4. SFC

4. SFC (Sequential Function Chart)

4.1. Overview
0 SFC is a structured language that extends an application program in the form of flow chart
according to the processing sequence, using a PLC language.
0 SFC splits an application program into step and transition, and provides how to connect them each
other. Each step is related to action and each transition is related to transition condition.
0 As SFC should contain the state information, only program and function block among program

types are available to apply this SFC.
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4.2. SFC Structure
4.2.1. Step

0 Step indicates a sequence control unit by connecting the action.
O When step is in an active state, the attached content of action will be executed.

O The initial step is one to be activated first.

UL initial step

Tl Transition condition

b Step

T

O If a next transition condition of activated initial step (S1) is established, step 1 (S1) that is currently

activated becomes deactivated and Step 2 (S2) connected to S1 becomes activated.
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4.2.2. Transition
O Transition indicates the execution condition between steps.
O Atransition condition should be described as a PLC language such as IL or LD.
The result of a transition condition should always be a BOOL type and the variable name should be
TRANS for any transition.
O In case that the result of transition condition is 1, the current step is deactivated and the next step is
activated.

O There must be a transition between step and step.
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When TRANS is on, S1 will be deactivated and S2 activated.
TRANS is the internally declared variable.

A transition condition of all transition should be output in TRANS variable.

4.2.3. Action

0 Each step is able to connect up to two actions.

0 The step without action is regarded as a waiting action and it is required to wait until the next
transition condition will be 1.

O Action is composed of PLC language such as IL or LD and the content of action will be executed
while the step is activated.
Action qualifier will be used to control action.
When action becomes deactivated state after activating, the contact output in action will be 0.
However, S, R, function and function block output retain their state before they become non-

activating.
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The content of ACTION1
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- ACTION1 will be executed only when S1 is activated.

- ACTIONZ2 will be executed until S1 meets R qualifier after activated.

It goes on executing even if S1 is deactivated.

- When action is deactivated, this action is Post Scanned and then passes to the next step.

Reference

Post Scan

When action is deactivated, this action is scanned again.

As it is scanned as if there were a contact (contact with the value of 0) in the beginning part of an action

program, the program output, which is composed of contacts, will be 0.

Function, function block, S, R output etc., are not included.

JI— postscan

A
— | 4
B
_l |_
@l 000 o0,
— | Fd 4

0.0
—

In this figure, as the contact of postscan is 0, C and %Q0.0.0 will be 0.

4.2.4. Action Qualifier

O Whenever action is used, action qualifier will be followed.

O The action of step defines an executing point and time according to the assigned qualifier.

O Types of action qualifier are as follows:
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1) N (Non-Stored)
Action is executed only when the step is activated.

~ Active state

Step connected
by N

Action

2) S (Set)
It continues the action after the step is deactivated (until the action is reset by R qualifier).

RE
Step connected In ik .
by S Q Action
Step connected 451
by R

Step connected |

by S

Action J I—
Step connected

by R

3) R (Overriding Reset)
It terminates the execution of an action previously started with the S, SD, SL or DS qualifier.
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4) L (Time Limited)
It start the action when the step becomes active and continue until the step goes inactive or a set

time elapses.

Step connected AND | Action
by L |_
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Action

5) D (Time Delayed)
Start a delay timer when the step becomes active - after the time delay the action starts (if step still

active) and continues until deactivated.
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6) P (Pulse)

It starts the action when the step becomes active and executes the action only once.
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7) SD (Stored & Time Delayed)
It starts a delay timer when the step becomes active - after the time delay, the action starts and

continues until reset (regardless of step activation/deactivation).
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8) DS (Delayed & Stored)
It starts a delay timer when the step becomes active - after the time delay the action starts (if step

still active) and continues until reset by R qualifier.
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9) SL (Stored & Timed Limited)
It starts the action when the step becomes active and continues for a set time or until the action is

reset (regardless of step activation/deactivation).
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4.3. Extension Regulation

4.3.1. Serial Connection
O 2 steps are always divided by transitions without connecting directly.

0 Step always divides 2 transitions without connecting directly.

Tl

Ti

[correct example] [wrong example]
O For the transition between steps connected by serial, the lower step will be activated if the upper

step is active and the transition condition connected to the next is 1.

4.3.2. Selection Branch
0 When a processor executes a selection branch, the processor finds the first path with a true
transition in the order of the program scan and executes the steps and transitions in that path. If
more than one path in a selection branch goes true at the same time, the processor chooses the

left-most path. The following example shows a typical scan sequence.

Example
[51]
T Tl T4 T3
El
— T T4 T7

* In case that the transition condition of T1 is 1,
the order of activation will be S1 -> S2 -> S3.
* In case that the transition condition of T4 is 1,
the order of activation will be S1 -> S4 -> S3.
* In case that the transition condition of T5 is 1,
the order of activation will be S1 -> S5 -> S3.
If the transition conditions are 1 at the same time, the processor chooses the left-most path.
* In case that the transition condition of T1 and T4 is 1 at the same time,
the order of activation will be S1 -> S2 -> S3.
* In case that the transition condition of T4 and T5 is 1 at the same time,

the order of activation will be S1 -> S4 -> S3.
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4.3.3. Parallel Branch (Simultaneous Branch)

O When a processor executes the parallel (simultaneous) branch, the processor scans the branch
from left-to-right, top-to-bottom. It appears that the processor executes each path in the branch
simultaneously.

O In case of connecting by parallel branch, if the transition condition connected to the next is 1, all
steps tied to this transition will be activated. The extension of each branch will be the same as
serial connection. At this time, the steps in the state of activation are as many as the number of
branches.

O In case of combining in parallel branch, if the transition condition is 1 when the state of all the last

steps of each branch is activated, the step connected to the next will be activated.

Example

- If the transition condition of T1 is 1 when S1 is active, S2, S6 and S8 will be activated and S1 will be

deactivated.

- If the transition condition of T4 is 1 when S4, S7 and S8 are activated, S5 will be activated and S4,
S7 and S8 will be deactivated.

* The order of activation
S1-+->S2-->S3-->S4--+->S5

4.3.4. Jump

O If the transition condition connected to the next is 1 after the last step of SFC is activated, the initial

step of SFC will be activated.
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Example

* The order of activation

> S1—> S2 %ssej/

|

It is possible to extend to the place using a jump.

Jump can only be place at the end of SFC program or the end of a selection branch.
It is not allowed to jump into the inside or outside of parallel branch; it is allowed to jump within

parallel branch.

Example
1) Jump at the end of selection branch
T1
LRC:
| 8l |
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- S2 will be activated after S5.

4-10



4. SFC

2) Jump within parallel branch
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3) Not available to jump into the inside of parallel branch..

Y
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LABELL:
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