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Using Segments to Define Model Limitations in InBatch


by Sean Brennan


Batch processing systems often have built-in limitations in material transfer capabilities that are not evident in the process model. Wonderwareâ InBatch ä addresses these limitations by modeling shared equipment and piping using segments. This Tech Note illustrates how and when to use segments in our process model to achieve this desired result. 


What are Segments?


Segments are parts of connections.  They are a powerful tool for limiting material transfers in a batch process.  Multiple connections can have the same segment or segments assigned to them.  Once a connection is allocated for use by InBatch, the segments that are assigned to that connection are  no longer available for use by other connections—even by the same batch.  So a pump, a transfer panel, or a piece of pipe that has been modeled as a segment can only be used by one connection at any one time.


When segments are used improperly, they can easily give undesirable results.  Picture a chisel in the hands of a sculptor.  You cannot make a piece of rock bigger with a chisel!  Adding segments to an InBatch process model will never increase the material transfer capabilities of the system.  Instead, the desired result is to faithfully represent the true limitations of our batch process without going too far or introducing artificial limitations in our model that were not in our process.  


Example Process 1


Let us imagine a batch processing system consisting of four units; A, B, C, and D.  Assume that units A and/or B can transfer materials to units C and/or D.  The piping arrangement for our process is shown below in Figure 1.
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Figure 1.  Piping Arrangement For Example Process 1


We can identify five segments of piping: Seg 1 - Seg 5 as shown below.  First, we identify the connections in our model; then assign segments to each connection.


Connection�
Segments�
�
AC�
Seg 1, Seg 3�
�
AD�
Seg 1, Seg 5, Seg 4�
�
BC�
Seg 2, Seg 5, Seg 3�
�
BD�
Seg 2, Seg 4�
�
Let us examine how we have limited the simultaneous material transfer capabilities of our model.


Simultaneous


Transfers�
Permitted?�
�
AC + AD�
No, Seg 1 is common�
�
AC + BC�
No, Seg 3 is common�
�
AC + BD�
Yes�
�
AD + BC�
No, Seg 5 is common�
�
AD + BD�
No, Seg 4 is common�
�
BC + BD�
No, Seg 2 is common�
�



Notice that we have successfully prevented the simultaneous transfers of material AD and BC while allowing AC and BD.  This result is desired, but what about the other four combinations?  We have prevented them as well.  In some batch processes this may be desirable, but in others it may not.


For instance, why not allow unit A to transfer to both C and D simultaneously?  Even if C and D are allocated by different batches,  unit A may contain a bulk material needed by both batches.  The source unit in a transfer does not need to be allocated by InBatch in order to perform the transfer.  This capability is provided specifically for bulk ingredient transfers.


Let us redefine our model, this time only modeling Seg 5 to see what effect this has on our allowable simultaneous transfers.


Connection�
Segments�
�
AC�
<no segments>�
�
AD�
Seg 5�
�
BC�
Seg 5�
�
BD�
<no segments>�
�






Simultaneous


Transfers�
Permitted?�
�
AC + AD�
Yes�
�
AC + BC�
Yes�
�
AC + BD�
Yes�
�
AD + BC�
No, Seg 5 is common�
�
AD + BD�
Yes�
�
BC + BD�
Yes�
�



Notice that AD + BC is still prevented but all other combinations are permitted.  We have successfully prevented the one undesired combination from occurring simultaneously.  This result illustrates our first rule of modeling segments:


Rule 1: Only model those segments which will prevent specific undesirable combinations of transfers from occurring simultaneously.


It may be desirable to prevent other combinations of simultaneous transfers in this example.  These limitations are usually dependent on if and how the materials are metered.  Metering is the act of measuring materials as they are transferred from one unit to another.  There are two main types of measurement that are used in batch processing: volumeteric (measuring flow) and gravimetric (measuring weight).  As we shall see in this example, for the purposes of process modeling, it is not important how materials are metered, but where they are metered.


Example Process 2


Let us imagine that units A and B in our example contain bulk ingredients and that units C and D are reactors where some processing activity takes place.  Let us further assume that C and D are on load cells where we are measuring weight and therefore that we can calculate the amount of material added to C or D by observing the gain-in-weight of the unit during the transfer.  It is undesirable to have both A and B transferring material to C (or D) at the same time since our destination unit is only measuring its gain-in-weight.  We cannot tell how much material is coming from A and how much is coming from B if they occur simultaneously.  On the other hand, there is no reason to prevent unit A from transferring to units C and D simultaneously since  C and D can each measure the amount of material that they receive.  Therefore we wish to prevent the connections AC+BC and AD+BD as well as AD+BC.


Modeling Seg 3 and Seg 4 as well as Seg 5 gives the desired result.


Connection�
Segments�
�
AC�
Seg 3�
�
AD�
Seg 5, Seg 4�
�
BC�
Seg 5, Seg 3�
�
BD�
Seg 4�
�



Simultaneous


Transfers�
Permitted?�
�
AC + AD�
Yes�
�
AC + BC�
No, Seg 3 is common�
�
AC + BD�
Yes�
�
AD + BC�
No, Seg 5 is common�
�
AD + BD�
No, Seg 4 is common�
�
BC + BD�
Yes�
�
Example Process 3


In this example, let us assume units C and D are not on load cells as in the previous example.  Here, the metering is done at the source.  We can either say that A and B have load cells and we measure loss-in-weight for our transfer, or we can say that units A and B each have a flow meter on their outlet (measuring and totalizing material flow out).  The important thing is that the metering is being done at the source of the transfer rather than at the destination like Example 2.


In this case, it is not desirable to have unit A (or B) transferring to C and D at the same time.  Since we are only measuring loss-in-weight or flow out of unit A, we cannot tell how much material ends up in unit C and how much ends up in D if they transfer simultaneously.  On the other hand, it is perfectly acceptable for A and B to transfer to C (or D) simultaneously since A and B are individually metered.  We therefore wish to prevent AC+AD and BC+BD as well as the usual AD+BC.


Modeling segments Seg 1 and Seg 2 along with Seg 5 gives the desired result. 


Connection�
Segments�
�
AC�
Seg 1�
�
AD�
Seg 1, Seg 5�
�
BC�
Seg 2, Seg 5�
�
BD�
Seg 2�
�



Simultaneous


Transfers�
Permitted?�
�
AC + AD�
No, Seg 1 is common�
�
AC + BC�
Yes�
�
AC + BD�
Yes�
�
AD + BC�
No, Seg 5 is common�
�
AD + BD�
Yes�
�
BC + BD�
No, Seg 2 is common�
�
Examples 2 and 3 lead us to our second rule:


Rule 2: If materials are metered, then model segments where the materials are being metered.  


That is, if material is metered at the source, then model a segment at the outlet of the source unit.  Or, if material is metered at the destination, then model a segment at the inlet to the destination unit.


In conclusion, remember that segments are a powerful tool.  Use them sparingly to chisel away simultaneous transfer capabilities to more accurately and faithfully model your batch process.
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