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IEC Timers and IEC Counters Multi-instances for SIMATIC S7-1200
[bookmark: _Toc482873882]1	Goal
In this chapter, you will become acquainted with the use of single instances and multi-instances for programming of SIMATIC S7-1200 with the TIA Portal programming tool. 
The module explains the various types of instance data blocks and shows step-by-step how to add IEC timers and IEC counters to a program block.
The SIMATIC S7 controllers listed in Chapter 3 can be used.
[bookmark: _Toc482873883]2	Prerequisite
This chapter builds on the FB programming for SIMATIC S7 CPU1214C. For this chapter, you can use the following project, for example: 
031-200_FB-Programming_S7-1200….zap14
[bookmark: _Toc476492800][bookmark: _Toc476489496]

[bookmark: _Toc482873884]3	Required hardware and software
1	Engineering station: requirements include hardware and operating system 
(for additional information, see Readme on the TIA Portal Installation DVDs)
2	SIMATIC STEP 7 Basic software in TIA Portal – as of V14 SP1
3	SIMATIC S7-1200 controller, e.g. CPU 1214C DC/DC/DC with ANALOG OUTPUT SB1232 signal board, 1 AO – Firmware as of V4.2.1 
Note: The digital inputs should be fed out to a control panel.
4	Ethernet connection between engineering station and controller
 (
2
 SIMATIC STEP 7 Basic (TIA Portal) as of V14 SP1
)[image: 004] (
1
 Engineering Station
)[image: G_SY02_XX_00070I]
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3
 SIMATIC S7-1200 controller
)[image: P_SP01_XX_00350J]
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Control panel
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[bookmark: _Toc482873885]4	Theory
[bookmark: _Toc482873886]4.1	Instances and multi-instances in SIMATIC S7-1200
The call of a function block is referred to as an instance. An instance is assigned to every call of a function block and serves as a data memory. It stores the actual parameters and the static data of the function block. 
The tags declared in the function block determine the structure of the instance data block. 

Use of single instances and multi-instances 
You can assign instances as follows:

Call as a single instance:
A separate instance data block for each instance of a function block 

Call as a multi-instance:
One instance data block for several instances of one or more function blocks

[bookmark: _Toc482873887]
4.1.1	Instance data blocks / Single instances
The call of a function block that is assigned its own instance data block is called a single instance.
If the function block was created according to the rules for library-compatible standard blocks, it can also be called multiple times.
However, you must assign another instance data block for each call as a single instance. 
Example of single instances:
The following figure shows the control of two motors using one function block FB10 and two different data blocks:
The different data for the individual motors, such as speed, acceleration time and total operating time, are saved in the instance data blocks DB10 and DB11. 

 (
OB1
Call of FC1
DB11
Instance DB for second call with data for Motor 2
DB10
Instance DB for second call with data for Motor 1
FC1
Call of FB10
with
 instance DB10 for control of Motor 1
Call of FB10
with
 instance DB11 for control of Motor 2
FB10
Standard block with motor program
FB10
Standard block with motor program
)








Note: Some commands, such as timers and counters, behave like function blocks. When these are called, they also require an assigned memory area, e.g., in the form of an instance data block.


[bookmark: _Toc482873888]
4.1.2	Multi-instances
You may want to limit the number of data blocks used for instances or this may be necessary due to lack of memory in the utilized CPU. 
If other function blocks, timers, counters, etc. that already exist are to be called in a function block in your user program, you can call these other function blocks without separate (i.e. additional) instance DBs. 
Simply select ‘Multi-instance’ for the call options: 

[image: ]

Notes: Multi-instances enable a called function block to store its data in the instance data block of the calling function block.
In this case, the calling block must always be a function block.
This allows you to concentrate the instance data in one instance data block and thus make better use of the number of DBs available. 
Incidentally, this is always required when the calling block is to remain available for reuse as a standard block. 



Example of multi-instances:
The following figure shows two calls of an IEC timer of type TP (pulse) within a function block. 
The different data for the two counters is stored as different multi-instances in the instance data block DB1 of the calling function block FB1.

 (
DB1
(Instance DB 
for
 FB1)
Static tag (Static) 
#Timer1 
IEC_Timer
#Timer2 
IEC_Timer
as
 multi-instance 
OB1
Call of FB1
with
 instance DB1
FB1
Call of 
IEC_Timer
as
 multi-instance
#Timer1
Call of 
IEC_Timer
as
 multi-instance
#Timer2
#Timer2
of
 type 
IEC_Timer
#Timer1
of
 type 
IEC_Timer
)



	





[bookmark: _Toc482873889]
5	Task
In this chapter, an IEC timer will be added to the function block from chapter "SCE_EN_031-200 FB Programming S7-1200".
[bookmark: _Toc482873890]6	Planning
The IEC timer is programmed as an addition to the MOTOR_AUTO [FB1] function block from the "031-200_FB-Programming_S7-1200.zap13" project. This project must be retrieved in order to now add the IEC timer TP (latching pulse). A multi-instance will be created as a memory for the timer.

[bookmark: _Toc482873891]6.1	Automatic mode - Conveyor motor with time function
The Memory_automatic_start_stop is latched with Start but only if the reset conditions are not present.  
The Memory_automatic_start_stop is reset if Stop is present or safety shutoff is active or automatic mode is not activated (manual mode).
The Conveyor_motor_automatic_mode output is activated when Memory_automatic_start_stop is set, the enable conditions are met and Memory_conveyor_start_stop is set.
To save energy, the conveyor should only run when a part is present.
For this reason, the Memory_conveyor_start_stop is set when Sensor_chute_occupied signals a part and reset when Sensor_end_of_conveyor produces a negative edge or safety shutoff is active or automatic mode is not activated (manual mode).
Addition of time function:
Because the Sensor_end_of_conveyor is not able to be mounted directly at the end of the conveyor, the Sensor_end_of_conveyor signal must be stretched.
To achieve this, a latching pulse will be inserted between Sensor_end_of_conveyor and the negative edge detection.

[bookmark: _Toc418368569][bookmark: _Toc418509623][bookmark: _Toc482873892]
6.2	Technology diagram
Here, you see the technology diagram for the task.

[image: ]
Figure 1: Technology diagram
[image: capture_010_09102014_151535_2.png]
Figure 2: Control panel

[bookmark: _Toc418509624][bookmark: _Toc418368570][bookmark: _Toc482873893]
6.3	Reference list
The following signals are needed as global operands for this task.
	DI
	Type
	Identifier
	Function
	NC/NO

	I 0.0
	BOOL
	-A1
	Return signal emergency stop ok
	NC

	I 0.1
	BOOL
	-K0
	Main switch "ON"
	NO

	I 0.2
	BOOL
	-S0
	Mode selector manual (0)/ automatic (1)
	Manual = 0
Auto = 1

	I 0.3
	BOOL
	-S1
	Pushbutton automatic start
	NO

	I 0.4
	BOOL
	-S2
	Pushbutton automatic stop
	NC

	I 0.5
	BOOL
	-B1
	Sensor cylinder M4 retracted
	NO

	I 1.0
	BOOL
	-B4
	Sensor at chute occupied
	NO

	I 1.3
	BOOL
	-B7
	Sensor part at end of conveyor
	NO



	DO
	Type
	Identifier
	Function
	

	Q 0.0
	BOOL
	-Q1
	Conveyor motor M1 forwards fixed speed
	



Legend for reference list
	DO
	Digital Output

	AO
	Analog Output

	Q
	Output



	DI
	Digital Input

	AI
	Analog Input

	I
	Input

	NC
	Normally Closed 

	NO
	Normally Open 










[bookmark: _Toc482873894]
7	Structured step-by-step instructions
You can find instructions on how to carry out planning below. If you already have a good understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise, simply follow the detailed steps in the instructions.
[bookmark: _Toc482873895]7.1	Retrieve an existing project
Before we can expand the "MOTOR_AUTO [FB1]" function block, we must retrieve the "031-200_FB-Programming_S7-1200.zap14" project from chapter "SCE_EN_031-200 FB Programming S7-1200". To retrieve an existing project that has been archived, you must select the relevant archive with  Project  Retrieve in the project view. Confirm your selection with Open ( Project  Retrieve  Select a .zap archive  031-200_FB-Programming_S7-1200.zap14  Open).
[image: ]

The next step is to select the target directory where the retrieved project will be stored. Confirm your selection with "OK". 



Save the opened project under the name 031-300_IEC_Timers_Counters 
( Project  Save as ...  031-300_IEC_Timers_Counters  Save)
[image: ]

[bookmark: _Toc482873896]
7.2	Addition of an IEC timer TP to function block FB1 "MOTOR_AUTO"
First, open the "MOTOR_AUTO [FB1]" function block with a double-click.
[image: ]

Insert another network at the beginning of the "MOTOR_AUTO [FB1]" function block by selecting the  "block title" and clicking the  [image: ] icon for "Insert network".
[image: ]


Add helpful information to the block comment and the network title of "Network 1:".
[image: ]
On the right side of your programming window, you will see the timer functions in the list of instructions. Under  Basic instructions  Timer operations, find function [image: ] (Generate pulse) and use a drag & drop operation to move it to Network 1 (green line appears, mouse pointer with + symbol).
( Instructions  Basic instructions  Timer operations  [image: ] )
[image: ]


The timer function requires a memory. This memory is provided in this case within the instance data block of the function block without creating a new instance data block. Select the "Multi-instance" option for this. Enter a name for the multi-instance and confirm with  "OK". ( Multi-instance  IEC_Timer_overrun  OK)
[image: ]

As a result, a tag structure of "Static" type suitable for TP Timer will be created in the interface description. 
[image: ]
Note: A multi-instance can only be used for programming within a function block because static tags are only available there. 

Use drag & drop to move input parameter #Sensor_end_of_conveyor to <??.?> in front of parameter "IN" of TP Timer so that this will be started at a positive edge at input #Sensor_end_of_conveyor. The best way to select a parameter in the interface description is by "grabbing" it at the blue symbol [image: ] ( [image: ] Sensor_end_of_conveyor).
[image: ]

Enter the required pulse duration of 2 seconds in front of parameter "PT" (2s ).
[image: ]


The entry of 2s is converted automatically to the IEC-Time format suitable for the IEC timer and is shown as constant "T#2s".
[image: ]

Now move output "Q" from tag structure "IEC_Timer_overrun" onto input "CLK" of negative edge "N_TRIG" in Network 2. This will replace the #Sensor_end_of_conveyor input tag previously entered there and the conveyor will be stopped by a negative edge of the IEC_Timer_overrun pulse.
( Network 2  IEC_Timer_overrun Q  #Sensor_end_of_conveyor)
[image: ]


Do not forget to click [image: ] regularly. The finished function block "MOTOR_AUTO" [FB1] with the timer is shown in FBD below.
[image: ]
[image: ]

[bookmark: _Ref401572038]
Under "General" in the properties of the block, you can change the "Language" to LAD (Ladder Logic) (Properties  General  Language: LAD)
[image: ]
This is what networks 1 and 2 look like in LAD.
[image: ]

[bookmark: _Toc482873897]
7.3	Update the block call in the organization block
Open the "Main [OB1]" organization block with a double-click.
[image: ]
In Network 1 of the "Main [OB1" organization block, instance data block "MOTOR_AUTO_DB1" for the "MOTOR_AUTO [FB1]" function block appears incorrect, because the additional memory for the TP Timer has not yet been added there. Click the  "[image: ]" icon for "Update inconsistent block calls". This will add the "MOTOR_AUTO_DB1" instance data block correctly again ( [image: ] ).
[image: ]
[bookmark: _Toc482873898]
7.4	Save and compile the program
To save your project, select the [image: ] button in the menu. To compile all blocks, click the "Program blocks" folder and select the [image: D:\00_DATA\SIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1502_dt\032-100 FC-Programmierung\pics\052.jpg] icon for compiling in the menu 
( [image: ]  Program blocks  [image: D:\00_DATA\SIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1502_dt\032-100 FC-Programmierung\pics\052.jpg]).
[image: ]
The "Info", "Compile" area shows which blocks were successfully compiled.
[image: ]

[bookmark: _Toc482873899]
7.5	Download the program
After successful compilation, the complete controller with the created program including the hardware configuration, as previously described in the modules, can be downloaded ( [image: ]).
[image: ]

[bookmark: _Toc482873900]
7.6	Monitor program blocks
The desired block must be open for monitoring the downloaded program. Monitoring can now be activated/deactivated by clicking the  [image: D:\00_DATA\SIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1502_dt\032-100 FC-Programmierung\pics\055b.jpg] icon ( Main [OB1]  [image: D:\00_DATA\SIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1502_dt\032-100 FC-Programmierung\pics\055b.jpg]).
[image: ]
[image: ]
Note: The monitoring here is signal-related and controller-dependent. The signal states at the terminals are indicated with TRUE or FALSE.

The "MOTOR_AUTO" [FB1] function block called in the "Main [OB1]" organization block can be selected directly for "Open and monitor" after right-clicking, thereby allowing the program code in the function block with the TP Timer to be monitored 
( "MOTOR_AUTO" [FB1]  Open and monitor).
[image: ]
[image: ]
Note: The monitoring here is function-related and controller-independent. The actuation of sensors and the station status are shown here with TRUE or FALSE.
[bookmark: _Toc412051847][bookmark: _Toc482873901]
7.7	Archive the project
As the final step, we want to archive the complete project. Select the  "Archive ..." command in the  "Project" menu. Select a folder where you want to archive your project and save it with the file type "TIA Portal project archive". ( Project  Archive  TIA Portal project archive  SCE_EN_031-300_IEC_Timers_Counters_S7-1200….  Save)
[image: ]

[bookmark: _Toc482873902]
7.8	Checklist
	No.
	Description
	Completed

	1
	Compiling successful and without error message
	

	2
	Download successful and without error message
	

	3
	Switch on station (-K0 = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-A1 = 1) not activated
AUTOMATIC mode (-S0 = 1)
Pushbutton automatic stop not actuated (-S2 = 1)
Briefly press the automatic start pushbutton (-S1 = 1)
Sensor at chute activated (-B4 = 1)
Conveyor motor forwards fixed speed then switches on (-Q1 = 1) and stays on.
	

	4
	Sensor at end of conveyor activated (-B7 = 1)  -Q1 = 0 (after 2 seconds)
	

	5
	Briefly press the automatic stop pushbutton (-S2 = 0)  -Q1 = 0
	

	6
	Activate EMERGENCY OFF (-A1 = 0)  -Q1 = 0
	

	7
	Manual mode (-S0 = 0)  -Q1 = 0
	

	8
	Switch off station (-K0 = 0)  -Q1 = 0
	

	9
	Cylinder not retracted (-B1 = 0)  -Q1 = 0
	

	10
	Project successfully archived
	




[bookmark: _Toc482873903]
8	Exercise
[bookmark: _Toc482873904]8.1	Task – Exercise 
In this exercise, an IEC counter is to be added to the MOTOR_AUTO [FB1] function block. The expanded function block will be planned, programmed and tested:

The magazine for plastic holds only 5 parts. The parts are therefore be counted at the end of the conveyor.
When 5 parts are stored in the magazine, automatic mode is to be stopped.
Once the magazine has been emptied, automatic mode will be restarted with Start_command is started again and the counter is reset.

[bookmark: _Toc482873905]8.2	Technology diagram
Here, you see the technology diagram for the task.

[image: ]
Figure 3: Technology diagram
[image: capture_010_09102014_151535_2.png]
Figure 4: Control panel

[bookmark: _Toc482873906]
8.3	Reference list
The following signals are needed as global operands for this task.
	DI
	Type
	Identifier
	Function
	NC/NO

	I 0.0
	BOOL
	-A1
	Return signal emergency stop ok
	NC

	I 0.1
	BOOL
	-K0
	Main switch "ON"
	NO

	I 0.2
	BOOL
	-S0
	Mode selector manual (0)/ automatic (1)
	Manual = 0
Auto = 1

	I 0.3
	BOOL
	-S1
	Pushbutton automatic start
	NO

	I 0.4
	BOOL
	-S2
	Pushbutton automatic stop
	NC

	I 0.5
	BOOL
	-B1
	Sensor cylinder M4 retracted
	NO

	I 1.0
	BOOL
	-B4
	Sensor at chute occupied
	NO

	I 1.3
	BOOL
	-B7
	Sensor part at end of conveyor
	NO



	DO
	Type
	Identifier
	Function
	

	Q 0.0
	BOOL
	-Q1
	Conveyor motor M1 forwards fixed speed
	



Legend for reference list
	DO
	Digital Output

	AO
	Analog Output

	Q
	Output



	DI
	Digital Input

	AI
	Analog Input

	I
	Input

	NC
	Normally Closed 

	NO
	Normally Open 











[bookmark: _Toc482873907]8.4	Planning
Plan the implementation of the task on your own.
Note: Learn about the use of IEC counters in SIMATIC S7-1200 in the online help.
[bookmark: _Toc482873908]
8.5	Checklist – Exercise

	No.
	Description
	Completed

	1
	Compiling successful and without error message
	

	2
	Download successful and without error message
	

	3
	Switch on station (-K0 = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-A1 = 1) not activated
AUTOMATIC mode (-S0 = 1)
Pushbutton automatic stop not actuated (-S2 = 1)
Briefly press the automatic start pushbutton (-S1 = 1)
Sensor at chute activated (-B4 = 1)
Conveyor motor forwards fixed speed then switches on (-Q1 = 1) and stays on.
	

	4
	Sensor at end of conveyor activated (-B7 = 1)  -Q1 = 0 (after 2 seconds)
	

	5
	Briefly press the automatic stop pushbutton (-S2 = 0)  -Q1 = 0
	

	6
	Activate EMERGENCY OFF (-A1 = 0)  -Q1 = 0
	

	7
	Manual mode (-S0 = 0)  -Q1 = 0
	

	8
	Switch off station (-K0 = 0)  -Q1 = 0
	

	9
	Cylinder not retracted (-B1 = 0)  -Q1 = 0
	

	10
	5th part in magazine  -Q1 = 0
	

	11
	Project successfully archived
	



[bookmark: _Toc482873909]
9	Additional information

[bookmark: _GoBack]More information for further practice and consolidation is available as orientation, for example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software / firmware, under the following link:	  

www.siemens.com/sce/s7-1200


Preview „Additional information“ 
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