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Abstract: The right choice of cutting date and the reducing time of NC-program processing are some of the main focus by production 
optimization. This work presents several methods for cutting data input into the NC-program. The optimal cutting parameters have been 
selected from a data base after specification of cutting tools and operations. This data base contains not only catalogue information but also 
the process parameters obtained within production.   
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1. Introduction 
The modern industry is characterized by the so called consumer 

market. The trend is to offer a product witch entirely considers the 
requirements, needs and desires of the customers. The word 
globalization propels a reduced product life-cycle. In the life-cycle 
the design and the production are the most time and respectively 
resources/money consuming phases. Thus the main trends in 
machine building are based on the process optimization of the 
above mentioned factors. This includes the usage of new cutting 
materials as well as the development of new technologies which 
will reduce the production time and improve the competitive ability 
of products; and hence increase the company's competitive ability 
which depends on quality, costs and duration. 

The production time comprises the sum of manufacturing time 
and preparation time. Reducing the manufacturing time will reduce 
the overall production time. The manufacturing time itself depends 
on the technological operations and parameters of the cutting 
process. The optimal choice of the latter relates very strongly to the 
experience of the individual expert and/or company. Using a 
reference book is not always helpful in making the correct choice. 
In addition the company's “know how”, i.e. the company’s practical 
knowledge accumulated over the years has proven more important 
for the design and manufacturing process. 

This work presents a method for reduction of production time 
and respectively for its optimization by using the capabilities of 
modern NC machines and company's know how. 

2. Choosing the technological data and 
parameters 

Productivity depends mainly on the cutting parameters used. 
This data includes the cutting force, feed rate and dept. By choosing 
the optimal manufacturing technology productivity can be raised 
while at the same time a maximal use of the resources is made. 

To facilitate the selection of technological data, first a data base, 
e.g. a table with all materials and cutting tools used on a given 
machine is designed. The cutting data to be used in production 
depends on workpiece's material, cutting tool, fixing (stability) of 
the workpiece and the art of cutting operation. First the cutting 
material and the tools have to be selected from the table, then the 
cutting depth should be compared to the depth and finely the feed 
rate, the cutting force and the spindle speed can be selected. 

An example of the excel table with cutting data is shown in 
Table 1. 

 

CM CT 
dept, 
mm 

Feed rate, 
mm/U 

Spindle 
speed 

cutting force, 
m/min 

1 11 2 0,4 800 255

1 11 1,5 0,4 750 240

Table.1: Table with technological data  

In this table the first column indicates the code of the cutting 
material (CM) and the second column is for the cutting tool (CT). 
The first digit of CT correspond to the material which will be 
manufactured (column 1), the following digits correspond to the 
tool number of the given tool as saved in the tool table on the 
cutting machine. 

The numerical control of the machine supports the reading of 
information from the table, creating a text file and assigning the 
data from the table to variable parameter on the machine. Having as 
an example the Heidenhein GmbH cutting equipment the respective 
function for the reading is: 

FN26: TABOPEN TNC:\UEBUN\SCHNITTTAB1.TAB 

FN28: TABREAD Q1 = „2/“TIEFE, D“ 

where the row with the cutting material has to be selected first and 
the columns with the technological data afterwards.  

For the search of the row containing the required cutting 
material an IF-THEN condition is used which checks the values in 
the first column of the table across all rows. If no match is found 
between the value in the first row of the table and the required 
material at the cutting machine, the programmed cycle counter 
jumps to the next row. After successfully finding the material the 
program switches to the next column where the search continues 
with the cutting tool. The same IF-THEN condition and counter are 
used. If for instance a cutting depth Q35 = 2.5 mm is set up in the 
operation plan the program searches for this value in the column 
“depth”. In this case the search begins with the row on which the 
tool was found. If no match for the depth value is found in that row 
the IF-THEN condition goes to next row (see the algorithm on Fig. 
1). 

After the program has run through also values for the feed rate, 
spindle speed and cutting force are assigned in their respective Q-
parameters of the machine: 

Q46 – Feed rate    (1) 

Q47- Spindle speed   (2) 

Q48 – cutting force   (3) 

 

Depending on the design and the information in the data base 
the program can be used for:  

CM CT 
Machining 
operation 

dept, 
mm 

Feed rate, 
mm/U 

Spindle 
speed 

cutting force, 
m/min 

1 11 98 2 0,4 800 255

    99 1,5 0,4 750 240
Тable.2:  Table with technological data including the machining 
operation  
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• Choosing the cutting depth and other technological 
data. In this case a new column with the machining operation 
should be added to the table (Table 2). The algorithm will be similar 
to the one shown in Fig.1. However, after selecting the row/column 
with the cutting tool the program goes over to the next column and 
searches for the machining operation. If for instance a finish turning 
(99) should be done with the tool T01, the recommended cutting 
depth from the data base is 1.5 mm (Table 2). All other 
technological data are in the same row as well. Using the above 
mentioned algorithm they are assigned to the Q-parameters on the 
machine.  

• for searching of the recommended technological data 
for a given cutting depth (Table 1). 

• for searching of the recommended technological data 
and finishing depth (see chapter 3.2 below) for a given cutting depth 
for roughing operations. 

In this latter case the possibility for selection of the cutting 
depth required for a given tool has to be considered. If only three 
possible values of the cutting depth (including the finishing 
operation) can be input for every tool, then only three rows will be 
checked and compared to the value of the parameter Q36 in which 
the cutting depth is saved. The program will check if the value in 
Q36 is equal or greater than the one given in the parameter Q35. If 
so the program will select the cutting depth value from the data 
base. 

 

3. Technological data input into standard CNC 
cycles and makros  

Frequently recurring machining cycles which comprise several 
working steps are stored in the memory of the modern NC cutting 
machines Such fixed cycles use the Q parameters as transfer 
parameters for the cutting depth, feed rate, etc. The cycles are 
available in a separate cycle-number range. Below I will discuss 
two separate operations. 

3.1. Pocket milling cycle of Heidenhein GmbH cutting 
equipment - CYCL DEF 251. For cycle definition the value of 
safety distance, retraction feed rate, pocket size etc. should be input. 
Following parameters are relevant for the cutting:  

Q207=500; Feed rate for roughing milling 

Q202=3; cutting depth  for roughing milling 

Q338=5; cutting depth  for finishing milling 

Q385=500 ; Feed rate for finishing milling  

The data base table includes all needed information. Using 
formulas 1-3 the values from the table can be assigmed to the 
parameters of the cycle. 

Q207= Q46 Feed rate for roughing milling  (4) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.2. Universal pecking (cycle 205). In this cycle there are two 
parameters for witch values can be extracted form the data base 
table:  

Q206=150; Feed rate 

Q202=15; Plunging depth 

The value for the feed rate is again saved in the parameter Q46 
(see formula 1); thus the plunging depth can be input into the 
column depth (Table 1). If a drill for deep drilling is used as a 
manufacturing tool the program algorithm will still be the same as 
the one shown on Fig. 1. After selecting the cutting tool, however, it 
will directly input the table value into the depth parameter Q45 
without further searching for Q36≥Q35: 

Q202= Q45    (5) 

3.3. A single whole with large diameter. There are different 
technologies for processing such wholes with large diameter. By 
hole milling additional information for axial and radial depth is 
needed. In the standard cycle for whole milling, however, no radial 
depth can be input into the numerical control. The user can input 
only on overlap factor. For that kind of whole processing macro 
program can be made where the mill processing will be defined as a 
circle or Helical interpolation [3].  

yes 

no 

yes 

no 

yes 

no 

start

St3: Q15=1 

Q16=Q10/ Materiel 

Q16=Q15 Q10= Q10+1

  T1:Q25= 11 

 Q26= Q10/ Tool 

Q26=Q25 Q10= Q10+1

 a: Q35= 2,5 

  Q36= Q10/ depth 

Q36≥Q35 Q10= Q10+1

  Q46= Q10/”Feed rate”,”spindle 
speed”, „cutting force” 

End 

Fig.1: Algorithm of macro program for extracting the 
technological data 
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In general, the cutting tool and the depth are given in the work 
plan. After “finding” and selecting them the program searches for 
the processing, e.g. roughing or finishing milling. If for instance a 
whole with a diameter up to Ø300 is manufactured, then the 
diameter of the workpiece is Ø260; the milling tool is with a code 
of 50 and is saved in the tool table under number T12. First the 
program will search for the cutting material and cutting tool, and 
afterwards it will compare the axial depth t. When the depth is 
selected, 6 mm for instance, the program goes to the next column 
and continues the searching with the machining operation, 98 
roughing for instance. As soon as the response is positive, the 
program does input the values from the columns ae, Feed rate, 
Spindle speed and Cutting force into the respective Q-parameters of 
the machine. 

 
The same program will be used for roughing as well as for 

finishing milling. Also the same cutting tool can be used for both 
operations since this will save the time for setup and changing over. 
The depth value for finishing can be extracted from data base table. 
After saving the technical data for the roughing operation into the 
program, it will go back to the level where the machining operation 
is defined. At that point the cutting tool is already given (Table 3). 

 

At the row with the finishing operations which is encoded with 
99 also the values for technological data are given. 

 

 

 

4. General structure of the NC program working 
with the data base  

The above presented algorithm for the extracting of information 
from data base tables can be used with every NC program. The only 
precondition is to input the same information at the beginning: the 
encoded values for the cutting material, cutting tool and the depth. 
As a result the data base can be used to select information about 
feed rate and speeding depth as well as for the cutting depth. By 
using a simple “IF” function the program returns to level of the 
macro where the necessary information is stored (Fig. 2). 

 

5. Conclusion  

This work presents a methodology for the use of a data base 
table containing technological data. The respective setup of the 
CNC program can be done directly at the shop floor (work shop 
programming WSP) [4]. The work presents: 

• An algorithm for reading of technological data and 
assigning them to Q parameters on the cutting 
machine; 

• A methodology for using the data base information 
in user defined macros for numerical control by WSP 

• A methodology for using a data base and its 
information in standard cycles for numerical control 
by WSP; 
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CM CT 

аp, 
mm 

Machining 
operation 

ae, 
mm 

Feed 
rate mm Spindle 

speed 

cutting 
force, 
m/min 

1 112 4 98 6 900 800 125,6

1 112 6 98 2,5 700 800 125,6

1 112 6 99 0,5 500 900 141,3

Тable.3: Table with technological data for  hole milling 

yes 

no 

Start

Input the materiel 
 Q15 

Tools change 

End 

Fig.2: Structure NC program working with data base 

Choosing the tool Q16 and 
cutting depth 

macro program for extracting the 
technological date 

Standard cycles / macros for 
technological feature  
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