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Enhancements and Optimizations of an Automation Program for a 3D Model
[bookmark: _Toc33088542]Goal
In this module, expansion options and optimizations of the automation program explained and created in Module 1 and Module 2 are presented. This module also includes a discussion of possible solutions.
The changes relate exclusively to the automation program in this module. Adaptation of the dynamic 3D model is not considered in detail here.
[bookmark: _Voraussetzung][bookmark: _Ref13558865][bookmark: _Ref13557731][bookmark: _Toc33088543]Requirement
The requirements from Module 1 and Module 2 are still valid.
You should have knowledge from the Basics of PLC Programming in the TIA Portal, especially about the programming language SCL. 
Since the PLC is simulated in this workshop using S7-PLCSIM Advanced, there are no hardware components for the controller in this module.
A further requirement is the completion of the first two modules of this training series. Otherwise, it is difficult to follow the extensions and optimizations described here. 

[bookmark: _Ref11661098][bookmark: _Toc33088544]Required hardware and software
[bookmark: _Hlk15462150]The following components are required for this module:
1   Engineering Station: Requirements include hardware and operating system (for additional information: see Readme on the TIA Portal Installation DVDs, and in the NX software package)
2	SIMATIC STEP 7 Professional software in TIA Portal – V15.0 or higher
3	SIMATIC WinCC Runtime Advanced software in TIA Portal – V15.0 or higher
4   SIMATIC S7-PLCSIM Advanced software – V2.0 or higher
5   NX software with Mechatronics Concept Designer add-on – V12.0 or higher
[image: ]
  5 NX / MCD	
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   4 PLCSIM Advanced
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1 Engineering Station
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3 WinCC RT Advanced
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2 SIMATIC STEP 7 Professional (TIA Portal) V15.0 or higher


 















[bookmark: _Ref12281107][bookmark: _Toc33088556]Figure 1: Overview of required software and hardware components for this module
As you can see from Figure 1, the engineering station is the only hardware component of the system. The remaining components are based exclusively on software.

[bookmark: _Theory][bookmark: _Ref16856008][bookmark: _Toc33088545]Theory
With Module 1 from the DigitalTwin@Education Workshop series, you have already put the basic functions of the digital twin into operation. In Module 2, you could create your own automation program and test it on the existing dynamic 3D model. This module also describes and discusses a possible implementation of the automation program. However, further testing of the model will result in various inconsistencies or errors, some of which are explained below.
[bookmark: _Error_case_1:][bookmark: _Ref16846128][bookmark: _Toc33088546]Error case 1: Incorrect sorting when conveyor belt speed is too low
In the test scenarios from Module 1, the conveyor belts were only moved at a constant speed or a variable speed of 50 %. In this case, no problems with sorting are apparent.
However, if you operate the conveyor belts with a motor speed of 5% or lower, the ejector sorts out both the "Cylinder" workpieces and the "Cube" workpieces into the first container. This phenomenon is illustrated in Figure 2.
[image: ]
[bookmark: _Ref16842694][bookmark: _Toc33088557]Figure 2: Incorrect sorting when conveyor belt speed is too low
As a result, the second container remains empty and sorting no longer functions properly.
This circumstance is explained by the specified waiting time until the ejection process begins. This is set at a constant 400 ms. To cover this situation correctly, the waiting time would have to be increased accordingly, which is not yet included in the basic function.


For this reason, at a much slower speed, not only the "Cylinder" cylindrical workpiece but also the preceding "Cube" cuboid workpiece is detected by the ejector arm and shoved from the belt.
[bookmark: _Error_case_2:][bookmark: _Ref16858097][bookmark: _Toc33088547]Error case 2: Incorrect sorting when conveyor belt speed is too high
Another error occurs when the conveyor belts are moved at a variable speed of more than 66% of the maximum motor speed. The "Cylinder" cylindrical workpiece is no longer sufficiently touched by the ejector arm and is therefore not ejected from the belt. As shown in Figure 3, the "Cylinder" is even completely outside the ejection area.
[image: ]
[bookmark: _Ref16846707][bookmark: _Toc33088558]Figure 3: Incorrect sorting when conveyor belt speed is too high
As a result, the first container remains empty and both workpieces are sorted into the second container. Proper sorting consequently fails.
As already discussed in Chapter 4.1, the error here is also due to the constantly defined waiting time, from the detection of the "Cylinder" by the light sensor until the start of the ejection process. As a result, the waiting time would have to be considerably shorter than currently specified.


[bookmark: _Proposed_optimization_1:][bookmark: _Ref17721266][bookmark: _Toc33088548]Proposed optimization 1: Sorting out while the conveyor belt is running
Module 2 of the DigitalTwin@Education Workshop series makes it clear that the automation program currently only implements sorting out when the conveyor belt is stationary. This requires stopping the conveyor belts and blocking the generation of new workpieces during the ejection process.
If, however, one considers a real system, sorting processes are usually performed during operation, if possible, without stopping the conveyor belts. It should therefore also be possible in this model to eject cylindrical workpieces with running transport surfaces.
Stopping the conveyor belts and blocking the generation of workpieces is therefore no longer necessary, since congestion on the conveyor belts is no longer to be expected.

[bookmark: _Task][bookmark: _Ref16840605][bookmark: _Toc33088549]Task
In this module, you should eliminate the errors described in Chapter 4 on the basis of the project you have created in Module 2, and include the optimization proposals in the automation program.
On the one hand, this includes the adjustment of the waiting time depending on the conveyor belt speed specified by the user.
On the other hand, the static sorting method, with stopping and locking the conveyor belts, is to be converted into a dynamic sorting method. This optimization requires a dynamic adaptation of the waiting time to the current conveyor belt speed. Locking the conveyor belts and generating new workpieces is no longer necessary.
[bookmark: _Toc33088550]Planning
For this module, you should use your TIA project from Module 2. The descriptions in Chapter 7 refer to the project "150-001_DigitalTwinAtEducation_TIAP_Basic", which was already used in Module 1 and explained in detail in Module 2. Accordingly, you should transfer the planned changes from Chapter 5 to your own project. It is advisable to create a copy of your created TIA project for each change so that you can always access your functional basic project.
Both the PLC program and the HMI were created and configured in the SIMATIC STEP 7 Professional V15.0 software. The PLC is simulated virtually using the SIMATIC S7-PLCSIM Advanced V2.0 software. The HMI is simulated with the SIMATIC WinCC Runtime Advanced V15.0 optional package. The virtual PLC and the simulated HMI are connected via the simulated Ethernet interfaces.
The digital twin was created using Mechatronics Concept Designer V12.0. The suitably configured signals are already connected to the inputs and outputs of the PLC. Note that changing the dynamic 3D model in MCD in this module is not intended. You can continue to use the MCD project "150-001_DigitalTwinAtEducation_MCD_dynModel_Signals" to test your solutions.
When creating new automation programs, also refer to the Programming and Standardization Guidelines, as well as the notes from  Chapter 9 for reading and creating UML diagrams.
In Chapter 7, you will find a proposal for a modified automation program in which the errors have been eliminated and the proposed optimization has been incorporated.
[bookmark: _Structured_step-by-step_instruction][bookmark: _Toc14427144][bookmark: _Toc14423824][bookmark: _Toc14423764][bookmark: _Toc14427143][bookmark: _Toc14423823][bookmark: _Toc14423763][bookmark: _Toc14427142][bookmark: _Toc14423822][bookmark: _Toc14423762][bookmark: _Toc14427141][bookmark: _Toc14423821][bookmark: _Toc14423761][bookmark: _Toc14427140][bookmark: _Toc14423820][bookmark: _Toc14423760][bookmark: _Toc14427139][bookmark: _Toc14423819][bookmark: _Toc14423759][bookmark: _Toc14427138][bookmark: _Toc14423818][bookmark: _Toc14423758][bookmark: _Ref16840480][bookmark: _Toc33088551]
Structured step-by-step instructions
This chapter explains the proposed solution for eliminating the errors from Chapter 4.1 and Chapter 4.2 and describes the implementation of the optimization from Chapter 4.3.
From this, you can get ideas for your own automation program, for example using the activity diagrams shown in this chapter.
You can find the project with the error solutions under the designation "150-003_DigitalTwinAtEducation_TIAP_Basic_Extended_1". Optimization is implemented in the project "150-003_DigitalTwinAtEducation_TIAP_Basic_Extended_2".
[bookmark: _Adaptation_of_the][bookmark: _Ref17713208][bookmark: _Toc33088552]Adaptation of the waiting time for safe sorting out
In order to eliminate the problems described in Chapter 4.1 and Chapter 4.2, changes may only be made in FB "SortingPlantControl".
While the basic procedure for sorting out the cylindrical workpieces remains the same, here only the calculation of the waiting time changes. An activity diagram of the implemented changes is shown in Figure 4.
[image: ]
[bookmark: _Ref17212149][bookmark: _Toc33088559]Figure 4: Activity diagram for the dynamic adjustment of the waiting time as a function of the conveyor belt speed.
As long as the "ConveyorLong" conveyor belt is to move at a steady speed, a constant waiting time of 400 ms is assumed. If, on the other hand, the "ConveyorLong" conveyor belt has the variable speed method activated, the waiting time is calculated taking into account the currently set target speed. 


The following assumptions were made in the example solution provided:
· In order to ensure optimum ejection of the cylindrical body, the workpiece should be transported another 20 mm = 0.02 m after the negative flank of the "Cylinder" light sensor (see Figure 5).
· The running speed v in m/s is now used as the reference speed. 
· This results in the following formula: 
[image: ]
[bookmark: _Ref17212266][bookmark: _Toc33088560]Figure 5: Distance of a cylindrical workpiece from the triggering of the sensor to the ejector arm.
If the user has defined a traverse speed of 0% via the HMI, the calculation formula cannot be applied. In this case, the denominator of the formula would assume the value ZERO, which is not mathematically defined. In this case, a waiting time of 0 ms is specified.
Since the variable speed is provided by the HMI as a percentage value, it must first be converted into the unit m/s. The variable speed is then converted into the unit m/s by the HMI.
This is done in the proposed solution by the following context: .
This simple rule of three was implemented in the TIA project using two constants and a temporary tag:
· PERCENT_CONV: Factor defined as constant for the conversion of the percentage velocity value into a floating-point format (=  = 0.01)
· MOTORSPEED_MAX: The maximum travel speed of the conveyor belts is defined as a constant (=  = 0.15 m/s)


· tempSpeedConvertPercentToM_S: temporary tag for converting the percentage speed value to a value in the unit m/s. The following conversion formula results when looking at the specified rule of three:  
The tag for the expression "Speed in %" is provided in FB "SortingPlantControl" conveyorLongVarSpeedPercentValue.
After converting the speed, the waiting time can now be calculated according to the above formula. Two additional constants have been defined as auxiliary parameters in FB "SortingPlantControl".
· POS_LIGHTSENSOR_CYLINDERCENTER: The distance between the light beam of the "Cylinder" light sensor system and the center of the ejector arm (= 20 mm).
· S_TO_MS: Conversion factor s to ms (1 s = 1000 ms)
The result of the calculation is in REAL format. To convert it into a valid time value, however, it must be in DINT format. Therefore, the calculated REAL value is converted into a DINT value using the CONVERT function. In this format, the value can now be assigned to the corresponding input of the ON delay.
A corresponding code chapter from the proposed solution can be found in the Figure 6.
[image: ]
[bookmark: _Ref17794416][bookmark: _Toc33088561]Figure 6: Code excerpt of the changes in FB "SortingPlantControl" for adjusting the waiting time for reliable ejection


When retesting, the conveyor belt should always stop so that the workpiece is at the center of the ejector arm. The sorting process should then be reliably executed, as can be seen from the examples in Figure 7 and Figure 8.
[image: ]
[bookmark: _Ref17700278][bookmark: _Toc33088562]Figure 7: Ejection behavior after adjustment of waiting time for low conveyor belt speeds


[image: ]
[bookmark: _Ref17700058][bookmark: _Toc33088563]Figure 8: Ejection behavior after adjustment of waiting time for high conveyor belt speeds
However, it can be seen from Figure 8 that the workpiece is not ejected exactly at the center of the ejection cylinder. The reason for this is the friction between the conveyor belt surface and the cylindrical workpiece. Abrupt stopping of the transport surface causes the cylindrical workpiece to slip slightly in the travel direction before it finally comes to a standstill with some offset. However, the automation program has no effect on this behavior. If necessary, the friction parameters can be adjusted in the 3D model within the NX MCD tool.
[bookmark: _Ejection_while_the][bookmark: _Ref17721750][bookmark: _Toc33088553]
Ejection while the belt is running
In this case, only changes in FB "SortingPlantControl" are to be made in order to implement ejection with the conveyor belts running, in the same way as described in Chapter 4.3.
Again, the basic procedure for sorting out the cylindrical workpieces remains the same. However, the calculation of the waiting time, as illustrated in Figure 9, must be changed.
[image: ]
[bookmark: _Ref17711515][bookmark: _Toc33088564]Figure 9: Activity diagram for the adjustment of the waiting time calculation for ejection while the belt is running


The waiting time at variable belt speed is determined by the following assumptions:
· In order to eject the cylindrical body while the belt is running, the workpiece should be transported 7.5 mm = 0.0075 m further to the front edge of the ejection arm after the negative edge of the "Cylinder" light sensor, see Figure 10.
· The currently valid speed v in m/s is used as the reference speed. 
· This results in the following formula: 
[image: ]
[bookmark: _Ref17712269][bookmark: _Toc33088565]Figure 10: Distance of a cylindrical workpiece from the triggering of the sensor to the edge of the ejector arm
However, if the user has defined a travel speed of 0% via the HMI, a constant waiting time of 0 ms must be specified without calculation in order to prevent a division by ZERO in the formula.
When moving at constant speed, the previously constant waiting time should now be adjusted according to the above formula. Since the constant speed is fixed at 50 mm/s, this results in a new waiting time of
 
As already mentioned in Chapter 7.1, it is recommended that the percentage value of the variable speed first be converted to the unit m/s. The rule of three described in Chapter 7.1 was used as well with this extension. Again, the two constants and the temporary tag are used:
· PERCENT_CONV: Factor defined as a constant for converting the percentage speed value into a floating-point format (=  = 0.01)
· MOTORSPEED_MAX: The maximum travel speed of the conveyor belts is defined as a constant (=  = 0.15 m/s)


· tempSpeedConvertPercentToM_S: temporary tag for converting the percentage speed value to a value in the unit m/s. The following conversion formula results when looking at the specified rule of three: 
 The tag for the "Speed in %" expression in the provided FB "SortingPlantControl" is 
conveyor LongVarSpeedPercentValue.
The waiting time can now be calculated with this representation of the specified variable speed. Two further constants have been defined as auxiliary parameters for this purpose:
· POS_LIGHTSENSOR_CYLINDEREDGE: The distance between the light beam of the "Cylinder" light sensor system and the front edge of the ejector arm (= 7.5 mm)
· S_TO_MS: Conversion factor s to ms (1 s = 1000 ms)
This can now be used for the calculation of  using the formula above. However, the result must first be converted from REAL to DINT using the CONVERT function. Only then is the assignment to the corresponding input of the ON delay possible.
Figure 11 shows a code chapter from the proposed solution for adapting the waiting time.
[image: ]
[bookmark: _Ref17795069][bookmark: _Toc33088566]Figure 11: Code excerpt of the changes in FB "SortingPlantControl" for adjusting the waiting time for ejection while the belt is running.


Since the stopping and locking of the conveyor belts for ejection is no longer required for this extension, corresponding locks have been removed from the program and the conveyor belts can be controlled normally. This is shown in the activity diagram in Figure 12.
[image: ]
[bookmark: _Ref17715849][bookmark: _Toc33088567]Figure 12: Activity diagram for the conveyor belts within FB "SortingPlantControl" for sorting out while the belt is running

Figure 13 shows the activity diagram for controlling the generation of workpieces after implementation of this extension. It can be recognized that the generation of new workpieces can be activated at any time. Any restrictions from previous modules are no longer needed with this extension.
[image: ]
[bookmark: _Ref17719684][bookmark: _Toc33088568]Figure 13: Activity diagram for the generation of workpieces within FB "SortingPlantControl" for sorting while the belt is running


Testing this extension shows that it is now possible to eject and sort the workpieces without stopping the transport surfaces. This is demonstrated, for example, in Figure 14.
[image: ]
[bookmark: _Ref17720863][bookmark: _Toc33088569]Figure 14: Ejection behavior after adjustment of the waiting time for ejection while the belt is running


Further optimizations and extensions on the part of the automation program are conceivable:
· When generating new workpieces, attention must be paid that no new bodies are produced if the variable speed is less than 5%. Otherwise, the workpieces would stack on top of each other because they are not transported quickly enough from the point of generation. This would make the sorting process considerably more difficult.
· When moving at speeds greater than 50%, it is no longer possible to reliably sort them out while the belt is running. Here, it is conceivable to slow down or limit the speed of the transport surface by the automation program during the ejection process to guarantee correct ejection. This involves further changes. For example, the user should be informed via HMI that the speed must be reduced in order to maintain the functionality of the ejection process. Input of a new variable speed should be blocked in this case.
Basically, this module has shown that optimizations and extensions of the automation program can be verified effectively and quickly with the help of a digital twin.
Pure automation activities of this workshop series have been worked through with this module. In the next module, you will perform the first steps with the CAD tools of NX MCD and create the static model of this training series completely independently.
[bookmark: _Toc33088554]
Checklist – step-by-step instructions
The following checklist helps students/trainees to independently check whether all steps of the step-by-step instructions have been carefully completed and enables them to successfully complete the module on their own.
	No.
	Description
	Checked

	1
	For extension 1, a copy of the TIA project from Module 2 was successfully created and renamed.
	

	2
	Errors in the automation program were eliminated based on the descriptions in Chapter 4.1, Chapter 4.2 and Chapter 7.1.
	

	3
	The implemented changes were tested.
	

	4
	For extension 2, a copy of the TIA project from Module 2 was successfully created and sensibly renamed.
	

	5
	You optimized your own automation program based on the descriptions in Chapter 4.3 and Chapter 7.2.
	

	6
	The implemented optimization was tested.
	


[bookmark: _Toc33088570]Table 1: Checklist of "Extensions and optimizations of an automation program for a 3D model".


[bookmark: _Additional_information][bookmark: _Ref17722947][bookmark: _Toc33088555]Additional information
You can find additional information as an orientation aid for initial and advanced training, for example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software/firmware, at the following link: 

Preview "Additional information" – In preparation

Here are some interesting links: 
[bookmark: _Ref12873146][1] support.industry.siemens.com/cs/document/90885040/programming-guideline-for-s7-1200-s7-1500?dti=0&lc=en-US
[2] support.industry.siemens.com/cs/document/109756737/guide-to-standardization?dti=0&lc=en-US
[3] omg.org/spec/UML/2.5.1/PDF
[4] geeksforgeeks.org/unified-modeling-language-uml-activity-diagrams/
[5] geeksforgeeks.org/unified-modeling-language-uml-state-diagrams/
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