
M-Series Tutorial (Advanced Tutorial) | 
CNC Functions (2) G2, G3, G4, G17, G18, 
G19 Instructions and M Codes

 

Preliminary preparations  
Software : Sysctrl Studio (available from Chuanhe Automation Academy)

Hardware : M-series controller (this tutorial uses the M512 as an example)

Note : Only the M500 series controllers (excluding the M500S series) support CNC functions; other 
series do not.

Sysctrl Studio basic configuration  
Motion Control → Axis Settings: Enter the axis settings interface and add a virtual servo axis 
(simulating actual use).

G-Code uses function blocks  

MC_ AxesGroupAddAxis (Add axis to axis group)  

① Function Description:
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● This command is used to add a shaft to a shaft group. A shaft must be added before using a 
shaft group.

● IdentNum indicates the axis number within the axis group, ranging from 1 to 8. 1 represents the 
X-axis, 2 represents the Y-axis, and so on…

② Parameter description (input and output variables):

Input Variables

Output Variables

MC_CoorMotion (CNC execution instruction)  

① Function Description:

● This command is used to execute the CNC code downloaded to the controller from the software. 
Before executing this command, all axes in the axis group must be in the StandStill state; 
otherwise, the command execution will result in an error.

● Before executing this command, please add each axis to an axis group using the 
MC_AxesGroupAddAxis command, and then execute the command. Which axes form a group is 
determined by the value of AxesGroup in the MC_AxesGroupAddAxis command. Multiple axis 
groups can be executed simultaneously. For example, to group axes 1, 2, and 3 into one axis 
group, and axes 4, 5, and 6 into another axis group, use two MC_CoorMotion commands, 
specifying different values for AxesGroup in the two commands.
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● The MC_CoorMotion command, along with other motion commands, controls the target speed. 
The target speed can be changed in real-time by altering the value of the VelFactor (target speed 
ratio). Setting the VelFactor value to 0 enables a pause function.

● PreReadMaxNum indicates the number of CNC instructions to be pre-read. The setting range is 
1~50.

● The NCFile input variable is used to specify the CNC number to be executed, which can be 
viewed through the CNC number created in the software.

● The output variable CurrentLine of this instruction is used to display the number of lines of CNC 
code specified by AxesGroup that have been executed.

② Parameter description (input and output variables):

Input

Output

MC_GetMCodeStatus (Read M code status)  

① Function Description:
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● This instruction is used to read the status of a specified M code and its corresponding value. The 
M code number is specified by the input variable MCodeNum. When the input variable Enable is 
TRUE, the output variables Status and Value are updated once per synchronization clock cycle; 
when Enable is FALSE, the output variables Status and Value stop updating and retain the values 
from the last Enable set to TRUE.

● The state of the M code and the corresponding value of the M code change according to the 
execution of the M code in the CNC code during CNC code execution.

② Parameter description (input and output variables):

Input

Output

MC_ResetMCode (M code reset)  

① Function Description:

● This instruction is used to reset the M-code with the specified number. The state of the M-code 
becomes TRUE after the M-code is executed, and this instruction can be used to reset the state of 
the M-code to FALSE.

② Parameter description (input and output variables):

Input

Output

af://n387


G2/G3 Circular or Helical Interpolation  

Step 1: Create a CNC list  

Right-click on the 【CNC List】 on the left side of the software, select "New", and a "New CNC" 
window will pop up. Click "OK" to create CNC lists numbered 1 and 2.

Step 2: Writing the program  

Command Format 1 - Specify the center:

① Write G-Code program files

example:

N10 G1 X100 Y100

N20 G2 X300 Y300 I100 J100 E50 E-100 F20

N30 G3 X500 Y500 I100 J100 E50 E-100 F20

○ Explanation of the first line: G1 linear interpolation to the position X=100, Y=100 is used as the 
starting position for circular interpolation. The position in the CNC code defaults to absolute value 
mode.

○ Second line explanation: With the XY plane as a reference, the starting position coordinates of 
the clockwise circular interpolation are X=100, Y=100, and the center coordinates are X=200, 
Y=200. Parameters I, J, and K are the center parameters, representing the relative values between 
the center coordinates and the starting position.
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○ Third line explanation: With the XY plane as a reference, the starting position coordinates of the 
counterclockwise circular interpolation are X=300, Y=300, and the center coordinates are X=400, 
Y=400.

② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files

Command format 2 - Specify radius:

① Write G-Code program files

example:

N10 G2 X200 Y0 R100 E50 E-100 F20

N20 G3 X400 Y0 R100 E50 E-100 F20

○ First line explanation: With the XY plane as a reference, the target position coordinates for 
clockwise circular interpolation are X=200, Y=0, and the radius is 100.

○ Second line explanation: With the XY plane as a reference, the target position coordinates of the 
counterclockwise circular interpolation are X=400, Y=0, and the radius is 100.



② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files

G4 Delay  

Step 1: Create a CNC list  

Right-click on the 【CNC List】 on the left side of the software, select "New", and a "New CNC" 
window will pop up. Click "OK" to create a CNC list with the number 3.
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Step 2: Writing the program  

① Write G-Code program files

example:

N10 G1 X100 Y100

N20 G4 K5

N30 G2 X300 Y300 I100 J100 E50 E-100 F20

○ Second line explanation: Parameter K is the pause time, in seconds, range: 0.001~100000.

② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files
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G17/G18/G19 Reference Plane Selection  

Step 1: Write the program  

① Write G-Code program files

◆ G17 is used to select the XY plane as the reference plane for the arc (spiral). Example:

N1 G17

N10 G1 X100 Y100

N20 G2 X300 Y300 I100 J100 E50 E-100 F20

N30 G3 X500 Y500 I100 J100 E50 E-100 F20

Example Explanation: Parameters I and J are the center parameters.

◆ G18 is used to select the XZ plane as the reference plane for the arc (spiral). Example:

N1 G18

N10 G1 X100 Z100

N20 G2 X300 Z300 I100 K100 E50 E-100 F20

N30 G3 X500 Z500 I100 K100 E50 E-100 F20
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Example Explanation: Parameters I and K are the center parameters.

◆ G19 is used to select the reference plane for the circular arc (spiral) as the YZ plane. Example:

N1 G19

N10 G1 Y100 Z100

N20 G2 Y300 Z300 J100 K100 E50 E-100 F20

N30 G3 Y500 Z500 J100 K100 E50 E-100 F20

Example Explanation: Parameters J and K are the center parameters.

② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files



M code  

Step 1: Create a CNC list  

Right-click on the 【CNC List】 on the left side of the software, select "New", and a "New CNC" 
window will pop up. Click "OK" to create a CNC list with the number 4.

Step 2: Writing the program  

Instruction format 1 - *M codes and G codes are on the same line* :  

① Write G-Code program files

example:

N10 G1 X100 Y100 E100 E-100 F30

N20 G1 X300 Y300 E100 E-100 F30 M0 D123

N30 G1 X500 Y500 E100 E-100 F30

Example Explanation: When a G-Code program executes to the line containing the M code, it will 
not pause because of the M code, but the output status and data corresponding to the M code will 
still be output.
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② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files

● The MC_GetMCodeStatus command reads the M-code status.

● The MC_ResetMCode instruction performs an M-code reset.

Instruction format 2 - *M codes and G codes are not on the same line* :  

① Write G-Code program files

example:

N10 G1 X100 Y100 E100 E-100 F30

N15 M0 D123

N20 G1 X300 Y300 E100 E-100 F30
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N30 G1 X500 Y500 E100 E-100 F30

Example Explanation: When the CNC code reaches the line containing the M code, execution 
stops. The M code needs to be reset before execution can continue.

② Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files

● The MC_GetMCodeStatus command reads the M-code status.

● The MC_ResetMCode instruction performs an M-code reset.

CNC code parameter usage device  
Representation methods (extension)

Step 1: Create a CNC list
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Right-click on the 【CNC List】 on the left side of the software, select "New", and a "New CNC" 
window will pop up. Click "OK" to create a CNC list with the number 5.

② Define variables of the corresponding data type

Access the variable table interface via 【Global Variables】→Variable Table on the left side of the 
software, define variables with corresponding data types , such as the LREAL data type for 
parameters after X and Y, then assign them to the devices used by the CNC code and set their 
initial values.

③ Write motion control programs

● Create a shaft group (shaft group enable is not required)

● Execute G-Code program files
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