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1.0 Introduction

If we look at PLC projects, we see that every machine deals with the same functionalities. Generally,
machines powered by servo drives, need to follow a sequence of steps during its development:

I. Start a Network Protocol (if available);

Il. Power on all drives;

Ill. Elect a reference method to home each axis;

IV. Develop a Manual Mode, allowing an operator to Jog an axis and change setup positions;
V. Finally development of an Automatic Mode, which runs desired machine functionalities;

All the steps described above are the core project parts and contained within the Main program,
they establish a pathway for the machine code to be developed. In addition to these steps, the program
requires some Auxiliary Programs to deal with Status, Faults, |0s, Recipe and/or any special routine.

This Standard SFC Template proposes a division of known functionalities into modules, organizing
them using the high expressive power provided by KAS using SFC language. The objective is to provide a
structure capable to control machines of different types and complexity levels, using the same SFC
Structure and Auxiliary Programs.

Sequential Function Chart (SFC)

The SFC language is a state diagram. Graphical steps are used to represent stable states, and
transitions describe the conditions and events that lead to a change of state. Using SFC highly simplifies
the programming of sequential operations as it saves a lot of variables and tests just for maintaining the
program context.

TIP: It’s is important to know SFC Fundamentals to understand Standard SFC Template. A document
explaining how it works can be found at KAS Help, section:
Technical References > Programming Lanquages > Sequential Function Chart ( )
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2.0 Specification

This template uses KAS (Kollmorgen Automation Suite) to build a complete automation solution,
providing support to Motion Control, PLC Logic, and HMI. The program utilizes two IEC-61131 languages:
SFC as a top-level program, building the state machine and ST for the coding inside of step qualifiers and
on Auxiliary Programs.

PLCOpen has been chosen as motion engine for the application, composed by 2 Axes as type Servo
and 1 Axis as a Virtual Master. All of them was configured with a ratio 1:1, with 360 degrees per revolution
and without a rollover position.

Using KAS 2 Axis Demo as base hardware of development, this template is fully adapted to run with
Demo's setup or using KAS Simulator.

2.1 EtherCAT Network

This template uses KAS (Kollmorgen Automation Suite) to build a complete automation solution,
providing

AKD 1
Controller

B

AKD 2

Coupler_1

Figure 1. Template’s EtherCAT Network.
2.2 Inputs and Outputs

2.2.1 Digital Inputs

AKDO1 X7:10 — DIN1 — Limit Switch 1
AKDO1 X7:09 — DIN2 — Free
AKDO1 X7:04 — DIN3 — Free
AKDO1 X7:03 — DIN4 — Free
AKDO1 X8:06 — DIN5 — Free
AKDO1 X7:05 — DIN6 — Free
AKDO1 X7:02 — DIN7 — Free
AKDO1 X35:02 — DIN21 — Free
AKDO1 X35:03 — DIN22 — Free
AKDO1 X35:04 — DIN23 — Free
AKDO1 X36:02 — DIN24 — Free
AKDO1 X36:03 — DIN25 — Free
AKDO1 X36:04 — DIN26 — Free
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AKDO2 X7:10 — DIN1 — Limit Switch 2
AKDO2 X7:09 — DIN2 — Free
AKDO2 X7:04 — DIN3 — Free
AKDO2 X7:03 — DIN4 — Free
AKDO2 X8:06 — DIN5 — Free
AKDO2 X7:05 — DIN6 — Free
AKDO2 X7:02 — DIN7 — Free

2.2.2 Digital Outputs

AKDO1 X7:7 — DOUT1 — Free
AKDO1 X7:5—-DOUT2 - Free
AKDO1 X35:7 - DOUT21 - Free
AKDO1 X36:7 — DOUT22 - Free

AKDO2 X7:7 — DOUT1 — Free
AKDO2 X7:5—-DOUT2 - Free

2.2.3 Analog Input

AKDO1 X8:10 — AIN — Free
Auxilia
AKDO2 X8:10 — AIN — Free

2.2.4 Analog Output
AKDO1 X8:08 — AOUT —Free

AKDO2 X8:08 — AOUT — Free
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3.0 How does Standard SFC Template works?

Standard SFC Template divide KAS Project into "Functionalities Groups", routines related to machine
process are located inside of Main Program and Auxiliary Programs are developed using Standalone
Programs.

The biggest advantage of using SFC structure is to translate the machine process in a state diagram.
SFC is a good choice because:

- Each state of the process can be clearly mapped to a SFC step;

- The transition between steps is made using conditions, these are easily identified in the code;

- The relation between steps and activity flow from one state to another is visualized/programmed
in a graphical manner, is easy to comprehend due conditions and interlockings which relate the evolution
of step active states.

- SFC structure is a mirror of the controlled process and allows broke software into small parts.
With this feature is easy to control what is being executed on each scan cycle of the controller.

- Machines mostly have similar state diagrams (Homing, Manual Mode, Automatic Mode...), this
characteristic allows scalability of Standard SFC Template into more complex machines.

v K3 PLC ) The Main Program is responsible to translate machine
v L_Programs Main Program  ctate diagram to PLC software. Is responsible to initialize the
v B Eain SFC1  network, address, power and reference every axis, besides run

{;‘- EZ{::&“ EEE all functionalities inside Manual and Automatic Modes.
|::' Manua;; SEC Auxiliary Programs have as objective provide
v |5 Automatic spc | information to Main Program. They've an established run
% Fi_TrapezoidMove SFC| cycles, without any interlocking conditions, in other words,
i F2_CamGear SFC) keep always running. The Template uses this programs to read
(W F3_CAMonFly SFC]  machine status, deal with fault and reset routines and manage

TEH I0s and recipes.

':: ::Sult g Template’s Subprograms are particles of code

[ Recipes ST developed to perform a specific function. They’re used inside

v [T Subprograms Atxiliary Programs of programs called as instances declared on project’s

" il MCFB _Jog <T dictionary_/. _ _
5] UMCFB StepLimitSwitch ST Besides all PLC Programs structure described above, this

i MCFB_MoveTrapezoidal ST project has a section to setup Motion and PLCOpen Axis and
4 MCFB_CAMSwitch ST to manage EtherCAT Network devices. We've two different
il MCFB_AKDFault_v3 ST | user interfaces, first using Control Panels inside KAS and
| MCFB_AKDFaultlookupl ST | second with a HMI project, developed using KVB (Kollmorgen
Subprograms  visualization Builder).
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3.1 Dictionary

Narme Typi Dwn. | KVB Ir vl
@ Global vanables
EtherCAT EtharCAT [m]
Axigl libcAXS_R
Auxis2 iiboANS_R
Virualhlastes hbAXIS R
CAMonFly strCAManF O
g_Automatic striutomal =
g_Boot stiBoot O
g F1 stiF1 =]
g_F2 $tiF2 =)
g F3 stiF3 )
g_Faulls stiFaulls =
g_Home striHome ]
g i 5tz =
@ Blain stribdain E I
LT SUTGrIS =
g_RecipaCid stiRecipeC =
g_Status strStatus =]
Profiles ProfitesCo
PLCopen PLCopenC
® Main
@ MC_Power_fws1 MC_Power
MC_Power_fors2 MC_Pawer
boActie BOOL O
f strbain
B_boEnable BOOL
B Irdxis1_Posi LREAL LREAL#30
M _IrAxas1_Pos2 LREAL LREALNTZ0
@ B _Irdwis?_Pos1 LREAL LREAL#10
B_Irfxisd_IrPos2 LREAL LREAL#1500
OUT_bafeasEnabled BOOL
OUT_iActiveCycle INT

Project Explorer [_ Dictorary | Liraries |

Figure 3. Project Dictionary. 1. Main Structures declares as Global Variable.
2. Main Local Variables. 3. Main Structure.

Each Program has a group of dedicated variables, related to its functionality. These variables are
divided into two groups:

Local Variables
They can be accessed only inside their program. In Figure 3, the number 2 shows Local Variables
that belongs to the Main Program.

Global Variables and Structures

These variables are special, so can be accessed on the entire project. During Template development
we establish that each program has a Structure of Variable with his name: "str + Program Name". Adopting
this definition is easy to identify from which program the Global Variable came from.

In Figure 3, the number 3 shows the Structure of Variables that belongs to Main Program and
number 1 shows it being declared as a Global Variable.

TIP: During development is recommended to create all program variables as Local and change it to
Global only if necessary.
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To allow identification if the variable represent an Input or Output and its Type, the name of the variable

is divided into 3 parts:

IN_IrAxis1_Pos1

b BOOL
SINT
USINT

i INT
UINT
WORD
DWORD
li LINT
LWORD
r REAL

t TIME
STRING

IN
ouT

STRUCTURE
ARRAY

str
arr

‘ Variable Name

- - Indicate if the variable is an INput or OUTput;
(Only for global variables. Local Variables don’t have this part);

- Indicate variable data type;
" - Variable Name;

3.1.2 Physical Inputs and Outputs

Location

AKD Drive Inputl

AKD Drive Outputl
AKT-DN Inputi
AKT-DT Outputi
AKT-AN Analog Inputl
AKT-AT Analog Outputi

AKD1_IN1
AKD1_0OUT1H
DN1_IN1
DT2_IN1
AN1_AN1

AT1 AO1

bt
5N
5w

AKD1_IN1| btStartCycle

Type |Variab|e Name

Button
Sensor
Switch
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3.1.3 Naming Subprograms

Some part of codes may be reused multiple time or for different jobs and are therefore programmed as
subprograms. This minimizes the amount of duplicated code pieces. Subprogram use the Location (UDFB)
underscore and then the individual name

e.g. _AxisHND, _AxisSDO

Those structure can be instantiated on any level in the programming. Starting with g if global otherwise
start with INST underscore individual name of the UDFB and numbering if used multiple time.

e.g. Inst_ 1, g Inst_ 2

3.1.4 Usage of structure in connection with subprograms

Structure naming uses str as type following by the subprogram which is using it. If multiple subprograms
are using the same structure make sure the subprograms have a common name start and use this as the
structure name.

e.g. str , Str
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3.2 Main - SFC Program — State Machine Routine

The state machine and all functionalities related to machinery process are developed inside of Main
Program, interlocking between each state is made using SFC Structure. Child

_.— g_Boot.b tionStacted
step 2: I mi uilted t d
i) LI ¥ "I 1
Hez g Faules.baCysledH) AND
2 g_Main.boEnable
I E Res al A
g Hain. bodxisEnabled AND
3 §g_Home .boStact) OR ¢ Faults.boCycleOl
| £
..... 1
g_Hcew . boDone
4 ORf g_Faults.boCTyclell
] WV -il A | I
] il
Lt L 111
g_.“.'.q.-:-.:.q: BalicdeTH AND g_:-\.:.-"_.'r..t'_:.- -]
e Mot g_Auta delil) AND 101_' g_Manual . boMio 201 g_Faulos . bolyclelh
B Haee g Faules.bBsCveleGH) Haoz g Faules. kol w
-
g_Hanual boModeOFF OR g_Automatic boHodeOFF OR
[ g_Faults beCycledH 102 g Faules . beCycledH
- -
; the { i 11: Call ( C "Aut t

Figure 4. Main Program: SFC structure is used to build the state machine.

As long PDMM Controller is running, the Main Program is active. It indicates which state of operation
is active. This feature facilitates the debugging process, while you’re connected to the controller is clear
to figure which part of the code is running and where it stops.

The program organization concept into a Main and Children SFC Programs also helps to organize the
development process, by making clear to programmer all steps he needs to take to complete de project.
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This division method can be equal to a large range of equipment, being easy to build a code for more
complex machines using this same structure.

Global Variables — Main — SFC Program
g_Main : strMain ; // Call Variable Structure from Main as a Global Variable;

Local Variables - Main - SFC Program
MC_Power_Axis1 : MC_Power ; //MC Power to Enable Axis 1;
MC_Power_Axis2 : MC_Power ; //MC Power to Enable Axis 2;

Variables Structure — Main - SFC Program

boEnable :BOOL; //Call routine to Enable Axes.
boAxisEnabled :BOOL; //Indicates that all Axes are Enabled;
iActiveCycle JINT ; //Indicates active cycle of Main Program;

Axis1_IrPos1
Axis1_IrPos2
Axis2_IrPos1
Axis2_IrPos2

s LREAL := LREAL#30;

s LREAL := LREAL #720;
:LREAL := LREAL #10;

s LREAL := LREAL #1500 ;

//Axis 1: Setpoint Position 1;
//Axis 1: Setpoint Position 2
//Axis 2: Setpoint Position 1;
//Axis 2: Setpoint Position 2;

3.2.1 Boot - Child SFC - Network Startup and Motion Profiles

The Child SFC program Boot is called by the 1%t Step of Main Program. It’s responsible to Initialize
EtherCAT Network and Motion Engine, set PLCOpen Addresses and create Motion Profiles. It sets a
variable inside Step 3, noticing that Initialization is finished.

art MLMotion ‘

?- MLSTATUS RUNNING = MIMotionStatus()
Aot |Set Variable Indicating
3 :‘-_J' Network Bunning
2 g_Boot.bolMotionStarted

//Step 1: P1 - Initialize Motion Engine
PO - Create PLCopen Axes

//Step 2: P1: Start Motion Engine and Create Profies
P0O: Set PLCOpen Address

Figure 5. Boot: Child SFC program that starts machine network up.
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Global Variables — Boot - Child SFC Program

g _Boot : strBoot ; //Call Variable Structure from Boot as a Global Variable;
Variables Structure — Boot - Child SFC Program
boMotionStarted :BOOL; //Indicates that Boot routine is finished ;

3.2.2 Home - Child SFC — Axes Reference Routine

All servo driven shafts need to go through a reference process during its initialization. In Template
all Home Routines are centered within the Child SFC Home, which performs reference to Axis 1 and Axis
2, using the function block MCFB_StepLimitSwitch.

The two axes move until the digital input mapped on function block is triggered, so feedback
position of the axes is zeroed and then they moto to the respective Setpoint Position 1 of each axis.

e

1 Bl | ‘ //Step 1: Starts Home Routine

g_Home .boStart AND

1 {Hot g_Home . boDone)
2 Mode: StepLimitSwitch 101 Bl lurde- SteplLimitSwitch

Lot Home: Rois 1 ‘ Aot .[Home: RAxis 2

‘ ‘ //5tep 2: Perform Home Routine to Axis 1
//Step 101: Perform Home Routine to Axis 2

- boHominghAxislDone AND
2 boHominghxis2Done

Act.|Home Done

‘ //Step 3: Set a variable indicating Home Routine is finished.

g_Home .boDone

Figure 6. Home: Child SFC that performs Home Routine on axes;

Global Variables — Home — Child SFC Program
g _Home : strHome ;  //Call Variable Structure from Home as a Global Variable;

Local Variables - Home - Child SFC Program

boActive :BOOL; //Indicates that Home Routine is Active;
boHomingAxis1Done :BOOL; //Indicates that Home of Axis 1 is Done;
boHomingAxis2Done :BOOL; //Indicates that Home of Axis 2 is Done;
MC _Halt_Axis1 :MC Halt; //Function Block to decelerate Axis 1 to zero on beginning;
MC _Halt_Axis2 :MC Halt; //Function Block to decelerate Axis 2 to zero on beginning;
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MCFB_LimitSwitchRef Axis1 : uMCFB_StepLimitSwitch; //Home Axis1 to a limit switch —AKD1_IN1;
MCFB_LimitSwitchRef Axis2 : uMCFB_StepLimitSwitch; //Home Axis1 to a limit switch — AKD2_IN1;
MC_MoveAbsolute Axis1 : MC_MoveAbsolute ; //Runs an Absolute Move on Axis 1 to Pos1;
MC_MoveAbsolute Axis2 : MC_MoveAbsolute ; //Runs an Absolute Move on Axis 2 to Pos1;

Variables Structure — Home - Child SFC Program

boStart :BOOL; //Call Routine to Home Axes;

boDone :BOOL; //Indicates that Home Routine is Done to all axes;
boAxis1Recovery :BOOL; //Variable runs Home Routine for a 2" time to Axis1;
boAxis2Recovery :BOOL; //Variable runs Home Routine for a 2™ time to Axis2;

3.2.3 Manual - Child SFC — Manual Mode

Manual Mode is available after Home Process is finished, being on an agreement to Main Program
state machine. This mode allows the axes to be positioned in their respective setpoints (Posl and Pos2)
and the adjustment of these positions using Jog commands. Subsequently to adjustment, the operator
can save the new position, updating setpoints and actual recipe.

On Manual Mode exits command, both axes are positioned in their respective setpoints (Pos1).

TIP: It is important to reset all function blocks used in the routines, programmed inside of SFC
Strutures. This condition ensures that we can exit Manual Mode and enter it again, running all the routines.

//5tep 1: Starts Manual Rotine

ot . [Manual Eoutine ‘

= g_Manual .boModeON

//5tep 201: Reset al Funtion
‘ ‘ Blocks from Manual Mode

i |t
(=[5}

Aot [Manual: ‘

ot [Manual: n:— t.|[Exit
2 'I:TT Bais 1 101 ITT- Buis 2 ‘ 201 E Manual Mode
. E . B BD
//Step 2: Manual Rotine to Axis 1 //Step 101: Manual Routine to mtm (ot g Mamual.boModeOl)
Axis 2 2 -

i |0

]

=

M
=

[}

=]

[

it

[

[

;

I

[;

[

;

(3

k

u
BQ

ct . [Move Axis ‘

g_Status.Awxisl boAtPosl AND
202 g_Status.Axis2_boAtPosl

//Step 202: Move Axes to Posl

1
Figure 7. Manual: Child SFC that performs Manual Routine on axes;
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Global Variables — Home — Child SFC Program
g_Manual : strManual ; //Call Variable Structure from Manual as a Global Variable;

Local Variables - Home - Child SFC Program
MC_MoveAbsolute Axis1_1 :MC_MoveAbsolute ; //Runs an Absolute Move on Axis 1 to Pos1;
MC_MoveAbsolute_Axis1_2 : MC_MoveAbsolute ; //Runs an Absolute Move on Axis 1 to Pos2;
MC_MoveAbsolute_Axis2_1 : MC_MoveAbsolute ; //Runs an Absolute Move on Axis 2 to Pos1;
MC_MoveAbsolute_Axis2_2 : MC_MoveAbsolute ; //Runs an Absolute Move on Axis 2 to Pos2;
MCFB_Jog_Axis1 :MCFB_Jog ; //Runs a Jog movement on Axis1;
MCFB_Jog_Axis2 :MCFB_Jog ; //Runs a Jog movement on Axis2;

Variables Structure — Home - Child SFC Program

boModeON :BOOL; //Variable used to command/indicate that Manual Mode is ON;
boModeOFF :BOOL; //Variable used to command/indicate that Manual Mode is OFF;
Axis1_boJogMinus :BOOL; //Enables a Jog in the Plus direction on Axis1;
Axis1_boJogPlus :BOOL; //Enables a Jog in the Minus direction on Axis1;
Axis1_boSavePos :BOOL ; //Save current adjustment to Pos1 or Pos2 and to actual recipe;
Axis1_boSelPos1Pos2 : BOOL; //Select and position Axis1 at Pos1 or Pos2;
Axis2_boJogMinus :BOOL; //Enables a Jog in the Plus direction on Axis2;
Axis2_boJogPlus :BOOL; //Enables a Jog in the Minus direction on Axis2;
Axis2_boSavePos :BOOL; //Save current adjustment to Pos1 or Pos2 and to actual recipe;
Axis2_boSelPos1Pos2 :BOOL; //Select and position Axis2 at Pos1 or Pos2;
Axis1_IrJogSpeed :LREAL := LREAL#10; //Jog rate speed to Axis1;
Axis1_IrJogAccDecel :LREAL := LREAL#1000 ; //Jog Linear Acc/Dec rate to Axis1;
Axis2_IrJogSpeed :LREAL := LREAL#10; //Jog rate speed to Axis2;

Axis2_IrJogAccDecel :LREAL := LREAL#1000 ; //Jog Linear Acc/Dec rate to Axis2;

3.2.4 Automatic — Child SFC — Automatic Mode

Automatic Mode is also available after Home Routine is finished. Like other parts of the program,
it’s also oriented to group the code into functionalities.

Three different functions are available in automatic mode (F1, F2, and F3). This program isn’t
responsible for performing the functionalities, it only interlocks them and calls a Child SFC to run them.

Global Variables — Automatic — Child SFC Program
g_Automatic : strAutomatic ; //Call Variable Structure from Automatic as a Global Variable;

Variables Structure — Automatic - Child SFC Program
boModeON :BOOL; //Variable used to command/indicate that Automatic Mode is ON;
boModeOFF :BOOL; //Variable used to command/indicate that Automatic Mode is OFF;
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1 f:-v I ‘ //Step 1: Starts Automatic Routine
T- g_Fl. boModeON 107- g_F2_boModeON QUT- g_F2 . boModeON 3UT- {Not g_RAutomatic.boModeOlN)
Act. Fl Trapezoidal Act. FZ_CamBear Act. F3_ Cam Act
2 E- Moviment 101 E- 201 E- on Fly 301 E- iec Mode
FO FO FO )
?- g_Fl.boModeOFF 1[]?- g_F2 boModeOFF 2[]?- g_F2.boModeOFF 3[]?- 1=1
//Step 2: Call the Chid SFC "F1_Trapezoidal’ //Step 201: Cal the Chid SFC "F3_CAMonFly
//Step 101: Cal the Chid SFC "F2_CamGear" //Step 301: Reset variables and exit Automatic Mode

-

Figure 8. Automatic: Child SFC that performs Automatic Routine;

3.2.4.1 F1_TrapzoidMove - Child SFC — Trapezoidal Point-to-Point Movement

The first feature performed by Automatic Mode is responsible for moving the axes using an absolute
position command traveled distance is set by positions P1 and P2.

The trapezoidal movement calculation is made by the auxiliary routine “MCFB_MoveTrapezoidal”,
desired time for the movement is used as input and the block provide command speed and acceleration
to perform a trapezoidal movement, which 1/3 of the time is used for accelerating, 1/3 is used for constant
velocity, and 1/3 is used for decelerating.

Global Variables — F1_TrapzoidMove — Child SFC Program
g F1 :StrF1; //Call Variable Structure from F1 as a Global Variable;

Local Variables — F1_TrapzoidMove — Child SFC Program

boAxis1_P1P2 :BOOL; //Runs movement on Axis1 from P1 to P2;

boAxis1_P2P1 :BOOL; //Runs movement on Axis1 from P2 to P1;

boAxis2_P1P2 :BOOL; //Runs movement on Axis2 from P1 to P2;

boAxis2_P2P1 :BOOL; //Runs movement on Axis2 from P2 to P1;
IrAxis1Distance . LREAL; //Calculate Axis1 Absolute distance between P1-P2;
IrAxis2Distance . LREAL; //Calculate Axis2 Absolute distance between P1-P2;

MC _Halt_Axis1 : MC _Halt; //Function Block to decelerate Axis1 to zero;

MC _Halt_Axis2 : MC _Halt; //Function Block to decelerate Axis2 to zero;
MC_MoveAbsolute_Axis1 : MC_MoveAbsolute; //Runs an Absolute Move on Axis1
MC_MoveAbsolute_Axis2  : MC_MoveAbsolute; //Runs an Absolute Move on Axis2

MCFB_MoveTrapezoidal_Axis1_P1P2 : MCFB_MoveTrapezoidal;  //Calculate Trap. Move to Axis1
MCFB_MoveTrapezoidal_Axis2_P1P2 : MCFB_MoveTrapezoidal;  //Calculate Trap. Move to Axis2
MyBlink : blink ; //Trigger Move Axis 1 from P1 to P2
MyBlink1 : blink ; //Trigger Move Axis 2 from P1 to P2
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Variables Structure — F1_TrapzoidMove - Child SFC Program

boModeON :BOOL ; //Variable used to command/indicate that F1 is ON;
boModeOFF :BOOL ; //Variable used to command/indicate that F1 is OFF;
Axis1_tMoveTime : TIME := T#300ms ; //Setpoint of Time to Axis1 move from P1-P2;
Axis1_IrVelMax :LREAL := LREAL#1000,; //Setpoint of Velocity to Axis1 move from P1-P2;
Axis1_IrAccMax :LREAL := LREAL#10000 ; //Setpoint of Accel. to Axis1 move from P1-P2;
Axis1_IrRatio :LREAL := LREAL#1 ; //Axis1 Ratio between Physical and PLC Open;
Axis1_IrVelCmd . LREAL; //Calculated Cmd. Velocity to perform Axis1 move from P1-P2;
Axis1_IrAccDecelCmd : LREAL ; //Calculated Cmd. Accel. to perform Axis1 move from P1-P2;
Axis1_tErrMove : TIME ; //Error between set and calculated time to Move Axis 1 from P1-P2;
Axis2_tMoveTime : TIME := T#ls; //Setpoint of Time to Axis2 move from P1-P2;
Axis2_IrVelMax . LREAL := LREAL#500; //Setpoint of Velocity to Axis2 move from P1-P2;
Axis2_IrAccMax :LREAL := LREAL#10000 ; //Setpoint of Accel. to Axis2 move from P1-P2;
Axis2_IrRatio :LREAL := LREAL#1 ; //Axis2 Ratio between Physical and PLC Open;
Axis2_IrVelCmd :LREAL;  //Calculated Cmd. Velocity to perform Axis2 move from P1-P2;
Axis2_IrAccDecelCmd : LREAL ; //Calculated Cmd. Accel. to perform Axis2 move from P1-P2;
Axis2_tErrMove : TIME ; //Error between set and calculated time to Move Axis2 from P1-P2;
| Act./F1 Trapezoidal
1 Lric-.'inent ‘ Step 1: Starts F1 Routine
EQ
T- g_Fl.boModelH
//Step 301: Reset Function Blocks
Set Inicial Position to Axes
| | Exist F1
| &ot.|Calculate | ot .2wisl: Trigger | &ot.|2xisl: Trigger | 2ot Exic
2 _T_ Trap. Profile ‘ 101 _L}:C?E P1-Pp2 201 _L {0 ‘ 301 [rT_ Funct. 1
. ] PO n] PO
boRxisl _D1D2 AND boRxis? D1D2 AND {New g_FL-betedsol) D
[/Step 2: Calculate Velocity and 101]  o_FL.boModeoN 201]  o_FL-boiodeon 302 g—iiiiﬁiiﬁif‘iiiﬁiiii o
AccDecel Cmd to P e Ect [Move - ) i
Trapezoidal Movement 102 BL 1oy oo pa o002 LEBL Ip; to p2 ‘
Vi Vi !
//Step 101: Trigger to Move Axis1 e J_Status.Bxisl_boRtPos2 AND e §_Status.Axis2_boAtPos2 AMD
from P1 to P2 102| M MoveAbselure Amisl.Dens  202|  MC MoveRbselute Auis:.Dens //Step 201: Trigger to Move Axis2
//Step 102: Move Axisl from P1 to 103 —%?';rf;'gge' 203 _F_tf";;:'gge' J from P to P2
P2 [z | [z | //5tep 202: Move Axis2 from P1 to
//Step 103: Trigger to Move Axisi (5T beRwisie2El ST PoRsis2_F2El v
from P2 to P1 o o //Step 203: Trigger to Move Axis2
//Step 104: Move Axis1 from P2 to 104 :ZF; o m1 204 :ZF; o E1 ‘ from P2 to P1
P1 . . //Step 204: Move Axis2 from P2 to
g_Status.RExisl boRtPosl RND g_Status.RAxis2Z boRtPosl RND P1
104 MC Movelbsolute_ Rxisl.Done 204 MC Mowvelbsolute_ Rxis2. Done
101 201

Figure 9. F1_TrapzoidMove: Child SFC that performs F1 Routine;
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3.2.4.2 F2_CamGear - Child SFC — Camming ang Gearing Movement

1 _ _E_—_ ; //Step 1: Starts F2 Routine
1— g_F2 .boHodeON
Step 201: Reset Function
i Blocks
.—)T ‘ | 1-‘.1—‘ }...;.._:_.‘ ‘
— (ko | 1 Epos] )
[/Step 2: F:-'-l[f ‘\. : a gearmng between Axis 1 EDT- (Hot g_F2.boModeCHN)
Step 101: Performa a camn ) betwe 202 ‘
Axis d Axis 2 —— B0 /
St Rxisl boRcPesl
202 ;_;:at.us -Axis2 boAtPosl
- //Step 202: Set Initial Position
1 to Axes
Figure 10. F2_CamGear: Child SFC that performs F2 Routine;
Global Variables — Automatic — Child SFC Program
g F2 I StrF2; //Call Variable Structure from F2 as a GloSbal Variable;
Local Variables — Automatic — Child SFC Program
Inst_MC_SetPos_Axis1 : MC SetPos ; //Sets Initial Position (P1) to Axis1;
Inst_MC_SetPos_Axis2 : MC_SetPos ; //Sets Initial Position (P1) to Axis2;
MC_MoveContVel Axisl : MC_MoveContVel; //Move Velocity to Axis1 Master;
MC_CamTblSelect_Profilel :MC_CamTblSelect; //Read and initialize the specified profile;
MC_Gearin_Axis2 : MC_Gearin //Axis2 follows Axis1 based on a ratio;
MC_Camin_Profilel :MC_Camin ; //Axis2 follows Axis1 based on the Cam Table;
MC _Halt_Axis1 :MC Halt; //Function Block to decelerate Axis1 to zero;
MC _Halt_Axis1_1 :MC_Halt; //Function Block to decelerate Axis1 to zero;
MC _Halt_Axis2 :MC Halt; //Function Block to decelerate Axis2 to zero;
MC_Halt_Axis2_1 :MC_Halt; //Function Block to decelerate Axis2 to zero;
Variables Structure — Automatic - Child SFC Program
boModeON :BOOL ; //Variable used to command/indicate that F2 is ON;
boModeOFF :BOOL ; //Variable used to command/indicate that F2 is OFF;
boStartMove :BOOL; //Perform Axis1 move at a specified velocity;
boEngage _Gearing :BOOL; //Enable gearing between Axis1 and Axis2, using gearing;
boGearingEngaged : BOOL ; //Indicate that Axis2 is engaged to Axis1;
boEngage_Camming : BOOL ; //Enable camming between Axis1 and Axis2;
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boCammingEngaged : BOOL ;
boStopEngagement
IrMasterVel : LREAL

diRatioNumerator

diRatioDenominator : DINT := DINT#1 ;

Because Motion Matters™

//Indicate that Axis2 is engaged to Axis1, using camming;
:BOOL; //Disengage that Axis2 from Axis1;

;= LREAL#1000 ; //Set Axis1 (Master) command velocity;

: DINT := DINT#2 ; //Numerator of Axis1/Axis2 ratio

//Denominator of Axis1/Axis2 ratio

3.2.4.3 F3_CAMonFly — Child SFC - Camming on the Fly

3 ==

ACL [P Lall

on Fly

1

e | [t [

‘ //Step 1: Starts F3 Routine

= g_F3 boModeON

‘ — (Mot g_F2.boModeON)

//Step 2: Builds a CAM Curve 201
ol boCRM Rxis1OE AND onine to Axis1 202 Ei; i:_l-;_fsi
2 boCRM_Axis20K y _ 5 |FetPosicior
//Step 101: Buids a CAM Curve Ed
online to Axis2 g _Status.Auisl boAtPosl AND
g_Status.hxisl boktlPosl RND
‘ 203 (Hot MC Power VM. Status)
y |[[EEpaioas Mesrer ‘ 102 L[2E Joms 1 o amis 2 //Step 201: Empty Step
tL.'I-J E:. Wirtual Master 1

Movement

//Step 3: Control Virtual Master

//Step 202: Sets Initial Position to Axes

//Step 102: Runs Camming between Axis1 and
Axis2 to Virtual Master

Figure 11. F3_CAMonFly: Child SFC that performs F3 Routine;

Global Variables — F3_CAMonFly — Child SFC Program

g F3

:Strf3;

//Call Variable Structure from F3 as a Global Variable;

Local Variables — F3_CAMonFly — Child SFC Program

boCAM_Axis10K
boCAM_Axis20K
boChangeVel

Inst MIC _SetPos_Axis1
Inst MIC_SetPos_Axis2

IrVM_Velocity1
MC _Camin_Axis1
MC _Camin_Axis2
MC_Halt_VM

:BOOL; //Indicate that CAM Profile Table to Axis1 is calculated;

:BOOL; //Indicate that CAM Profile Table to Axis2 is calculated;

:BOOL; //Auxiliary flag that indicates changes on VM command velocity;

: MC SetPos; //Sets Initial Position (P1) to Axis1;

:MC SetPos ; //Sets Initial Position (P1) to Axis2;
:LREAL ; //Command velocity to Virtual Master;
:MC Camin; //Axis1 follows VM based on the Cam Table;
:MC Camin; //Axis2 follows VM based on the Cam Table;
:MC Halt; //Function Block to decelerate VM to zero;
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MC _Halt_Axis1_1 :MC _Halt; //Function Block to decelerate Axis1 to zero;
MC _Halt_Axis2_1 :MC Halt; //Function Block to decelerate Axis2 to zero;
MC_MoveVelocity VM : MC_MoveVelocity ; //Move velocity to Virtual Master;
MC_Power_VM : MC_Power ; //MC_Power to Enable Virtual Master;

MCFB_CAMSwitch_Axis1 : MCFB_CAMSwitch ; //Builds a CAM curve online to Axis1;
MCFB_CAMSwitch_Axis2 : MCFB_CAMSwitch ; //Builds a CAM curve online to Axis2;
TON_StartF3 :TON; //Timer to delays F3 startup;

VelTrigger cr_trig; //Auxiliary flag that indicates changes on VM command velocity;

Variables Structure — F3_CAMonFly - Child SFC Program

boModeON :BOOL ; //Variable used to command/indicate that F3 is ON;
boModeOFF :BOOL ; //Variable used to command/indicate that F3 is OFF;
boEngage_Camming : BOOL; //Enable camming between Axis1 and Axis2 to VM,
boCammingEngaged : BOOL; //Indicate that Axis1 and Axis2 is engaged to VM;
boStopEngagement : BOOL; //Disengage that Axis1 and Axis2 from VM;
IrVM_Velocity :LREAL := LREAL#10; //Commanded velocity to VM;
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4.0 How scale Standard SFC Template to a 7 Axes Machine?

The template is designed to allow scalability for more complex projects. Making use of the structure,
the programmer has a ponderous platform to organize and structure of reasoning, during the
development of the project.

The division of the machine into functionalities and the organization of development in a state
machine, allows the whole project to be structured before the development of logic. The SFC Structure
helps the programmer to identify all the needed steps to start and finish the project. It builds all project
parts using a graphical and intuitive environment.

In the following topics we see the Standard SFC Template scaled to a 7-axis machine.
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4.1 Project Breakdown

Project Explorer Project Explarer
Project View | Project View |
Name Type MNarme Type
~ W@ System Sinope v W@ System Sinope
~ @ Controller [192.162.0.101] PDMM v [ Controller [192.168.0.101] PDMM
v I PLC v I PLC
v I Programs 3 I Programs
v [E Main SFC v [E Main SFC
% Boot SFC 'i Boot SFC
5 Home SFC W Home SFC
& Manual SFC W Manual SFC
v |J| Automatic SFC v |m Automatlc SFC
% Fl_TrapezoidMove SFC Sa me Acessories SFC
% F2_CamGear SFC §| FeedingPF SFC
T F3_CAMonFly SFC | Movelbsolute  SFC
| Stat 5T St t | MoveSi SFC
Ll Fain?: ST.-::____ ruc u re W Pnoe:eml:tcic SFC
) 10s i —— .._____________"='-- [ Calccam SFC
| Recipes ST.---"-—-__----"N-_ | Status ST
v i Subprograms """‘-—-—...____ W Faults ST
{ MCFE_log ST IOs. 5T
& uMCFB_SteplimitSwitch 5T [® Recipe 5T
| MCFB_MoveTrapezoidal ST v B Suhprograms
i) MCFB_CAMSwitch 5T MCFB_CAMSwitch 5T
i) MCFB_AKDFault_v3 5T | MCFB_PosErrRef 5T
| MCFB_AKDFaultLookupl ST ] MCFB_LimitSwitchRef ST
'§ Defines MCFE_log ST
v 3 Motion ] MCFB_MoveTrapezoidal ST
v ) Profiles ] Multipet_Forno ST
@ CamProfilel ] MCFB_CSState 5T
@ CAMonFly_Axis1 “§ Defines
@ CAMonFly_Axis2 ¥ [ Motion.
~ [+ PLCopen PLCopen ,r'J Profiles
,% PLCOpenduis v R %C&penlm . PLCopen
m# PLCOpendxis2 ) irualMaster
a3 VirtualMaster PLCOpen Axis ¥ Posicionador
@+ Controller Onboard 1/0 % Mesa PLCOpen Axis
v == EtherCAT Forno PLCOpen Axis
AKD_1 AKD Drive ﬁ Cambotador PLCOpen Axis
AKD_2 AKD Drive ﬂ Estirarmento PLCOpen Axis
v 5 Coupler_1 KBus Coupler 57 Regua PLCOpen Axis
1 DiSlice_1 8 ch Digital Input 5 Prensa PLCOpen Axis
B DOSlice_1 8 ch Digital Output @+ Controller Onboard /0
iﬁ] References v === EtherCAT
& Fieldbus Paosic AKD Drive
E control Panel Panel Mesa AKD Drive
E FaultReportPanel Panel Forno AKD Drive
& Recipes Panel Eamb iig gr?ve
D KVEBProject KVB 2 stira rive
_ 7 — Regua AKD Drive
Project Explorer B arnes Prensa AKD Drive
& Coupler KBus Coupler
i]_]] References
Standard SFC
v [0 HMIDevice AKl Touchscreen
D MULTIPET2000 KVB 2
I el I Iplate Project Explorer | Dictionary | Libraries |

/ Axis Machine
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4.2 Main Routine

Call the Child SFC "t

LecH

Standard SFC
Template

OFF OR

C "Automa

1—- g_Boot.boMotionStarted

Q) —tew Mot g_Faults.boCycleON) AND
2 g_Main boEnable
C Rxes
o — 3 H
e |g_Main.boRxisEnabled AND
‘ I 3 g_Home.boStart) OR g_Faults.boCycleON
m ACt . |Homing of
4
E e 9_Home.boDone
4 OR g_Faults.boCycleON
m Act.
5
W —
g_Manual .boModeON AND CEM. boCalcCRM OE AND g_Rutomatic.boModeCON AND CAM. boCalcCAM_OF AND
T (Mot g Butcmavic.bolodeON)  AND o ot g_Manual. boModeON) AND 207 g_Faults.boCycleCN
h (Mot g Faults.boCyeleON) (ot g Faults.boCycleCN)
BECE IManual Mod Ect [
6 Hu 101 Hi :
B0 B0
g_Manual . boModeOFE OR g_Rutomatic.boModeOFF OR
6 g_Faults boCycleON 102 g_Faults_boCycleON

(27
r
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4.4 Automatic Mode
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