M Series Tutorial Electronic Gear
Instructions

Software: Sysctrl Studio V2.4.0.1705 (PLC programming software)
Hardware: M series controller (taking M511S as an example)

Servo (taking HN-Y7FBO40A-S as an example)

Wiring configuration

This tutorial uses the M controller HCM511S-32MT4-D and three HN-Y7FB040A-S servos, as well
as a hand crank. The wiring is as shown below:
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Sysctrl Studio project basic configuration

Basic Settings
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Electronic gear command

MC_Gearln

MC_Gearln_Instance

MC_Gearin
Master InGear
Slave Busy
Execute Active

ContinuousUpdate CommandAborted
RatioNumerator Error
RatioDenominator ErrorlD
MasterValueSource

Acceleration

Deceleration
Jerk
BufferMode

@ Functional description

This command controls the slave axis to follow the master axis, moving synchronously at the
specified gear ratio. The slave axis displacement increment = master axis displacement increment
x gear ratio numerator / gear ratio denominator. The gear ratio can be modified during command
execution, and the modified gear ratio takes effect at the rising edge of Execute.

When meshing during motion, the speed at which the slave axis catches up with the master axis
can be adjusted by the Acceleration and Deceleration parameters. The larger the value, the faster
the catch-up, but it may cause a drastic change in the slave axis speed.
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(@ Parameter Description

®  |nputvariable

Input variable Meaning Data type Valid range Default Description
Master axis Required | Specify master axis number in the
Master USINT Depends on model - pecify )
numbser field electronic gear.
Required | Specify slave axis number in the electronic
Slave Slave axis number USINT Depends on model - pecify
field gear.
Ex te this instruct then the risi
Execute Execute BOCL TRUE or FALSE FALSE Frute B instruetion whern He e
edge of this parameter is detected.
conti Il
ContinuousUpdate|  “0 O THE BOOL TRUE or FALSE FALSE |Reserved
updated
. Gear ratio Positive or negative | Required Specify .the numerator of the electronic
RatioMumerator LREAL gear ratio between the master and slave
nurmerator nurmiber field
anes,
Specify the denominator of the electronic
) . Gear ratio " Required ,
RatioDenominator LREAL Positive number gear ratio between the master and slave
denominator field
axes.
Setting the slave axis to follow the master
axis command position or actual position.
actervalueSours Master position MC Sourts 0: meSetValue 0 0: S-Ettil'lj;.thl! slave axis to .fulluw the
type setting Lo mecActualValue master axis command position.
1: Setting the slave axis to follow the
master axis actual position.
When the slave axis is coupling with the
. » Required | master axis, the slave axis acceleration
Acceleration Acceleration LREAL Positive nurmber
field rate, *!
(Unit :travel units/s?) *2
When the slave axis is coupling with the
. . » Required | master axis, the slave axis deceleration
Deceleration Deceleration LREAL Positive number .
field rate. ™
[The unit -travel units/s’) **
Required | When the slave axis is coupling with the
Jerk Jerk LREAL Positive number . . ) p h_
field master axis, the slave axis jerk. **
[The unit travel units/s?) *2
Specify the behavior when executing
0: mecAborting between the two motion instruction, **
BufferMode Buffer mode MC_Buffer_Mode | 0
1: mcBuffered 0: Aborting
1: Buffered

*1: For the relationship between Velocity, Acceleration, Deceleration and Jerk, please refer to the section ' Motion Contral Command
Parameter Description ' .
*2: Referto the ' Motion Control Command Parameter Units ' for details on travel units.

*3: For details of BufferMode, please refer to

= QutputVariables

' Description of Buffer Mode for Multi-Startup of Motion Control Instructions ' .

Output variable Meaning Data type Default Description
Gear ratio
InGear ) BOOL TRUE or FALSE TRUE when the slave axis reaches the target velodity.
achieved
Busy Executing BOOL TRLUE or FALSE TRUE when the instruction is acknowledged.
Active Controlling BOOL TRUE or FALSE TRUE when the axis is being controlled.
Command
CommandAborted BOOL TRUE ar FALSE TRUE when the instruction is aborted.
aborted
Error Errar BOOL TRUE ar FALSE TRUE while there i an error.
Refer to "Instruction Error Code Description” for the
ErroelD Error code WORD 0-65535 meaning of the output eror code value when an instruction
execution exception occurs,
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® Program editing

1 VAR ¢ MC_Power@ MC_Power
2 VAR ¢ bPower BOOL
| © var * MC_GearIn® MC_GearIn
4 VAR ¢ bGearlIn BOOL
- pjig1:
MC_PowerD
MC_Power
EN ENO|———
2 —{axis Status |—
bPower —Enable Busy—

TRUE —EnablePositive Active [—
TRUE =—{EnableNegative Errorj—
——{Bufferilode  ErroriD—

v g2
MC_Gearin0
MC_Gearln
EN ENQ p——
1 —Master InGear —
2 —Skave Busy —
bGearin —{Execute Active —
=1 ContinuousUpdate CommandAborted [~
1 —{RatioNumerator Error f=—
1 =—{RatioDenominator ErroriD —

1 —{MasterValueSource
1000 —Acceleration
1000 —jDeceleration

10000 —fJerk % IR A2 . I oo 4 + 4
—{BufferMode

@ FB testing

[Key parameter configuration]
RatioNumerator is set to 1: gear ratio numerator.
RatioDenominator set to 1: gear ratio denominator.

MasterValueSource is set to 1: Set the slave axis to follow the actual position of the master axis.

[Command running effect]

a. Set the bPower variable to enable Axis[2], then set the bGearln variable to trigger the execution
of the gear engagement instruction.

b. At this time, turn the hand wheel, and the servo axis will follow the hand wheel at a 1:1 ratio.

[ Operation effect waveform]
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MC_GearOut

@ Functional description

This instruction controls the slave axis to disengage the gear relationship with the master axis.
After disengagement, the slave axis continues to move at the speed at the time of disengagement.
If you want to stop the slave axis, you need to use the MC_STOP instruction to stop the axis. You
can also directly use the MC_STOP instruction to interrupt Gearln to achieve electronic gear
disengagement.
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(@ Parameter Description

®  |nputvariable

Input Variable Meaning Data type Valid range Pefault Description
Depends on Required | Specify slave axis number in the
Slave Slave axis number USINT v iy pecify
model field electronic gear.

Execute this instruction when the rising
Execute Execute BOOL TRUE or FALSE FALSE

edge of this parameter is detected.

®  QutputVariables

Output variable Meaning Data type Default Description
Done End gear operation BOOL TRUE or EALSE Th.e electronic gear rel:al'.?unship I.:leh'.leen the slave
axis and the master axis is also disengaged.
Busy Executing BOOL TRUE or FALSE | TRUE when the axis is being controlled.
Commandaborted Controlling BOOL TRUE or FALSE | TRUE when the instruction is aborted.
Error Error BOOL TRUE or FALSE | TRUE while there is an error.

Refer to "Instruction Error Code Description” for the
ErrorlD Error code WORD 0-65535 meaning of the cutput error code value when an
instruction execution exception occurs.

® Program editing

5 VAR ¢ MC_GearOut®@ MC_GearOut
6 VAR ¢ bGearQut BOOL
7 VAR ¢ MC_Stop®@ MC_Stop
8 VAR ¢ bStop BOOL
I
v polig3:
MC_GearQutd MC_Stop0
MC_GearQOut MC_Stop
EN ENO EN ENO ——
2 —{Slave Done — 2 —Axis Done —
bGearOut =—{Execute Busy |~ bStop =—{Execute Busy —
CommandAborted — 1000 —{Deceleration Active —
Error p— 10000 —{Jerk Commandaborted f—
ErroriD p— Errorf=—
ErmoriD f—

@ FB testing

[Command running effect]

a. When the main axis moves at a constant speed, the electronic gear engagement command is
triggered and the slave axis enters the "electronic gear synchronization" state.

b. At this point, trigger the electronic gear disengagement command, and the slave axis status will
change to continuous motion, indicating that it has disengaged from the electronic gear, but it will
maintain the speed before disengagement. The slave axis will stop running only when the
MC_STOP command is triggered, as shown in Figure 1.

c. If the electronic gear is engaged, directly triggering the MC_STOP instruction will also disengage
the electronic gear and stop, as shown in Figure 2.

[Operation effect waveform})
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MC_CombineAxes (dual-master electronic gear command)

MC_CombineAxes_Instance

MC_CombineAxes

Master1 InSync
Master2 Busy
Slave Active

Execute CommandAborted
ContinuousUpdate Error
CombineMode ErrorlD
GearRatioNumeratorM1
GearRatioDenominatorM1
GearRatioNumeratorM2
GearRatioDenominatorM2
MasterValueSourceM1
MasterValueSourceM?2
Acceleration

Deceleration

Jerk

BufferMode

@® Functional description

This instruction controls the slave axis to follow the two master axes and make synchronous
motion at the gear speed according to the set gear ratio. The parameter CombineMode is used to
set the superposition mode to addition or subtraction.

e CombineMode = 0 (Addition Mode):
The slave axis displacement increment = (Master1 displacement increment x Master1 gear
ratio numerator / Master1 gear ratio denominator) + (Master2 displacement increment x
Master2 gear ratio numerator / Master2 gear ratio denominator).

e CombineMode = 1 (Subtraction Mode):
The slave axis displacement increment = (Master1 displacement increment x Master1 gear
ratio numerator / Master1 gear ratio denominator) - (Master2 displacement increment x
Master2 gear ratio numerator / Master2 gear ratio denominator).
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e Termination Method:
The gearing operation with dual masters can be stopped (disengaged) using the mMmc_sTtop

command. The MC_Gearout command must not be used for this purpose.

@Parameter Description

m  |nputvariable

Input Variable Meaning Data type Valid range Default Description
Master axis 1 Depends on Required | Specify master axis 1 number in the
Masterl USINT ) .
numbser model field electronic gear.
Master axis 2 Depends on Required | Specify master axis 2 number in the
Master2 USINT ) .
nurnber maodel field electronic pear.
Slave axis Depends on Required | Specify slave axis numbser in the electronic
Slave USINT )
numbser model field gear.
Execute this instruction when the rising
Execute Execute BOOL TRUE or FALSE FALSE .
edge of this parameter is detected.
. Continually
ContinuousUpdate BOOL TRUE or FALSE FALSE |Reserved
updated
Setting the master 1 and master 2 addition
Addition and . and subtraction modes
) MC_Combine_| @ meaddAxes 0: Addition of master 1 and master 2
CombineMode subtraction 0
ode selecti Mode L mcSubbxes change positions
mpde ssecten 1: Subtraction of master 1 and master 2
change positions
The master 1 Positive or Required Specify the numerator of the electronic
uire
GearRatioMumeratorM1 gear ratio LREAL negative E;:i‘eld gear ratic between the master 1 and slave
nurmerator nurnber anes
The master 1 Positive or Requiced Specify the denominator of the electronic
GearRatioDenominatorM 1 gear ratio LREAL negative E?eld gear ratic between the master 1 and slave
denominator number I Anes
The master 2 Positive or Required Specify the numerator of the electronic
GearRatioMumeratorM2 gear ratio LREAL negative E?:'I‘;E gear ratic between the master 2 and slave
nurmerator nurnber I anes
GearRatioDenominatorM2 | The master 2 LREAL Positive or Required | Specify the denominator of the electronic
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gear ratio negative field gear ratio between the master 2 and slave
denominator nurmiber anes
Master 1 Setting the position type of master 1
Mastervalue5o M1 sition t MC_5 . Oimesetialue ] 0: C and iti
astervalueSource position type ource | eualvalue : Command position
setting 1: Actual position
hl'!as.l'.er 2 emeSetyalue Setting the pDEItii.JI.'I type of master 2
MasterValueSourceM2 position type MC_Source ] 0: Command position
I:mecActualValue
setting 1: Actual position
) When the slave axis couples the master
) ) Required | ) )
Acceleration Acceleration LREAL Positive number field axis, the slave axis acceleration rate, ™
I (The unit :travel units/s2) =
Required When the slave axis couples the master
Deceleration Deceleration LREAL Positive number E?:;:f axis, the slave axis deceleration rate.
I (The unit :travel units/s2) =
. When the slave axis couples the master
. Required . L
Jerk Jerk LREAL Positive number field axis, the slave axis jerk rate, **
(The unit :travel units/s2) =
Specify the behavior when executing
Buffer MC_Buffer_Mo | 0: moaborting between the two motion instruction, **
BufferMode . 0
mode selection de 1: mecBuffered 0: Aborting
1: Buffered

*1: For the relationship between Velocity, Acceleration, Deceleration and Jerk, please refer to the section ' Motion Control Command

Parameter Description " .

*2: Referto the ' Motion Control Command Parameter Units ' for details on travel units,

*3: For details of BufferMode, please refer to

' Description of Buffer Mode for Multi-Startup of Motion Control Instructions ' .

m  QutputVariables
Output variable Meaning Data type Default Description

TRUE when the sl i ches the target

InSync Synchronizing BOOL TRUE or FALSE e Hhe Slave dxis reathes e faree
velocity.

Busy Executing BOOL TRUE or FALSE TRUE when the instruction is acknowledged.

Active Under control BOOL TRUE or FALSE TRUE when the axis is being controlled.

Commandaborted Abortion BOOL TRUE or FALSE TRUE when the instruction is aborted.

Error Errar BOOL TRUE or FALSE TRUE while there is an error.
Refer to "Instruction Error Code Description” for
th i f th tput ode wval

ErrarlD Error code WORD 0-65535 = MEAMNE BT e pulpul smon tode value
when an instruction execution exception
GCOUrs.




®Program editing

MC_Combinefxes

1 —
] —
1 —
] —
0 —
0 —
1000 —
1000 —
10000 —

GearRatiohNumeratoril1
GearRatioDenominatoril1
GearRatioNumeratori2
GearRaticDenominatorMz2
MasterValueSourceh1
MasterValueSourceM2
Acceleration

Deceleration

Jerk

BufferMode

@ FB testing

[Key parameter configuration]

e GearRatioNumeratorM1 is set to 1: Defines the Gear Ratio Numerator for Master 1.
e GearRatioDenominatorM1 is set to 1: Defines the Gear Ratio Denominator for Master 1.
e GearRatioNumeratorM2 is set to 1: Defines the Gear Ratio Numerator for Master 2.
e GearRatioDenominatorM2 is set to 1: Defines the Gear Ratio Denominator for Master 2.

e MasterValueSourceM1 is set to 0: Sets the position type for Master 1 to Command

Position.

e MasterValueSourceM2 is set to 0: Sets the position type for Master 2 to Command

Position.

[Command run

a. Add constant velocity motion commands for the two master axes, trigger the dual-master
electronic gearing engagement command, and then trigger the constant velocity motion of the

two masters.

b. When combineMode = 0, the Slave Axis Velocity = Master1 Velocity + Master2 Velocity.
c. When combinemode =1, the Slave Axis Velocity = Master1 Velocity - Master2 Velocity.

[Operation effe

ning effect]

ct waveform]

17 VAR ¢ MC_CombinefAxes@
18 VAR ¢ bCom BOOL
19 VAR ¢ CombineModel MC_Combine_Mode
28 VAR 4 MC_Stop@ MC_Stop
T
w pedig s
MC_Combinefxes MC_Stop0
MC_Combinefxes MC_Stop
EN END EN ENOQ f——
3 —Masteri InSyncp— 2 — Axis Done pP—
4 —Master2 Busy — bStop —Execute Busy —
2 —{Slave Active — 1000 —Deceleration Active —
bCom —|Execute CommandAborted — 10000 —{Jerk CommandAborted —
—Continuouslpdate Error p— Error p—
CombineMode1 —{CombineMode ErroriD f— ErroriD f—
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