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Fundamentals of programming 1
1.1 Introductory remarks 

1.1.1 Siemens mode 
The following conditions are valid in the Siemens mode: 

● The default of the G commands can be defined for each channel via the machine data 
20150 $MC_GCODE_RESET_VALUES. 

● No language commands from the ISO dialects can be programmed in the Siemens mode. 

1.1.2 ISO dialect mode 
The following conditions are valid in the active ISO dialect mode: 

● The ISO dialect mode can be set with machine data as the default setting of control 
system. The control system reboots by default in the ISO dialect mode subsequently. 

● Only G functions from the ISO dialect can be programmed; the programming of Siemens 
G functions is not possible in the ISO Mode. 

● Mixing of ISO dialect and Siemens language in the same NC block is not possible. 

● Switching between ISO Dialect M and ISO Dialect T with a G command is not possible. 

● Subroutines that are programmed in the Siemens mode can be called. 

● If Siemens functions are to be used, one must first switch to the Siemens mode. 

1.1.3 Switching between the modes 
 

The SINUMERIK 808D supports the following two programming language modes: 

●  Siemens language mode 

● ISO dialect mode 

Note that the active tool, tool offsets and workpiece offsets are not influenced by the mode 
changeover.  
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Procedure 

 +   

1. Select the desired operating area and enter its main screen.  

 
2. Press this softkey on the vertical softkey bar. The control system 

automatically starts the mode change from Siemens mode to ISO 
dialect mode. After the changeover, "ISO" is shown on the upper left 
corner of the screen.  

 
To change from ISO mode back to Siemens mode, press the same 
softkey again.  

1.1.4 Display of the G code 
The G code is displayed in the same language (Siemens or ISO Dialect) as the relevant 
current block. If the display of the blocks is suppressed with DISPLOF, the G codes continue 
to be displayed in the language in which the active block is displayed. 

Example 
The G functions of the ISO dialect mode are used to call the Siemens standard cycles. To do 
this, DISPLOF is programmed at the start of the relevant cycle; this way the G functions that 
are programmed in the ISO dialect language continue to be displayed. 
PROC CYCLE328 SAVE DISPLOF 
N10 ... 
... 
N99 RET 

Procedure 
The Siemens shell cycles are called via main programs. The Siemens mode is selected 
automatically by calling the shell cycle. 
With DISPLOF, the block display is frozen on calling the cycle; the display of the G code 
continues in the ISO Mode. 

The G codes that were changed in the shell cycle, are reset to their original status at the end 
of the cycle with the "SAVE" attribute. 
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1.1.5 Maximum number of axes/axis identifiers 
The maximum number of axes in the ISO dialect mode is 9. The axis identifiers for the first 
three axes are defined with X, Y and Z permanently. All other axes can be identified with 
letters A, B, C, U, V and W.   

1.1.6 Define G code system A, B or C 
In the ISO-dialect-T, a differentiation is made between the G code system A, B or C. By 
default, the G code system A is active. Via the MD10881 
$MN_MM_EXTERN_GCODE_SYSTEM, the G code system A, B or C is selected as follows: 
$MN_MM_EXTERN_GCODE_SYSTEM = 0: G code system B 
$MN_MM_EXTERN_GCODE_SYSTEM = 1: G code system A 
$MN_MM_EXTERN_GCODE_SYSTEM = 2: G code system C 

G code system A 
If the G code system A is active, then G91 is not available. In this case, an incremental axis 
movement with the address characters U, V and W is programmed for the axis X, Y and Z. 
The address characters U, V and W are not available in this case as axis identifiers, as a 
result, the maximum number of axes reduces to 6.   
The address H is used for programming the incremental movements of the C-axis in the G 
code system A. 
In order for the shell cycle to work in the correct G code system, the corresponding system 
must be entered in GUD variable _ZSFI[39]. 

 

 Note 

Unless otherwise specified, the G code system A is excluded in this documentation. 

1.1.7 Programming the decimal point 
In the ISO Dialect mode, there are two notations for evaluating the programmed values 
without decimal point:   

● Pocket calculator notation 

Values without decimal point are interpreted as mm, inch or degree. 

● Standard notation 

Values without decimal points are multiplied with the conversion factor. 

The setting is done via MD10884 EXTERN_FLOATINGPOINT_PROG. 

There are two different conversion factors, IS-B and IS-C. This evaluation refers to the 
addresses X Y Z U V W A B C I J K Q R and F. 

The setting is done over MD10886 EXTERN_INCREMENT_SYSTEM. 
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Example: 
Linear axis in mm: 
● X 100.5 

Corresponds to value with decimal point: 100.5 mm 
● X 1000 

– Pocket calculator notation: 1000 mm 
– Standard notation: 

IS-B: 1000 * 0.001= 1 mm 
IS-C: 1000 * 0.0001 = 0.1 mm 

ISO dialect Rotate 

Table 1- 1 Different conversion factors for IS-B and IS-C 

Address Unit IS-B IS-C 
Linear axis 
 

mm 
inch 

0,001 
0,0001 

0,0001 
0,00001 

Rotary axis Degree 0,001 0,0001 
F  Feed G94 (mm/inch per min.) mm 

inch 
1 
0,01 

1 
0,01 

F  Feed G95 (mm/inch per rotation) 
$MC_EXTERN_FUNCTION_MASK 

   

Bit8 = 0 mm 
inch 

0,01 
0,0001 

0,01 
0,0001 

Bit8 = 1 mm 
inch 

0,0001 
0,000001 

0,0001 
0,000001 

F Thread lead mm 
inch 

0,0001 
0,000001 

0,0001 
0,000001 

C Chamfer mm 
inch 

0,001 
0,001 

0,0001 
0,0001 

R Radius, G10 toolcorr mm 
inch 

0,001 
0,001 

0,0001 
0,0001 

I, J, K IPO-Parameter mm 
inch 

0,001 
0,001 

0,0001 
0,0001 

G04 X or U  0,001 0,001 
A Angle contour definition   0,001 0,001 
G76, G92 tapping cycle 
$MC_EXTERN_FUNCTION_MASK 
Bit8 = 0 F as feed such as G94, G95 
Bit8 = 1 F as thread lead 

   

G84, G88 tapping cycle 
$MC_EXTERN_FUNCTION_MASK 

   

Bit9 = 0  G95 F mm 
inch 

0,01 
0,0001 

0,01 
0,0001 

Bit8 = 1  G95 F mm 
inch 

0,0001 
0,000001 

0,0001 
0,000001 
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1.1.8 Comments 
In the ISO dialect mode, brackets are interpreted as comment signs. In the Siemens mode, 
";" is interpreted as comment. To simplify matters, an ";" is also understood as comment in 
the ISO dialect mode. 
If the comment start sign '(' is used inside a comment again, the comment is ended only if all 
the open brackets are closed again. 

Example: 
N5 (comment) X100 Y100 
N10 (comment(comment)) X100 Y100 
N15 (comment(comment) X100) Y100 

X100 Y100 is executed in block N5 and N10, but only Y100 in block N15, because the first 
bracket is closed only after X100. Everything up to that point is interpreted as comment. 

1.1.9 Skip block 
The sign of skipping or suppression of blocks "/" can be used at any convenient position in a 
block, i.e. even in the middle of the block. If the programmed block skip level is active on the 
date of the compilation, the block is not compiled from this point up to the end of the block. 
An active block skip level has the same effect as a block end. 
Example: 
N5 G00 X100. /3 YY100 --> Alarm 12080 "Syntax error" 
N5 G00 X100. /3 YY100 --> no alarm, if block skip level 3 is active 
Block skip signs within a comment are not interpreted as block skip signs 
Example: 
N5 G00 X100. ( /3 Part1 ) Y100 
;the Y axis is traversed even when the block skip level 3 is active 
The block skip levels /1 to /9 can be active. Block skip values <1 and >9 lead to alarm 14060 
"Impermissible skip level for differential block skip". 
The function is mapped to the existing Siemens skip levels. Unlike the ISO Dialect original, 
"/" and "/1" are separate skip levels that must also be activated separately. 

 

 Note 

The "0" in "/0" can be omitted. 

1.2 Prerequisites for the feed 
The following Section describes the feed function with which the feedrate (covered path per 
minute or per rotation) of a cutting tool is defined. 

1.2.1 Rapid traverse 
Rapid traverse is used for positioning (G00) as well as for manual traverse with rapid 
traverse (JOG). In rapid traverse, each axis is traversed with the rapid traverse rate set for 
the individual axes. The rapid traversing rate is defined by the machine manufacturer and it 
is specified by the machine data for the individual axes. As the axes traverse independently 
of each other, each axis reaches its target point at a different time. Hence, the resulting tool 
path is generally not a straight line. 
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1.2.2 Path feed (F function) 
 

 Note 

Unless otherwise specified, the unit "mm/min" is always used for the feedrate of the cutting 
tool in this documentation. 

 

The feed, with which a tool should be traversed in case of linear interpolation (G01) or 
circular interpolation (G02, G03), is programmed with the address character "F". 

After the next address character "F", the feed of the cutting tool is specified in "mm/min". 

The permissible range of the F value is given in the documentation of the machine 
manufacturer. 

Possibly, the feed is restricted upward by the servo-system and by the mechanics. The 
maximum feed is set through the machine data and is restricted before exceeding the value 
defined there. 

The path feed is generally composed of the individual speed components of all geometry 
axes participating in the movement and refers to the center point (see following two images). 

 
Figure 1-1 Linear interpolation with 2 axes 
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Figure 1-2 Circular interpolation with 2 axes 

 

 Note 

If "F0" is programmed and the function "Fixed feedrates" is not activated in the block, then 
the alarm 14800 "Channel %1 Set %2 programmed path velocity is less than or equal to 
zero" is given off. 

1.2.3 Linear feed (G98) 
On specifying G98, the feed given after the address character F is executed in the mm/min, 
inch/min or degree/min unit.   

1.2.4 Revolutional feedrate (G99) 
On entering G99, the feed is executed in the mm/revolution unit or inch/revolution related to 
the master spindle.    

 

 Note 

All of the commands are modal. If the G feed command is switched between G98 and G99, 
the path feed must be reprogrammed. The feed can also be specified in degree/revolution 
for the machining with rotary axes. 
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Three modes of G codes 2
2.1 SINUMERIK ISO-Dialect Turning Mode A 

Table 2- 1 SINUMERIK ISO-Dialect Turning - Mode A 

Name Index Description Format 
01. G-Group (modal) 
G0 1 Rapid traverse G00 X... Y... Z... ; 
G1 2 Linear motion G01 X... Z... F... ; 
G2 3 Circle/helix in clockwise direction 
G3 4 Circle/helix in counterclockwise direction 

G02(G03) X(U)... Z(W)... I... K... 
(R...) F... ; 

G32 5 Thread cutting with constant lead G32 X (U)... Z (W)... F... ; 
G90 6 Longitudinal turning cycle G.. X... Z... F... 
G92 7 Tapping cycle G... X... Z... F... Q... ; 
G94 8 Radial cutting cycle G... X... Z... F... ; 
G34 9 Thread cutting with variable lead G34 X (U)... Z (W)... F... K... ; 
02. G-Group (modal) 
G96 1 Constant cutting rate on G96 S... 
G97 2 Constant cutting rate off G97 S... 
04. G-Group (modal) 
G68 1 Dual slide/turret on  
G69 2 Dual slide/turret off  
06. G-Group (modal) 
G20 1 Input system inch  
G21 2 Input system metric  
07. G-Group (modal) 
G40 1 Deselection of cutter radius compensation  
G41 2 Compensation left of contour  
G42 3 Offset to right of contour  
08. G-Group (modal) 
10. G-Group (modal) 
G80 1 Drilling cycle off G80; 
G83 2 Front face deep hole drilling G83 X(U)... C(H)... Z(W)... R... 

Q... P... F... M... ; 
G84 3 Front face tapping G84 X(U)... C(H)... Z(W)... R... 

P... F... M... K... ; 
G85 4 Front face drilling cycle G85 X(U)... C(H)... Z(W)... R... 

P... F... K... M... ; 
G87 5 Side surface deep hole drilling G87 Z(W)... C(H)... X(U)... R... 

Q... P... F... M... ; 
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Name Index Description Format 
G88 6 Side surface tapping G88 Z(W)... C(H)... X(U)... R... 

P... F... M... K... ; 
G89 7 Side drilling G89 Z(W)... C(H)... X(U)... R... 

P... F... K... M... ; 
12. G-Group (modal) 
G66 1 Macro module call G66 P... L... <Parameters>; 
G67 2 Delete macro-modal call G67 P... L... <Parameters>; 
14. G-Group (modal) 
G54 1 Selecting work offset  
G55 2 Selecting work offset  
G56 3 Selecting work offset  
G57 4 Selecting work offset  
G58 5 Selecting work offset  
G59 6 Selecting work offset  
16. G-Group (modal) 
G17 1 XY plane  
G18 2 ZX plane  
G19 3 YZ plane  
18. G-Group (non-modal) 
G4 1 Dwell time in [s] or spindle revolutions G04 X...; or G04 P...; 
G10 2 Write work offset/tool offset G10 L2 Pp X... Z... ; 
G28 3 1. Reference point approach G28 X... Z... ; 
G30 4 2./3./4. Reference point approach G30 Pn X... Z... ; 
G31 5 Delete measuring with distance-to-go G31 X... Y... Z... F_; 
G52 6 Programmable work offset  
G65 7 Macro call G65 P_ L_ ; 
G70 8 Finishing cycle G70 P... Q... ; 
G71 9 Stock removal cycle, longitudinal axis G71 U... R... ; 
G72 10 Stock removal cycle, transverse axis G72 W... R... ; 
G73 11 Closed cutting cycle G73 U... W... R... ; 
G74 12 Multiple repetitive grooving cycles in the 

longitudinal axis 
G74 R... ; 

G75 13 Multiple repetitive grooving cycles in the 
transverse axis 

G75 R... ; or G75 X(U)... Z(W)... 
P... Q... R... F... ; 

G76 14 Multiple thread cutting cycle G76 P... (m, r, a) Q... R... ; 
G50 15 Set actual value G92 (G50) X... Z... ; 
G27 16 Referencing check (under development) G27 X... Z... ; 
G53 17 Approach position in machine coordinate 

system 
G53 X... Z... ; 

G10.6 19 Rapid lift on/off  
G5 20 High-speed cycle cutting G05 Pxxxxx Lxxx ; 
G30.1 21 Reference point position - 
G5.1 22 High-speed cycle -> Call of CYCLE305 - 
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Name Index Description Format 
G50.3 23 Delete actual value, reset the WCS  
G60 24 directed positioning  
20. G-Group (modal) 
G50.2 1 Multi-edge turning OFF  
G51.2 2 Multi-edge turning ON G51.2 P...Q...; 
31. G-Group (modal) 
G290 1 Select Siemens mode - 
G291 2 Select ISO dialect mode - 

2.2 SINUMERIK ISO-Dialect Turning Mode B 

Table 2- 2 SINUMERIK ISO-Dialect Turning - Mode B 

Name Index Description Format 
01. G-Group (modal) 
G0 1 Rapid traverse G00 X... Y... Z... ; 
G1 2 Linear motion G01 X... Z... F... ; 
G2 3 Circle/helix in clockwise direction 
G3 4 Circle/helix in counterclockwise direction 

G02(G03) X(U)... Z(W)... I... K... 
(R...) F... ; 

G33 5 Thread cutting with constant lead G33 X (U)... Z (W)... F... ; 
G77 6 Longitudinal turning cycle G.. X... Z... F... 
G78 7 Tapping cycle G... X... Z... F... Q... ; 
G79 8 Face turning cycle G... X... Z... F... ; 
G34 9 Thread cutting with variable lead G34 X (U)... Z (W)... F... K... ; 
02. G-Group (modal) 
G96 1 Constant cutting rate on G96 S... 
G97 2 Constant cutting rate off G97 S... 
03. G-Group (modal) 
G90 1 Absolute programming  
G91 2 Incremental programming  
04. G-Group (modal) 
G68 1 Dual slide/turret on  
G69 2 Dual slide/turret off  
05. G-Group (modal) 
G94 1 Linear feedrate in [mm/min, inch/min]  
G95 2 Revolutional feedrate in [mm/rev, inch/rev]  
06. G-Group (modal) 
G20 1 Input system inch  
G21 2 Input system metric  
07. G-Group (modal) 
G40 1 Deselection of cutter radius compensation  
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Name Index Description Format 
G41 2 Compensation left of contour  
G42 3 Offset to right of contour  
08. G-Group (modal) 
10. G-Group (modal) 
G80 1 Drilling cycle off G80; 
G83 2 Front face deep hole drilling G83 X(U)... C(H)... Z(W)... R... 

Q... P... F... M... ; 
G84 3 Front face tapping G84 X(U)... C(H)... Z(W)... R... 

P... F... M... K... ; 
G85 4 Front face drilling cycle G85 X(U)... C(H)... Z(W)... R... 

P... F... K... M... ; 
G87 5 Side surface deep hole drilling G87 Z(W)... C(H)... X(U)... R... 

Q... P... F... M... ; 
G88 6 Side surface tapping G88 Z(W)... C(H)... X(U)... R... 

P... F... M... K... ; 
G89 7 Side drilling G89 Z(W)... C(H)... X(U)... R... 

P... F... K... M... ; 
11. G-Group (modal) 
G98 1 Return to starting point in drilling cycles  
G99 2 Return to point R in drilling cycles  
12. G-Group (modal) 
G66 1 Macro module call G66 P... L... <Parameters>; 
G67 2 Delete macro-modal call G67 P... L... <Parameters>; 
14. G-Group (modal) 
G54 1 Selecting work offset  
G55 2 Selecting work offset  
G56 3 Selecting work offset  
G57 4 Selecting work offset  
G58 5 Selecting work offset  
G59 6 Selecting work offset  
16. G-Group (modal) 
G17 1 XY plane  
G18 2 ZX plane  
G19 3 YZ plane  
18. G-Group (non-modal) 
G4 1 Dwell time in [s] or spindle revolutions G04 X...; or G04 P...; 
G10 2 Write work offset/tool offset G10 L2 Pp X... Z... ; 
G28 3 1. Reference point approach G28 X... Z... ; 
G30 4 2./3./4. Reference point approach G30 Pn X... Z... ; 
G31 5 Delete measuring with distance-to-go G31 X... Y... Z... F_; 
G52 6 Programmable work offset  
G65 7 Macro call G65 P_ L_ ; 
G70 8 Finishing cycle G70 P... Q... ; 
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Name Index Description Format 
G71 9 Stock removal cycle, longitudinal axis G71 U... R... ; 
G72 10 Stock removal cycle, transverse axis G72 W... R... ; 
G73 11 Closed cutting cycle G73 U... W... R... ; 
G74 12 Multiple repetitive grooving cycles in the 

longitudinal axis 
G74 R... ; 

G75 13 Multiple repetitive grooving cycles in the 
transverse axis 

G75 R... ; or G75 X(U)... Z(W)... 
P... Q... R... F... ; 

G76 14 Multiple thread cutting cycle G76 P... (m, r, a) Q... R... ; 
G92 15 Set actual value G92 (G50) X... Z... ; 
G27 16 Referencing check (under development) G27 X... Z... ; 
G53 17 Approach position in machine coordinate 

system 
(G90) G53 X... Z... ; 

G10.6 18 Rapid lift on/off  
G5 19 High-speed cycle cutting G05 Pxxxxx Lxxx ; 
G30.1 20 Reference point position  
G5.1 21 High-speed cycle -> Call of CYCLE305  
G92.1 22 Delete actual value, reset the WCS  
G60 23 directed positioning  
20. G-Group (modal) 
G50.2 1 Multi-edge turning OFF  
G51.2 2 Multi-edge turning ON G51.2 P...Q...; 
31. G-Group (modal) 
G290 1 Select Siemens mode  
G291 2 Select ISO dialect mode  

2.3 SINUMERIK ISO-Dialect Turning Mode C 

Table 2- 3 SINUMERIK ISO-Dialect Turning - Mode C 

Name Index Description Format 
01. G-Group (modal) 
G0 1 Rapid traverse G00 X... Y... Z... ; 
G1 2 Linear motion G01 X... Z... F... ; 
G2 3 Circle/helix in clockwise direction 
G3 4 Circle/helix in counterclockwise direction 

G02(G03) X(U)... Z(W)... I... K... 
(R...) F... ; 

G33 5 Thread cutting with constant lead G33 X (U)... Z (W)... F... ; 
G20 6 Longitudinal turning cycle G... X... Z... R... F... ; 
G21 7 Tapping cycle G... X... Z... F... Q... ; 
G24 8 Face turning cycle G... X... Z... F... ; 
G34 9 Thread cutting with variable lead G34 X (U)... Z (W)... F... K... ; 
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Name Index Description Format 
02. G-Group (modal) 
G96 1 Constant cutting rate on G96 S... 
G97 2 Constant cutting rate off G97 S... 
03. G-Group (modal) 
G90 1 Absolute programming  
G91 2 Incremental programming  
04. G-Group (modal) 
G68 1 Dual slide/turret on  
G69 2 Dual slide/turret off  
05. G-Group (modal) 
G94 1 Linear feedrate in [mm/min, inch/min]  
G95 2 Revolutional feedrate in [mm/rev, inch/rev]  
06. G-Group (modal) 
G70 1 Input system inch G70 P... Q... ; 
G71 2 Input system metric G71 U... R... ; 
07. G-Group (modal) 
G40 1 Deselection of cutter radius compensation  
G41 2 Compensation left of contour  
G42 3 Offset to right of contour  
08. G-Group (modal) 
10. G-Group (modal) 
G80 1 Drilling cycle off G80; 
G83 2 Front face deep hole drilling G83 X(U)... C(H)... Z(W)... R... 

Q... P... F... M... ; 
G84 3 Front face tapping G84 X(U)... C(H)... Z(W)... R... 

P... F... M... K... ; 
G85 4 Front face drilling cycle G85 X(U)... C(H)... Z(W)... R... 

P... F... K... M... ; 
G87 5 Side surface deep hole drilling G87 Z(W)... C(H)... X(U)... R... 

Q... P... F... M... ; 
G88 6 Side surface tapping G88 Z(W)... C(H)... X(U)... R... 

P... F... M... K... ; 
G89 7 Side drilling G89 Z(W)... C(H)... X(U)... R... 

P... F... K... M... ; 
11. G-Group (modal) 
G98 1 Return to starting point in drilling cycles  
G99 2 Return to point R in drilling cycles  
12. G-Group (modal) 
G66 1 Macro module call G66 P... L... <Parameters>; 
G67 2 Delete macro-modal call G67 P... L... <Parameters>; 
14. G-Group (modal) 
G54 1 Selecting work offset  
G55 2 Selecting work offset  
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Name Index Description Format 
G56 3 Selecting work offset  
G57 4 Selecting work offset  
G58 5 Selecting work offset  
G59 6 Selecting work offset  
16. G-Group (modal) 
G17 1 XY plane  
G18 2 ZX plane  
G19 3 YZ plane  
18. G-Group (non-modal) 
G4 1 Dwell time in [s] or spindle revolutions G04 X...; or G04 P...; 
G10 2 Write work offset/tool offset G10 L2 Pp X... Z... ; 
G28 3 1. Reference point approach G28 X... Z... ; 
G30 4 2./3./4. Reference point approach G30 Pn X... Z... ; 
G31 5 Delete measuring with distance-to-go G31 X... Y... Z... F_; 
G52 6 Programmable work offset  
G65 7 Macro call G65 P_ L_ ; 
G72 8 Finishing cycle G72 P... Q... ; 
G73 9 Stock removal cycle, longitudinal axis G73 U... R... ; 
G74 10 Stock removal cycle, transverse axis G74 W... R... ; 
G75 11 Contour repetition G75 U... W... R... ; 
G76 12 Multiple repetitive grooving cycles in the 

longitudinal axis 
G76 R... ; 

G77 13 Multiple repetitive grooving cycles in the 
transverse axis 

G77 R... ; or G77 X(U)... Z(W)... 
P... Q... R... F... ; 

G78 14 Multiple thread cutting cycle G78 P... (m, r, a) Q... R... ; 
G92 15 Set actual value G92 (G50) X... Z... ; 
G27 16 Referencing check (under development) G27 X... Z... ; 
G53 17 Approach position in machine coordinate 

system 
(G90) G53 X... Z... ; 

G10.6 18 Rapid lift on/off  
G5 19 High-speed cycle cutting G05 Pxxxxx Lxxx ; 
G30.1 20 Reference point position  
G5.1 21 High-speed cycle -> Call of CYCLE305  
G92.1 22 Delete actual value, reset the WCS  
G60 23 directed positioning  
20. G-Group (modal) 
G50.2 1 Multi-edge turning OFF  
G51.2 2 Multi-edge turning ON G51.2 P...Q...; 
31. G-Group (modal) 
G290 1 Select Siemens mode  
G291 2 Select ISO dialect mode  
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Travel commands 3
3.1 Interpolation commands 

The positioning and interpolation commands, with which the tool path along the programmed 
contour, such as a straight line or a circular arc, is monitored, are described in the next 
Section. 

3.1.1 Rapid traverse (G00) 
You can use the rapid traverse movements to position the tool rapidly, to travel around the 
workpiece or to approach tool change points.     

The following G functions can be used for positioning (see the table below): 

Table 3- 1 G functions for positioning 

G function Function G group  
G00 Rapid traverse 01 
G01 Linear motion 01 
G02 Circle/helix in clockwise direction 01 
G03 Circle/helix in counterclockwise direction 01 

Positioning with (G00) 
Format 

G00 X... Y... Z... ;   

G00 with linear interpolation 
The tool movement programmed with G00 is executed at the highest possible travel speed 
(rapid traverse). The rapid traverse rate is defined separately for each axis in the machine 
data. If the rapid traverse movement is executed simultaneously on several axes, the rapid 
traverse rate in case of linear interpolation is determined by the axis, which requires the most 
time for its section of the path. 

G00 without linear interpolation 
Axes not programmed in the G00 block are also not traversed. During positioning, the 
individual axes traverse with the rapid traverse rate specified for each axis independent of 
one another. The exact speeds for your machine are given in the documentation of the 
machine manufacturer. 
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Figure 3-1 Rapid traverse with 2 non-interpolating axes 

 Note 

Since during positioning with G00 the axes traverse independent of one another (do not 
interpolate), each axis reaches its end point at a different point of time. Therefore, you must 
proceed extremely careful when positioning several axes, so that a tool does not collide with 
a workpiece or a device during positioning. 

 
Figure 3-2 Programming example 

Linear interpolation (G00) 
Linear interpolation with G00 is set by setting the machine data 20732 
$MC_EXTERN_GO_LINEAR_MODE. Hence all programmed axes traverse in rapid traverse 
with linear interpolation and reach their target position simultaneously.    
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3.1.2 Linear interpolation (G01) 
With G01 the tool travels on axially parallel, inclined or straight lines arbitrarily positioned in 
the space. Linear interpolation permits machining of 3D surfaces, grooves, etc.   

Format 
G01 X... Z... F... ; 

In case of G01 the linear interpolation is executed with the path feed. The axes not specified 
in the block with G01 are also not traversed. The linear interpolation is programmed as given 
in the example above. 

Feed F for path axes 
The feedrate is specified under the address F. Depending on the default setting in the 
machine data, the units of measurement specified with the G commands (G93, G98, G99) 
are either in mm or inch. 

One F value can be programmed per NC block. The unit of the feedrate is defined via one of 
the G commands mentioned. The feed F acts only on path axes and remains active until a 
new feed value is programmed. Separators are permitted after address F. 

 

 Note 

If no feed Fxx is programmed in a block with G01 or in the previous blocks, an alarm is given 
off when a G01 block is executed. 

 

The end point can be specified either as absolute or incremental.  
 

 
Figure 3-3 Linear interpolation 
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Figure 3-4 Programming example 



 Travel commands 
 3.1 Interpolation commands 

Turning   Part 3: Programming (ISO dialects) 
Programming and Operating Manual, 12/2012, 6FC5398-5DP10-0BA0 25 

3.1.3 Circular interpolation (G02, G03) 

Format 
With the command given below the rotary tool traverses in the ZX plane on the programmed 
circular arc. The programmed path velocity is thereby maintained along the arc.  

G02(G03) X(U)... Z(W)... I... K... (R...) F... ; 

 
Figure 3-5 Circular interpolation 

In order to start the circular interpolation, the commands given in the following table are to be 
executed: 

Table 3- 2 Commands for executing the circular interpolation 

Element Command Description 
Direction of rotation G02 clockwise 
 G03 Counterclockwise 
End-point position X (U) X coordinate of the arc end point (diametric value) 
 Z (W) Z coordinate of the arc end point 
 Y (V) Y coordinate of the arc end point 
Distance start point - 
center point 

I Distance of the start point to the center point of the arc in the X-
axis 

 J Distance of the start point to the center point of the arc in the Y-
axis 

 K Distance of the start point to the center point of the arc in the Z-
axis 

Radius of arc R Distance of the start point to the center of arc 
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Direction of rotation 
The direction of rotation of the arc is defined with the G functions listed in the table given 
below. 

Direction of rotation 
G02 clockwise 
G03 Counterclockwise 

in front of turning centre 

behind turning centreX  +   

X +

 

G 02 G 03 

G 03 G 02 

G 02 

G 03 

G 03

G 02

 
Figure 3-6 Direction of rotation of the arc 

Programming of circular movements 
The ISO mode offers two possibilities for programming the circular movements. 
The circular motion is described by the: 
● Center point and end point in the absolute or incremental dimension 
● Radius and end point in Cartesian coordinates 

For a circular interpolation with a central angle <= 180 degree, "R > 0" (positive) is to be 
programmed. 
For a circular interpolation with a central angle > 180 degree, "R < 0" (negative) is to be 
programmed. 
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Figure 3-7 Circular interpolation with the specification of the radius R 

Feed 
In the circular interpolation, the feed is programmed in the same way as for the linear 
interpolation (see also Chapter "Linear interpolation (G01)"). 

Programming example 

 
Figure 3-8 Circular interpolation over several quadrants 

 
Center of arc (100.00, 27.00) 
Value of "I" 

 
Value of "K"  
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3.1.4 Contour definition programming and insertion of chamfers and radii 
Chamfers or radii can be inserted after each traversing block between linear and circular 
contours, for instance for deburring the sharp workpiece edges. 
The following combinations are possible during insertion: 
● between two straight lines 
● between two arcs 
● between an arc and a straight line 
● between a straight line and an arc 

Format 
, C...; Chamfer 
, R...; Rounding 

Example 
N10 G1 X9. Z100. F1000 G18 
G1 X19 Z100 
X31 ANG=140 CHF=7.5 
N30 X80. Z70., A95.824, R10 

 
Figure 3-9 3 straight lines 

ISO dialect mode 
In the original ISO Dialect, the address C can be used as axis name as well as for naming a 
chamfer on the contour. 

The address R can either be a cycle parameter or an identifier for the radius in a contour. 

For differentiating between these two possibilities, a comma "," must be put before the 
address "R" or "C" while programming the contour definition. 
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3.2 Reference point approach with G functions 

3.2.1 Reference point approach with intermediate point (G28) 

Format 
G28 X... Z... ; 

With the command "G28 X(U)...Z(W)...C(H)...Y(V);" the programmed axes can be traversed 
on their reference point. Thus, the programmed axes are first traversed with rapid traverse to 
the specified position and from there automatically to the reference point. The 
unprogrammed axes in the block with G28 are not traversed to their reference point.  

Reference position 
When the machine has been powered up (where incremental position measuring systems 
are used), all of the axes must approach their reference mark. Only then can traversing 
movements be programmed. The reference point can be approached in the NC program with 
G74. The reference point coordinates are set with the machine data 34100 
$_MA_REFP_SET_POS[0] to [3]. A total of four reference positions can be determined. 

 
Figure 3-10 Automatic reference point approach 

 

 Note 

The function G28 is implemented with the shell cycle cycle328.spf. 

Before the reference point approach, a transformation must not be programmed for an axis 
which is to approach the reference point with G28. The transformation is deactivated in 
cycle328.spf. 
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3.2.2 Checking the reference position (G27) 

Format 
G27 X... Z... ; 

This function is used to check whether the axes are on their reference point.    

Test procedure 
If the check with G27 is successful, the processing is continued with the next part program 
block. If one of the axes programmed with G27 is not on the reference point, Alarm 61816 
"Axes not on reference point" is triggered and the Automatic mode is interrupted. 

 Note 

Function G27 is implemented with the cycle 328.spf as with G28. 

To avoid a positioning error, the function "mirroring" should be deselected before executing 
G27. 

3.2.3 Reference point approach with reference point selection (G30) 

Format 
G30 Pn X... Z... ; 

For the commands "G30  Pn  X... Z;" the axes are positioned on the specified intermediate 
point in the continuous-path mode, and finally traversed to the reference point selected with 
P2 - P4. With "G30 P3 X30.;", The X- axis returns to the third reference point. The second 
reference point is selected on omitting "P". Axes that are not programmed in a G30 block are 
also not traversed.  

Reference point positions 
The positions of all the reference points are always determined in relation to the first 
reference point. The distance of the first reference point from all subsequent reference points 
is set in the following machine data: 

Table 3- 3 Reference points 

Element MD 
2. Reference point $_MA_REFP_SET_POS[1] 
3. Reference point $_MA_REFP_SET_POS[2] 
4. Reference point $_MA_REFP_SET_POS[3] 

 

 Note 

Further details of the points that were considered in the programming of G30 are available in 
Section "Reference point approach with intermediate point (G28) (Page 29)". Function G30 
is implemented with the cycle 328.spf as with G28. 



 Travel commands 
 3.3 Use of the thread cutting function 

Turning   Part 3: Programming (ISO dialects) 
Programming and Operating Manual, 12/2012, 6FC5398-5DP10-0BA0 31 

3.3 Use of the thread cutting function 
3.3.1 Thread cutting with constant lead (G32) 
Format 

With the commands "G32 X (U)... Z (W)... F... ;" the three thread types "Cylindrical thread", 
"Transversal thread", "Taper thread" can be prepared as right- or left-hand thread. The 
thread lead is defined with F. The end point coordinates are determined with X, Z (absolute) 
or U, W (incremental).  

G Code System A G Code System B G Code System C 
G32 G33 G33 

 
Figure 3-11 Thread cutting 

Direction of thread lead 
In case of taper threads, the direction in which the programmed lead is effective, depends on 
the taper angle. 

Table 3- 4 Direction of thread lead 

 Direction of thread lead 
α ≦ 45° The programmed thread lead acts in the direction of the Z-axis.  

 

α > 45° The programmed thread lead acts in the direction of the X-axis. 

Example 

 
Figure 3-12 Examples of programming 
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Example of cutting a cylindrical thread (G code system A) 

 
Figure 3-13 Programming example for cutting a cylindrical thread 

Example of cutting a taper thread (G code system A) 

 
Figure 3-14 Programming example for cutting a taper thread 

Precondition: 

The technical prerequisite is a speed-controlled spindle with position measuring system 

Procedure: 

From the programmed spindle speed and the thread lead, the control system calculates the 
required feed with which the turning tool is traversed over the thread length in the 
longitudinal and/or transverse direction. The feed F is not taken into account for G32, the 
limitation to maximum axis velocity is monitored by the control system. 
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3.3.2 Interlinking of threads (G32) 
The thread blocks can be arranged one after the other to make a chain via several G32 
blocks programmed one after the other. With continuous-path mode G64, the blocks are 
linked by the look-ahead velocity control in such a way that there are no velocity jumps.  

 
Figure 3-15 Cutting a continuous thread 

 Note 
As long as the thread is not completely cut, the spindle speed should not be changed! If the 
spindle speed is not kept constant, then there is a risk of losing the accuracy due to the 
servo lag. 

 
 Note 

Feed control and feed stop are not taken into account during thread cutting! 
If the command G32 is programmed when operating with G98 (feed per minute), an alarm is 
given off. 
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3.3.3 Cutting of multiple-start threads (G32) 
The production of multiple-start threads is realized by the specification of start points offset to 
each other. The starting point offset is specified as the absolute angle position under the 
address Q. The related settings data 42000 ($SD_THREAD_START_ANGLE) is modified 
accordingly.   

 
Figure 3-16 Double-start thread 

Format 
With the commands "G32 X (U)... Z (W)... F... Q... ;" the spindle rotates by the angle 
specified with the address character Q after the output of the start-point pulse. Thereafter, 
the thread cutting starts in the direction of the end points specified with X (U) and Z (W) with 
the lead specified with F. 
Specification of the address Q while cutting multiple-start threads: 
Smallest input increment: 0.001° 
Programmed range: 0 ≦ B < 360.000 
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Calculation of the start angle in case of multiple-start threads 

In general, the start point for the thread cutting is defined with the setting data 
$SD_THREAD_START_ANGLE. In case of multiple-start threads, the angular offset is 
calculated between the individual start points by dividing 360° by the number of threads. 
Examples for multiple-start threads (two-, three- and four-starts) can be seen in the following 
figure. 

 
Figure 3-17 Calculation of the start angle in case of multiple-start threads 

Programming example for a multiple-start thread (G code system A) 

 
Figure 3-18 Specification of the spindle revolution angles 

 Note 

If no starting point offset is specified (with Q), the "start angle for thread" defined in the 
setting data is used. 
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3.3.4 Thread cutting with variable lead (G34) 

With the commands "G34 X (U)... Z (W)... F... K... ;" threads with a variable lead can be cut; 
the thread lead change for each spindle revolution is specified with the address K.  

Format 
G34 X... Z... F... K... ; 

G Code System A G Code System B G Code System C 
G34 G34 G34 

 
Figure 3-19 Thread with variable thread lead 

Feedrate at the end point 
The commands are to be given such that the feed at the end point does not have a negative 
value! 

 

Calculation of the thread lead change 
If you already know the starting and final lead of a thread, you can calculate the thread lead 
change to be programmed according to the following equation: 

 
The identifiers have the following meanings: 
K2e: Thread lead of axis target point coordinate in [mm/U] 
K2a: Initial thread pitch (progr. under I,J and K) in [mm/U] 
IG: Thread length in [mm] 
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Measuring commands 4
4.1 The coordinate system 

The position of a tool is defined uniquely through its coordinates in the coordinate system. 
These coordinates are defined by the axis positions. For instance, if the two axes involved 
are named as X and Z, then the coordinates are specified as follows:   

X... Z... 

 
Figure 4-1 Tool position specified with X... Z..  

The following coordinate systems are used for specifying the coordinates: 
1. Machine coordinate system (G53) 
2. Workpiece coordinate system (G50) 
3. Local coordinate system (G52) 

4.1.1 Machine coordinate system (G53) 

Define machine coordinate system 
The machine coordinate system MCS is defined with the machine zero. All other reference 
points refer to the machine zero.    

The machine zero is a fixed point of the machine tool, to which all (derived) measuring 
systems can be traced back. 

Format 
G53 X... Z... ; 

X, Z: absolute dimension word 

Selection of the machine coordinate system (G53) 
G53 suppresses non-modal the programmable and the adjustable work offset. Traversing 
movements in the machine coordinate system on the basis of G53 are then programmed 
always when the tool is to be traversed to a machine-specific position. 
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Compensation deselection 
If MD10760 $MN_G53_TOOLCORR = 0, the active tool length and tool nose radius 
compensation remain effective in a block with G53 

If $MN_G53_TOOLCORR = 1, the active tool length and the tool radius compensation get 
suppressed in a block with G53. 

4.1.2 Workpiece coordinate system (G50) 
Before machining a coordinate system for the workpiece, the so-called workpiece coordinate 
system is to be created. This section describes different methods for setting, selecting and 
changing a workpiece coordinate system.   

Setting a workpiece coordinate system 
For setting a workpiece coordinate system, the following two methods can be used: 

1. with G50 (G92 in G code systems B and C) 

2. manually via the HMI operator panel 

Format 
G50 (G92) X... Z... ; 

Explanation 
With G50 a coordinate transformation is programmed from the basic coordinate system 
(BCS) into basic zero-point system (BZS). G50 acts like a adjustable work offset. 

4.1.3 Resetting the tool coordinate system (G50.3) 
With G50.3 X.. (G Code Systems B and C with G92.1 P0) one can reset a shifted coordinate 
system before the shift. The tool coordinate system is reset to the coordinate system that is 
defined by the active adjustable work offsets (G54-G59). The tool coordinate system is set to 
the reference position if no adjustable work offset is active. G50.3 resets shifts carried out 
through G50 or G52. However, only the axes that are programmed are reset.  

Example 1: 

N10 G0 X100 Y100 ;Display: WCS: X100 Y100 MCS: X100 Y100 
N20 G50 X10 Y10 ;Display: WCS: X10 Y10 MCS: X100 Y100 
N30 G0 X50 Y50 ;Display: WCS: X50 Y50 MCS: X140 Y140 
N40 G50.3 X0 Y0 ;Display: WCS: X140 Y140 MCS: X140 Y140 

Example 2: 

N10 G10 L2 P1 X10 Y10 
N20 G0 X100 Y100 ;Display: WCS: X100 Y100 MCS: X100 Y100 
N30 G54 X100 Y100 ;Display: WCS: X100 Y100 MCS: X110 Y110 
N40 G50 X50 Y50 ;Display: WCS: X50 Y50 MCS: X110 Y110 
N50 G0 X100 Y100 ;Display: WCS: X100 Y100 MCS: X160 Y160 
N60 G50.3 X0 Y0 ;Display: WCS: X150 Y150 MCS: X160 Y160 
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4.1.4 Selection of a workpiece coordinate system 
As mentioned above, the user can select one of the already set workpiece coordinate 
systems. 

1. G50 

Absolute commands function in connection with a workpiece coordinate system only if a 
workpiece coordinate system was selected earlier. 

2. Selection of a workpiece coordinate system from a selection of specified workpiece 
coordinate systems via the HMI operator panel 

A workpiece coordinate system can be selected by specifying a G function in the area 
G54 to G59. 

Workpiece coordinate systems are setup after the reference point approach after Power 
On. The closed position of the coordinate system is set in MD20154[13]. 

4.1.5 Writing work offset/tool offsets (G10) 
The workpiece coordinate systems defined through G54 to G59 or G54 P{1 ... 93} can be 
changed with the following two processes. 

1. Data inputting at HMI operator panel 

2. with the program commands G10 or G50 (setting actual value) 

Format 
Modified by G10: 

 
G10 L2 Pp X (U)... Y(V)... Z(W)... ; 
p=0: External workpiece work offset 
p=1 to 6: The value of the workpiece work offset corresponds to the workpiece 

coordinate system G54 to G59 (1 = G54 to 6 = G59) 
X, Y, Z: Absolute setting data of the workpiece coordinate system offset. 
U, V, W: Incremental setting data of the workpiece coordinate system offset. 
G10 L20 Pp X (U)... Y(V)... Z(W)... ; 
p=1 to 93: The value of the workpiece work offset corresponds to the workpiece 

coordinate system G54 P1 ... P93. The number of work offsets (1 to 93) can 
be set through MD18601 $MN_MM_NUM_GLOBAL_USER_FRAMES or 
MD28080 $MC_MM_NUM_USER_FRAMES. 

X, Y, Z: Absolute setting data of the workpiece coordinate system offset. 
U, V, W: Incremental setting data of the workpiece coordinate system offset. 

 

Modified by G50: 

G50 X... Z... ; 
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Explanations 
Modified by G10: 

G10 can be used to change each workpiece coordinate system individually. If the work offset 
with G10 is to be written only when the G10 block is executed on the machine (main run 
block), then MD20734 $MC_EXTERN_FUNCTION_MASK, Bit 13 must be set. An internal 
STOPRE is executed in that case with G10. The machine data bits affect all G10 commands 
in the ISO Dialect T and ISO Dialect M. 

Modified by G50: 

By specifying G50 X... Z..., a workpiece coordinate system that was selected earlier with a G 
command G54 to G59 or G54 P{1 ...93}, can be shifted and thus a new workpiece 
coordinate system can be set. If X and Z are programmed incrementally, the workpiece 
coordinate system is defined in such a way that the current tool position matches the total of 
the specified incremental value and the coordinates of the previous tool position (shift of 
coordinate system). Finally, the value of the coordinate system shift is added to each 
individual value of the workpiece work offset. To put it another way: All workpiece coordinate 
systems are shifted systematically by the same value. 

Example 
The tool in operation with G54 is positioned at (190, 150), and the workpiece coordinate 
system 1 (X' - Y') is created each time in G50X90Y90 with a shift of Vector A. 

 
Figure 4-2 Example of setting coordinates 
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4.2 Defining the input modes for the coordinate values 

4.2.1 Diameter and radius programming for the X-axis 
The address X or U is used for programming the commands for the X-axis:  

If the X-axis is defined as transverse axis with the machine data 20110 
$MC_DIAMETER_AX_DEF = "X" and diameter programming (= Siemens G-code DIAMON) 
is activated with MD20150 $MC_GCODE_RESET_VALUES[28] = 2, then the programmed 
axis positions are interpreted as diameter values. 

 
Figure 4-3 Coordinate values 

The diameter values apply for the following data: 

● Actual value display of the transverse axis in the workpiece coordinate system 

● JOG mode: Increments for incremental dimensions and handwheel travel 

● Programming of end positions 

4.2.2 Input inch/metric (G20, G21) 
Depending upon the dimensioning in the production drawing, workpiece-related geometric 
axes can be programmed alternately in metric or inch dimensions. The input unit is selected 
with the following G functions:    

Table 4- 1 G functions for selecting the unit of measurement 

G function Function G group 
G20 (G70, G-Codesyst. C) Input in "inch" 06 
G21 (G71, G-Code syst. C) Input in "mm" 06 

Format 
G20 and G21 are always to be programmed at the start of a block and may not be present in 
the block together with other commands. 
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Supplements to the inch/metric-changeover 
You can instruct the control system to convert the following geometrical dimensions (with 
necessary deviations) into the measuring system which is not set and enter them directly: 

Examples 

● Positional data X, Z 

● Interpolation parameters I, J, K and circle radius R of the circle radius programming 

● Thread lead (G32, G34) 

● programmable work offset 

  Note 

All other parameters such as feed rates, tool offsets or adjustable work offsets are 
interpreted (when using G20/G21) in the default measuring system (MD10240 
SCALING_SYSTEM_IS_METRIC). 

Similarly, the display of system variables and machine data is also dependent on the 
G20G21 context. If the feed in the G20/G21 is to be activated, a new F value must be 
programmed explicitly. 

References: 

/FB1/Function Manual Basic Functions; Speeds, Setpoint/Actual-Value System, Closed-Loop 
Control (G2), Section "Metric/Inch Measuring System" 

Table 4- 2 Tool offset amounts while working with G20 or G21 

Stored tool offset amount  when working with G20 (unit of 
measurement "inch") 

when working with G21 (unit of 
measurement "mm") 

150000 1.5000 inch 15.000 mm 
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4.3 Time-controlled commands 
With G04 one can stop the workpiece machining between two NC blocks for a programmed 
time or number of spindle revolutions, e.g. for back off.   

With MD20734 $MC_EXTERN_FUNCTION_MASK, for bit 2 it can be set, whether the dwell 
time is to be interpreted as time (s or ms) or alternatively in spindle revolutions. If for 
$MC_EXTERN_FUNCTION_MASK, bit 2=1 is set, then for active G98 the dwell time is 
interpreted in seconds; if G99 is selected, the dwell time is specified as spindle revolutions 
[U]. 

Format 
G04 X...; or G04 P...; 

X_: Time display (decimal points possible) 

P_: Time display (no decimal points possible) 

● The dwell time (G04 ..) must be programmed alone in a block. 

There are two methods for executing the programmed dwell time: 

MD $MC_EXTERN_FUNCTION_MASK 

Bit2 = 0: Specification of the dwell time always in seconds [s] 

Bit2 = 1: Specification of the dwell time either in seconds (G98 active) or in spindle 
revolutions (G99 active) 

The processing of the next block is delayed in case of G98 (feed per minute) by a certain 
time (in seconds) and in case of G99 (revolutional feedrate) a certain number of spindle 
revolutions are awaited. 

G04 must be programmed alone in a block. 

Example 
G98 G04 X1000 ; 

Standard notation: 1000 * 0.001 = 1 second 

Pocket calculator notation: 1000 seconds 

G99 G04 X1000 ; 

Standard notation: 1000 * 0.001 = 1 spindle revolution 

Pocket calculator notation: 1000 spindle revolutions 
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4.4 Tool offset functions 
While writing the program, you need not take cutting edge radius, length of cutting edge of 
the turning tool and the tool length into account. 

You program the workpiece dimensions directly, for example following the production 
drawing. 

While producing a workpiece, the tool geometry is taken into account automatically, so that 
with each tool used the programmed contour can be manufactured. 

4.4.1 Tool offset data memory 
The tool data for each tool are entered separately in the tool offset data memory of the 
control system. In the program you call only the required tool with its compensation data. 

Contents 
Geometrical dimensions: Length, radius 

They consist of several components (geometry, wear). The control system computes the 
components to a certain dimension (e.g., overall length 1, total radius). The respective 
overall dimension becomes effective when the compensation memory is activated. 

How these values are calculated in the axes is determined by the tool type and the 
commands G17, G18, G19 for the plane selection. 

Tool type 
The tool type (drill, turning tool or milling cutter) determines which geometry data are 
required and how they will be computed. 

Length of cutting edge 
For the "turning tool" tool type, you must also enter the length of the cutting edge. The 
following images provide information on the necessary tool parameters. 
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4.4.2 Tool length compensation 
This value compensates for the differences in length between the tools used. 

The tool length is the distance between the toolholder reference point and the tool tip. 

 
Figure 4-4 Tool length 

These lengths are measured and entered in the tool offset data memory together with the 
wear values. From this data, the control system calculates the traversing movements in the 
infeed direction. 

4.4.3 Tool nose radius compensation (G40, G41/G42) 
Since the tip of a cutting tool is always rounded, there are contour inaccuracies during taper 
turning or while processing the arcs, if the cutting edge radius is not taken into account. The 
diagram below illustrates how these problems arise. The tool nose radius compensation, 
which compensates such contour inaccuracies, is activated via G41 or G42.    

 
Figure 4-5 Machining without tool nose radius compensation 
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Amount of the tool nose radius compensation 
The term "Amount of the tool nose radius compensation" defines the distance from the tool 
tip to the cutting edge center point R. 

● Defining the amount of the tool nose radius compensation 

The amount of the tool nose radius compensation is specified via the circle radius of the 
tool tip without the sign. 

 
Figure 4-6 Defining the amount of the tool nose radius compensation and an imaginary tool tip 

Defining an imaginary tool tip position (checkpoint) 
● Checkpoint memory 

The position of the imaginary tool tip, observed from the center point of the tool tip R, is 
specified with a single-digit number from 0 to 9. This is the checkpoint. The checkpoint 
should be entered in the storage of the NC before saving the tool data. 

 
Figure 4-7 Example for defining a checkpoint 
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Checkpoints and programs 
When using the checkpoints 1 to 8 the imaginary length of the tool tip is to be used as 
reference while writing the program. The program should be written only after defining the 
coordinate systems. 

 
Figure 4-8 Program and tool movements for the checkpoints 1 to 8 

When using the checkpoints 0 to 9 the cutting edge center point R is to be used as reference 
while writing the program. The program should be written only after defining the coordinate 
systems. If no tool nose radius compensation is used, the programmed shape may not differ 
from the processed one. 

 
Figure 4-9 Program and tool movements for the checkpoints 0 to 9 
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Selection/deselection of the tool nose radius compensation 
● Selection of the tool offset 

The tool offset is selected through a T command. 

● Activating the tool nose radius compensation 

The following G functions are used for activating/deactivating the tool nose radius 
compensation. 

Table 4- 3 G functions for activating/deactivating the tool nose radius compensation 

G function Function G group  
G40 Deselect the tool radius compensation 07 
G41 Tool radius compensation (tool operates in machining 

direction to the left of the contour) 
07 

G42 Tool radius compensation (tool operates in machining 
direction to the right of the contour) 

07 

The commands G40 and G41/G42 are modal G functions of the G group 07. These remain 
active for as long as till another function of this G group is programmed. Closed position after 
POWER ON or NCK-RESET is G40. 

The tool nose radius compensation is called either with G41 or with G42 and a T command. 

 
Figure 4-10 Defining the tool nose radius compensation depending upon the machining direction 

Change of the compensation direction 
The compensation direction can be switched between G41 and G42 without deselecting 
G40. The last block with the old compensation direction ends with the normal position of the 
compensation vector at the end point. The new compensation direction is executed as a 
compensation start (default setting at starting point). 
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Contour of the motions in case of tool radius compensation 
The following figure shows the execution of the tool radius compensation. 

 
Figure 4-11 Contour of the motions of the tool radius compensation (G42, checkpoint 3) 
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● Upon selection (block 1) and deselection (block 6) of the tool nose radius compensation 
the compensating movements are carried out. Therefore, while selecting or deselecting 
the tool offset, be very careful that no collisions take place. 

 
Figure 4-12 Programming example 
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4.5 S-, T-, M- and B functions 

4.5.1 Spindle function (S function) 
The spindle speed is specified in rpm in Address S. The direction of spindle rotation is 
selected with M3 and M4. M3 = right direction of spindle rotation, M4 = left direction of 
spindle rotation. The spindle stops with M5. Details are available in the documentation of 
your machine manufacturer. 

● S commands are modal, i.e., they remain active up to the next S command once they are 
programmed. The S command is maintained if the spindle is stopped with M05. If M03 or 
M04 is programmed thereafter without specifying an S command, then the spindle starts 
at the originally programmed speed. 

● If the spindle speed is changed, please pay attention to which gear stage is currently set 
for the spindle. Details are available in the documentation of your machine manufacturer. 

● The lower limit for the S command (S0 or an S command near S0) depends on the drive 
motor and the drive system of the spindle and is different from machine to machine. 
Negative values are not permitted for S! Details are available in the documentation of 
your machine manufacturer. 
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4.5.2 Constant cutting rate (G96, G97) 
A constant cutting rate is selected and deselected with the following G functions. The 
commands G96 and G97 act globally and belong to the G group 02.     

Table 4- 4 G commands for controlling a constant cutting rate 

G function Function G group  
G96 Constant cutting rate ON 02 
G97 Deselection of constant cutting rate 02 

Constant cutting rate ON (G96) 
With "G96 S..." the spindle speed – depending on the respective workpiece diameter – is 
modified such that the cutting rate S in m/min or ft/min remains constant at the tool edge. 

After activating with G96, the value of the X-axis is used as the diameter for monitoring the 
current cutting rate. If the position of the X-axis is changed, the spindle speed also changes 
in such a way that the programmed cutting rate is maintained. 

 
Figure 4-13 Constant cutting rate 
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Deselection of the constant cutting rate (G97) 
According to G97, the control system interprets an S-word as spindle revolution in RPM. In 
case no new spindle revolution is specified, the last speed implemented by G96 is 
maintained. 

Selection of the spindle revolution gear stage 
In case of machines, in which the gear stage can be switched with an M command, the M 
command is to be written for selecting the corresponding gear stage before specifying G96. 
Details can be found in the documentation of your machine manufacturer. 

 

4.5.3 Tool change with T functions (T function) 
There is a direct tool change when the T word is programmed. 
The effect of the T function is defined via the machine data. See machine manufacturer's 
configuration. 

4.5.4 Additional function (M function) 
The M functions initiate switching operations, such as "Coolant ON/OFF" and other functions 
on the machine. Various M functions have already been assigned a fixed functionality by the 
CNC manufacturer (see the following section).   

Programming 

M... Possible values: 0 to 9999 9999 (max. INT value), integer 

All free M function numbers can be assigned by the machine manufacturer, e.g. for switching 
functions to control the clamping devices or for switching on/off of further machine functions. 
See data of the machine manufacturer. 

The NC-specific M functions are described below. 

M functions to stop operations (M00, M01, M02, M30) 
A program stop is triggered with this M function and the machining is interrupted or ended. 
Whether the spindle is also stopped depends on the specification of the machine 
manufacturer. Details are available in the documentation of your machine manufacturer.  

M00 (program stop) 
The machining is stopped in the NC block with M00. One can now, e.g., remove chips, re-
measure, etc. A signal is output to the PLC. The program can be continued with <CYCLE 
START>.  
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M01 (optional stop) 
M01 can be set via  

● HMI/dialog box "Program control" or the 

● VDI interface 

The program processing of the NC is maintained with M01 only if the corresponding signal of 
the VDI interface is set or "Program control" was selected in the HMI/dialog box. 

M30 or M02 (end of program) 
A program is ended with M30 or M02.   

 Note 

A signal is output to the PLC with M00, M01, M02 or M30. 

 
 Note 

Data on whether spindle is stopped with the commands M00, M01, M02 or M30 or the 
coolant supply is interrupted is available in the documentation of your machine manufacturer.

 

4.5.5 M functions of spindle control 

Table 4- 5 M functions of spindle control 

M function Function 
M19 Positioning the spindle 
M29 Changeover of spindle to the axis/open-loop control mode 

The spindle is traversed to the spindle position defined in the setting data 43240 
$SA_M19_SPOS[spindle number] with M19. The positioning mode is stored in 
$SA_M19_SPOS. 
The M function number for the changeover of the spindle mode (M29) can also be set over a 
machine data variable. MD20095 $MC_EXTERN_RIGID_TAPPING_N_NR is used to pre-set 
the M function number. Only the M function numbers that are not used as standard M 
functions can be assigned. For example, M0, M5, M30, M98, M99 etc are not allowed. 
In the ISO mode, the spindle is switched to the axis mode with M29. 

4.5.6 M functions for subroutine calls 

Table 4- 6 M functions for subroutine calls 

M function Function 
M98 Subprogram call 
M99 Subprogram end 
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4.5.7 Macro call via M function 
Via M numbers, one can call a subroutine (macro) similar to G65. 
The configuration of a maximum of 10 M functions replacements is undertaken via machine 
data 10814 $MN_EXTERN_M_NO_MAC_CYCLE and machine data 10815 
$MN_EXTERN_M_NO_MAC_CYCLE_NAME. 
Programming takes place identical to G65. Repetitions can be programmed with the L 
address. 

Restrictions 
Only one M function replacement (or only one subroutine call) can be executed per part 
program line. Conflicts with other subroutine calls are signaled by alarm 12722. There is no 
further M function replacement in the replaced subroutine. 
Otherwise, the same restrictions are valid as in G65. 
Conflicts with pre-defined and other defined M numbers are rejected with an alarm. 

Configuration example 
Call of subroutine M101_MAKRO via the M101 M function: 
$MN_EXTERN_M_NO_MAC_CYCLE[0] = 101 
$MN_EXTERN_M_NO_MAC_CYCLE_NAME[0] = "M101_MAKRO" 
Call of subroutine M6_MAKRO via the M6 M function: 
$MN_EXTERN_M_NO_MAC_CYCLE[1] = 6 
$MN_EXTERN_M_NO_MAC_CYCLE_NAME[1] = "M6_MAKRO" 

Programming example for tool change with M function: 

PROC MAIN   

...   

N10 M6 X10 V20 ;Call of M6_MAKRO program 

...   

N90 M30  

PROC M6_MAKRO   

...   

N0010 R10 = R10 + 11.11  

N0020 IF $C_X_PROG == 1 GOTOF N40 ;($C_X_PROG) 

N0030 SETAL(61000) ;programmed variable not 
;transferred correctly 

N0040 IF $C_V == 20 GTOF N60 ;($C_V) 

N0050 SETAL(61001)  

N0060 M17  
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4.5.8 M functions 

General M functions 
The non-specific M functions are defined by the machine manufacturer. A representative 
example of the use of general M functions is available under. Details are available in the 
documentation of your machine manufacturer. If an M command is programmed with an axis 
motion in the same block, whether the M function is to be executed at the start or end of the 
block on reaching the axis position depends on the machine data setting of the machine 
manufacturer. Details are available in the documentation of your machine manufacturer.  

Table 4- 7 Other general M functions 

M function Function Remarks 
M08 Coolant ON 
M09 Coolant OFF 

These M functions are defined by the machine manufacturer. 

Specification of several M functions in one block 
A maximum of five M functions can be programmed in on block. Possible combinations of M 
functions and possible restrictions are specified in the documentation of your machine 
manufacturer.  

Additional auxiliary functions (B functions) 
If B is not used as axis identifier, B can be used as extended auxiliary function. B functions 
are output to the PLC as auxiliary functions (H functions with the address extension H1=).  
Example: B1234 is output as H1=1234. 
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Additional functions 5
5.1 Program-support functions 

5.1.1 Fixed cycles 
Fixed cycles simplify it for the programmer to create new programs. Frequently occurring 
machining steps can be executed with a G function; without fixed cycles several NC blocks 
must be programmed. In this way, with fixed cycles, the machining program can be 
shortened and the memory space can be saved. 

In the ISO Dialect a shell cycle is called, which uses the functionality of the standard 
Siemens cycle. Thus the addresses programmed in the NC block are transferred to the shell 
cycle via the system variable. The shell cycle customizes these data and calls a standard 
Siemens cycle. 

A fixed cycle could be canceled only with G80 or a G code of G code Group 1 before the 
program can be continued with a blockwise cycle. 

Longitudinal turning cycle 
Format 

G.. X... Z... F... ; 

G code system A G code system B G code system C 
G90 G77 G20 

With the commands "G... X(U)... Z(W)... F... ;" a longitudinal turning cycle is executed as per 
the sequence 1-4. 

 
Figure 5-1 Longitudinal turning cycle 
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Since G90 (G77, G20) is a modal G function, the machining is executed within the cycle by 
specifying only the infeed motion in the direction of X axis in the subsequent blocks. 

 
Figure 5-2 Longitudinal turning cycle (G code system A) 

Straight cutting cycle 
Format 

G... X... Z... R... F... ; 

G code system A G code system B G code system C 
G90 G77 G20 

With the commands "G... X(U)... Z(W)... R... F... ;" a straight cutting cycle is executed as per 
the sequence 1-4 given in the figure below. 

 
Figure 5-3 Straight cutting cycle 
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The sign before the address character R depends on point A' of the viewing direction from 
point B. 

 
Figure 5-4 Straight cutting cycle (G code system A) 

● When the cycle with G90 (G77, G20) is executed with activated single-block mode, the 
cycle is not terminated in the middle, but stops after the end of the cycle, which 
comprises of the sequence 1-4. 

● The functions S, T and M, which are used as cutting conditions for the execution of G90 
(G77, G20), are to be specified in the blocks before the block G90 (G77, G20). When 
these functions are specified in a block with the travel of axes, then the functions act only 
when the block is specified in the range of the operation with G90 (G77, G20). 

 
The operation with G90 (G77, G20) then remains active till the block where a G function of 
the group 01 is specified. 

Tapping cycle 
There are four kinds of thread cutting operations for the thread cuttings: two kinds of cycles 
for cutting cylindrical threads and two types for cutting taper threads.  
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Format 
G... X... Z... F... Q... ; 

 
G code system A G code system B G code system C 
G92 G78 G21 

Cycle for cutting cylindrical threads 

 
With the commands given above, the cycle for cutting cylindrical threads, sequence 1 - 4, 
are executed as shown in the figure below. 

 
Figure 5-5 Cycle for cutting cylindrical threads 

Since G92 (G78, G21) is a modal G function, the thread cutting cycle is executed within the 
cycle by specifying only the cutting depth in the direction of the X axis in the subsequent 
blocks. In these blocks G92 (G78, G21) need not be specified again. 
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Figure 5-6 Cycle for cutting a cylindrical thread (G code system B) 

● When the cycle with G92 (G78, G21) is executed with activated single-block mode, the 
cycle does not wait on the halfway, but stops after the end of the cycle, which comprises 
of the sequence 1-4. 

● Thread chamfering is possible within this thread cutting cycle. Thread chamfering is 
initiated by a machine signal. The size of the chamfer for the thread g can be specified in 
steps of 0.1*L in USER DATA, _ZSFI[26]. "L" is thus the specified thread lead. 

Cycle for cutting taper threads 
Format 

G... X... Z... R... F... ; 

 
G code system A G code system B G code system C 
G92 G78 G21 

With the commands "G... X(U)... Z(W)... R... F... ;" a cycle for cutting taper threads is 
executed as per the sequence 1-4 given in the figure below. 
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Figure 5-7 Cycle for cutting taper threads 

The sign before the address character R depends on point A' of the viewing direction from 
point B. Since G92 (G78, G21) is a modal G function, the thread cutting cycle is executed 
within the cycle by specifying only the cutting depth in the direction of the X axis in the 
subsequent blocks. In these blocks G92 (G78, G21) need not be specified again. 

 
Figure 5-8 Cycle for cutting a taper thread (G code system A) 

When the cycle with G92 (G78, G21) is executed with activated single-block mode, the cycle 
does not wait on the halfway, but stops after the end of the cycle, which comprises of the 
sequence 1-4. 

The functions S, T and M, which are used as cutting conditions for the execution of G92 
(G78, G21), are to be specified in the blocks before the block G92 (G78, G21). When these 
functions are specified in a block with the travel of axes, then the functions act only when the 
block is specified in the range of the operation with G92 (G78, G21). 

If at the moment, when the cutting tool is at the starting point A or at the chamfering 
completion point B, the <CYCLE START> key is pressed, then the suspended cycle is 
executed once again from the beginning. 
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If the option "thread cutting feedrate halt" is not selected, then the thread cutting cycle is 
continued when the <CYCLE STOP> key is pressed during the execution of the thread 
cutting cycle. In this case the machining is halted till the tool is retracted again after the 
completion of the thread cutting cycle. 

 
Figure 5-9 Feedrate halt during the execution of the thread-cutting cycle 

An alarm is output if the size of the chamfer is "0" during the use of G92 (G78, G21) in the 
cycle. 

Radial cutting cycle 
Format 

G... X... Z... F... ;  

 
G code system A G code system B G code system C 
G94 G79 G24 

With the commands "G... X(U)... Z(W)... F... ;" a straight facing cycle is executed as per the 
sequence 1-4 given in the figure below.  

 
Figure 5-10 Radial cutting cycle 
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Since G94 (G79, G24) is a modal G function, the thread cutting cycle is executed within the 
cycle by specifying only the cutting depth in the direction of the Z axis in the subsequent 
blocks. In these blocks G94 (G79, G24) need not be specified again. 

 
Figure 5-11 Straight facing cycle (G code system B) 

Transverse-taper turning cycle 
Format 

G... X... Z... R... F... ;  

G code system A G code system B G code system C 
G92 G78 G21 

With the commands "G... X(U)... Z(W)... R... F... ;" a transverse-taper turning cycle is 
executed as per the sequence 1-4 given in the figure below. 

 
Figure 5-12 Transverse-taper turning cycle 
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The sign before the address character R depends on point A' of the viewing direction from 
point B. 

 
Figure 5-13 Transverse-taper turning cycle (G code system B) 

The functions S, T and M, which are used as cutting conditions for the execution of G94 
(G79, G24), are to be specified in the blocks before the block G94 (G79, G24). When these 
functions are specified in a block with the travel of axes, then the functions act only when the 
block is specified in the range of the operation with G94 (G79, G24). 

When the cycle with G94 (G79, G24) is executed with activated single-block mode, the cycle 
is not terminated in the middle, but stops after the end of the cycle, which comprises of the 
sequence 1-4. 
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5.1.2 Multiple repetitive cycles 
Multiple repetitive cycles simplify the creation of new programs for the programmers. 
Frequently occurring machining steps can be executed with a G function; without multiple 
repetitive cycles several NC blocks must be programmed. In this way, the machining 
programs can be shortened and memory space can be saved by using multiple repetitive 
cycles.  

In the ISO Dialect a shell cycle is called, which uses the functionality of the standard 
Siemens cycle. Thus the addresses programmed in the NC block are transferred to the shell 
cycle via the system variable. The shell cycle customizes these data and calls a standard 
Siemens cycle. 

There are seven multiple repetitive cycles (G70 to G76) in the G code system A and B (see 
following table). Please note that all these G functions are not modal G functions. 

Table 5- 1 Overview of the turning cycles G70 to G76 (G code systems A and B) 

G code Description 
G70 Finishing cycle 
G71 Stock removal cycle, longitudinal axis 
G72 Stock removal cycle, transverse axis 
G73 Closed cutting cycle 
G74 Multiple repetitive grooving cycles in the longitudinal axis 
G75 Multiple repetitive grooving cycles in the transverse axis 
G76 Multiple thread cutting cycle 

These cycles are present in the G code system C also. However, other G functions are used. 

Table 5- 2 Overview of the turning cycles G72 to G78 (G code system C) 

G code Description 
G72 Finishing cycle 
G73 Stock removal cycle, longitudinal axis 
G74 Stock removal cycle, transverse axis 
G75 Contour repetition 
G76 Multiple repetitive grooving cycles in the longitudinal axis 
G77 Multiple repetitive grooving cycles in the transverse axis 
G78 Multiple thread cutting cycle 

 
 Note 

In the cycle descriptions given above, the G code system A and B are assumed. 

Stock removal cycle, longitudinal axis (G71) 
By using the fixed cycles the number of steps in the programming can be reduced 
considerably owing to the fact that the roughing and the finishing cycles can be determined 
simply by determining the finishing cut form and the like. There are two different types of 
stock removal cycle.  



 Additional functions 
 5.1 Program-support functions 

Turning   Part 3: Programming (ISO dialects) 
Programming and Operating Manual, 12/2012, 6FC5398-5DP10-0BA0 67 

Type I 
The specified area is machined with finishing allowance through Δd (infeed depth during 
stock removal). Always when the contours A are written to A' to B by an NC Program, u/2 
and Δw continue to be present. 

 
Figure 5-14 Cutting path of a stock removal cycle, longitudinal axis 

Format 
G71 U... R... ; 

U: Infeed depth during stock removal (Δd), radius programming 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[30], but this value is overwritten by the value of the 
program command. 

R: (e), Retraction amount 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[31], but this value is overwritten by the value of the 
program command. 

G71 P... Q... U... W... F... S... T... 

P: Starting block for determining the contour 

Q: Last block for determining the contour 

U: Finishing allowance in X direction (Δu) (diameter -/radius programming) 

W: Finishing allowance in Z direction (Δw) 

F: Machining feedrate 

S: Spindle speed 

T: Select the tool 
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The F-, S- and T-functions printed within an NC program block and specified through the 
address characters P and Q are ignored. Only the F-, S- and the T-functions specified in the 
block with G71 are effective. 

 Note 
Stock removal cycle, longitudinal axis 
 Δd as well as Δu are specified with the address character U. When the address 

characters P and Q are specified, Δ"u" is the case. 
 There are a total of four different cutting sectors. As shown in the figure below, Δ"u" and 

Δ "w" may have different signs: 

 

 Note 
Stock removal cycle, longitudinal axis 
 In the block specified through the address P the contour is defined between the points A 

and A' (G00 or G01). No traversing command can be specified in this block in the Z axis. 
The contour defined between the points A' and B must either be a constantly rising or a 
constantly falling pattern on the X axis as well as on the Z axis. 

 Within the range of the NC blocks specified with the address characters P and Q no 
subroutines can be called. 
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Type II 
Contrary to Type I, a constant rise or a constant fall need not necessarily be specified for 
Type II i.e. pockets are also possible. 

 
Figure 5-15 Pockets in case of a stock removal cycle (Type II) 

Here, the profile of the Z axis must rise or fall uniformly. For example, the following profile 
cannot be machined: 

 
Figure 5-16 A contour, which cannot be machined in a cycle G71 

Differentiation between Type I and Type II 
Type I: Only an axis is specified in the first block in the contour description. 

Type II: Two axes are specified in the first block of the contour description. 

If the first block does not contain any movement in the Z axis and actually Type II should 
have been used, then W0 must be specified. 

Example 
 
Type I Type II 
G71 U10.0 R4.0 ; 
G71 P50 Q100 .... ; 
N50 X(U)... ; 
:: 
:: 
N100.............. ;  

G71 U10.0 R4.0 ; 
G71 P50 Q100 ........ ; 
N50 X(U)... Z(W)... ; 
:: 
:: 
N100........... ; 
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Stock removal cycle, transverse axis (G72) 
With the command G72 a stock removal cycle can be programmed with finishing allowances 
on the face. As compared to the cycle called with G71, in which the machining is done 
through a movement parallel to the Z axis, in case of cycle G72 the machining is executed 
through movements parallel to the X axis. The cycle called with G72 thus executes the same 
machining as the one called with G71, but only in the other direction.  

 
Figure 5-17 Cutting path of a stock removal cycle, transverse axis 

Format 
G72 W... R... ; 

The significance of the addresses W (Δd) and R (e) is the same as that of U and R. 

G72 P... Q... U... W... F... S... T... ; 

The addresses P, Q, U (Δu), W (Δw), F, S and T have the same significance as in the cycle 
G71. 

 

 Note 
Stock removal cycle transverse axis 
 The values Δ"i" and Δ"k" or Δ"u" and Δ"w" are defined with the addresses "U" or "W" 

respectively. Their significance, however, is defined by the address characters P and Q in 
the block with G73. The address characters U and W refer to Δ"i" or Δ"k", when P and Q 
are not specified in the same block. The address characters U and W refer to Δ"u" and 
Δ"w", when P and Q are not specified in the same block. 

 There are a total of four different cutting sectors. As shown in the figure below, Δ"u" and 
Δ"w" may have different signs: 
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Figure 5-18 Signs of the numbers with U and W in the stock removal during face turning 

 Note 
Stock removal cycle transverse axis 
 The contour between the points A and A' is defined through the block specified with the 

address character P (G00 or G01). No traversing command can be specified in this block 
in the X axis. The contour defined between the points A' and B must either be a 
constantly rising or a constantly falling pattern on the X axis as well as on the Z axis. 

 The machining is executed with the cycle with the command G73 and the specification of 
P and Q. The four cutting sectors will be discussed in more detail below. Please pay 
special attention to the signs of Δu, Δw, Δk and Δi. As soon as the execution cycle has 
ended, the tool returns to the point A. 

Closed cutting cycle (G73) 
The closed cutting cycle G73 is more effective, when a workpiece is machined, which has a 
form similar to that in the finishing cut i.e. cast-iron or forged workpieces.  

(R)

A
C

 
Figure 5-19 Cutting path in the closed cutting cycle 
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Format 
G73 U... W... R... ; 

U: Distance (Δi) from the starting point to the current tool position in the direction of the X 
axis (in radius programming). 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[32], but this value is overwritten by the value of the 
program command. 

W: Distance (Δk) from the starting point to the current tool position in the direction of the Z 
axis. 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[33], but this value is overwritten by the value of the 
program command. 

R: Number of cuts parallel to the contour (d). 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[34], but this value is overwritten by the value of the 
program command. 

G73 P... Q... U... W... F... S... T... ; 

P: Starting block for determining the contour 

Q: Last block for determining the contour 

U: Finishing allowance in X direction of the X axis (Δu) (diameter -/radius programming) 

W: Finishing allowance in the direction of Z axis (Δw) 

F: Machining feedrate 

S: Spindle speed 

T: Select the tool 

The F-, S- and T-functions printed within an NC program block and specified through the 
address characters P and Q are ignored. Only the F-, S- and the T-functions specified in the 
block with G73 are effective. 

Finishing cycle (G70) 
While the roughing is executed with G71, G72 or G73, the finishing is done with the following 
command.  

Format 
G70 P... Q... ; 

P: Starting block for determining the contour 

Q: Last block for determining the contour 
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 Note 
Finishing cycle 
1. The functions specified between the blocks and defined with the address characters P 

and Q are effective in the cycle with G70, while the F-, S- and T-functions specified in the 
block with G71, G72 and G73 are not effective. 

2. The tool returns to the starting point and the next block is read, as soon as the execution 
cycle is completed with G70. 

3. Within the blocks defined with the address characters P and Q it is possible to call 
subroutines. 

Examples 

 
Figure 5-20 Stock removal cycle, longitudinal axis 

(Diameter programming, input metric) 

N010 G00 X200.0 Z220.0 

N011 X142.0 Z171.0 

N012 G71 U4.0 R1.0 

N013 G71 P014 Q020 U4.0 W2.0 F0.3 S550 

N014 G00 X40.0 F0.15 S700 

N015 G01 Z140.0 

N016 X60.0 Z110.0 

N017 Z90.0 

N018 X100.0 Z80.0 

N019 Z60.0 
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N020 X140.0 Z40.0 

N021 G70 P014 Q020 

N022 G00 X200 Z220 

 
Figure 5-21 Stock removal cycle transverse axis 

(Diameter programming, input metric) 

N010 G00 X220.0 Z190.0 

N011 G00 X162.0 Z132.0 

N012 G72 W7.0 R1.0 

N013 G72 P014 Q019 U4.0 W2.0 F0.3 

N014 G00 Z59.5 F0.15 S200 

N015 G01 X120.0 Z70.0 

N016 Z80.0 

N017 X80.0 Z90.0 

N018 Z110.0 

N019 X36.0 Z132.0 

N020 G70 P014 Q019 

N021 X220.0 Z190.0 
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Figure 5-22 Contour repetition 

(Diameter programming, input metric) 

N010 G00 X260.0 Z220.0 

N011 G00 X220.0 Z160.0 

N012 G73 U14.0 W14.0 R3 

N013 G73 P014 Q020 U4.0 W2.0 F0.3 S0180 

N014 G00 X80.0 Z120.0 

N015 G01 Z100.0 F0.15 

N017 X120 Z90.0 

N018 Z70 

N019 G02 X160.0 Z50.0 R20.0 

N020 G01 X180.0 Z40.0 F0.25 

N021 G70 P014 Q020 

N022 G00 X260.0 Z220.0 
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Multiple repetitive grooving cycles in the longitudinal axis (G74) 
In the cycle called with G74 a machining is executed parallel to the Z axis with a chip 
breakage.  

 
Figure 5-23 Cutting path in case of a deep hole drilling cycle 

Format 
G74 R... ; 

R: d), Retraction amount 

This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[29], but this value is overwritten by the value of the 
program command. 

G74 X(U)... Z(W)... P... Q... R... F...(f) ; 

X: Starting point X (absolute positional data) 

U: Starting point X (incremental positional data) 

Z: Starting point Z (absolute positional data) 

W: Starting point Z (incremental positional data) 

P: Infeed amount (Δi) in X direction (without sign) 

Q: Infeed amount (Δk) in Z direction (without sign) 

R: Retraction amount (Δd) at the groove base 

F: Feedrate 
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 Note 
Multiple repetitive grooving cycles in the longitudinal axis 
1. While "e" and Δ"d" are determined via the address R, the significance of "e" and "d" is 

determined by the specification of the address X (U). Δ"d" is always used when X(U) is 
also specified. 

2. The execution cycle is executed through the command G74 with the specification of X 
(U). 

3. If the cycle is used for drilling, the addresses X(U) and P cannot be used. 

Multiple repetitive grooving cycles in the transverse axis (G75) 
In the cycle called with G75 a machining is executed parallel to the X axis with a chip 
breakage.  

 
Figure 5-24 Cutting path in multiple repetitive grooving cycles in the transverse axis (G75) 
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Format 
G75 R... ; 

G75 X(U)... Z(W)... P... Q... R... F... ; 

The addresses have the same significance here as in the cycle G74. 

 Note 

If the cycle is used for drilling, the addresses Z(W) and Q cannot be used. 

Multiple-thread cutting cycle (G76) 
G76 calls an automatic thread-cutting cycle for cutting a cylindrical or a taper thread, in 
which the infeed takes place in a specific threaded bracket.  

 
Figure 5-25 Cutting path in case of a cycle for cutting multiple-start threads 

 
Figure 5-26 Infeed during thread cutting 
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Format 
G76 P... (m, r, a) Q... R... ; 
P: 
m: Number of finishing cuts 
This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[24], but this value is overwritten by the value of the 
program command. 
r: Size of the chamfer at the end of the thread (1/10 * thread lead) 
This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[26], but this value is overwritten by the value of the 
program command. 
a: Facet angle 
This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[25], but this value is overwritten by the value of the 
program command. 
All the parameters specified above are specified simultaneously through the address P. 
Example for an address with P: 
G76 P012055 Q4 R0.5 

 
Q: Minimum infeed depth (Δdmin), radius value 
Always when the cutting depth during a cycle operation (Δd - Δd-1) becomes less than this 
limiting value, then the cutting depth remains bound to the value specified with the address 
Q. 
This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[27], but this value is overwritten by the value of the 
program command. 
R: Finishing allowance 
This value is modal and remains effective till another value is programmed. The value can 
also be entered via USER DATA, _ZSFI[28], but this value is overwritten by the value of the 
program command. 
G76 X(U)... Z(W)... R... P... Q... F... ; 
X, U: Endpoint of thread in the direction of the X axis (Positional data for (X) absolute, for (U) 
incremental) 
Z, W: Endpoint of thread in the direction of Z axis 
R: Radius difference for a taper thread (i). i = 0 for simple cylindrical thread 
P: Thread depth (k), radius value 
Q: Infeed amount for the 1st cut (Δd), radius value 

F: Thread lead (L) 
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 Note 
Multiple-thread cutting cycle 
1. The significance of the data specified with the address characters P, Q and R is 

determined by the appearance of X (U) and Z (W). 
2. The execution cycle is executed through the command G76 with the specification of X (U) 

and Z (W). While using this cycle a "single cut" is performed and the load on the tool tip is 
reduced. 
– The amount of cutting per cycle is kept constant by assignment to the respective 

cutting depth. Δd on the first path and Δdn on the nth path. Corresponding to the 
respective sign of the address character, four symmetric sections are considered here.

3. The same instructions as for thread cutting with G32 or for the thread cutting cycle with 
G76 are applicable here. 

Examples 

 
Figure 5-27 Cycle for cutting threads (G76) 
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 Note 
Supplementary conditions 
1. In the MDA mode the commands G70, G71, G72 or G73 are not permitted; else an alarm 

14011 is output. However, G74, G75 and G76 can be used in the MDA mode. 
2. In the blocks with G70, G71, G72 or G73 as well as the sequence numbers specified 

through the addresses P and Q the programming of M98 (subroutine call) and M99 (end 
of subroutine) is not permitted. 

3. The following commands cannot be programmed in blocks having the sequence numbers 
specified through the address characters P and Q: 
– one shot G functions (with the exception of G04 dwell time) 
– G functions of the G group 01 (except G00, G01, G02 and G03) 
– G functions of the G group 06 
– M98/M99 

4. The programming should not be done in such a way that the final movement of the 
contour definition for G70, G71, G72 and G73 is concluded with a chamfering or corner 
rounding. Otherwise, an error message is output. 

5. In the cycles with G74, G75 and G76 the addresses P and Q use the smallest input 
increment for specifying the traverse path and the cutting depth. 

6. In the cycles G71, G72, G73, G74, G75, G76 and G78 no tool nose radius compensation 
may be performed. 
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5.1.3 Drilling cycle (G80 to G89) 
With fixed cycles for hole-machining (G80 to G89) specific movements can be programmed 
for machining the drill holes, which normally require several command frames made of 
several single-block commands. The program called with the fixed cycle can be deselected 
again with G80.   

The G functions used for calling the fixed cycles G80 to G89 are the same for all G code 
systems. 

G functions for calling fixed cycles, axis motion pattern of fixed cycles 
The G functions used for calling a fixed cycle are given in the table below. 

Table 5- 3 Drilling cycles 

G code Drilling (- direction) Machining at the 
bottom of a hole 

Retraction (+ 
direction) 

Applications 

G80 - - - Deselection 
G83 interrupted cutting 

feedrate 
- Rapid traverse Deep hole drilling 

front face 
G84 Cutting feed Dwell time -> left 

spindle run 
Cutting feed Tapping front face 

G85 Cutting feed Dwell time Cutting feed Drilling front face 
G87 interrupted cutting 

feedrate 
Dwell time Rapid traverse Deep hole drilling 

side surface 
G88 Cutting feed Dwell time -> left 

spindle run 
Cutting feed Tapping side 

surface 
G89 Cutting feed Dwell time Cutting feed Drilling side surface 

Explanations 
When using the fixed cycles, the sequence of operation is generally as described below: 

● 1. Working cycle 

Positioning the X, (Z) and C axis 

● 2. Working cycle 

Rapid traversing movement to plane R 

● 3. Working cycle 

Drilling 

● 4. Working cycle 

Machining on drilling base 

● 5. Working cycle 

Retraction till plane R 

● 6. Working cycle 

Rapid retraction to positioning plane 
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Figure 5-28 Sequence of the working cycles in the drilling cycle 

Explanations: Positioning and drilling axis 
As shown below, the positioning axis as well as the drilling axis are determined for the 
drilling through a G function. Thus the C axis and the X or the Z axis correspond to the 
positioning axis. The drilling axis is mapped through the X or the Z axis: These axes are not 
used as the positioning axis. 

Table 5- 4 Positioning plane with the corresponding drilling axis 

G function Positioning plane Drilling axis 
G83, G84, G85 X axis, C axis Z axis 
G87, G88, G89 Z axis, C axis X axis 

G83 and G87, G84 and G88 as well as G85 and G89 have the same working cycle 
sequence except for the drilling axis. 

Drilling mode 
The G functions (G83-G85, G87-89) are modal and remain active till they are deselected 
again. As long as these G functions are selected, the drilling mode remains active. The data 
is retained till the drilling data in the drilling cycle is modified or deselected. 

All the necessary drilling data must be specified at the start of a fixed cycle. Data may only 
be modified during the execution of a fixed cycle. 

Repeat 
If you wish to make several drilled holes equally spaced, you can specify the number of 
repetitions in the parameter "K". "K" is effective only in the block, in which it is specified. 

The drilling data are stored; however, no drilling is done when K0 is programmed. 
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Deselection 
For deselecting a fixed cycle either G80 is used or a function of the G group 01 (G00, G01, 
G02, G03). 

Symbols and figures 
Given below is an explanation of the individual fixed cycles. These symbols are used in the 
following figures: 

 
Figure 5-29 Symbols and figures 

CAUTION  
In all fixed cycles the address character R (distance "initial plane - point R") is treated as 
radius. 

However, Z or X (Distance "point R - bottom of a hole) is always treated as diameter or 
radius, depending upon the type of programming. 

Deep hole drilling cycle (G83)/Side deep hole drilling cycle (G87) 
Whether a deep hole drilling cycle (chip removal) or a high-speed deep hole drilling cycle 
(chip breaking) is executed, depends on the setting USER DATA, _ZSFI[20].    

If no infeed is specified for the drilling cycle, a normal drilling cycle is executed. 

High-speed deep hole drilling cycle (G83, G87) (USER DATA, _ZSFI[20]=0) 
In case of the high-speed deep hole drilling cycle, the drill repeats the infeed with the cutting 
feedrate. This is retracted by a certain amount till the tool has reached the bottom of a hole.   
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Format 
G83 X(U)... C(H)... Z(W)... R... Q... P... F... M... ; 

or 

G87 Z(W)... C(H)... X(U)... R... Q... P... F... M... ; 

X, C or Z, C: Position of the hole 

Z or X: Distance from the point R to the bottom of the hole 

R_: Distance from the initial plane to the plane R 

Q_: Infeed 

P_: Dwell time at the bottom of a hole 

F_: Cutting feedrate 

K_: Number of repetitions (if required) 

M_: M function for locking the C axis (if needed) 

 
Figure 5-30 Cycle "high-speed deep hole drilling" 

Mα: M function for locking the C axis 

M(α+1): M function for releasing the C axis 

P1: Dwell time (Program) 

P2: Specification of the dwell time in USER DATA, _ZSFR[22] 

d: Specification of the retraction amount in USER DATA, _ZSFR[21] 
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Deep hole drilling cycle (G83, G87) (USER DATA, _ZSFI[20]=1) 
In case of the deep hole drilling cycle, the drill repeats the infeed with the cutting feedrate. 
This is retracted to the plane R till the tool has reached the bottom of a hole.   

Format 
G83 X(U)... C(H)... Z(W)... R... Q... P... F... M... K... ; 

or 

G87 Z(W)... C(H)... X(U)... R... Q... P... F... M... K... ; 

X, C or Z, C: Position of the hole 

Z or X: Distance from the point R to the bottom of the hole 

R_: Distance from the initial plane to the plane R 

Q_: Infeed 

P_: Dwell time at the bottom of a hole 

F_: Cutting feedrate 

K_: Number of repetitions (if required) 

M_: M function for locking the C axis (if needed) 

 
Figure 5-31 Deep hole drilling cycle 

Mα: M function for locking the C axis 

M(α+1): M function for releasing the C axis 

P1: Dwell time (Program) 

P2: Specification of the dwell time in USER DATA, _ZSFR[22] 

d: Specification of the retraction amount in USER DATA, _ZSFR[21] 
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Example 
 
M3 S2500 ;Rotate the drilling tool 

G00 X100.0 C0.0 ;Positioning X and C axis 

G83 Z-35.0 R-5.0 Q5000 F5.0 ;Machining of hole 1 

C90.0 ;Machining of hole 2 

C180.0 ;Machining of hole 3 

C270.0 ;Machining of hole 4 

G80 M05 ;Deselection of the cycle and 
;Stopping of the drilling tool 

Drilling cycle (G83 or G87) 
If no value is programmed for the infeed (Q), then a normal drilling cycle is executed. In this 
case the tool is retracted from the bottom of a hole with rapid transverse.   

Format 
G83 X(U)... C(H)... Z(W)... R... P... F... M... K... ; 

or 

G87 Z(W)... C(H)... X(U)... R... P... F... M... K... ; 

X, C or Z, C: Position of the hole 

Z or X: Distance from the point R to the bottom of the hole 

R_: Distance from the initial plane to the plane R 

P_: Dwell time at the bottom of a hole 

F_: Cutting feedrate 

K_: Number of repetitions (if required) 

M_: M function for locking the C axis (if needed) 
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Mα: M function for locking the C axis 

M(α+1): M function for releasing the C axis 

P1: Dwell time (Program) 

P2: Specification of the dwell time in USER DATA, _ZSFR[22] 

Example 
 
M3 S2500 ;Rotate the drilling tool 

G00 X100.0 C0.0 ;Positioning X and C axis 

G83 Z-35.0 R-5.0 P500 F5.0 ;Machining of hole 1 

C90.0 ;Machining of hole 2 

C180.0 ;Machining of hole 3 

C270.0 ;Machining of hole 4 

G80 M05 ;Deselection of the cycle and 
;Stopping of the drilling tool 

After the programmed cutting depth has been reached for each cutting feedrate Q, the 
retraction is made to the reference plane R with rapid traverse. The approach motion for a 
new cut is also done again with rapid traverse, and that too by the path (d), which can be set 
in USER DATA, _ZSFR[10]. The path d and the cutting depth for each cutting feedrate Q is 
traversed with cutting feedrate. Q is to be specified incrementally without sign. 

 

 Note 

If _ZSFR[10] 
 > 0 = value is used for the derivative path "d" (minimum path 0.001) 
 = 0 The limit point distance d is calculated internally in the cycles as follows: 

– If the drilling depth is 30 mm, then the value for the derivative path is always 0.6 mm. 
– For higher drilling depths the formula drilling depth/50 is used (maximum value 7 mm).

Tapping cycle front face (G84), side surface (G88) 
In this cycle the direction of rotation of the spindle at the bottom of a hole is reversed.      

Format 
G84 X(U)... C(H)... Z(W)... R... P... F... M... K... ; 

or 

G88 Z(W)... C(H)... X(U)... R... P... F... M... K... ; 

X, C or Z, C: Position of the hole 

Z or X: Distance from the point R to the bottom of the hole 

R_: Distance from the initial plane to the plane R 

P_: Dwell time at the bottom of a hole 

F_: Cutting feedrate 
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K_: Number of repetitions (if required) 

M_: M function for locking the C axis (if needed) 

 
P2: Specification of the dwell time in USER DATA, _ZSFR[22] 

Explanations 
During tapping the spindle rotates in clockwise direction in the direction of the bottom of a 
hole; thereafter, the direction of rotation is reversed for the return. The cycle is continued till 
the tool has been retracted completely. 

Example 
 
M3 S2500 ;Rotate the tapping tool 

G00 X100.0 C0.0 ;Positioning X and C axis 

G84 Z-35.0 R-5.0 P500 F5.0 ;Machining of hole 1 

C90.0 ;Machining of hole 2 

C180.0 ;Machining of hole 3 

C270.0 ;Machining of hole 4 

G80 M05 ;Deselection of the cycle and 
;Stopping of the drilling tool 
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Drilling cycle front face (G85), side surface (G89) 
Format 
G85 X(U)... C(H)... Z(W)... R... P... F... K... M... ;      
or 
G89 Z(W)... C(H)... X(U)... R... P... F... K... M... ; 
X, C or Z, C: Position of the hole 
Z or X: Distance from the point R to the bottom of the hole 
R: Distance from the initial plane to the plane R 
P: Dwell time at the bottom of a hole 
F: Cutting feedrate 
K: Number of repetitions (if required) 
M: M function for locking the C axis (if needed) 

 
P2: Specification of the dwell time in USER DATA, _ZSFR[22] 

Explanations 
After the positioning at the bottom of a hole a traversing movement takes place to point R 
with rapid traverse. Thereafter, drilling is done from point R to point Z, and a return is done to 
point R. 

Example 
M3 S2500 ;Rotate the drilling tool 

G00 X50.0 C0.0 ;Positioning X and C axis 

G85 Z-40.0 R-5.0 P500 M31 ;Machining of hole 1 

C90.0 M31 ;Machining of hole 2 

C180.0 M31 ;Machining of hole 3 

C270.0 M31 ;Machining of hole 4 

G80 M05 ;Deselection of the cycle and 
;Stopping of the drilling tool 
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Deselection of the fixed cycle for drilling (G80) 
Fixed cycles can be deselected with G80. 

Format 
G80; 

Explanations 
The fixed cycle for drilling is deselected, and a transition is made to the normal operation 
again. 

5.2 Programmable data input 

5.2.1 Changing the tool offset value (G10) 
With the command "G10 P ⋅⋅⋅ X(U) ⋅⋅⋅ Y(V) ⋅⋅⋅ Z(W) ⋅⋅⋅ R(C) ⋅⋅⋅ Q ;" the available tool offsets 
can be overwritten. However, it is not possible to create new tool offsets. 

Table 5- 5 Description of the addresses 

Address Description 
P Tool offset number (see explanation below) 
X 
Y 
Z 

Tool offset for the X axis (absolute, incremental) 
Tool offset for the X axis (absolute, incremental) 
Tool offset for the Z axis (absolute, incremental) 

U 
V 
W 

Tool offset for the X axis (incremental) 
Tool offset for the X axis (incremental) 
Tool offset for the Z axis (incremental) 

R Tool nose radius compensation (absolute) 
C Tool nose radius compensation (incremental) 
Q Length of cutting edge 
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Address character P 
With the address character P, the tool compensation number is specified and at the same 
time also, whether the offset value is to be modified for the tool geometry or for the wear. 
The value specified with the address character P depends on the setting in MD 
$MC_EXTERN_FUNCTION_MASK, bit 1: 

$MC_EXTERN_FUNCTION_MASK, Bit1 = 0 

P1 to P99: Writing of tool wear 

P100 + (1 to 1500): Writing the tool geometry 

$MC_EXTERN_FUNCTION_MASK, Bit1 = 1 

P1 to P9999: Writing of tool wear 

P10000 + (1 to 1500): Writing the tool geometry 

 

Write work offsets 
With the commands "G10 P00 X (U) ... Z (W) ... C (H) ... ;" the work offsets can be written 
and updated in a part program. The offset values remain unchanged for the non-
programmed axes. 

X, Z, C: Absolute or incremental (for G91) amount of offset in the workpiece coordinate 
system 

U, W, H: Incremental amount of offset in the workpiece coordinate system 
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5.2.2 M function for calling subroutines (M98, M99) 
This function can be used if subroutines are stored in the part program memory. Subroutines 
that are registered in the memory and whose program numbers are assigned can be called 
and executed any number of times. 

Commands 
The following M functions are used to call the subroutines. 

Table 5- 6 M functions for calling subroutines 

M function Function 
M98 Subprogram call 
M99 End of subroutine 

Subroutine call (M98) 
● M98 Pnnnnmmmm 

m: Program no. (max. 4 digits) 
n: No. of repetitions (max. 4 digits) 

Before using program M98 Pnnnnmmmm to call a program, name the program correctly, 
that is, add the program number always to 4 digits with 0. 

● If for example, M98 P21 is programmed, the part program memory is browsed by 
program name 21.mpf and the subroutine is executed once. To call the subroutine three 
times, one must program M98 P30021. An alarm is output if the specified program no. is 
not found. 

● A nesting of subroutines is possible, up to 16 subroutines are allowed. An alarm is output 
if more subroutine levels are assigned than is allowed. 

End of subroutine (M99) 
A subroutine is ended with the command M99 Pxxxx and program processing is continued in 
Block No. Nxxxx. The control system first searches forward for the block number (from the 
subroutine call up to the end of the program). If no matching block number is found, the part 
program is eventually searched in the reverse direction (in the direction of the part start of 
program). 

If M99 is without a block number (Pxxxx) in a main program, the control goes to the start of 
the main program and the main program is processed afresh. In case of M99 with navigation 
to the block number in the main program (M99xxxx), the block number is always searched 
from the start of program. 
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5.3 Eight-digit program number 
An eight-digit program number selection is activated with the machine data 20734 
$MC_EXTERN_FUNCTION_MASK, Bit 6=1. This function affects M98, G65/66 and M96. 

y: Number of program runs 

x: Program number 

Subprogram call 
$MC_EXTERN_FUNCTION_MASK, Bit 6 = 0 

M98 Pyyyyxxxx or 

M98 Pxxxx Lyyyy 

Max. four-digit program number 

Addition of program number always to 4 digits with 0 

Example: 

M98 P20012: calls 0012.mpf 2 flows 

M98 P123 L2: calls 0123.mpf 2 flows 

$MC_EXTERN_FUNCTION_MASK, Bit 6 = 1 

M98 Pxxxxxxxx Lyyyy 

There is no extension with 0, even if the program number has less than 4 digits. 

The programming of number of passes and program number in P (Pyyyyxxxxx) is not 
possible; the number of passes must always be programmed with L! 

Example: 

M98 P123: calls 123.mpf 1 Pass 

M98 P20012: calls 20012.mpf 1 Pass 

Caution: This is no longer compatible with ISO dialect original 

M98 P12345 L2: calls 12345.mpf 2 Passes 

Modal and blockwise Macro G65/G66 
$MC_EXTERN_FUNCTION_MASK, Bit 6 = 0 

G65 Pxxxx Lyyyy 

Addition of program number to 4 digits with 0. Program number with more than 4 digits leads 
to an alarm. 

$MC_EXTERN_FUNCTION_MASK, Bit 6 = 1 

G65 Pxxxx Lyyyy 

There is no extension with 0, even if the program number has less than 4 digits. A program 
number with more than 8 digits leads to an alarm. 
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Interrupt M96 
$MC_EXTERN_FUNCTION_MASK, Bit6 = 0 

M96 Pxxxx 

Addition of program number always to 4 digits with 0 

$MC_EXTERN_FUNCTION_MASK, Bit6 = 1 

M96 Pxxxx 

There is no extension with 0, even if the program number has less than 4 digits. A program 
number with more than 8 digits leads to an alarm. 

5.4 Measuring functions 

5.4.1 Rapid lift with G10.6 
A retraction position for the rapid lifting of a tool can be activated with G10.6 <Axis position> 
(e.g., in case of tool breakage). The retraction motion itself is started with a digital signal. 
The 2nd rapid input of NC is used as the start signal. 
Another rapid input (1-3) can also be selected with machine data 10820 
$MN_EXTERN_INTERRUPT_NUM_RETRAC (1 - 3).    

The interrupt program (ASUP) CYCLE3106.spf must always be available for the rapid 
retraction with G10.6. If the CYCLE3106.spf is not available in the part program memory, the 
Alarm 14011 "Program CYCLE3106 not available or not released for processing" is output 
with G10.6 in a part program block. 

The response of the control system after the rapid retraction is defined in ASUP 
CYCLE3106.spf. If the axes and the spindle are stopped after the rapid retraction, M0 and 
M5 must be programmed in CYCLE3106.spf. If CYCLE3106.spf is a dummy program that 
contains only M17, the part program is continued without any interruption after the rapid 
retraction. 

If the rapid retraction is activated with the programming G10.6 <Axis position>, then the 
change in the input signal of the 2nd NC rapid input from 0 to 1 aborts the current movement 
and the position programmed in the G10.6 block is moved at rapid traverse. Here, the 
positions are approached as absolute or incremental, as programmed in the G10.6 block. 

The function is deactivated with G10.6 (without position specification). Rapid retraction via 
the input signal of the 2nd rapid NC input is blocked. 

Restrictions 
Only one axis can be programmed for rapid retraction. 
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5.4.2 Delete measuring with distance-to-go (G31) 
With "G31 X... Y... Z... F... ;" the measuring with "delete distance-to-go" is possible. If the 
measuring input of the 1st probe is present during the linear interpolation, the linear 
interpolation is interrupted and the distance-to-go of the axes is deleted. The program is 
continued with the next block. 

Format 
G31 X... Y... Z... F_; 

G31: non-modal G function (active only in the block in which it is programmed) 

PLC signal "measuring input = 1" 
With the increasing edge of the measuring input 1, the current axis positions are stored in 
the axial system parameters or $AA_MM[<Axis>] $AA_MW[<Axis>]. These parameters can 
be read in the Siemens mode. 

 
$AA_MW[X] Saving the coordinate values for the X axis in the workpiece coordinate 

system 
$AA_MW[Z] Saving the coordinate values for the Z axis in the workpiece coordinate 

system 
$AA_MM[X] Saving the coordinate values for the X axis in the machine coordinate system 
$AA_MM[Z] Saving the coordinate values for the Z axis in the machine coordinate system 

 
 Note 

If G31 is activated, while the measuring signal is still active, the alarm 21700 is output. 

Program continuation after the measuring signal 
If in the next block incremental axis positions are programmed, then these axis positions 
refer to the measuring point. That is, the reference point for the incremental position is the 
axis position, at which the distance-to-go deletion is executed through the measuring signal. 

If the axis positions are programmed absolute in the next block, then the programmed 
positions are traversed. 

 
Figure 5-32 Programming example 
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5.4.3 Measuring with G31, P1 - P4 
The function G31 P1 (.. P4) is different from G31 in that different inputs for the measuring 
signal can be selected with P1 to P4. Several inputs can also be monitored on a rising edge 
of a measuring signal simultaneously. The assignment of the inputs to the addresses P1 to 
P4 is defined through machine data. 

Format 
G31 X... Y... Z... F... P... ; 

X, Y, Z: End point 

F...: Feedrate 

P...: P1 - P4 

Explanation 
The digital inputs are assigned to the Addresses P1 to P4 via machine data as follows: 

P1: $MN_EXTERN_MEAS_G31_P_SIGNAL[0] 

P2: $MN_EXTERN_MEAS_G31_P_SIGNAL[1] 

P3: $MN_EXTERN_MEAS_G31_P_SIGNAL[2] 

P4: $MN_EXTERN_MEAS_G31_P_SIGNAL[3] 

Explanations for selection (P1, P2, P3 or P4) can be found in the documentation of your 
machine manufacturer. 

5.4.4 Interrupt program with M96/M97 (ASUP) 

M96 
With M96 P<program number> a subroutine can be defined as an interrupt routine.     

The start of this program is triggered by an external signal. For starting the interrupt routine 
always the 1st rapid NC input is used from the 8 inputs available in the Siemens mode. With 
the machine data 10818 $MN_EXTERN_INTERRUPT_NUM_ASUP another rapid input (1-3) 
can also be selected. 

Format 
 
M96 Pxxxx ;Activation of program interruption 
M97 ;Deactivation of program interruption 

With that, the shell cycle CYCLE396 is called first when the interrupt is triggered and this 
calls the interrupt program programmed with Pxxxx in the ISO mode. At the end of the shell 
cycle the machine data 10808 $MN_EXTERN_INTERRUPT_BITS_M96, bit 1 is evaluated 
and positioned with REPOS on the interruption point or continued with the next block. 
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M97 
The start of the interrupt routine is suppressed with M97. Only after the next activation with 
M96 the interrupt routine can be started with the external signal. 

In case the interrupt program programmed with M96 Pxx is to be called directly with the 
interrupt signal (without the intermediate step with CYCLE396), then the machine data 
20734 $MC_EXTERN_FUNCTION_MASK bit 10 must be zero. The subroutine programmed 
with Pxx is then called in the Siemens mode upon a signal change from 0 -> 1. 

The M function numbers for the interrupt function are set via the machine data. With the 
10804 $MN_EXTERN_M_NO_SET_INT the M number is defined for activating an interrupt 
routine, the machine data 10806 $MN_EXTERN_M_NO_DISABLE_INT defines the M 
number for suppressing an interrupt routine. 

Only such M functions may be used, which are not reserved for the standard M functions. 
The default setting for the M functions is M96 and M97. In order to activate the functions, bit 
0 must be set in the machine data 10808 $MN_EXTERN_INTERRUPT_BITS_M96. The M 
functions are then not output to the PLC. If the bit 0 is not set, the M functions are then 
interpreted as normal auxiliary functions. 

After the end of the interrupt program, the execution leads, by default, to the end position of 
the part program block following the interruption program. If the part program is to be 
executed further from the interruption point, an REPOS instruction must be present at the 
end of the interrupt program e.g. REPOSA. For this, the interrupt program must be written in 
the Siemens mode. 

The M functions for activating and deactivating an interrupt program must be present alone 
in the block. If other addresses, except "M" and "P", are programmed in the block, the alarm 
12080 (syntax error) is output. 

Machine data 
The behavior of the function interrupt program can be determined with the following machine 
data: 

MD10808 $MN_EXTERN_INTERRUPT_BITS_M96: 

● Bit 0 = 0 

No interrupt program possible, M96/M97 are normal M functions. 

● Bit 0 = 1 

Activation of an interrupt program allowed with M96/M97. 

● Bit 1 = 0 

The part program is processed further with the end position of the next block after the 
interruption block (REPOSL RME). 

● Bit 1 = 1 

The part program is continued after the position of interruption. 

(REPOSL RME) 

● Bit 2 = 0 

The interrupt signal interrupts the current block and starts the interrupt routine. 



 Additional functions 
 5.4 Measuring functions 

Turning   Part 3: Programming (ISO dialects) 
Programming and Operating Manual, 12/2012, 6FC5398-5DP10-0BA0 99 

● Bit 2 = 1 

The interrupt routine is started only at the end of the block. 

● Bit 3 = 0 

Upon the occurrence of an interrupt signal the execution cycle is interrupted immediately. 

● Bit 3 = 1 

The interrupt program is started only at the end of the execution cycle (evaluation in the 
shell cycle). 

Bit 3 is evaluated in the shell cycle and the cycle sequence is adapted accordingly. 

Bit 1 is evaluated in the shell cycle CYCLE396. 

In case the interrupt program is not called via the shell cycle CYCLE396 
($MC_EXTERN_FUNCTION_MASK, bit 10 =1), bit 1 must be evaluated; if bit 1 = TRUE, a 
positioning must be made with REPOSL RMI on the interruption point, else positioning must 
be made with REPOSL RME on the block end point. 

Example: 

 
N100 M96 P1234 ;activate ASUP 1234.spf. In the case of a rising edge of 

;1. rapid input, the program 

;1234.spf is started 

"  

"  

N3000 M97 ;Deactivation of the ASUP 

Before the call of the interrupt program no rapid lift (LIFTFAST) is performed. With the 
increasing edge of the interrupt signal, depending on MD10808 
$MN_EXTERN_INTERRUPT_BITS_M96, the interrupt program is started immediately. 

Restrictions 
The interrupt routine is treated like a normal subroutine. This means that at least one 
subroutine level must be free, in order to execute the interrupt routine. (16 program levels 
are available plus 2 levels, which are reserved for ASUP, interrupt programs). 

The interrupt routine is started only in case of an edge change of the interrupt signal from 0 
to 1. If the interrupt signal remains permanently at 1, the interrupt routine is then no longer 
restarted. 
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5.5 Macro programs 
Macros comprise of several part program blocks and are completed with M99. In principle, 
macros are subroutines, which are called with G65 Pxx or G66 Pxx in the part program.  

Macros called with G65 are non-modal. Macros called with G66 are modal and are 
deselected again with G67. 

5.5.1 Differences with subroutines 
Along with the call for macro programs (G65, G66) parameters can be specified, which can 
be evaluated in macro programs. On the other hand, no parameters can be specified in the 
subroutine calls (M98). 

5.5.2 Macro program call (G65, G66, G67) 
Macro programs are generally executed immediately after their call.    

The procedure of calling a macro program is described in the following table. 

Table 5- 7 Format for calling a macro program 

Call method Command code Remarks 
Simple call G65  
Modal call (a) G66 Deselection through G67 

Simple call (G65): 
Format 

G65 P_ L_ ;   

A macro program to which a program number was assigned with "P" is called and executed 
"L" times by specifying "G65 P ... L... <Argument>; ". 

The required parameters must be programmed in the same block (with G65). 

Explanation 
In a part program block containing G65 or G66, the address Pxx is interpreted as program 
number of the subroutine in which the macro functionality is programmed. The number of 
passes of the macro can be defined with the address Lxx. All other addresses in this part 
program block are interpreted as transfer parameters and their programmed values are 
stored in the system variables $C_A to $C_Z. These system variables can be read in the 
subroutine and evaluated for the macro functionality. If other macros with parameter transfer 
are called in a macro (subroutine), then the transfer parameters in the subroutine must be 
saved in internal variable before the new macro call. 
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To enable internal variable definitions, one must switch automatically to the Siemens mode 
during macro call. One can do this by inserting the instruction PROC<Program name> in the 
first line of the macro program. If another macro call is programmed in the subroutine, then 
the ISO-dialect-mode must be reselected in advance. 

Table 5- 8 The P and L command 

Address Description Number of digits 
P Program number 4 to 8 digits 
L Number of repetitions  

System variables for the addresses I, J, K 
As the addresses I, J, and K can be programmed up to 10 times in a block containing macro 
call, the system variables of these addresses must be accessed with an array index. The 
syntax of these three system variables thus is $C_I[..], $C_J[..], $C_K[..]. The values remain 
in the programmed sequence in the array. The number of I, J, K addresses programmed in 
the block is given in the variables $C_I_NUM, $C_J_NUM, $C_K_NUM. 

The transfer parameters I, J, K for macro calls are treated in each case as one block even if 
the individual addresses are not programmed. If a parameter is reprogrammed, or a 
following parameter based on the I, J, K sequence was programmed, it belongs to the next 
block. 

The system variables $C_I_ORDER, $C_J_ORDER, $C_K_ORDER are set to detect the 
programming sequence in the ISO mode. These are identical arrays of $C_I, $C_K and they 
contain the associated numbers of the parameters. 

 

 Note 

The transfer parameters can be read only in the subroutine in the Siemens mode. 
 

Example: 

N5 I10 J10 K30 J22 K55 I44 K33 

  Block1  Block2  Block3 

$C_I[0]=10 

$C_I[1]=44 

$C_I_ORDER[0]=1 

$C_I_ORDER[1]=3 

 

$C_J[0]=10 

$C_J[1]=22 

$C_J_ORDER[0]=1 

$C_J_ORDER[1]=2 
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$C_K[0]=30 

$C_K[1]=55 

$C_K[2]=33 

$C_K_ORDER[0]=1 

$C_K_ORDER[1]=2 

$C_K_ORDER[2]=3 
 

 Note 

$C_I[0] is a DIN code. To use this code in the ISO mode, machine data 20734 

$MC_EXTERN_FUNCTION_MASK, Bit 3=1 must be set, with the default value being 800H. 

Cycle parameter $C_x_PROG 
In the ISO-dialect-0 mode, the programmed values can be evaluated in different ways, 
depending on the programming method (integer or actual value). The different evaluation is 
activated through a machine data. 

If the MD is set, the control system responds as in the following example: 

X100 ; X axis is traversed by 100 mm (100. with point) => actual value 

Y200 ; Y-axis is traversed by 0.2 mm (200 without point) => integer value 

If the addresses programmed in the block are used as transfer parameters of cycles, then 
the programmed values always exist as real values in the $C_x variables. For integer values, 
one cannot take recourse to the programming method (real/integer) in the cycles any more, 
and therefore there is no evaluation of the programmed values with the correct conversion 
factor. 

There are two system variables $C_TYP_PROG. $C_TYP_PROG for information as to 
whether REAL or INTEGER programming was undertaken. The structure is the same as that 
of $C_ALL_PROG and $C_INC_PROG. If the value is programmed as INTEGER, then Bit is 
set to 0, for REAL it is set to 1. If the value is programmed over a variable $<Number>, then 
the corresponding bit is also set to 1. 

Example: 

P1234 A100. X100 -> $C_TYP_PROG == 1. 

Only Bit 0 is present, because only A was programmed as REAL. 

P1234 A100. C20. X100 -> $C_TYP_PROG == 5. 

Bit 1 and Bit 3 (A and C) are present. 

Restrictions: 

A maximum of ten I, J, K parameters can be programmed in each block. Only one bit each is 
provided for I, J, K in the variable $C_TYP_PROG. Hence in $C_TYP_PROG the 
corresponding bit for I, J and K is always set to 0. Therefore it cannot be derived whether I, J 
or K is programmed as REAL or as INTEGER. 
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Modal call (G66, G67) 
A modal macro program is called with G66. The specified macro program is executed only if 
the specified conditions are fulfilled.   

● The modal macro program is activated on specifying "G66 P... L... <Parameters>;". The 
transfer parameters are handled as in G65. 

● G66 is deselected by G67. 

Table 5- 9 Modal call conditions 

Call conditions Function for mode 
selection 

Function for mode 
deselection 

after executing a traversing command G66 G67 

Specification of a parameter 
The transfer parameters are defined by programming an Address A - Z. 

Interrelation between address- and system variables 

Table 5- 10 Interrelation between addresses and variables and addresses that can be used to call 
commands 

Interrelation between addresses and variables 
Address System variable 
A $C_A 
B $C_B 
C $C_C 
D $C_D 
E $C_E 
F $C_F 
H $C_H 
I $C_I[0] 
J $C_J[0] 
K $C_K[0] 
M $C_M 
Q $C_Q 
R $C_R 
S $C_S 
T $C_T 
U $C_U 
V $C_V 
W $C_W 
X $C_X 
Y $C_Y 
Z $C_Z 
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Interrelation between address- and system variables 
To be able to use I, J and K, these must be specified in the I, J, K sequence. 

As the I, J and K addresses in a block containing a macro call can be programmed up to 10 
times, access to the system variables within the macro program for these addresses must 
take place with an index. The syntax of these three system variables thus is $C_I[..], $C_J[..], 
$C_K[..]. The corresponding values are saved in the matrix in the sequence in which they 
were programmed. The number of I, J, K addresses programmed in the block is saved in the 
variables $C_I_NUM, $C_J_NUM and $C_K_NUM. 

Unlike for the remaining variables, one index must always be specified while reading the 
three variables. The index "0" is always used for cycle calls (e.g. G81), for example, N100 
R10 = $C_I[0] 

Table 5- 11 Interrelation between addresses and variables and addresses that can be used to call 
commands 

Interrelation between addresses and variables 
Address System variable 
A $C_A 
B $C_B 
C $C_C 
I1 $C_I[0] 
J1 $C_J[0] 
K1 $C_K[0] 
I2 $C_I[1] 
J2 $C_J[1] 
K2 $C_K[1] 
I3 $C_I[2] 
J3 $C_J[2] 
K3 $C_K[2] 
I4 $C_I[3] 
J4 $C_J[3] 
K4 $C_K[3] 
I5 $C_I[4] 
J5 $C_J[4] 
K5 $C_K[4] 
I6 $C_I[5] 
J6 $C_J[5] 
K6 $C_K[5] 
I7 $C_I[6] 
J7 $C_J[6] 
K7 $C_K[6] 
I8 $C_I[7] 
J8 $C_J[7] 
K8 $C_K[7] 
I9 $C_I[8] 
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Interrelation between addresses and variables 
J9 $C_J[8] 
K9 $C_K[8] 
I10 $C_I[9] 
J10 $C_J[9] 
K10 $C_K[9] 

 
 Note 

If more than one block of I, J or K addresses are specified, then the sequence of the 
addresses for each block of I/J/K is determined in such a way that the numbers of the 
variables are defined according to their sequence. 

Example of entering a parameter 
The value of the parameter contains a sign and a decimal point, independently of the 
address. 

The value of the parameters is always saved as actual value. 

 
Figure 5-33 Example of entering an argument 

Execution of macro programs in the Siemens and ISO modes 
A called macro program can be called either in the Siemens mode or in the ISO mode. The 
language mode in which the program is executed is defined in the first block of the macro 
program. 

If a PROC <Program name> instruction exists in the first block of a macro program, then an 
automatic changeover to the Siemens mode is conducted. If this instruction is missing, the 
processing is done in the ISO mode. 

The transfer parameters can be saved in local variables by executing a program in the 
Siemens mode. In the ISO mode however, it is not possible to store transfer parameters in 
local variables. 

To read transfer parameters in a macro program executed in the ISO mode, one must first 
change over to the Siemens mode with the G290 command. 
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Examples 
Main program with macro call: 

_N_M10_MPF: 

N10 M3 S1000 F1000 

N20 X100 Y50 Z33 

N30 G65 P10 F55 X150 Y100 S2000 

N40 X50 

N50 .... 

N200 M30 

Tool Macro program in the Siemens mode: 

_N_0010_SPF: 

PROC 0010 ; Changeover to the Siemens mode 

N10 DEF REAL X_AXIS ,Y_AXIS, S_SPEED, FEED 

N15 X_AXIS = $C_X Y_AXIS = $C_Y S_SPEED = $C_S FEED = $C_F 

N20 G01 F=FEED G99 S=S_SPEED 

... 

N80 M17 

Macro program in the ISO mode: 

_N_0010_SPF: 

G290; Changeover to the Siemens mode, 

    ; to read the transfer parameters 

N15 X_AXIS = $C_X Y_AXIS = $C_Y S_SPEED = $C_S FEED = $C_F 

N20 G01 F=$C_F G99 S=$C_S 

N10 G1 X=$C_X Y=$C_Y 

G291; Changeover to the ISO mode, 

N15 M3 G54 T1 

N20 

... 

N80 M99 
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5.6 Special functions 

5.6.1 G05 
The command G05 can call any subroutine, similar to the subroutine call "M98 Pxx". In order 
to accelerate the processing of the program, the subroutine called with G05 can be pre-
compiled.  

Format 
G05 Pxxxxx Lxxx ; 

Pxxxxx: Number of the calling program 

Lxxx: Number of repetitions 

(If "Lxxx" is not specified, L1 is applicable automatically.) 

Example 
G05 P10123 L3 ; 

With this block the program 10123.mpf is called and executed thrice. 

Restrictions 
● Upon the call of a subroutine with G05 no switchover to the Siemens mode is made. The 

command G05 has the same effect as a subroutine call with "M98 P_". 

● Blocks, which contain G05 without the address character P, are ignored and no alarm is 
output. 

● Blocks with G05.1 - regardless of whether with or without the address character P - as 
well as blocks with G05 P0 or G05 P01, are also ignored without the output of an alarm. 
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5.6.2 Multi-edge turning 
With the polygon turning, workpieces with multiple edges can be produced by coupling two 
spindles.  

With the programming syntax G51.2 Q.. P.. R.. the synchronous spindle coupling is 
activated. The transformation ratio from leading spindle to the following spindle is defined 
with the parameters Q and P. If the coupling is to be activated with an angular offset from 
following spindle and leading spindle, the angular difference is programmed with the address 
R. 

However, no exact edges can be made using multi-edge turning. Typical applications are 
screw heads of square or hexagonal screws or nuts. 

With the programming of G51.2 always the 1st spindle in the channel is defined as the 
leading spindle and the 2nd spindle as the following spindle. Setpoint linkage is selected as 
the type of coupling. 

 
Figure 5-34 Hexagon bolt 

Format 
G51.2 P...Q...; 

P, Q: Rotation ratio 

The direction of the 2nd spindle is specified with the sign before the address character Q. 

Example 
 
G00 X120.0 Z30.0 S1200.0 M03 ; Setting the workpiece rotation speed to 1,200 RPM 
G51.2 P1 Q2 ; Start tool rotation (2,400 RPM) 
G01 X80.0 F10.0 ; Infeed X axis 
G04 X2. ;  
G00 X120.0 ; Return X axis 
G50.2 ; Stopping the tool rotation 
M05 ; Spindle stop 

G50.2 and G51.2 may not be specified together in a block. 
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Figure 5-35 Multi-edge turning 

5.6.3 Compressor in the ISO dialect mode 
The commands COMPON, COMPCURV, COMPCAD are commands of the Siemens 
language and they activate a compressor function that combines several linear blocks into 
one machining section. If this function is activated in the Siemens mode, even linear blocks 
in the ISO mode can be compressed with this function.  

The blocks can at the most consist of the following commands: 

● Block number 

● G01, modal or in block 

● Axis assignments 

● Feedrate 

● Comments 

If a block contains other commands (for example, auxiliary functions, other G codes, etc.), 
compression does not take place.  

Value assignments with $x for G, axes and feedrate are possible, just as the skip function. 

Example: These blocks are compressed 

 
N5 G290 

N10 COMPON 

N15 G291 

N20 G01 X100. Y100. F1000 

N25 X100 Y100 F$3 

N30 X$3 /1 Y100 

N35 X100 (Axis 1) 

These blocks are not compressed 
 
N5 G290   
N10 COMPON   
N20 G291   
N25 G01 X100 G17 ; G17 
N30 X100 M22 ; Auxiliary function in block 
N35 X100 S200 ; Spindle speed in block 
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5.6.4 Switchover modes for DryRun and skip levels 
Changeover of the skip levels (DB3200.DBB2) always represents an intervention in the 
program run, which has led to a short-term drop in velocity on the path. The same is true of 
the changeover of the DryRun mode (DryRun = dry run feedrate DB3200.DBX0.6) from 
DryRunOff to DryRunOn or vice-versa.    

All the drops in velocity can be avoided with a changeover mode that is limited in its function. 

No drop in velocity is required with a setting machine data 10706 $MN_SLASH_MASK==2 
while changing the skip levels (i.e., a new value in the PLC->NCK-Chan interface 
DB3200.DBB2). 

 Note 

The NCK processes blocks in two steps, the preprocessing and main runs (also pre-travel 
and main run). The result of the premachining changes to the preprocessing memory. The 
main machining takes the relevant oldest block out of the preprocessing memory and 
traverses its geometry. 

 
 Note 

The premachining is changeover with the setting machine data $MN_SLASH_MASK==2 
during a change of the skip level! All blocks located in the preprocessing memory are 
traversed with the old skip level. The user normally does not have any control over the fill 
level of the preprocessing memory. The user can see the following effect: A new skip level is 
effective "some time" after the changeover! 

 
 Note 

The part program command STOPRE vacates the preprocessing memory. If one switches 
the skip level before STOPRE, then all the blocks after STOPRE are changed over securely. 
The same is valid for an implicit STOPRE. 

No drop in velocity is required while changing the DryRun mode with the setting machine 
data 10704 $MN_DRYRUN_MASK==2. Here too, only the premachining that leads to the 
above-mentioned restrictions, is switched. The following analogy is apparent from this: 
Notice! This will also be active "sometime" after the changeover of the DryRun mode! 
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5.6.5 Interrupt program with M96, M97 

M96 
A subroutine can be defined as an interrupt routine with the M96 P<Program No.>.    

The start of this program is triggered by an external signal. To start the interrupt routine, the 
1st rapid NC input is used from among the eight inputs available in the Siemens mode. 
Another rapid input (1 to 8) can also be selected with MD10818 
$MN_EXTER_INTERRUPT_NUM_ASUP. 

Format 
 
M96 Pxxxx ;Activation of program interrupt 
M97 ;Deactivation of program interrupt 

M97 and M96 P_ must be alone in the block. 

So that on triggering the interrupt, the cover cycle CYCLE396 is called first and it calls the 
interrupt program programmed with Pxxxx in the ISO mode. At the end of the cover cycle, 
the machine data 10808 $MN_EXTERN_INTERRUPT_BITS_M96, Bit 1 is evaluated and 
either positioned on the interruption point with REPOS or continued with the next block. 

End of interruption (M97) 
The interrupt program is deactivated with M97. Only after the next activation with M96 can 
the interrupt routine be started with the external signal. 

If the interrupt program programmed with M96 Pxx is to be called directly with the interrupt 
signal (without intermediate step with CYCLE396), then machine data 20734 
$MC_EXTERN_FUNCTION_MASK, Bit 10 must be set. The subroutine programmed with 
Pxx is then called in the Siemens mode during a signal change from 0 -> 1. 

The M function numbers for the interrupt function are set through machine data. Machine 
data 10804 $MN_EXTERN_M_NO_SET_INT is used to determine the M number for 
activating an interrupt routine, machine data 10806 $MN_EXTERN_M_NO_DISABLE_INT is 
used to determine the M number for suppressing an interrupt routine. 

Only the M functions not reserved for standard M functions can be used. The default of the 
M functions is M96 and M97. To activate the function, one must set bit 0 in machine data 
10808 $MN_EXTERN_INTERRUPT_BITS_M96. The M functions are not output to the PLC. 
The M functions are interpreted as normal auxiliary functions if Bit 0 is not set. 

At the end of the interrupt program, one normally traverses to the end position of the part 
program block following the interruption block. If the part program is to be processed further 
from the interruption point, there must be a REPOS instruction at the end of the interrupt 
program, e.g. REPOSA. For this, the interrupt program must be written in the Siemens 
mode. 

The M function for activating and deactivating an interrupt program must be alone in the 
block. The system issues Alarm 12080 (syntax error) if addresses other than "M" and "P" are 
programmed in the block. 
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Machine data 
The response of the interrupt program function can be determined from the following 
machine data: 

MD10808 $MN_EXTERN_INTERRUPT_BITS_M96: 
Bit 0 = 0 
Interrupt program is not possible as M96/M97 are normal M functions. 
Bit 0 = 1 
Activation of an interrupt program with M96/M97 is allowed. 

Bit 1 = 0 
The part program is processed further with the end position of the block immediately after 
the interruption block (REPOSL RME). 
Bit 1 = 1 
The part program is continued from the interruption position (REPOSL RMI). 

Bit 2 = 0 
The interrupt signal interrupts the current block immediately and starts the interrupt routine. 
Bit 2 = 1 
The interrupt routine is started only at the end of the block. 

Bit 3 = 0 
The execution cycle is interrupted immediately after an interrupt signal arrives. 
Bit 3 = 1 
The interrupt program is started only at the end of the execution cycle (evaluation in the shell 
cycles). 

Bit 3 is evaluated in the shell cycles, and the cycle sequence is adapted accordingly. 

Bit 1 is evaluated in cover cycle CYCLE396. 

If the interrupt program is not called via the cover cycle CYCLE396, 
($MC_EXTERN_FUNCTION_MASK, Bit 10 = 1) must be evaluated with Bit 1. If Bit 1 = 
TRUE, REPOSL RMI must be used for positioning on the interruption point, otherwise 
REPOSL RME must be used for positioning on the block end position. 

Example: 

 
N100 M96 P1234 ;Activate ASUP 1234spf. In the case of a rising edge of the 

;1st rapid input, the program 
;1234.spf is started 

....  

....  
N300 M97 ;Deactivation of ASUP 

Restrictions 
The interrupt routine is treated as a normal subroutine. In other words, to be able to execute 
interrupt routines, at least one subroutine level must be free. (16 program levels are 
available, plus two levels that are reserved for the ASUP interrupt programs.) 

The interrupt routine is started only during an edge change of the interrupt signal from 0 to 1. 
If the interrupt signal remains permanently on 1, then the interrupt program is not restarted 
any more. 
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Additional function, 53 

B 

Basic coordinate system, 37, 38 
Block skip level, 9 

C 

Checking the return to the reference point, 30 
Checkpoint, 46 
Circular interpolation, 25 
Comments, 9 
Compressor, 109 
Compressor function, 109 
Constant cutting rate, 52 
Coordinate system, 37 
Cutting of multiple-start thread, 34 
Cutting of thread with variable lead, 36 

D 

Decimal point, 7 
Deep hole drilling and grooving in the transverse 
axis, 77 
Diameter and radius commands for the X-axis, 41 
Drilling cycle front face, 90 
Drilling cycle side surface, 90 
DryRun mode, 110 
Dwell time, 43 

F 

F function, 10 
Finishing cycle, 72 
Function program interruption, 111 

G 

G code 
Display, 6 

 
 
 
 
G code system A, 7 
G00, 9, 21, 22 

Linear interpolation, 22 
G01, 23 
G02, G03, 25 
G04, 43 
G05, 107 
G10.6, 95 
G20, G21, 41 
G27, 30 
G28, 29 
G30, 30 
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G33, 31, 34 
G34, 36 
G40, G41/G42, 45 
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G70, 72 
G71, 66 
G72, 70 
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G75, 77 
G76, 78 
G80 to G89, 82 
G83, 84 
G83 or G87, 87 
G83, G87, 84, 86 
G84, 88 
G85, 90 
G87, 84 
G88, 88 
G89, 90 
G92, 38 
G92.1, 38 
G94, 11 
G95, 11 
G96, G97, 52 
G97, 52 

I 
Input inch/metric, 41 
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Interpolation commands, 21 
Interrupt program with M96/M97, 97 
ISO dialect mode, 5 

L 

Linear feed per minute, 11 
Linear interpolation, 23 

M 

M function, 53 
M functions for stopping operations, 53 
M functions that can be used in many ways, 56 
M00, 53 
M01, 54 
M02, 54 
M30, 54 
M96, 97 
M96, M97, 111 
M97, 97 
M98, M99, 93 
Macro program call, 100, 108 
Macro programs, 100 
Maximum programmable values for axis movements, 7 
Modal call, 103 
Multiple repetitive cycles, 66 
Multiple-thread cutting cycle, 78 

P 

Path feed, 10 
Pattern repeat cycle, 76 
Positioning, 21 

R 

Rapid retraction, 95 
Rapid traverse, 9, 21 
Reference point selection, 30 
Revolutional feedrate, 11 

S 

S function, 51 
Second additional function, 56 
Siemens mode, 5 
Simple call, 100 
Skip block, 9 
Skip level, 110 

Specification of several M functions in one block, 56 
Spindle function, 51 
Straight facing cycle, 63 
Subprograms, 100 

T 

Tapping cycle, 59, 66, 71 
Transverse axis, 70 

Tapping cycle front face, 88 
Tapping cycle side surface, 88 
Thread cutting, 31 
Thread cutting function, 31 
Tool length compensation, 45 
Tool nose radius compensation, 45 
Tool offset data memory, 44 
Tool offset functions, 44 
Transverse-taper turning cycle, 64 
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