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InBatch Unit to Unit Transfer Management  by Sean Brennan


Introduction:  The Batch Implementation Challenge


Batch processing is the management of equipment resources that adds value to raw materials in order to produce finished product.  The methods for raw material transformation are identified by a recipe which identifies both absolute and abstract requirements for production.  Absolute requirements are materials, sequences of activities, documentation and quality.  Abstract requirements are the classes of equipment resources that are required for production.  Only at the time of execution are absolute identities established for the equipment.  These absolute identities result in Unit to Unit (or path) relationships.  It is the management of material movement from Unit to Unit that is the largest and most expensive engineering challenge in any batch implementation.


The decision making process to transfer from unit to unit is complex.  To make things more difficult, the decision making process has both external and internal influences.  Internally, the transfer is made if the source unit, destination unit, and transfer equipment are available and ready.  But, what if the destination unit is not ready, and there is another equivalent unit available?  What if both the source and destination units are ready, but all or some part of the transfer equipment are not?


Externally, the transfer might require a quality check, an operator acknowledgment, or some additional processing.  Where is coordination of internal and external processes best performed?  How will this information be captured to a cohesive electronic record?  These are the challenges for any flexible manufacturing application. 


Complex material transfers that involve shared equipment is one of the most challenging issues in complex flexible batch plants.  This Tech Note will define how Wonderware® InBatch™, Wonderware's Flexible Batch Management System, models and manages the equipment associated with unit to unit material transfers and what the implications are when using this approach versus other traditional approaches.


Requirements:  Physical Constraints and Rules


The technical solution for unit to unit transfers must arbitrate equipment usage to guarantee reliable and accurate material movement.  For fulfill this objective, you must understand the plant’s physical constraints and rules for material movement.  Here are the constraining factors:


�
The plant’s physical layout;


The location of materials;


The changing status of equipment.


Rules that define the criteria must be true before material can be transferred.  Generally, here are the rules to follow:


Acquire only source unit bulk raw materials for automatic additions.


Acquire only destination units that are available.


Acquire only destination units that are physically connected to the source unit.


Acquire only destination units that are ready (that is, it has a proper status—for example, it is clean)


Allow material transfers only if the transfer equipment is ready (that is, it has a proper status and is not in use.)


The example Process Cell in figure 1 below illustrates how simple the problem appears.  But actually, it involves a significant amount of engineering effort to implement if custom software is used.  If the problem is clearly understood, it can be made configurable—meaning no custom software is required.  Figure 1 will be used to illustrate the InBatch configurable solution, which is:


Unit A can transfer to unit C or D.


Unit B can transfer to unit C or D.


Unit A can transfer to C while unit B is transferring to unit D.


Unit A cannot transfer to D while B is transferring to C and vice versa.
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Figure 1.  Diagram of an Example Process Cell


�
Solution


An ISA SP88 Compliant Solution


Using the ISA SP88 Flexible Batch Standard as a guide for a solution, our example Process Cell is defined as follows (see figure 2):


Units are defined and grouped into Process Classes.


Connections (equipment modules) between source and destination units are defined and grouped into Transfer Classes.


Segments (equipment modules) are defined and assigned to connections.  A segment is a equipment entity or equipment group that is used by a connection.  A segment can be a pipe, valve, pump, separator, and so on, and it can be assigned to more than one connection.


Recipe Phases are defined for each Process Class.


Recipe Phases are defined for each Transfer Class.
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Figure 2.  Example Process Cell Model Using ISA SP88


�Solution cont.


Implementation based on the SP88 Control Activity Model


SP88 defines a Control Activity Model that shall be used as the basis for our solution (see figure 3 below).  Additionally, to limit our discussion to Unit to Unit Management, only the Process Management and Unit Supervision activities will be addressed here.
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Figure 3.  Diagram of an ISA S88 Control Activity Model


ISA SP88 Terms and Definition


Process Management involves the activities that are necessary to manage batch production within a process cell.  Process Management includes the control of functions that: a) manage batches, b) manage process cell resources, and c) collect and process information.  This includes Acquiring and Releasing Units and Equipment Modules. 


Process Management must maintain data structures to support decisions concerning:


Trains�
�
Unit Attributes�
�
Unit to Unit Connectivity�
�
Unit Allocation�
�
Unit Status�
�
Definition of Statuses�
�
ISA SP88 Terms and Definition cont.


Unit Supervision must be able to determine, from the unit recipe, the procedural logic (or phase logic), the appropriate parameters, and the equipment entities to be used (that is, the unit and equipment modules), and so on.  This includes managing processing activities in a unit and between units (that is, material transfers).


Unit Supervision must maintain data structures to support decisions concerning:


Equipment Module Dependencies;


Equipment Module Allocation;


Equipment Module Status.


Process Control is the activity that encompasses both regulatory and discrete control, including gathering and displaying data.  This includes the execution of phases for unit and equipment modules.


Process Management


Process Management engines are only as powerful as the data structures that they work with.  Typically, data structures define classes of units and each class’s processing and transferring capabilities in terms of phases (examples: heat, mix, discharge, and charge). 


Process Management converts “master” recipes to “control” recipes and allocates and releases units for batches that are running in a Process Cell.


As a recipe is executed, equipment must be allocated to execute the phases.  In figure 4 below, Process Management must execute the Bulk Add phase that is associated with the transfer Class X-Y.  Process Management must allocate a source unit, (it is not allocated if it is a source only type of unit!), a destination unit, and the equipment modules (that is, connections and segments that are needed to do the material transfer).  If all destination units or any of the segments that are needed to do the transfer are busy, then the transfer phase will wait.
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Figure 4.  Process Management Diagram of Example Process Cell


Process Management cont.


Typically there are two approaches to selecting a destination unit: 1) let the operator select the unit; �2) automatically make the selection.  For either approach, Process Management must verify the selection.


There are five questions that must be evaluated and their result must be true before a unit can be acquired: 


Is the unit in the train?


Does the unit have the appropriate attributes? 


Is the unit connected to the unit where the batch currently resides?


Has the unit been acquired for another batch?


Is the unit ready? (for example, is it clean?) 


Verifying the operator selections or automating the selection process means that you should develop several tables to maintain the status and information about each unit, if the questions above are true. These tables are as follows:


Trains�
�
Units�
Train 100�
Train 101�
Train 102�
�
Unit A�
X�
X �
X�
�
Unit B�
X�
X�
X�
�
Unit C�
X�
�
X�
�
Unit D�
�
X�
X�
�



Unit Attributes�
�
Units�
Lining�
Heating Efficiency�
Mixing Efficiency�
�
Unit A�
Stainless�
NA �
NA�
�
Unit B�
Stainless�
NA�
NA�
�
Unit C�
Stainless�
1�
.9�
�
Unit D�
Glass�
1�
.8�
�



Unit to Unit Connections�
�
Units�
Unit A�
Unit B�
Unit C�
Unit D�
�
Unit A�
 �
  �
X�
X�
�
Unit B�
 �
 �
X�
X�
�
Unit C�
 �
�
 �
 �
�
Unit D�
�
 �
 �
 �
�
�
Process Management cont.


Unit Allocation and Status Information�
�
Units�
Allocated�
Status�
�
Unit A�
X�
In Use �
�
Unit B�
�
Clean�
�
Unit C�
 �
Dirty�
�
Unit D�
 �
Clean�
�



Definition of Statuses�
�
Status�
Availability�
�
Clean�
X�
�
In Use�
�
�
Dirty�
X�
�
In Repair�
 �
�
Unit Supervision


Assuming that a correct destination unit has been acquired by Process Management, Unit Supervision is now responsible for executing the transfer.  In our Process Cell example, Unit D has been acquired because it had a status of Clean. 


To execute the transfer, Unit Supervision must know the answers to the following:


Which unit(s), source, and destination are to be used for the transfer?


Where is the batch?


Once a) and b) are known, Unit Supervision must do the following:


1)	Determine if any equipment modules (that is, connections and segments) must be acquired for the transfer.  To do this, Unit Supervision must maintain a table of Equipment Modules to be acquired in order to execute a unit to unit transfer:


Equipment Module Dependencies�
�
�
Equipment Modules�
�
Transfers�
Seg1�
Seg2�
Seg3�
Seg4�
Seg5�
�
Unit A-Unit C�
X�
�
X�
�
�
�
Unit A-Unit D�
X�
�
�
X�
X�
�
Unit B-Unit C�
�
X�
X�
�
X�
�
Unit B-Unit D�
�
X�
�
X�
�
�
Unit Supervision cont.


2)	Determine the status of the equipment module(s) to see if it can be acquired.  To accomplish this, Unit Supervision must maintain a table which identifies if the Equipment Module is Allocated and its current Status.


Equipment Module Allocation and Status�
�
Equipment Module�
Allocated�
Status�
�
Seg1�
X�
In Use �
�
Seg2�
�
Dirty�
�
Seg3�
 �
Clean�
�
Seg4�
X�
In Use�
�
Seg5�
X�
In Use�
�
When all appropriate Equipment Modules are allocated and ready and the source and destination units are ready (which are already allocated by Process Management), Unit Supervision allows the transfer phase to execute.


Status changes (example: going from Clean to Dirty) are the responsibility of the application.  Status changes can be done through phase logic, operator displays, or recipe phases.


A History of all unit status changes is stored in a historical database.


Summary:  Cost to Implement, Maintain and Change


The data structures described for this solution must be maintained to properly manage the transfer of material between units in a process cell.  Decision logic must evaluate the status of the equipment and the constraining factors of the plant in order to make or verify decisions.


If these data structures are not configurable and the Process Management and Unit Supervision “engines” cannot support these structures, then custom software will be required.  If custom software is required, then three key questions must be answered, and they are:


Cost to implement? 


Cost to maintain?


Cost to change?


Unit to Unit coordination, when implemented in custom software, is 40 to 60 percent of the cost of the project.  As the complexity of the process cell increases, the implementation time also increases.


Custom software has universally been acknowledged as being extremely difficult to maintain and change.  Custom software should be avoided whenever possible.  The benefits of a configurable system that address the requirements of Process Management and Unit Supervision can be justified in terms of cost savings for implementation, maintenance and change.
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