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).
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G-Code uses function blocks

MC_ AxesGroupAddAxis (Add axis to axis group)

MC_AxesGroupAddAxis_Instance

MC_AxesGroupAddAxis
= AxesGroup Done je=
=1 Axis Busy fr=
= Execute Error
=1 [dentNum ErrorlD

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

e |[dentNum 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...

@ Parameter description (input and output variables):

Input Variables

Variable Type Name Description Data Type Setting Range Default Value Explanation
. N Series M500: 1~8 .
Input Variable AxesGroup Axis Group Number USINT Other models: 1 No default value Number of the axis group
Input Variable Axis Axis Number USINT Determined by controller model No default value Specify the number of the controlled axis
The instructi ill t isi dge detecti f
Input Variable  Execute Trigger BOOL TRUE / FALSE FALSE © Instruction will execute upon rising edge detection o

this signal

Input Variable IdentNum Logical Axis Index within Axis Group USINT 1~-8 No default value Logical number of the axis inside the axis group

Output Variables

Variable Type Name Description Data Type Output Range Function
Qutput Variable Done Execution Complete BOOL TRUE / FALSE Turns TRUE when the instruction finishes execution
Output Variable Busy Busy Executing BOOL TRUE / FALSE Remains TRUE while the instruction is running

Turns TRUE if any exception occurs during instruction

Qutput Variable Error Fault Occurred BOOL TRUE / FALSE .
execution

QOutput the corresponding fault code when an execution

Output Variable ErrorlD Fault Code WORD 0~65535 .
exception happens

MC_CoorMotion (CNC execution instruction)

MC_CoorMolion_Instance

MC_CoorMotion

- Execute Dong =
= Pause Busy =
= Stop Active =
=1elOverride CommandAborted fe=
= PreReadMaxMum Error
=i MCFile ErrariD =
- AxEsGroup CurrentLing =
=1 Mode

= Res

@ Function Description:

e 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.

e 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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e 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.

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

e 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.

e 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.

(@ Parameter description (input and output variables):

Input

Variable Type Name Description Data Type Setting Range Default Value Explanation

Input Variable  Execute Trigger BOOL TRUE/FALSE  FALSE The instruction executes when the rising edge of this
signal is detected

Input Variable  Pause Pause Motion BOOL TRUE/FALSE  FALSE Pause all axes in the axis group, decelerate to stop at the
deceleration defined in CNC commands
Ei t I} in th i ithi

Input Variable ~ Stop Emergency Stop BOOL TRUE/FALSE  FALSE c;‘l‘ee'ge“y stop all axes in the axis group within one

Input Variable VelOverride Velocity Qverride LREAL 0~500 ] Velocity override factor

Input Variable PreReadMaxNum Max CNC Block Pre-read Count UINT 1~50 No default value Maximum number of CNC lines to pre-read

Input Variable NCFile CNC Program Number UINT 1~64 No default value Index number of the CNC pragram file

Input Variable AxesGroup Axis Group Index USINT 1~8 No default value Serial number of target axis group

Input Variable Mode Mode Select INT Reserved / Reserved for future use

Input Variable Res Reserved LREAL Reserved / Reserved for future use

Output

Variable Type Name Description Data Type Output Range Function

Qutput Variable Done Execution Completed BOOL TRUE / FALSE Turns TRUE once the instruction finishes execution

Qutput Variable Busy Executing BOOL TRUE / FALSE Remains TRUE while the instruction Is running

Qutput Variable Active Axis Under Control BOOL TRUE / FALSE Turns TRUE when the instruction is controlling axes

Qutput Variable CommandAborted Motion Aborted BOOL TRUE / FALSE Turns TRUE if the motion command is interrupted

Qutput Variable Error Fault Detected BOOL TRUE / FALSE Turns TRUE if an exception occurs during execution

. Output the corresponding fault code upon execution
Output Variable  ErroriD Fault Code WORD 0~65535 E”O': ponding P
Qutput Variable CurrentlLine Current CNC Line No. UDINT 0~65535 Line number of the CNC block currently being executed

MC_GetMCodeStatus (Read M code status)

MC_GeiMCodeStatus_Instance

MC_GetMCodeStatus
- ANEsEroun Vaild =
= Enable Busy ==
= MCodeMum Ermor =
EmorlD f=—
Staws f=—
Valug o

@ Function Description:
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e 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.

e 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.

@ Parameter description (input and output variables):

Input
Variable Type Name Description Data Type Setting Range Default Value Explanation
Input Variable AxesGroup Axis Group Index USINT 1~8 No default value Serial number of target axis group
Input Variable  Enable Enable Readback BOOL TRUE / FALSE FALSE Set TRUE to read M-code status;
Set FALSE to stop reading M-code status
Input Variable MCodeNum Target M-code Number USINT Positive integer No default value Specified index number of target M-code
Output
Variable Type Name Description Data Type Output Range Function
T TRUE when the instruction i di lid M-cod
Output Variable  Valid Data Valid BOOL TRUE / FALSE 5:’;:; when the Instruction Is reacling valld M-code
Output Variable Busy Executing BOOL TRUE / FALSE Remains TRUE while the instruction is running
Qutput Variable Error Fault Detected BOOL TRUE / FALSE Turns TRUE if an exception occurs during execution
Qutput Variable ErrorlD Fault Code WORD 0~65535 Qutput corresponding fault code upon execution error
Output Variable Status M-code Flag Status BOOL TRUE / FALSE Boolean status of the specified M-code
QOutput Variable Value M-code Numeric Value LREAL Positive real number Numeric value associated with the specified M-code

MC_ResetMCode (M code reset)

@ Function Description:

e 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.

(@ Parameter description (input and output variables):

Input
Variable Type Name Description Data Type Setting Range Default Value Explanation
Input Variable AxesGroup Axis Group Index USINT 1~8 No default value Serial number of target axis group
The function block t detecti f the risi
Input Variable  Execute Trigger BOOL TRUE / FALSE FALSE € Tunction block executes upon detection of the rising
edge of this signal
Input Variable MCodeNum Target M-code Number USINT Positive integer No default value Index number of the specified M-code

Output
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Variable Type Name Description Data Type Output Range Function

Qutput Variable Done Execution Complete BOOL TRUE / FALSE Turns TRUE after the function block finishes execution
Qutput Variable Busy Executing BOOL TRUE / FALSE Remains TRUE while the function block is running
T TRUE if b | diti duri
Output Variable  Error Fault Detected BOOL TRUE / FALSE urns TRUL I an abnormal condition occurs curing
execution
Qutputs th ding fault code wh ti
Output Variable ~ ErrorlD  Fault Code WORD 0~65535 UIPULs The cormesponding fault code when an execution

exception occurs

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.
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Step 2: Writing the program

Command Format 1 - Specify the center:
@ Write G-Code program files

example:

N10 G1 X100 Y100

N20 G2 X300 Y300 1100 J100 E50 E-100 F20
N30 G3 X500 Y500 1100 J100 E50 E-100 F20

o 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.

o 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 |, ], and K are the center parameters, representing the relative values between
the center coordinates and the starting position.
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o 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.

N2@ G2 X3ee Y3ee Ilee J1ed ESe E-1€e F2e

1 Hle G1 Xle@ Ylee
3 N3@ G3 X508 Y58e Ilee Jleé E5@ E-1ée F2@

e
I
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s
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&
£
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(@ Write motion control programs
e Create a shaft group (shaft group enable is not required)

e Execute G-Code program files

- g1
s
WC_AnesGroupAddined WC_txesGrounsatnsis]
WC_Axes GroupAddAis MC_Anes GroupAddisis
B ERD—
1 —jAxesGroup Dose [— 1 —jixesGroup Donef—
1 —{asw Buty|— —faxn Busy |—
I —{Execue Ermorf— B —fExecute Errorf—
1 —{ksenthien ErvoitD p— I —faerNum ErrarDp—
- Rz .
WE_Coorkobonl
WC_CoorMotion
ElS ——

Foi —{Exncuie Do =

WC,_Coarbloiion]_Peese —Pause Busy —

MC_Cooriotionl_Stop ={Siop At —

WC_Coarlationd_Veivermds nd

40 —{Preqeadimium Erorf—

| —NCFils EmarD f—

1 —|axesGroun CumentLine [—

NC_CoorMotond_Mode —{Node
WC_Coerilotiond)_fies —{Fes

Command format 2 - Specify radius:
@® Write G-Code program files
example:

N10 G2 X200 YO R100 E50 E-100 F20
N20 G3 X400 YO R100 E50 E-100 F20

o 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.

o 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.



Nl@ G2 X2e@ Y@ R1e® ESe E-lee@ F2e
N2@ G3 X488 Yo Rlee ESe E-1ee F2e
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(@ Write motion control programs
e Create a shaft group (shaft group enable is not required)

e Execute G-Code program files

- Rl
a8
MEC_Axmslr oupASdhxisd WE_AsesioupAddasi |
MC_AxesGroupadais s MC_Axe 5 GroupABiAns
&S END| EN END f————
1 —|Axealeoup Danef— 1 —Axsslioug Done [—
1 —{iin Busy|— 2 —faem Sumy(—
F B —{Exscute Enorf— FE —fEvecute Ermse—
1 —{wentium EmyD|— 7 —fde=tiium Erwn—
- FEs
NE_Coorhesond
MC_Cwooriation
ENQ e
FFE1 —ftxecute Done [—
NC_Coordcind_Pause —Pauns Busy —
WC_Cooridssond_Stop —{Stop Artve [ —
WC_Coorbotonl)_eilwernde =\ e verride Corrrandancring =
0 —{Prefeadhantien Emar[—
2 —HCFl ErrerD —
1 —{AxesGroup CurrentLine —
WC_Coarioton(_Mode —{Wode
UC_Coorklebosi)_Res —jfies

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
@ Write G-Code program files

example:

N10 G1 X100 Y100

N20 G4 K5

N30 G2 X300 Y300 1100 J100 E50 E-100 F20

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

N18 G1 X1ee Ylea
N2© G4 K5
N3@ G2 X3ee Y3ee Ilee Jlee E5e E-10@ F2e

i
I
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i
i
¢
<
.
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@ Write motion control programs
e Create a shaft group (shaft group enable is not required)

e Execute G-Code program files
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- Fg:
i
NE_AmesCrmupAddasml ME_Axmslrmupaddaziat
MC_Axes Groupasdses WAC_Axpg GroupAdGANS
END e f—
| =—{hxesGroup Done[— | =—jaxesGrou Ciomg f—
1 —juis Busy[— 2—jtus By [—
B —{Execute Errorf— B —{Execute Esrorf—
1 —{Hanthum Ere— 2 —{lenthien EmorDf—
- [fE
ME_Ceordotonl
WC_CoorMolion
o ——

I E1 —{Execsts L

WC_Cnoriotond_Pause — Pause By f—

ME_CoorMotond_Stop —]5%e e f—

WC_CaorAsiond VelDverde —Vellveride  CommandAboried—

50 —{PreReadfiaxtium Exmorf—

3—{NCFie EmurD—

| —| Axestimup Comreniline —

MC_Cooriotionl_Mode =—{Wode
WC_Cooritotont_Ass —Res

G17/G18/G19 Reference Plane Selection

Step 1: Write the program

@ 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 1100 J100 E50 E-100 F20

N30 G3 X500 Y500 1100 J100 E50 E-100 F20

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

N1 G17

N1@ G1 X1ee Ylee

N2@ G2 X38° Y3ee I1e0 J1ee E5S0 E-1ee F2@
N3@ G3 X50@ Y5ee I100 J1lee ESe E-lee F2e

I
It
I
12
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eb
£
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® G18 is used to select the XZ plane as the reference plane for the arc (spiral). Example:
N1 G18

N10 G1 X100 2100

N20 G2 X300 Z300 1100 K100 E50 E-100 F20

N30 G3 X500 Z500 1100 K100 E50 E-100 F20


af://n483
af://n486

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

N1 G18

Nle Gl X1ee Zlee

N2@ G2 X300 Z380 Ilee Klee ESe E-1e@ F2e
N3e G3 X500 Z500 Ilee Klee ESe E-lee F2e

SEGEEEEEEE

@ G19 is used to select the reference plane for the circular arc (spiral) as the YZ plane. Example:
N1 G19

N10 G1Y100 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.

N1 G19

Nle G1 Ylee Zlee

N2@& G2 Y3ee Z3ee ]lee Klee E5@ E-1ee Fie
N3@ G3 Y5e@ Z5ee Jlee Klee E5e E-1e@ F2e
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(@ Write motion control programs
e Create a shaft group (shaft group enable is not required)

e Execute G-Code program files



- B
EE
WC_AxesGroupiddAxis) WC_AxesGroupt dd2uis |
WC_Axes GroupAddirs MC_foes GroupaAddésis
R e
1 —{dosaGroug Deae|— 1 —{axenstroup Done—
1 —faxs Busyf— 7 —faxn Busy[—
# H —{Exscite Eirab— H H —{E=sculs Ervorf—
1 —{lsenitiom ErorDf— I —fderium ErmorDf—
- pEggE
MC_Coorklotiond
MC_Coorllotion
END
FH —{Execuie Danef—
WE_Cosrintionil_Pesse —{Pause Buzyf—
WEC_Cooriotend_Step —fSiop L
MC_Coeriiotiond_VelDverride Co
&) —{Profeadimxtium Ervorf—
i EmarDf—
1 —{axeatGroun Currentline f—
NE_Cooriosond_Mods —|Mode
WC_Cosrilotonl)_Res —{Res

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* :
@ Write G-Code program files

example:

N10 G1 X100 Y100 E100 E-100 F30

N20 G1 X300 Y300 E100 E-100 F30 MO 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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1 Nle Gl X1e@ Ylee Elee E-lee F3e
2 N2e Gl X300 Y3ee Elee E-1ee F3e Me D123
3 N3e G1 X500 Y5e@ Elee E-lee F3e

@ Write motion control programs

e Create a shaft group (shaft group enable is not required)
e Execute G-Code program files
e The MC_GetMCodeStatus command reads the M-code status.

e The MC_ResetMCode instruction performs an M-code reset.

-
EHE
NC_ireiGroupatdicsl WC_ixealicupaddi g |
MC_AsesGrouphddids WC_Axe s Grouphddass
[} ] O ——
1 ={axesOreus Dane — 1 =4 Axeslroup Dene —
1 —] s Bumy[— 2 —{aoms Busy[—
FE —fexecuts Erner[— i —fErecate Efred —
1 —itentram EmeD— 2 —{dentlium L
- Pz
ME_Coorluiont
MC_CaoorMolicn
ENQ
T —{Execste Done f[—
ME_Coordobond_Pause —{Pause Buay [—
WC_Csarilotond_Sinp —{Siep Y
Ni_G A € —
50 —PreResdiastium Erree[—
& —{NCFie ErmoetD) =
1 cup Currantiing —
wiE_Coorstent_Node —{Wade
NC_Coordotionl_Aes =—{Res
- Hig:
C_GeilCode Susiusd WE_ResstiCoded
NC_GetMCodeStals WC_ReseMCode
© 00—
1 —{Axealroun Vokd[— 1 —jAxealroup  Does —
NE_Coorioontibive —jEnable Busy|— B2 —{Execuis Busy [ —
o =—uCadatim Error = O=—{MCodabum e f—
Ermp— Erorp [ —
Shatus pf—

sl

Instruction format 2 - *M codes and G codes are not on the same line* :
@ Write G-Code program files

example:

N10 G1 X100 Y100 E100 E-100 F30

N15 MO 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.

1 N1@ G1 X1lee Ylee Elee E-168 F3e
2 N15 M@ D123

3 N28 G1 X3ee Y3ee E108 E-100 F30
4 N38 G1 X588 Y5ee E1e@ E-188 F3e

(® Write motion control programs

e Create a shaft group (shaft group enable is not required)
e Execute G-Code program files
e The MC_GetMCodeStatus command reads the M-code status.

e The MC_ResetMCode instruction performs an M-code reset.

-
FHE
ME_AxedGnupladasst WE_Axestouphddaxs
MC_ArecGrouptidies WC_Axe 5 GIoUpABIATE
N [} ] END ——
1 —{Aasalreus Dang [— 1| —{Assalioug Done[—
1 s Bumy[— 2o Sumy(—
FE —{Executs Erner f— B —Ereeste Ermsef—
1 —eenttm Emen— 2 —jentiem Emern[—
- Mgz
NC_Coariotond
MC_CoorMolion
ENO e
51 —{Excoue Dene |—
MC_Coorliotond_Pauss —Pause Buay f—
WC_Coarilotinnd_Stop —]Siop Actve [ —
NE_C i [ =
50 —PreRlenMasNue Errsr[—
& —{NCFie ErmoetD) =
1 —|AxmaGroup Currantiing —
wiE_Coorstent_Node —{Wade
NC_Coordotonl_Res —{Res

v REE

WE_Gealloae Staluel WC_RewariiCoded
NC_GetMCodeStals WC_ReseMCode
N0 f——o
1 —{Axealroun Vald— 1=—{Axeslroup  Does —
WC_Cooriotond.oomve —fEratle Busy[— F iz —{Execute By [—
& —uCadatim Error (— B—(MCodehum el —
ErmonD [— ErvorD [—
otus —

i

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.

N18 G1 X$MLBS Y$ML24$ E2@ E-20 F1@

I
L
Ty
i
d
eb
_e
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A

@ 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.

BB OnCEiZ - Syscirl Studio 2.5.0.1849{alpha) a »

® Write motion control programs

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

e Execute G-Code program files
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