:tensioned with ball nuts. 

 

Fig 4.3 SPN 12 CNC Machine with a SINUMERIK 810D control system 

Two supports are available for machining. The top support with the four:position 

tool:head is fully controlled by SINUMERIK 810D in the X and Z axes. It allows for example 

the production of cylindrical and spherical surfaces, threading and recessing. Supports are 

supported by ball screws [22]. 

The lower support is mechanically limited with the stops that determine the 

stroke and deceleration. The lower support has rotation ability by ± 45 ° which allows 

rectangular and grooving cycles. This support is primarily designed for roughing operations 

and is driven by hydraulic system [22]. 

SINUMERIK 810D is a completely digital system with progressive functions for 

almost all types of applications. All over the world SINUMERIK 810D is used for turning, 

drilling, milling, grinding, laser processing, cutting, perforating, tools producing, press 

systems controlling, for high:speed material cutting, wood and glass processing, 

transportation tasks [23]. 

 

4.8 Technical parameters of SPN12 machine 

Some of technical parameters of CNC machine SPN12 that was used for 

manufacturing of given part are showed in table 4.3. 
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Tab. 4.3 Technical parameters of SPN12 machine [22] 

Work piece 
Maximum work piece weight, kg 44.5 
Maximum turning length, mm 500 
Maximum turning diameter, mm 120 
Maximum diameter above the bottom, mm 280 

Headstock 

Range of spindle rpm, min:1 0 ÷ 3500  
Inner spindle diameter, mm 48 
Taper of the spindle Morse 6 
Front spindle end ČSN 20 1011 
Motor power, kW 9/11 

Top support 
Feed rate range, m×min:1 0 ÷ 10 
Shear speed in the longitudinal and transverse directions, m×min:1 10 
Maximum chip cross size (vc = 70 m×min:1; workpiece material 
Rm = 600 MPa), mm:2 

4 

Maximum transverse shear, mm 70 
Maximum longitudinal shear, mm 55 

4.9 Description of the cycles required for manufacturing of a given collet 

By examination of the drawing of the collet:part (Fig. 4.1), the necessary cycles 

were determined. 

To process the contour (loop A), will be suitable to apply stock removal with relief 

cutting cycle 95. The convenience of this cycle is that the control program is able to 

determine the trajectories of work movements automatically and technologist must specify 

only geometric parameters to produce a contour shape. To create the necessary contour, 

a subprogram should be written. 

Cycle 95. 

With the stock removal cycle, you can machine any user:programmed contour 

from a blank with paraxial stock removal. The contour may contain relief cut elements. It is 

possible to machine contours using longitudinal and face machining, both externally and 

internally. The technology can be freely selected (roughing, finishing, complete machining). 

When roughing the contour, paraxial cuts from the maximum programmed infeed depth 

are programmed and burrs are also removed parallel to the contour after an intersection 

point with the contour has been reached. Roughing is performed up to the final machining 

allowance programmed. Finishing is performed in the same direction as roughing. The tool 

radius compensation is selected and deselected by the cycle automatically [32]. 

General block input 

CYCLE95 (NPP, MID, FALZ, FALX, FAL, FF1, FF2, FF3, VARI, DT, DAM, _VRT) 
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Cycle instruction definition is showed in a table 4.4. 

Tab. 4.4 Definition of stock removal Cycle 95 instructions [32] 

Instruction code Definition 

NPP Name of a subprogram, contour 

MID Infeed depth (input without sign) 

FALZ Machining allowance on Z axis 

FALX Machining allowance on X axis 

FAL Machining allowance due a contour 

FF1 Feed rate for roughing without undercut 

FF2 Feed rate for insertion into relief cut elements 

FF3 Feed rate for finishing 

VARI Machining method (1÷12) 

DT Time lag for chip breaking when roughing 

DAM The length of the path after which each roughing is interrupted to 
break the chips 

_VRT Distant of the tool path out of the contour when roughing. Input 
incrementally unsigned 

Many cycles give possibility to influence the processing type via the VARI 

parameter (Tab. 4.5). It often contains several settings composing one code. 

Tab. 4.5 Machining method for cycle 95 (VARI instruction) [32] 

Value Processing Selection Selection 

1 Roughing Longitudinal External 

2 Roughing Transverse External 

3 Roughing Longitudinal Internal 

4 Roughing Transverse Internal 

5 Finishing Longitudinal External 

6 Finishing Transverse External 

7 Finishing Longitudinal Internal 

8 Finishing Transverse Internal 

9 Complete machining Longitudinal External 

10 Complete machining Transverse External 

11 Complete machining Longitudinal Internal 

12 Complete machining Transverse Internal 

The VARI parameter is subjected to a plausibility check. If an invalid value is 

selected, the cycle is aborted and alarm 61002 "Incorrect machining type defined" is 

output [32].  

Due to the task of this Thesis work is It is reasonable to select as the machine 

method (VARI) parameter number 9 – Complete longitudinal external machining (Fig. 4.4) 
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Fig 4.4 Graphic representation of some Cycle Instructions – Stock removal [32] 

Cycle 98. 

To produce thread, Cycle 98 will be the most suitable. With this cycle, may be 

produced several types of concatenated cylindrical or tapered threads with a constant pitch 

in longitudinal or facing, all of which can have different thread pitches. The thread can be 

single or multiple. With multiple threads, the individual thread turns are machined one 

after the other. Infeed is automatic. It is possible to select either constant infeed per cut or 

constant cross:section of cut. Right:hand or left hand thread is determined by the direction 

of rotation of the spindle which must be programmed prior to the cycle start. Neither feed 

rate nor spindle override have any effect in thread travel blocks [22].  

General block input 

CYCLE98 (PO1, DM1, PO2, DM2, PO3, DM3, PO4, DM4, APP, ROP, TDEP, FAL, IANG, NSP, 

NRC, NID, PP1, PP2, PP3, VARI, NUMT, _VRT) 

Tab. 4.6 Definition of chain thread producing cycle 98 [32] 

Instruction code Definition 

PO1 Thread starting point in the longitudinal axis 

DM1 Thread diameter at the starting point 

PO2 First intermediate point in the longitudinal axis 

DM2 Diameter at the first intermediate point 

PO3 Second intermediate point 

DM3 Diameter at the second intermediate point 

PO4 Thread end point in the longitudinal axis 

DM4 Diameter at the end point 
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Tab. 4.6 Definition of chain thread producing cycle 98 Continuation [32]  

APP Run:in path (enter without sign) 

ROP Run:out path (enter without sign) 

TDEP Thread depth (enter without sign) 

FAL Finishing allowance (enter without sign) 

IANG Infeed angle Range of values: 
"+" (for flank infeed at the flank) 
"–" (for alternating flank infeed) 

NSP Starting point offset for the first thread turn (enter without sign) 

NRC Number of roughing cuts (enter without sign) 

NID Number of idle passes (enter without sign) 

PP1 Thread pitch 1 as a value (enter without sign) 

PP2 Thread pitch 2 as a value (enter without sign) 

PP3 Thread pitch 3 as a value (enter without sign) 

VARI Definition of the machining type for the thread. 
Range of values: 1 ÷ 4 

NUMT Number of thread turns (enter without sign) 

_VRT Variable retraction distance based on initial diameter, incremental 
(enter without sign) 

 

With the VARI parameter defines internal or external machining and the infeed 

technology for roughing. The VARI parameter can assume values between 1 and 4 with the 

meaning illustrated in table 4.7. 

Tab. 4.7 Machining type of the thread (VARI instruction) [32] 

Value Processing Selection 

1 External Constant infeed 

2 Internal Constant infeed 

3 External Constant cutting cross:section 

4 Internal Constant cutting cross:section 

 

The original starting point of the thread chain (Fig 4.4) is defined using PO1 and 

DM1 (starting point and diameter) parameters. The starting point is determined by the 

cycle itself and approached at the beginning using G0 is located by the run:in path before 

the programmed starting point [32]. 

Two intermediate points in the thread is defined using PO2, DM2 and PO3, DM3 

(intermediate point and diameter) parameters, (Fig 4.4) [32]. 

The original end point of the thread is programmed under parameters PO4 and 

DM4 (Fig 4.4) [32]. 
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Fig 4.5 Graphic representation of thread producing cycle Instructions [32] 

4.10 Contour programming method 

Processing of the shaped contour A (Fig 4.6) is necessary for production of the 

given part. From the programming point of view, this contour must be divided into several 

parts. Thus it will be easier to describe them. 

 

Fig 4.6 Contour shape 

The first machined segment (1) is a fillet with a radius of 35 millimeters. For its 

description it is necessary to use an auxiliary function G3, which is Circular interpolation 

counterclockwise. 
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Using I and K, parameters of circular interpolation, the relative (incremental) 

distances from the starting point of the arc to its center were specified. The data word with 

I refers to the X axis and the data word from K to the Z axis. Depending on the location of 

the arc, the values can be positive or negative. 

The final program block for 1st segment processing will take form: 

G3 Z-23.3 X42.8 K=AC(-23.289) I=AC(-27.2) 

The second part of the contour (2) is also a fillet with a radius of 7 mm. For its 

description it is necessary to apply the function G2 : Circular interpolation clockwise. 

The final program block for 2nd segment processing will take form: 

G2 Z-63.78 X58 K=AC(-57.038) I=AC(61.762) 

 

4.11 Manufacturing routing sheet 

The technological process of a part production includes a list of technological 

operations that must be performed in a certain logical sequence. Thus, the Manufacturing 

routing sheet for production of the rotating collet part was formulated. This list of 

operations refers to a specific described earlier detail – collet. The technological process is 

shown in the table 4.9, and manufacturing routing sheet is given in appendix II. 

Recommendations and the machinery times for each technical operation are given in the 

technological process. By calculating the sum of machinery times according to formulas for 

machine times calculating, it is possible to determine the approximate time required for 

making the whole component. The sum of machine times itself is also a technological and 

economic indicator. In addition, there is a tool sheet in which the individual tools are 

shown, and is given their designation. Recommendations and machinery times were 

processed for the overall production of the component. 
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4.12 Tool sheet 

Tools are labeled and specified in the tool sheet. These tools are needed for a 

producing of a given collet. The tools were drafted by examinations of catalogues of such 

tool manufacturers and suppliers as PRAMET TOOLS, HOFFMANN:GROUP, POLOUS. Tool 

list is shown in a table 4.8. 

Tab. 4.8 Tool list [33], [34], [35] 

FME BUT Tool list Date 07.05.17 

Author: Maksym Cherepanov Machine: Drawing: 1 Page:1 

Tool 
position: 

Tool view 
Holder: 
Insert: 

Manufacturer Material 

1. 

 

Saw band:  
PILOUS AGR 200 
2490X20X0,9 M42 
8/12Z  

POLOUS  

2. 

 

External turning 
tool: 
SDJCR 0808 D07 

PRAMET 
TOOLS 

 

DCGT 070202F:AL HF7 

5. 

 

Center drill: 
A5 ISO 12 10000 

HOFFMANN:
GROUP 

 

 HSS 

3. 

 

Threading tool: 
SER 2020K 16 

PRAMET 
TOOLS 

 

TN16EL150M T8030 

4. 

 

Grooving tool: 
GFIL 1616H03 

PRAMET 
TOOLS 

 

LCMF031602:F T8330 



 

 

 
Technological Process 

Production: Group: Work piece title/name: 

Collet 

Workpiece number: 

1 

Edit:  

Date:7.5.17 

 

Operator: Verified (by senior operator): Approved (by manager): 

 

Dimensions: 

   

Material: 11600 

 

Weight: 

 

Page:1 

No. 

op. 

Shop 

 

Machine  type 

Sorting number 
Set-up 

time 
Unit time Technological sequence Tooling accessories 

1.17 Storage 05961 

 
5 min 1 min 

Material parting. Length 77 mm. PILOUS AGR 200 2490X20X0,9 M42 8/12Z  

2.17 Control shop 09863  1 min Control dimension. Length 77mm. Ruler MITUTOJO ISO 412655 

3.17 Metalworking 

shop. 

SPN12CNC 

34441 

2 min  

Clamp work piece in a cam mechanism. Base on 
face. 
 

Ruler MITUTOJO ISO 412655 

 1 min 
Facing. External turning tool: SDJCR 0808 D07 

Insert: DCGT 070202F:AL 

2 min  
Turn over the work piece and clamp in a cam 
mechanism with the other side. Base on face. 

Ruler MITUTOJO ISO 412655 

 1 min 
Facing. Length 74 mm. External turning tool: SDJCR 0808 D07 

Insert: DCGT 070202F:AL 

2 min 1 min 
Drill the center clamping hole Center drill: A5 ISO 12 10000 

4.17 Control shop 09863 
 1 min 

Control dimension. Length 74mm. Ruler MITUTOJO ISO 412655 



 

 

5.17 Metalworking 

shop. 

SPN12CNC 

34441 
 1 min 

Clamp by centres  

 3,3 min 
Rough machining of an A:contour up to length 74 mm External turning tool: SDJCR 0808 D07 

Insert: DCGT 070202F:AL 

 0,5 min 
Finish machining of an A:contour up to length 74 mm External turning tool: SDJCR 0808 D07 

Insert: DCGT 070202F:AL 

 0,6 min 
Threading M52 x1.5 Sh6 up to length 42 mm Threading tool: SER 2020K 16 

Insert: TN16EL050M 

 0,5 min 
Grooving R3 Grooving tool: GFIL 1616H03 

Insert: LCMF031602:F 

4.17 Control shop 09863 

 5 min 

Control all dimension and surface roughness Digital micrometre 

MICROMAR 50:75; 75:100 ISO 42 1304. 

Surface roughness measuring instrument 

MITUTOJO SJ411 

5.17 Storage  
 5 min 

Cleaning and packing  
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4.13 Determination of cutting conditions for machining 

According to the concepts described earlier, it is necessary to choose suitable metal 

processing parameters. 

Input data list for parameter selection: 

• Work piece material: 11600. 

• Material standard: ČSN 41 1600 

• Wok piece standard: Ø65:77 ČSN 42 6510 

• Kinetic machinability: 14b 

Catalog of cutting tools PRAMET TOOLS [33] provides recommendations for 

choosing of parameters of metal working. Following these recommendations, the optimal 

and suitable parameters for each operation were determined and are shown in tab. 4.10. 

Tab. 4.10 Turning processing parameters [33] 

Roughing 

Cutting speed vc 140 [m/min] 

Infeed depth ap 3 [mm] 

Feed rate per rotation f 0.2 [mm] 

Finishing  

Cutting speed vc 140 [m/min] 

Infeed depth ap 3 [mm] 

Feed rate per rotation f 0.1 [mm] 

Grooving 

Cutting speed vc 80 [m/min] 

Infeed depth ap 3 [mm] 

Feed rate per rotation f 0.3 [mm] 

 

4.14 Control program code development and description 

/_N_SP_COLLET.SPF 

Name of subprogram for A contour processing 

G18 G90 DIAMON 

Selecting the XZ plane. Absolute positioning mode by diameter. 

G1 Z1 X23.2 

Linear interpolation working move 

G3 Z-23.3 X42.8 K=AC(-23.289) I=AC(-27.2) 

Circular interpolation counterclockwise. R35 contour processing 
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G1 Z-29.3 

X52 CHR=3 

Fillet 3x45◦ machining. 

Z-44.52 

Z-53.77 X47.8 

Z-57.55 

Working moves. 

G2 Z-63.78 X58 K=AC(-57.038) I=AC(61.762) 

Circular interpolation clockwise. R7 contour processing. 

G1 Z-86 

M17 

End of subprogram. 

/MP_COLLET.MPF 

Start. 

N10 G56 

3rd settable zero offset. 

N20 G0 X140 Z10 

Rapid traverse, exact stop coarse. The tooling head moving to the point with 

coordinates X=140, Z = 10. Tool changing point. 

N30 H2T2D1 

Tool changing code. System will pick up the tool for processing A contour. 

N40 G0 X65 Z2 

N50 M0 

Program temporary stop. 

N60 G96 S140 M4 M8 

Constant cutting speed. Vc=140 mm/min. Counterclockwise spindle rotation. 

Cooling pump execution. 

N70 CYCLE95("COLLET",3,0,0.3,0,0.2,0.1,0.18,9,0,0,1) 

Execution of the subprogram for A contour processing. 
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N80 G0 X140 Z10 

Rapid traverse, exact stop coarse. The tooling head moving to the point with 

coordinates X=140, Z = 10. Tool changing point. 

N90 H3T3D1 

Tool changing code. System will pick up the tool for thread processing. 

N100 G0 X70 Z-44.52 

Rapid traverse. The tooling head moving to the point with coordinates X=70,  

Z = -44.52. Thread processing start point. 

N110 G97 

Constant cutting speed stops. 

N120 M4 S500 M8 

n=500 min-1. Counterclockwise spindle rotation. Cooling pump execution. 

N130 CYCLE98(-44.52,55,-42,52,-42,52,-28,52,3,3,1.92,0,30,0,15,2,3,3,3,3,1,0) 

Thread processing cycle execution. 

N140 G0 X140 Z10 

Rapid traverse, exact stop coarse. The tooling head moving to the point with 

coordinates X=140, Z = 10. Tool changing point. 

N150 H4T4D1 

Tool changing code. System will pick up the tool for neck processing. 

N160 G0 X70 Z-26.3 

Rapid traverse, exact stop coarse. The tooling head moving to the point with 

coordinates X=70, Z = -26.3. 

N170 G96 S80 M4 

Constant cutting speed. Vc=80 mm/min. Counterclockwise spindle rotation. 

N180 G1 X39.8 F0.1 

Working move along X axis to the point X=39.8. Feed rate = 0.1 mm/r. 

N190 G1 X60 F0.3 

Working move along X axis to the point X=60. Feed rate = 0.3 mm/r. 

N200 G0 X140 Z10 
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N210 M5 

Spindle stop. 

N220 M30 

Program end. 

4.15 Evaluation of results 

The results of the proposed program can be evaluated according to several criteria. 

The main thing, of course, is the correspondence of the finished part to the drawing. Here it 

is worth paying attention to the geometric shape, the correspondence of all sizes with given 

tolerance and the surface roughness. In the process of the part manufacturing, all dimensions 

were monitored, controlled, and corresponded to the requirements according to the drawing 

and norm ISO 8015. Figure 4.7 shows: a) created using DASSAULT SYSTEMS CATIA V5 software 

render of a CAD model; b) – photo of real processed collet type part. 

a) b) 

Fig. 4.7 a) CAD model, b) finished part 

Another no less important criterion for evaluating the operation of the control 

program is its applicability. Here I mean that the program should be simple and 

understandable not only to the author. The program must be flexible and have the ability to 

edit it. The program also should be as streamlined and concise. This is necessary to minimize 

the number of working movements of the machine. That is certainly very important, because 

it affects the final product price. 
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Conclusion 
Taking into account the high degree of control systems for CNC machines 

development, it is possible to use different approaches for creating control programs. The 

main purpose of this thesis was to become familiar with the manual programming and using 

of ISO code. It was also necessary to consider automation techniques of manual 

programming. Manual programming skills may be indispensable when is needed to create a 

control program for parts that have no complex configuration. Basically because the program 

can be written directly through the console of the machine. Also it can be easily edited. Work 

on the program can be carried out while the machine is running, thus eliminating its idle time. 

Certainly such an approach requires a certain degree of qualification of the worker. But there 

is an advantage : in this case the worker fully understands the program itself and the 

processes occurring with the machine. For a visual demonstration, this text includes the 

process of creating a program for the production of Collet type part that has been successfully 

machined.  

Processing conditions were set on the basis of the recommendations of the 

instrument manufacturer. Analysis of processing conditions is also a very important part of 

the processing technology. For their optimization it is necessary to do test runs of the 

program on the machine. Thereby, it is possible to reduce the operating time of the machine 

or to increase the tool life. All this will reduce the cost of production, and production itself 

will become more efficient.  

This final thesis can serve for obtaining basic knowledge on manual programming of 

CNC machines. 
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0  Standard length  [mm] 
VARI Variable parameter [:] 

ap Infeed depth [mm] 
f Feed rate [mm/r] 
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Apendix I – Drawing of Collet 

 

 

  



 

 

Apendix II – Machine Setting and Tool List 

Machine Setting and Tool List 
Total number of pages:  Page:  

Semiautomatic lathe SPN 12 with CNC controlling system SINUMERIK 810D 

 

D
e
s
c
ri
p
ti
o

n
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f 
c
u
tt
in

g
 

to
o
ls

 a
n
d
 o

p
e

ra
ti
o
n
s
 T1 - External turning tool: SDJCR 0808 D07 

Insert: DCGT 070202F:AL 

T2 - Threading tool: SER 2020K 16 

Insert: TN16EL150M 

T3 - Grooving tool: GFIL 1616H03 

Insert: LCMF031602:F 

Workpiece 

zero point 

From the workpiece axis:  X : 77,79 

 

P
o

s
it
io

n
 Type of 

tool 

 

Tool compensations 
From the reference point: Z :  0,00 

Starting point 

From the workpiece axis:  X : 140,00 

T
o

o
l 
h
e

a
d

 

 

u
p
p

e
r 

1 T1 0,000 0,000 

2 T2 3,063 6,384 

From the workpiece zero point: Z : 10,00 
3 T3 2,796 9,997 

4    

Cutting speed 
1 2 3 4 

d
o

w
n

 

  
  

140 82 80  

Tailstock thrust 8000 N Operation time estimated   minutes  

Down tool head feed  Production rate per 1 hour                       pieces 

Accessories Production rate per shift  pieces 
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Designation: Collet 
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Material: 11 600 

Blank: Ø65-77 ČSN 420134 

Methods of machining:  
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Appendix III – Control program 

/_N_SP_COLLET.SPF 

G18 G90 DIAMON 

G1 Z1 X23.2 

G3 Z:23.3 X42.8 K=AC(:23.289) I=AC(:27.2) 

G1 Z:29.3 

X52 CHR=3 

Z:44.52 

Z:53.77 X47.8 

Z:57.55 

G2 Z:63.78 X58 K=AC(:57.038) I=AC(61.762) 

G1 Z:86 

M17 

/MP_COLLET.MPF 

N10 G56 

N20 G0 X140 Z10 

N30 H2T2D1 

N40 G0 X65 Z2 

N50 M0 

N60 G96 S140 M4 M8 

N70 CYCLE95("COLLET",3,0,0.3,0,0.2,0.1,0.18,9,0,0,1) 

N80 G0 X140 Z10 

N90 H3T3D1 

N100 G0 X70 Z:44.52 

N110 G97 

N120 M4 S500 M8 

N130 CYCLE98(:44.52,55,:42,52,:42,52,:28,52,3,3,1.92,0,30,0,15,2,3,3,3,3,1,0) 

N140 G0 X140 Z10 

N150 H4T4D1 

N160 G0 X70 Z:26.3 

N170 G96 S80 M4 

N180 G1 X39.8 F0.1 

N190 G1 X60 F0.3 

N200 G0 X140 Z10 

N210 M5 

N220 M30 


