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Introduction

Beckhoff Uses the IEC61131 BECKHOFF

» |nternational Electrotechnical Commission(IEC)
is the leading producer of global
‘electrotechnology’ standards

- IEC 61131-3; — | PLCopen’|
— standardizes PLC programming languages o
— Beckhoff conforms to this standard T Iog Ic =

— provides a basis for PLCopen — —

= PLCopen is an organization working to extend
and implement the 61131-3 for industrial IEC 61131-3
automation




Introduction

Beckhoff Uses PLC Open Blocks BECKHOFF

» PLCopen has created specifications for motion function blocks
— Version 1.1 in April 2005
— Version 2.0 in March 2011

= Beckhoff implements many of these blocks in its Motion
Control Version 2 Library

PLCopen| | Il ——

T MC_MoveAbsolute

— MC Mowvesbsolute

—Execute Conef—
—Faosition Busyr—
e e B —velocity Activel—
m Ot Pl - —Acceleration Commandsboted—
: s — — —Deceleration Error—
1 L P — —Jdark ErrarnDf—

co n | B —Buffertode
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Introduction

Block Selection Aided with State Diagram BECKHOFF

= Many Blocks available for:
— Discrete movements
— Continuous movements
— Homing
— Stopping
— Synchronization
» State diagram available to aid in block selection
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Function Block Rules

Rules for all Function Blocks BECKHOFF

* Function Blocks May Have Components:

MC_Movesbsolute
- InpUtS —Execute Caner—
—Fosition
— Passed by value elocity
coeleration
— OUtpUtS —Deceleration
Jerk, ErrorlDF—
— Passed by value L erose
ions
— In_Outs >

— Passed by reference
= Block Memory is Retained.
— While TwinCAT in Run Mode, internal block memory maintained
= Blocks are Instantiated.
— Many blocks of the same type can be used



Function Block Rules

Most Blocks have an Enable or Execute

BECKHOFF

= Blocks with an Enable operate while the Enable is TRUE

Enakle

Drvetride

A b

MC_Fower

Enakle_Fositive
Enable_Megatie

Buffertode

Status
Busy
Acthve
Errar
ErrarlD

Enable

Block Operation

Block Turned On

Block Turned Off

» Blocks with an Execute are triggered with a TRUE

MC_MMovedbsolute
—Execute Done
—Fosition Busy
—welocity Active
—Acceleration Commandaborted
—Deceleration Error
—{Jerk ErrarlD
—Bufferhbdode
—|Options
—Axis

Execute

Block Operation

Block Started

Block Complete




Function Block Rules

Repeated Block Execution has no Effect BECKHOFF

= Arising edge will trigger a block: T
— Input values will be read in Transition Does
= The block ignores any change in inputs while busy: Nothing Here
— Retriggering the same block has no effect
— Changing the inputs will be ignored Inpult_l\éiugil';ead
= After completion or error:

— Retrigger block with rising edge to read new
input values

Execute

Block Operation

Block Started Block Complete




Function Block Rules

A Function Block Must be Called Correctly BECKHOFF
= Only a function block instance may be called Move Conveyor 1
T Iptomeridear e
* In_Outs need to be populated e Sonel_
= Inputs can be left blank, passed literal values, or [0 ‘5‘3;5"@; P
. ConveyorSetpoint_1 H%&|0C| "B
passed variable values ~Acceleration CommandaAborted|—
‘g . . .y —Decelerati Error—
— Unspecified inputs will default to existing values i ErorD—
. —Buffertdod
= Qutputs can be variables or left blank loptions
— Unspecified outputs will not be passed at the [emmm Favie o

time of call

10



Function Block Rules

Common Block Outputs Have Specific Meanings

BECKHOFF

= Done
— Block has successfully completed
= Busy
— Block triggered, but not yet completed
= Active
— Block triggered, axis currently responding
Command Aborted
— Block interrupted by another block
Error
— Something went wrong
ErroriD
— Code number of error

11

FC_Moveshbsolute
Execute Done—
Fosition Busyr—
“elocihy Activer—
Acceleration CommandAborted—
Deceleration Errar—
Jerk ErrorlDF—
Buffertdode
Options
Axis b




Function Block Rules

Certain Block Outputs are Exclusive BECKHOFF

= The following outputs are exclusive:

— Done FC_MowvedAbsolute
. —Execute Done—
— Successful completion Ipositian Busyl—
_ iva* —velocry Activer—
BUS_V/ACtIVG —Acceleration Commandahborted—
— Block being processed ~Deceleration Errar—
—{Jerk ErrarlD—
— Error —Buffertdode
— Something went wrong :EE‘S'TS
— Command Aborted

— Block interrupted

12 *Busy may be TRUE at the same time as Active



Function Block Rules

Single Scan Done Bit Results without Execute BECKHOFF

1. Triggering the block causes it to be Busy

2. Each block remains Busy while the NC
works on the request

3. When the NC completes the command,
Busy turns FALSE

4. When Busy turns FALSE the Done bit turns [
TRUE for one scan if Execute FALSE

o o

o &

e = = o
in in 2 &
1 1 1 1

Ll

Aborted
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Function Block Rules

Done Bit Stays on While Execute On

BECKHOFF

» |f completion successfully occurs, Done bit stays
TRUE as long as Execute is TRUE

14

Busy Done Execute

Active

Aborted

Error
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0167
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0,534

0.167
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0.167
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0,167
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Function Block Rules

Single Scan Aborted Bit Results without Execute BECKHOFF

1. Triggering the block causes it to be Busy

2. Each block remains Busy while the NC works
on the request

3. If a second block interrupts the active block,
Busy will turn FALSE

4. CommandAborted will then turn TRUE to
show interrupt occurred, but for one scan only
if Execute FALSE

Act

Aborted

15
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Function Block Rules

Single Scan Aborted Bit Results without Execute BECKHOFF

0.534

» |f block interrupted, CommandAborted stays
TRUE as long as Execute is TRUE

Execute

0,167 -

-0.54

154

0,534

Done

0.167 |

-0.5

154

0,534

Busy

0.167

-0.54

1.5

0.534

Active

0.167 -

-0.54

154

0.534

Aborted

0.167

-0.5

154

0,834

Error

0.167
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Function Block Rules

Single Scan Error Bit Results without Execute

17

Triggering the block causes it to be Busy

Each block remains Busy while the NC
works on the request

If a problem prevents block from completion,
Busy turns FALSE

When Busy turns FALSE, Error turns TRUE
for one scan only if Execute is FALSE

Busy Done Execute

Active

Aborted

Error

BECKHOFF

0.534

0.167 4
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1.54

0.534 o

0.167 |

-0.54
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Function Block Rules

Sustained Execute Keeps Errors On

BECKHOFF

» |f problem occurs, Error stays TRUE while
Execute TRUE
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Busy Done Execute

Active

Aborted

Error

0.534

0.167

-0.,54

1.5

0.534

0.167

-0.54

1.54

0.534

0.167

-0.5

1.54

0,554

0.167

-0.,5
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0.167
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1.54

0,83
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Function Block Rules

Outputs, A General Summary BECKHOFF

= Boolean Outputs are exclusive

— Busy and Active can be on together
» Afalling Execute resets these outputs:

— The relevant outputs stays TRUE while Execute is TRUE

— The output is TRUE for one scan only if Execute is FALSE
= Afalling Execute has no effect on block execution

Execute Execute L

Boolean Output Boolean Output

Block Started Block Complete Block Started Block Complete

19



Function Block Rules

Axis_Ref Assigns an Axis to a Function Block BECKHOFF

» Axis Ref is a custom data type which refers a s NCTask: 8
motion function block to a NC Axis i‘}i
— Block calls require Axis_Ref “mas

= Axis_Ref contains process data to link the NC ., igél

Axis to the PLC i B s

#1 FromPlc

2 [l Outputs
PROGRAM MAIN > W ToPlc
R PLC A
Conveyor:4XT15 REF: Fi @ Tt
END VAR 4 =] Test Project
- [ External Types
. =) References
3 DUTs
MC_MoveAbsolute . j Egbs;
—Exe_c:!.lte Donef— G Main (PRG)
—FPaosition Busy— £ VISUs
—velocity Activel— b @ PlcTask (PlcTask)
—Acceleration CommandAborted— 4 Test Instance
—Deceleration Error— 4 W Btk npots
—Jerk EnorlDp— 4 WD,
—Bufferhdode ‘<;J
J . NcToPlc
-[Options 4 [l PlcTask Outputs
Conveyor —axis & + W o

20 - PlcToMc



Motion Control Library Version 2

21

Introduction

Function Block Rules
Type Axis_Ref
Common Blocks
Buffered Moves

BECKHOFF



Axis Information

Axis_Ref Contains Axis Information

BECKHOFF

= Axis Ref contains:
— Basic structures for data transfer to and from the PLC

— PIcToNC is an Output
— NcToPIc is an Input
— A Status structure with additional axis information

22

TYPE AXIS REF :
VAR _INPUT

PlcToNc AT %Q* :

END VAR

VAR _OUTPUT
NcToPlc AT #I*
ADS
Status

END_VAR

END_TYPE

PLCTONC AXIS REF;

i NCTOPLC AXIS REF;
: ST_AdsAddress;
: ST _Axisstatus;




Axis Information

NcToPlc Contains Basic Axis Information BECKHOFF

» Basic data read through main NcToPIc structure
— No update request required

Conveyor.NcToPlc.<Axis Information>

= |nformation includes
— Position
— Velocity

I
General | Settings | Parameter| Dynamics| Online Functiansl CauplinglEampensatiDnl
etpaint Pogition: aree]

Lag Distance [min/max):  aree Actual Yelocity: eqrees] Wetpoint Velocity,  egreeds]
00Mm7 [-0.022, 0.027) 01755 0.0000

= = LTI, 3 rar:
A | t 100.0000 % 000/ 0.00:% 0 [0x0)
- Cce era Ion Statusz [log.] Status [phys.] E nabling
. [¥] Ready MOT Maving [ Coupled Mode Controller Set
— Ta rg et POS |t| O n [7] Calibrated [ Mowving Fua ]I Target Pos. Feed Fw
[TTHasz Job [ Mawing Bw [1In Poz. Range [¥] Feed Bw
- Lag POSItIO n Cantraller Ky-Factor: =e/z/Deqgres] Fieference Welacity: =qree.s]

1 226512 4
- N C E rro r COd e Target Paozition: DegreJe] Target Velacity: =qree.s)

]

1l 0
wr| | Al 8| %
F1 F2 F3 F4 F& Fa

23



Axis Information

Status Contains Additional Information

BECKHOFF

= Call Axis instance OR ReadStatus to update Status structure
— Call every PLC cycle to instantly update Status information

24

Conveyor();

Conveyor.ReadStatus();

i Accelerating

i CamDataQueued
d CamScalingPending
dr CamTableQueued
@ CmdBuffered

4 Compensating

4 ConstantVelociy
@ ContinuousMotion
4 ControlLoopClosed
4 Coupled

@ CycleCounter

4 Decelerating

@ Disabled

# DiscreteMotion

& DriveDeviceError

& Error

& ErrorlD

& ErrorPropagationDelayed
@ ErrorStop

# BxternalLatchvalid

Conveyor.Status.<axis information>

Conveyor.Status.<axis information>

¢ ExtSetPointGenEnabled & ProtectedMode

i HasBeenStopped & FTPmode

d HasJoh @ SoftLimitMaxBExceeded
d Homed i SoftLimitMinBxceeded
# Homing & Standstill

# HomingBusy & Stopping

4 InPositionArea # SynchranizedMaotion
& InTargetPosition @ UpdateCycleTime

4 IoDatalnvalid @ UpdateTaskIndex

d MotionCommandsLoded

# MotionState

& Moving

@ NchpplicationRequest
@ NcCycleCounter

& MegativeDirection

@ MewTargetPosition

& NotMoving

@ Operational

& OpMode

@ PositiveDirection
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Common Blocks

MC_Power is a Software Enable for the Axis BECKHOFF

» |nputs:
— Enable is a general enable of the Axis
— Enable_Positive allows forward motion
— Enable_Negative allows backward motion
— Override will scale the commanded velocity
— 0 to 100 in Percent
= Qutputs:
— Status shows when the axis is enabled

tC_POWER
—Enahkle ; BOOL Status : BOOL—
—Enahkle_Puositive ; BOOL Buszy : BOOL—
—Enahle_MNegative : BOOL Acthee  BOOL—
—Cwerricde : LREAL Errar: BOOL—
—Buffertdode : MC_Bufferkiode ErrarlD ; LIDINTF—
—Axis D ARIS_REF WAR_IN_DOUT) Axis : AXIS_REF MWAR_IN_QUTI—

26 Click Block for More Information



Common Blocks

MC_Power is a Software Enable for the Axis

BECKHOFF

= MC_Power offers the same functionality as the Enabling interface of the Online tab

27

| [General I Settingsl F'arameterl D_I,Inamiu:s| Onlire | Funu:tiu:unsl I:::uuplingl Eu:-mpensatiu:-n|

Setpoint Position: gree)
\ -0.0017 70000

Lag Diztance [mindmax]:  gree] Actual Velocity: egreedz] Setpoint Yelocity:  egreeds]
0.0017 [-0.022 0.027 01755 0.0000

Owemide: [%]@Total # Contral Output:— [%] Erron:
100.0000 % oo/ 000 0 [0

ALz [Iog. Statusz [phys.] Enabling

[¥] Ready HOT Moving [7] Coupled Made Controller Set
[ Calibrated  [] Moving Fw [T]1n Target Pos, Feed Fw
[[JHaz Job [] Maoving Biw [7]In Poz. Flange [¥] Feed Bw

Contraller Ky-Factar: =e/5/Degree] Reference YVelocity: aqreeds)

g 226512 g

Target Paozitian: Degree] T arget YW elociby: aqreeds)

0 Rty

] 0
| 2] &) AP
El F Fo F4 F& Fa

Set Enabling

3 Contraller
[ Feed Fu
"] Feed Bw
Ovemde [X]:

100

| Cahcel .

All




Common Blocks

MC _Reset clears NC Errors

» |nputs:

28

— Execute will;

— Clear the current NC error for the specified axis

— Clear any residual position error

— Sets the current position as the target(final setpoint) position

for the current move

MC RESET
—Execute : BOOL Dane : BOOL
—Axis AxlE_REF MWAR_IN_OUT) Busy : BOOL
Etror: BOOL
EtrarlD: LIDINT
Axis  ARIS_REF WAR_IN_OUT)

Click Block for More Information

BECKHOFF




Common Blocks
MC _Reset clears NC Errors

» MC_Reset offers the same functionality as the Reset button(F8) of the online tab

| General | Settingsl F'arameterl D_l,lnamiu:s| Online | Funu:ti-:unsl Enuplingl Eumpensatiun|

aree)
0.0000

BECKHOFF

_O . 0 0 1 7 Setpaint Pogition:

ag Lhiztance [mindmax].  gree| Bactual Velocity: egree/z] Setpaint Velocity:
00017 [-0.022, 0.027)

01755

egrees]
0.0000

Errar:
oo | = O

Qvermide: [%] Total / Contral Dutput;
100.0000 % 000/ 000
Statuz [log.] Statuz [phs.] nabling
Ready MOT Moving [ Coupled Mode Controller m
[[] Calibrated  [7] Moving Fw []In Target Pos. Feed Fw
[ Haz Job [ Maving Bw []In Poz. Fange [¥] Feed Bw

Contraller Kry-Factar: =e/z/Degree) Reference Velocity: =greess]
1 22651.2 1
T arget Pozsition: Degree] Target YWelacity: aqree's]
0 1 0
—— | = + | ++ ® -
F1 | F2| F3|_Fa4 F8 ||_F9

29




Common Blocks

MC_MoveAbsolute moves Axis to New Position BECKHOFF

= Position: Location relative to zero which axis moves to
on Execute

» Velocity. Speed of travel to new position(must be > 0)

= Not specifying Acceleration, Deceleration, and Jerk
will result in default parameters from the axis being used

FAC_Movesbsolute
—Execute Doner—
—Fasitian Busy—
—|Welocity Activer—
—Acceleration CommandAborted—
—Deceleration Error—
—Jerk ErrorlDF—
—Buffertdode
—Options
—Axis b

- Click Block for More Information



Common Blocks

MC_MoveAbsolute moves Axis to New Position BECKHOFF

» Functionality can also be found in the Functions
tab under the Absolute Start Mode

| General | Settings I Parameterl D_l,lnamiml Dnlinel Functions| Enuplingl Enmpensatinnl

\ gggg 9955 Setpoint Position:  2qree]
. 10000.0000
arget Fozition: i} [Ceqgree] |Stop
Target Welocity: i} [Deareess]
[T scceleration: n [Deareeds2
[7] Deceleration: 1] [Deareedsi| ast Time: [z]
[T Jerk: 1] [Deqee/s! 7.03200

31



Common Blocks

MC_MoveRelative moves Axis to New Position BECKHOFF

= Dijstance; Location relative to current axis position which axis
moves to on Execute

» Velocity. Speed of travel to new position(>0)

= Not specifying Acceleration, Deceleration, and Jerk will result in
default parameters from the axis being used

MC_MOVERELATIVE

Buffertdode : MC_Bufferbdode Axis s AXIS_REF MWAR_IM_OUT)
Options - ST_hoveOptions
Axis . AXIS_REF WAR_IM_OUT)

—Execute : BOOL Cone : BOOL—
—Distance : LREAL Busy: BOOL—
—welocty . LREAL Actve : BOOL—
—Acoeleration | LREAL Commandaborted : BOOL—
—Deceleration ; LREAL Etror: BOOL—
—derk : LREAL ErrarlD : LDINTF—

Click Block for More Information
32



Common Blocks

MC_MoveRelative moves Axis to New Position BECKHOFF

= Operation can also be found in the Functions tab
under the Relative Start Mode

I] Generall Settingsl F'arametEII D_l,lnamicsl Dnlinel Functinnsl Euuplingl D:nmpensatianl

\ gggg 9958 Setpoint Position:  2gree]
. 100000000
sterdad Sta
arget Position: 0 [Degres] |Stop
T arget Welocity: 1] [Degress]
[ cceleration: i] [Degreeds:.
7] Deceleration: 1] [Degressy ast Time: [5]
[ derk: 0 [Degree/s. 703200
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Common Blocks

MC_MoveVelocity moves Axis Continuously BECKHOFF

= Velocity: Speed of continuous travel

= Direction is an enumerated value used to choose forward
or backward motion

WG _MONVEWELOCITY

Buffertdode : MC_Buffertode  Axis: AXIS_REF MWAR_IN_OUT)
Options - ST_koweOptions
A AXIS_REF WAR_IN_OUT)

Click Block for More Information

—Execute : BOOL Inelocity: BOOL—
—welocity . LREEAL Busy: BOOL—
—{Acceleration ; LREAL Active  BOOL—
—Ceceleration : LEEAL CommandAbored  BOOL—
—derk: LREAL Error: BOOL—
—Direction : MC_Direction ErrorlD : LDIMNTH—

34



Common Blocks

MC_MoveVelocity moves Axis Continuously BECKHOFF

= Operation can also be found in the Functions tab
under the Endless Start Mode

| General | Settingsl F'ararneterl D_I.Jnarnicsl Elnlinel Function$| Eouplingl Eompensationl
| Setpoint Position:  z20ree)
‘ 10931.5994 10931 5339
Start Mode: Endless +
Target Position: 10500 [Deqree] (Stop
Target Velocity: 100 [Degreeds]
[7] Acceleration: i} [Degreed s
[7] Deceleration: 0 [Dedree/s ast Time: [5]
[T derk: 1] [Degree/s, 9.33800

35



Common Blocks

MC _Halt is an Interruptible Stop Command BECKHOFF

= Deceleration allows the rate of velocity reduction to be set
— Lower deceleration rates than the current move are ignored

— MC_Halt will not cause a move to occur which passes the
original setpoint

= Options are not available

RAC_HALT

—{Execute : BOOL Done : BOOL—
—Deceleration : LREAL Busy: BOOL—
—{Jerk : LREAL Active  BOOL—
—Buffertdode ; MC_Bufferkdode Commandaboned  BOOL—
—Options : 3T_kMoweOptions Error: BOOL—
—Axis  AxIS_REF (WAR_IN_OUT) ErroriD : LDINT—

Axis  Axla_RBEF VAR_IN_OUT)I—

Click Block for More Information
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Common Blocks

MC_Stop is a Non-interruptible Stop Command BECKHOFF

= Execute TRUE will prevent further motion commands until Execute is FALSE
AND velocity is zero.

» Deceleration allows the rate of velocity reduction to be set
— Lower deceleration rates than current move are ignored
= Options are not available

MCZ_STOF

—Execute : BOOL Uone : BOOL—
—Deceleration : LREAL Busy : BOOL—
—Jderk : LREAL Active : BOOL—
—Jptions : 3T_MoweOptions Commandabaorted : BOOL—
—Axis D AxIS_REF MWAR_IN_OLUIT) Errar: BOOL—
ErrarlD : IDINT—

Axis AXIS_REF WAR_IN_QUT)—

Click Block for More Information
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Common Blocks
MC_Stop is a Non-interruptible Stop Command BECKHOFF

» Operation can also be found in the Online tab by
pressing the Red Button(F6)

| General | Settings | F'arameterl D_l,lnamiu:s| Online | Funu:ti-:unsl Enuplingl Eumpensatiun|
Setpoint Pozition: aree)
| -0.0017 0,000
Lag Distance [mindmas:  gree] Actual Velocity: egree/z] Setpoint Velocity:  egree/s]
00017 [-0.022, 0.027) 01755 0.0000
Qvermide: [%] Total / Contral Output:— [%] Error:
100.0000 % 000/ 0.00% 000
Statuz [log.] Statuz [phs.] Enabling
Ready HOT kMowing [7] Coupled Made Contraller Set
[[] Calibrated  [7] Moving Fw []In Target Pos. Feed Fw
[ Haz Job [ Maving Bw []In Poz. Fange [¥] Feed Bw
Contraller Kry-Factar: =e/z/Degree) Reference Velocity: =greess]
1 226512 i b
T arget Pozsition: Degree] Target YWelacity: aqree's]
0 1 0
F1 | F2| F3|_Fa4 F8 | _F9
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Common Blocks

MC_Jog Allows for Manual Positioning Moves BECKHOFF

» JogForward or JogBackward TRUE will move the axis forward or
backward until FALSE using the velocity as specified in the axis
parameters

| Generall Settings| Parameter Dynamicsl Online I Functionsl Couplingl Eompensation|

+  Maximurn Dyhamics

+ | Default Dynarnics:
fanual Motion and Homing:
Haorming Welocity (towwards ple cam) 4852933105, | 4852933105468, [F s

FrIFms
hdanual Welocity (Fast) 1455879931, | 145.5879931640.., mirnds
fanual Welocity (3low) 2426466552, | 24.26466552734... s
log Increment (Forward) 5.0 5.0 mm
log Increment (Backward) 5.0 5.0 mm

MC_JOG

—JogFarward : BOOL Done : BOOL—
—JogBackwards : BOOL Busy : BOOL—
—hdode : E_Joghdode Active  BOOL—
—Fosition : LREAL CommandaAborted : BOOL—
—welocity | LREAL Errar: BOOL—
—Acceleration : LREAL ErrorlD - UDINT—
—Deceleration : LREAL Axis  AXIS_REF WAR_IN_OUT)—
—Jerk : LREAL

—Axis  AxIS_REF (VAR_IN_DUT)

39



Common Blocks

MC_Jog Allows for Manual Positioning Moves BECKHOFF

» Using Mode will change block functionality.
» The following modes are available:
— MC_JogMode_ Standard_Slow(use slow parameter )
— MC_JogMode_ Standard_Fast(use fast parameter)
— MC_JogMode_ Continuous(use Velocity input)
— MC_JogMode Inching(execute a relative move)
— MC_JogMode InchingModulo(execute a relative move)

MC_JOG

—JogFarward : BOOL Done : BOOL—
—JogBackwards : BOOL Busy : BOOL—
—kode : E_Jogkdode Active  BOOL—
—Fasition : LREAL CommandAbaored . BOOL—
—elocity : LREAL Error: BOOL—
—Acceleration : LREAL ErrorlD : UDINT—
—Deceleration ; LREAL Axis o AxXIS_REF MWAR_IN_OUTI—
—Jerk : LREAL

—jAuis D AXIS_REF WAR_IN_OUT)

40 Click Block for More Information



Common Blocks

MC_Jog Allows for Manual Positioning Moves

» Default block functionality can be observed using the fast
and slow jog buttons from the online tab of the axis

41

| General | Settingsl F'arameterl D_l,lnamiu:s| Online | Funu:ti-:unsl Enuplingl Eumpensatiun|

Y

Contraller Kry-Factar:

N

Lag Distance [mindmas]:

0.0017 [-0.022, 0.027)

ermde:

=e/z/Degree)

o

T arget Pozsition:

3
Degree]

4

- +] ++
F1 | F2| Fa3| _Fa

aree]  Actual Velocity:

[%] Toatal / Control Dutput:

_O . 0 0 1 7 Setpaint Pogition:

egree/z] Setpaint Velocity:
01755

[%] Error:

000/ 000

1000000 %

Statuz [log.] Statuz [phs.] Enabling
Ready HOT kMowing [7] Coupled Made Contraller
[[] Calibrated  [7] Moving Fw []In Target Pos. Feed Fw
[ Haz Job [ Maving Bw []In Poz. Fange [¥] Feed Bw

Reference Velocity:
22651.2

Target YWelacity:

aree)
0.0000

egrees]
0.0000

0 [0=0)

Set

=greess]
3

aqree's]

—
F9

0
®
F8

BECKHOFF




Common Blocks

MC_Home Changes Axis Position and Position Value BECKHOFF

= Execute will cause axis to move until bCalibrationCam
TRUE

Axis will stop, and move in opposite direction until
bCalibrationCam FALSE

Axis Position value is then set equal to Position
HomingMode allows for alternate homing sequences
Options allow position lag to be cleared when homed

MC_HOME
—Execute : BOOL Done : BOOL—
—Fasition : LREAL Busy: BOOL—
—Homingkade : MC_Hominghdode Active  BOOL—
—Buffertdode : WZ_Bufferbdode Commandaborted  BOOL—
—Options : 5T_HomingOptions Error: BOOL—
—bCalibrationCarm : BOOL ErrarlD : UDINTF—
—Axis D AXIS_REF (VAR_IN_OUT)  Axis: AxIS_REF (VAR_IM_QUT)—
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Common Blocks

MC_Setposition changes the Axis Position Value BECKHOFF

* |nputs:
— Execute will change the position value of the axis
— Mode specifies if the new axis position is to be set equal to

the Position input(absolute) or be adjusted by the Position
input(relative)

— Options allow for clearing position lag OR for selecting
which encoder is desired for position adjustment(if multiple
encoders present)

MC_SETFOSITICN

a4 |Tae fues
—Execute : BOOL Done : BOOL— 4 it
—|Position : LREAL Busy : BOOL—
hMode : BOOL Error: BOOL— - e
—Options : = T_=etFostionOptions ErrarlD : UDINT— Ty, Ctrl

Axig AxlE_REF WAR_IN_QUT) Axis: AxIS_REF (WaR_INM_OUT)

Click Block for More Information
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Common Blocks

MC_Setposition changes the Axis Position Value BECKHOFF

= MC_Setposition has the functionality of the Set Actual Position
area of the Functions Tab

| General | Settings | Farameter D_l,lnamicsl Elnline| Functionsl Eauplingl Enmpensatiunl
\ 49 971 ? Setpoint Position.  =gree]
. 50,0000
Extended Start
Start Mode: [Absnlute = ]
Target Pozition: i] [Degree] |Stop
Target Velocity: 0 [Degreers]
[ Acceleration: 0 [Degreess2,
[T] Deceleratiar: ] [Degrees) st Time: ]
[T Jerk: 1] [Degreess. 0.00000
Fiaw Drive Output
Output Mode: [ Percent - ]
Cutput Y alue: 0 o Shop
Set Actual Position
Absaolute A
et Target Foztion
[.-’-‘-.bsulute v] 1]
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Common Blocks

MC_Read Blocks Return Axis Information BECKHOFF

» |nputs:

= Setting Enable TRUE will request the Axis Position or Actual Velocity to be
returned from the NC

= Qutputs:
» Valid TRUE if Position or Actual Velocity match current Axis value

bMC_READACTUALFPOSITION

Puosition : LEEAL
Axis  AXIS_REF MWAR_IN_OUT)

—Enahkle : BOOL Yalid : BOOL—
—Axis  AxIE_REF WAR_IN_OUT) Busy: BOOL—
Errar: BOOLF—

ErrarlD : LIDINT—

MC_READACTUALVELOCITY

Actualv'elocity | LREAL
Axis AxIS_REF (VAR _IN_OUT)

Click Block for More Information

—Enahle : BOOL Yalid : BOOL—
—Axis D ARIS_REF WAR_IM_COUT) Busy : BOOL—
Errar: BOOL—

ErrarlD : LIDIMNTF—
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Common Blocks
MC_Read Blocks Return Axis Information BECKHOFF

MC_Read blocks will return the same information as Position and
Actual Velocity in the online tab

| General | Settingsl F'arameterl D_l,lnamiu:s| Online | Funu:ti-:unsl Enuplingl Eumpensatiun|
b etpoint Pozition: aree)
N -0,0017 e

Lag Distance [mindmax:  gre
0oy (0022 002

o Actual Velocity: egree/z] Betpaoint Velocity:  egree/s]
01755 0.0000

[%] Total / Contral Output:— [%] Error:

Qvermide:
100.0000 % 000/ 000 0 [Dw0)
Statuz [log.] Statuz [phs.] Enabling
Ready HOT kMowing [7] Coupled Made Contraller Set
[[] Calibrated  [7] Moving Fw []In Target Pos. Feed Fw
[ Haz Job [ Maving Bw []In Poz. Fange [¥] Feed Bw
Contraller Kry-Factar: =e/z/Degree) Reference Velocity: =greess]
1 226512 i b
Degree] Target YWelacity: aqree's]

T arget Pozsition:
0 4

i 0
o] 2l & 8| &
El Fz E F4 F& F9
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Common Blocks

MC_ReadAxisError Reads NC Errors of the Axis BECKHOFF

= |nputs:
= Enable TRUE will cause current NC error to be acquired

= Valid will be TRUE if the value shown at AxisErrorID matches
the current NC error of the axis

bC_FeadixisErrar

—Enable walidF—
—Axis B Busyr—
Error—

ErrorlDF—

AxisErrarD—

Click Block for More Information
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Common Blocks
MC_ReadAxisError Reads NC Errors of the Axis BECKHOFF

The block offers the same functionality as shown in the online tab of the axis

| eneral I Settingsl F'arameterl D_I,Inamin:s| Orline | Funu:tiu:unsl Coupling Eu:umpensatiu:un|

Setpoint Pozition: ares]

Wy 3177.0305 i
Lag Digtance [mindmax).  aree] Actual Velocity: eqreess] Setpoint Velocity:  egreeds]
0.17EE 00000

-0.0682 [-0.927,0.717)

Qverride: [%] Tatal / Contral Qukput: [%] Errar:
0.0000 % 000/ 000 16992 [Ox4260)

Status [log.] Status [phyz.] Enabling
[ Ready MOT Moving [ ] Coupled Mode [] Cortraller Sef
[ Calibrated || Maoving Fw []In Target Pas. [] Feed Fu

[[Has Job [ Moving Bw []In Pos. Range [] Feed Bw

Controller Kow-Factor ze/z/Degres) Reference Velocity: agree’s)

1 22651.2 1
T arget Pogition: Degree] T arget Y elocity:
0 4

1 0
IR R ARy
Fl F2 F3 F4 F& EY

agrees)
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Common Blocks

MC_ReadParameter Acquires NC Parameter

50

Certain axis parameters are Floating(F) point numbers OR Booleans(B)
This is shown in the Type column of the Parameter tab

BECKHOFF

General | Settings | Parameter Dynamicsl Elnlinel Functionz Euuplingl Compenzation

Maxirnurm Dynamics:

Maxirnurm Velocity 20592.0 20592.0
Maxirnurm Acceleration 15000.0 15000.0
Maxirmum Deceleration 15000.0 15000.0
Default Dynarnics:

Default Acceleration 30883.0 30882.0
Default Deceleration 30883.0 30885.0
Default Jerk 126640 926640

+ Manual Motion and Homing:

Fast fxis Stop:

+
- Maonitaring:

Position Lag Monitaring TRLE j
Maxamurn Position Lag Value 5.0
Maxirmurn Position Lag Filter Time 0.02

Paosition Range Monitoring TRLE j TRUE




Common Blocks

MC_ReadParameter Acquires NC Parameter BECKHOFF

» Either of these parameters types can be read in with the MC_ReadBoolParameter
OR MC_ReadParameter function blocks

= Inputs

» Enable TRUE will cause a desired Axis Parameter to be read as chosen by the
ParameterNumber

» ReadMode specifies the frequency of the parameter update(each PLC cycle or
once per rising edge of Enable)

=  Qutput
» Valid signifies the Value is current for the Axis parameter

MC_READBOOLPARAMETER MC_READPARAMETER
—Enahle : BOOL YWalid : BOOL— —Enable  BOOL YWalid : BOOL—
—{FarameterMumber : INT Busy  BOOL— —{FarameterMumber: INT Busy : BOOL—
—RFeadhiode : E_ReadiMode Error: BOOL— —Readhode : E_Readiode Error: BOOL—
—jduis  AxIE_REF (WAR_INM_OUT) ErrorlD; UDINT— —duis  AxlE_REF WAR_IN_OUT) ErrorlD : UDINT—
“alue : BOOL— “alue : LREAL—
A ARIS_REF MvAR_IN_OUT)— Axis  AXIS_REF fvARIN_OUT)—

o Click Blocks for More Information



Common Blocks

MC_ReadParameterSet Reads all Axis Parameters BECKHOFF

» MC_ReadParameterSet reads a standard set of parameters

(not identical to the parameter list of axis components) into s —
one structure of data : T

Default Dynarmics:

+ | Manual Mation and Horing:
+ | Fast fxis Stop:
+ | Monitoring:

+ Setgoint Generator:

+  Output Settings:

+  Position and Velocity Scaling:

MC READFARAMETERSET F H 'l':'l.":lﬂj 1 /+ Torque and Acceleration Scaling:

+  Optional Position Cormmand Qutput Smoothing Filker:
—Execute : BOOL Done : BOOL % El"l C +  Other Settings:
—Farameter : 3T_AxisParameterSet WAR_IN_OUT) Busy  BOOL :
—Axis 1 AXIS_REF (WAR_IN_OLUIT) Error: BOOL ., i-,_ll D FIn'E
Ty Ctrl

Click Block for More Information e e

+  Encoder Evaluation:

ErrorD; LDINT]
Farameter : 5T_AxisParameterSet (WAR_IN_DUT)

Axis  AXIS_REF (WAR_IN_OUT)

+  Maonitoring:

+  Paosition Control Loop:

+  Limit Switches:
+ | Filter:

+ Homing:

+  Other Settings:
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Common Blocks

MC_ReadStatus Looks at Status of Axis BECKHOFF

» When Enable TRUE, updates to axis information occur
= ST AxisStatus holds expanded information regarding the axis

MC_READSTATUS

—Enahle : BOOL “alid ; BOOL
—dxis - ARIS_REF (WAR_IN_OUT) Busy : BOOL
Errar: BOOL

ErrarlD : UDINT)

ErrorStop : BOOL

Dizabled : BOOL

Stopping : BOOL

Standstill : BOOL
Discretebdotion : BOOL
Caontinuoushotion : BOOL
Synchronizedhkdation : BOOL
Horning : BOOL
Canstantvelocity : BOCOL
Accelerating : BOOL
Decelerating : BOOL

Status - 5T _AxisStatus

Axis AxIS_REF WVAR_IN_OUT)

Click Block for More Information
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Common Blocks

MC_ReadStatus Looks at Status of Axis BECKHOFF

= Block makes information available as shown in the Online tab of
each Axis(plus additional information)

| [General I Settingsl F'arameterl D_I,Inamiu:s| Onlire | Funu:tiu:unsl I:::uuplingl Eu:-mpensatiu:-n|

Setpoint Position: gree)
- -0.0017 0,000
Lag Diztance [mindmax]:  gree] Actual Velocity: egreedz] Setpoint Yelocity:  egreeds]
00017 [0.022, 0.027) 01755 0.0000
Owemide: [%] Total / Contral Output: — [%] Erron:
100.0000 % o0/ 000 0 (0=
Statuz [log.] Statusz [phys.] Enabling
Ready HOT Moving [7] Coupled Made Controller Cet
[ Calibrated  [] Moving Fw [T]1n Target Pos, Feed Fw
[[JHaz Job [] Maoving Biw [7]In Poz. Flange [¥] Feed Bw
Contraller Ky-Factar: =e/5/Degree] Reference YVelocity: aqreeds)
1 226512 1
Target Pozition: Deagree] T arget Welocity: agree.'s]

0 Rty

] 0
- | + | ++| ® | —-
o E B NE goll LEY
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Common Blocks

MC_Write Blocks Allow Parameter Changes BECKHOFF

= Some parameters can be changed while the axis is operating
= Other parameters changes require that an axis be disabled

= MC_Write blocks allow a ParameterNumber to be selected and
a Value specified to change Axis parameters

= Values written on Execute

MC_WRITEPARAMETER MC_WRITEBOOLPARAMETER
—Execute : BOOL Done :BOOL— —Execute : BOOL Done : BOOL—
—Farameter™Number : INT Busy  BOOL— —Parameterbumber: INT Busy: BOOL—
—value  LREAL Error: BOOL— —value - BOOL Errar: BOOL—
—Axis T ARIS_REF (VAR_IN_OLT) ErrorD: UDINT— —jAxis - AXIS_REF (WAR_IN_OUT) ErrarD - UDINT—
Auds L AXIS_REF (VAR_IN_OUT)— Axis : AXIS_REF (vAR_IN_OUT)—

Click Block for More Information
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Buffered Moves

Buffering Allows Moves to be Queued BECKHOFF

» Buffering calls a different block instance while one is currently active.
= Only one block can be buffered at a time.

= Many different buffering options are available through the
MC BufferMode enumeration

= Not all blocks can use BufferMode
= Some blocks do not have it and others have it, but do not use it

MC_MOVECONTINUOUSABSOLUTE

—Execute : BOOL InEndvelocity : BOOL—
—Fosition : LREAL Busy : BOOL—
—velocity | LREAL Active  BOOL—
—Endvelocity . LREAL Commandaborted : BOOL—
—Acceleration | LREAL Errar: BOOL—

Deceleration : LEREAL ErrarlD : LIDIMT
== Axis AXIS_REF MWAR_IN_QUT)

Buffertdode : MC_Bufferbode

—Awis - AXIS_REF (VAR_IN_OUT)
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Buffered Moves

Buffering Dictates Block Transitions BECKHOFF

= Abortis the default BufferMode which immediately
ends the first block and activates the second.

: Aborting

Py P>

|
|
|
|
I
|
|
|
|
|
Py !
' [
|

» Buffered is another BufferMode that brings axis to
target before second block is activated

Buffered

o

-V

Pa Pz

RSN
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Buffered Moves

Buffering Dictates Block Transitions BECKHOFF

» BlendingHigh transitions moves so that the greater velocity of
the two moves will be realized at the first target position

BlendingHigh

Vo

Py P Pz B
|

BlendingHigh

S Lk

Fa

TR, || MERRTEERRTRERt .
0
L]
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Buffered Moves

Buffering Dictates Block Transitions BECKHOFF

» BlendingLow transitions moves so that the /esser velocity of the
two moves will be realized at the first target position

BlendingLow

I

|

T |
W9 \:
|

el [
|

|

|

|

|

P

|

Pz

BlendingLow

“ad

V17 /
Pa
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Buffered Moves

Buffering Dictates Block Transitions BECKHOFF

» BlendingPrevious transitions moves so that the velocity of the
first move(previous move) will be realized at the first target
position

BlendingPravious

/

Po

Ly o
.0
%

A BlendingPrevious

-v;?-

L/

Po

v
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Buffered Moves

Buffering Dictates Block Transitions BECKHOFF

= BlendingNext transitions moves so that the velocity of the
second move(next move) will be realized at the first target
position

b BlendingNext

AR

A BlendingNext

Py P2

PRy + | R i, S
"
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Buffered Moves

Buffering is Specified on the Second Block BECKHOFF

= Buffering is implemented on the second block instance.
= The first block is the active block
» The second block is the queued block

FB_MoveAbs1000 FB_MoveRel100
M _Movesbsolute MC_MoveRelative
I —Execute Conel— _l_—E:-:ec:ute Doner—
1000 —|Fosition Busy— 100 —Distance Busy—
50 —velociy Activer— 10 —{velocity Activer—
—Acceleration CommandAborned— —Acceleration Commandaborted—
—Deceleration Error— —Deceleration Errar—
—{Jerk ErrorlDfF— . lark ErrarlDb—
—Buffertode BlendingLow | HBufferkiode
—Uptions —Options
—Axis = iz &

63



Buffered Moves

Buffering is Specified on the Second Block BECKHOFF

» |f buffering the same block implementation, a new instance
must be used.

= (Calling the same instance will have no effect until block
completion, and no buffering is possible

FB_MoveAbs100 FB_MoveAbs1000
FMC_Movedbsolute FMC_Movedbsolute
I —Execute Done— _l_—Exec:ute Done—
100 —{Fositian Busy— 1000 —|Fositian Busw—
50 —welocity Actie— 10 —welociy Arctivel—
—Acceleration Commandabored— —Acceleration Commandabored—
—Deceleration Error— —Deceleration Error—
—Jerk ErrarlDi— —Jerk ErrarlDi—
—Bufferbdode BlendingLow] —Buffertode
—Cptions —Cptions
—Axis = —Axis =
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CmdBuffered Bit Shows Presence of Queued Move BECKHOFF

- CmdBUﬁered blt 4 B= Machining Axis(Z)
. b %, Enc
» TRUE when move waiting to execute b s Drive
. sy, Ctrl
» FALSE when no move pending i B Inputs
. . . P # FromPlc
= |f multiple buffered moves desired, wait i @ Bk
. . 4 M ToPlc
until primary move compllete, L e
CmdBuffered false, to trigger new & Operational
. . . K- Homed
function block instance with BufferMode &> NotMoving
1 - ExternallatchValid
InDUt B MNewTargetPos
= CmdBuffered will be true when new i S
move loaded in que B/ CamTableQueued
- CamDataQueued
B CamScalingPending
GVL IO.MachiningAxis.NcToPlc.StateDWord.24 : E-::’B”Lfmd
E- SoftLimitMinExceeded
GVL_IO 2 Machiningj‘%xis () : & SoftLimitMaxExceeded
GVL IO.MachiningAxis.Status.CmdBuffered " Diveleceant
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Contact BECKHOFF

Beckhoff Automation LLC Phone: 1952 890 0000

USA Headquarters Fax: 1 952 890 2888

13130 Dakota Avenue E-Mail:  beckhoff.usa@beckhoff.com
Savage, MN 55378 Web: www.beckhoffautomation.com
USA
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Global Headquarters
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33415 Verl
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Phone: +49 5246 963-0
Fax: +49 5246 963-198
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Web: www.beckhoff.com
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