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Programming of CNC 
machine tools



CNC machine tool

What does „programming” mean in general?

- To create the tool/the head path

- To set the machining parameters
(e.g. feed, spindle speed)
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Programming must be supported by specific language which is „clear
and understandable for the specific CNC machine tool with specific CNC
controller (e.g. Sinumerik, Fanuc, Heidenhain, etc.) ”

• (LENGTH AND DIAMETER MEASURE)

• N130 (SHELL MILL)

• N140 (END MILL)

• N145 (LENGTH AND DIAMETER MEASURE)

• G00 G90 

• G65 P9023 A13. T#20 D#7 H#8  

• GOTO800 

• N170 (PROBE)

• G65 P9023 A21. T#20

• GOTO800

• (MANUALLY CHECK TOOLS)

• N300 (MANUALLY)

• G00 G90 

• G65 P9023 A25. T#20

• GOTO800

• (CHECK TOOLS FOR BREAKAGE AND WEAR)



Language

• Standard DIN/ISO code according to standards: DIN66025, ISO 6983-1:2009

• Specific CODE created by the producer of CNC controller
(e.g. Heidenhain company)

Important remark!

• If you have several machine tools which can be programmed using
G-code it does not mean that every one of your machine tools may be programmed the 
same way! It is always easier to learn programming of the next CNC controller if you know
at least one, so do not worry about the differences because the basics are very similar!

Conclusion:

• This G-code may differ depending on the producer of the controller of the machine tool!



Methods of Programming of CNC Machine Tools

Direct programming

using special „words”

e.g. G1, G2, G90, etc.

CAD/CAM programming

using CAD/CAM programs

Dedicated workshop or DIALOG 
PROGRAMMING

at the CNC machine tool or PC

- TEXT EDITOR, NC CODE EDITOR
- A SHEET OF PAPER
- EDIT MODE IN CNC CONTROLLER

Fig. 1. Example of direct programming 
in text editor

POSTPROCESSING

NC CODE

Fig. 3. Dedicated programming using 
dialog windows 

(dialog window in Sinutrain Software from Siemens company)

INDIRECT
DATA

Fig. 2. CAD/CAM programming
(example of programming in Edgecam

software)

Method 1 Method 2 Method 3

Figures: Master thesis of R. Wdowik

Division idea lectures: Porzycki J., Habrat W. 



I would like to explain in details these 3 
methods.



Direct Programming

Catalogues of cutting tools

Manuals of CNC 
controllers

Manuals of 
machine tools

Editing the NC programs or 
subprograms files

Sending or writing
it in the memory
of CNC controller

Testing program 
and starting
production

Simple programming Advanced direct programming
It uses simple G-codes (or other standard 
codes) and standard cycles manufactured
by the producer of CNC controller

It uses simple G-codes (or other standard codes) and standard 
cycles manufactured by the producer of CNC controller +
advanced functions and instructions of CNC controller
(VARIABLES, CONDITIONS, LOOPS, „JUMPS”, REPETITIONS, 
ETC.)

Parametric 
programming

Macros
programming

also called

Drawing of a part

Method 1



CAD/CAM Programming
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Creating the specific machining tasks
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Method 2

Figures: Master thesis of R. Wdowik



Dialog Programming

Dialog window Simulation

Testing the program 
and start of machining

Method 3



The examples of controllers which allow to use
dialog windows for workshop programming 
• Heidenhain

• Sinumerik

• Haas

• Fanuc

• Etc.

Sometimes producers of CNC machine tools create their own
dialog windows for specific controllers! It means that they are
not the products of controller’s producer!









More on: https://en.wikipedia.org/wiki/Computer-aided_manufacturing

The Examples of CAM or CAD/CAM Programs

Registered Trademarks of Their Producers – here only for teaching



Adventages and disadventages
of programming methods

Direct programming:
- A programmer decides

about the structure of 
NC program

- A programmer uses the 
functions (e.g. G-codes) 
the way he/she wants

- The programmer has to 
know functions of CNC 
controller

- Time consuming
- Programming of complex

parts (e.g. 5-axis 
machining) is difficult
and time consuming

- Parametric programming 
is possible

CAD/CAM programming:
- The structure of NC 

program depends on 
postprocesor

- Changing G-codes in 
the final program is
limited

- The programmer do not 
have to know G-codes if
he/she has a good
postprocesor

- The method is „fast” if
the part is complex

- Programming of 
complex parts (e.g. 5-
axis machining) is
possible

Workshop or PC dedicated programming:
- The programmer do not have to know

functions (G-codes) of CNC controller or 
this knowledge may be very limited
(That’s why this method is good for 
operators)

- Good for simple parts
- Programming is easy
- Programming of complex parts (e.g. 5-

axis machining) is possible if specific
cycles are avaible

Method 1 Method 2 Method 3
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How to define the directions?

B

C

A

Workpiece
Table



Chuck 
(spindle)

Turret
(8 stations)

Operator’s
panel

Tool pocket

GT10 (Haas)

Two linear axes

One spindle



Ultrasonic 20 linear (Sauer)

Three linear axes

Two rotational axes

One spindle

Two measuring heads



FS 640 C CNC (Geibel&Hotz)
Three linear axes
One spindle
One roller dresser unit



Lasertec 20 linear (Sauer)

Three linear axes

Laser generator

X
Y

Z



The general structure of NC program

The program consists of blocks.
The block consists of words.
The word consists of an address and its value.

o1111 
N10  G90 G54 G17
N11 T1 M6
N11 M98 P1112 L15
N12 M97 P1112 L15
N12 G0 X50. Y50.
N13 G0 Z0.
N14 G1 X68. Y45.
N15 M30 (The end of program)
N1112 G1 X50. Y20. F500.
N16 G1 G91 Z-1.
N17 M99

This is a program. This is a block. This is a word.

N10  G90 G54 G17 G  90

Address Value

Direct Programming



The general structure of NC program

o1111 
N10  G90 G54 G17
N11 T1 M6
N11 M98 P1112 L15
N12 M97 P1112 L15
N12 G0 X50. Y50.
N13 G0 Z0.
N14 G1 X68. Y45.
N15 M30 (The end of program)
N1112 G1 X50. Y20. F500.
N16 G1 G91 Z-1.
N17 M99

This is a program. The names of addresses (the names of codes):
- G - preparatory codes,
- M - miscellaneous codes,
- Address codes X, Y, Z, etc.,
- T, F, P, R - other codes.



The general structure of NC program
G-codes (preparatory codes) tell the CNC machine tool what type of action 

to do, e.g. do:
• rapid moves,
• move in a straight line or arc,
• set tool information,
• define axis beginning and ending positions,
• pre-set series of moves that bore a hole, cut a specific dimension, or a 
contour (canned cycles)*

G-code commands are either modal or non-modal. A modal G-code stays in
effect until the end of the program or until you command another G-code from
the same group. A non-modal G-code affects only the line it is in; it does not
affect the next program line.*

* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


The general structure of NC program
The examples of G-codes:

G0 – RAPID MOTION
G1 – LINEAR INTERPOLATION MOTION
G2/G3 – CIRCULAR INTERPOLATION MOTION
G17/G18/G19 – INTERPOLATION PLANE
G40/G41/G42 – CUTTER COMPENSATION COMMANDS
G90 – ABSOLUTE POSITIONING
G91 – INCREMENTAL POSITIONING
G94 – FEED PER MINUTE MODE



The general structure of NC program

M-codes are miscellaneous machine commands that do not command

axis motion. The format for an M-code is the letter M followed by digits; for
example M03. Only one M-code is allowed per line of code in Haas
controller but e.g. in the case of Sinumerik you can use several codes. All M-
codes take effect at the end of the block in the case of Haas.*

M2 OR M30 – END OF PROGRAM
M3 – SPINDLE ON (CW)
M8 – COOLANT ON

The examples of M-codes:

* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


The general structure of NC program

Other codes are machine commands that are used to set machining

parameters, axes, values of parameters of cycles, etc.

T1 – SETTING THE TOOL NUMBER 1
F500. – SETTING THE FEED 500 MM/MIN
S2000 – SETTING THE SPINDLE SPEED 2000 REV/MIN
X50. – SETTING THE AXIS POSITION 50 
(DEPENDING ON THE DIMENSIONING G90 OR G91)

The examples of other codes:



The general structure of NC program

o1111 (The head block)
N10  G90 G54 G17
N11 T1 M6
N11 M98 P1112 L15
N12 M97 P1112 L15
N12 G0 X50. Y50.
N13 G0 Z0.
N14 G1 X68. Y45.
N15 M30 (The end of program)
N1112 G1 X50. Y20. F500.
N16 G1 G91 Z-1.
N17 M99 (The end of subprogram)

Main program Subprogram (External)

o1112 (The head block)

N10  G1 X50. Y20. F500.

N11 G1 G91 Z-1.

N15 M99 (The end of subprogram)

Subprogram
(Internal)



Simulation and software

Webpages of producers













Advanced direct programming

(parametric programming, macro programming)



Direct Programming

Catalogues of cutting tools

Manuals of CNC 
controllers

Manuals of 
machine tools

Editing the NC programs or 
subprograms files

Sending or writing
it in the memory
of CNC controller

Testing program 
and starting
production

Simple programming Advanced direct programming
It uses simple G-codes (or other standard 
codes) and standard cycles manufactured
by the producer of CNC controller

It uses simple G-codes (or other standard codes) and standard 
cycles manufactured by the producer of CNC controller +
advanced functions and instructions of CNC controller
(VARIABLES, CONDITIONS, LOOPS, „JUMPS”, REPETITIONS, 
ETC.)

Parametric 
programming

Macros
programming

also called

Drawing of a part

Method 1



Applications of parametric programming

1. Programming of probes



A

Data: 
A, B, C, ap, ae, vf, vc lub n, d

ae

ap

d
vc

n

Allowance

x
yz vf

Standard cycles
In CNC controllers

Applications of parametric programming



Applications of parametric programming

Calculations inside programs

#3=sin(#2+#1)



What does parametric programming mean?

• If you add:

a) the variables, b) loops, c) conditional expressions, d) jumps

to the standard program (G-code) you can say that it is advanced direct
programming (parametric programming, macros programming).



The areas for using this type of programming

• Programming of special cycles dedicated for measuring probes

• Creating programs for parts which have the similar geometry

• Creating a standard cycles of machine controllers

• Setting and changing the tool offsets, work offsets, recording machine
data

• Creating the programs for research activity

• For calculations



The types of variables:

•Local variables

•General purpose

•System variables



Examples of Macro Variables

* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


Examples of Macro Variables

* Reference: www.haascnc.com (Haas Mill Operator’s Manual)

http://www.haascnc.com/


Chamfer milling – something more advanced and very interesting
Example of macro program

%
o22
(CHAMFER MILLING)
#101=4 (RADIUS OF CUTTER R)
#102=30.(K ANGLE)
#103=25.(L LENGTH)
#105=0.1 (P INCREMENT)
#106=50. (CHAMFER LENGHT IN Y AXIS)
N10 G90 G17 G94
N20 T1 M06
N30 G43 H01
N40 S2000 M3
N50 G0 X[#101*TAN[#102/2]-#103] Z[#101+0.5] Y-#101
N60 G1 Z#101 F100.
N70 #104=0
N80 WHILE[#104 LT #103/COS[#102]+#101*TAN[#102/2]] DO1
G91 G1 X[#105*COS[#102]] Z-[#105*SIN[#102]]
G1 Y[#106+2*#101]
G91 G1 X[#105*COS[#102]] Z-[#105*SIN[#102]]
G1 Y-[#106+2*#101]
#104=#104+2*#105
END1
N90 G0 Z100.
N100 M30
%

Calculations:

X'/R=TAN(K/2) --> X=R*TAN(K/2)

xps= 0-L+X'=R*tan(K/2)-L- starting point in X axis
zps=R- starting point for machining in Z axis
yps=-R- starting point for machining in Y axis

xpe=R*COS(90-K)=R*SIN(K)- the end point of machining in X axis
zpe=R*SIN(90-K)=R*COS(K)- the end point of machining in Z axis

L/D=COS(K)--> D=L/COS(K)
C=D+X'=L/COS(K) + R*TAN(K/2)

S=P*SIN(K) --> P=S/SIN(K)
G=P*COS(K) --> P=G/COS(K)

Ball milling cutter
(the outline of a ball)

#106

WHILE 
INSTRUCTION
Example of a loop

XZ PLANE

XZ PLANE



Thank you for your attention

• dr inż. Roman Wdowik

• e-mail: rwdowik@prz.edu.pl
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