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1. Introduction

This topic sheet explains how to write and utilize external functions to interface between
custom programming and CPC.

Why use external functions?

CPC is an interactive, flexible, and powerful platform for control, analysis, data collection, and
database interactivity. With internal soft-scripting, there are few limitations to CPC’s power.

Nevertheless, there are still cases where the customer may wish to provide custom
algorithms and process directives from an external source such as a custom computer
program, modelling package, or another piece of equipment. This is particularly the case if a
customer wants to use CPC to control a process based on external modeling calculations.

CPC can accommodate external interaction with other programs via its “ExternalFunction”
object.

COM interactivity

The ExternalFunction object interacts with your external program through Microsoft COM
(component object model) technology. COM is a proven transparent connection architecture
that allows multiple programs, clients, and servers to pass information back and forth.

What is needed?

Though most Microsoft languages support COM object references, this document addresses
the use of Visual Basic 6.0 language for the external program. You can also use MS Excel’s
VBScript language to perform the same function.

To test the interoperability with CPC, you’ll also need a running copy of CPC. Training on
CPC is not part of this document, and we assume you understand how to access the Object
Editor, add an object, and manipulate properties.
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2. Functionality

A sample ActiveX DLL project is provided to explain how the external program must be
designed. The sample application involves calculating degree of cure and viscosity for a
dynamic composite curing process.

CPC ExternalFunction defined

The CPC object used for external connection is formed from the class “ExternalObject”. The
following ObjectEditor image shows two ExternalFunction objects for this example.
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2 CPC Object Editor

H - fu o] 22 |E | ExternalFunction j
Save Add | Delete |Browser | Child Copy
e ServerBackup || Mame Toocke!
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B MessageManager -
= Forms DLL Ohject Ty
Metifications Function
B BackupLocal PostMethoc
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Cure
B viscostyMorel ExternalFunction {Object) i
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Tg This object is used to access and calculate an External
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¢ »| | WiscosityModel\DLLObject |
Clz: ExternalFunction | Yalue=Tghodel Desc=

ExternalFunction properties

The object contains the following properties:

Name — This is the name of the object. It is only used for CPC referencing.

Enabled — This is a true/false entry which can enable or disable the Calulate method.
DLLFilename — This is the name of the DLL that you have created externally to CPC.
DLLObject — This is the public ActiveX objec you expose in your DLL.

Function — This is a sub-function that you want to run. In the case above, there was only
one function in each object, so the function property is not used.

PostMethod — this can be used to perform a secondary CPC method after the
calculation is complete.
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ExternalFunction methods

The following actions or methods are provided:

Build — This method is used to setup the CPC object, and to “build” the children variables
which will be used for Input (to the external DLL) and Output (from the external DLL) from

the external program. The external DLL objects must have a “Build” function that CPC

can call.

Calculate — This method is used to call the external function’s Calculate procedure.
When the method is run, CPC will call the remote Calculate procedure and will also pass
the Function property. If multiple calculations are supported remotely, than the external
DLL program will query the Function value and decide which calculation to perform.

ExternalFunction quickscripts

The following quickscripts are provided:

BeforeCalculate — This script can be used to manipulate the variables prior to a
calculation.

AfterCalculate — This script can be used to manipulate the variables after calculation, or
to redirect values to another object/property destination within CPC.

Build capability

When you first add the ExternalObject to your CPC system, the object will not contain any
child variables. Child variables are the only method of passing information back and forth

from the exte

rnal program.

Because some functions can contain many input variables, you can utilize the Build method
to request that the external program “build” the variables under the CPC object. When this
occurs, the external program will create the children, name them, and provide a description.

See the following ObjectEditor display showing the Tg variable after being created.
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Visual Basic project
The following shows the visual basic project for the Model_E773 DLL program.

‘wal Model E7 73 - Microsoft Yisual Basic [design] - [Viscosity (Code)]

2 File Edit Yiew Project Format Debug Run Query Diagram Tools Add-Ins Window Help

o= s » 1 seFeyRAlL B
b v » ¥ (= |
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% Fublic Function Build{Baselbj ks Object)] ks Variant — (|
E

=& Model_ET73 (Model_E773.vbp)
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B 1o (Ta_E773.0l5)
o

On Error GoTo errortrap

~ B8 =8

Bazelh]j.Clear

@ . % BuildChild BaseCh]j, "Varishle®™, "TgIniti=al", "Input: Inital Tg in Deg
BuildChild BaseCh]j, "Varishle®™, "Tg", "Input: Current Tg in Deg.F (a=
BuildChild BaseChj, "Variahle®™, "T", "Input: Current temperature in D
BuildChild BaseChj, "Variahle®, "Viscosity", "Output: Viscosity in ce

Exit Function
errortrap:
ErrorHandler

Resuwe HNext

End Function

Properties - Viscosity x|
|\|'iscusity ClassModule j
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= =(q »
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| o[

It is beyond the scope of this document to teach Visual Basic. If you don’'t understand
programming, there are many useful books on the subject.




Project type

The project can either be an ActiveX EXE or an ActiveX DLL.

functions from CPC, than you should
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If you only want to call a
compile as a DLL. If instead you want to utilize

forms and screens in your external progam, then you should compile as an ActiveX EXE.
Click the menu Project -> Properties to expose the form below:

Model EF73 - Project Properties

X

General l Make ] Enmpile] Componentl Debugging]
Projeck Tvpe: Startup Object:
|(None) ﬂ
Project Mame:
[ Madel_E773
Project Help
Help File Marne: Context ID:
| I C—
Project Description:
Threading Model
™ Unattended Execution EEEE) L
Apartrent Threaded ﬂ
¥ Upagrade Activer Controls -~
5 ¢ =
-
Ok, | Cancel | Help |

Class modules

Because CPC can only connect to public ActiveX (COM) objects, all of your interface
functions must be included in a object created from a public class. Here’s class definition

of Tg.
Properties - Tg x

|Tg ClassModule
Alphabetic lCategDrized ]
{Marne) Tg
DataBindingBehavior |0 - vbMone
DatasourceBehavior |0 - wbMone
Inskancing 5 - Multilse

MTSTransactionMode 0 - MotAnMT S0bject
Persistable 0 - MotPersistable

=

The most important attribute is the Instancing = “5 — Multiuse”. This instructs the
compiler to allow multiple instances of the object to be created.
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The following functions must be provided in your external VB code.

“Build” function

The build function is called by CPC, in which CPC passes a reference to its own

ExternalFunction object.

Fublic Function Build(BaseCh]j Az Chiject)

On Error GoTo errortrap

Dim ChildCh]j is Chject

' **% glear hase object's children
EBEa=zelbj.Clear

' **% add children for inputs and outputs

Exit Function
errortrap:
ErrorHandler

Resume Next

End Function

Lz Variant

EuildcChild BaseCbh]j, "Variable™, "TgInitial™, "Input: Inital Tg in Deg.F™
BuildChild BaseChj, "WVariable™, "Tg", "Input/COutput: Current Tg in Deg.F (as ca
BuildChild BaseChj, "Wariable™, "T", "Input: Current temperature in Deg.F"
EuildChild Baselb]j, "Variabhle™, "Time3tep®, "Input: Iterative time ih secs.™
BuildChild BaseChj, "WVariabhle", "CureRate”, "Output: Rate of cure in %/min"™
EuildChild Baselb]j, "Variable™, "Cure®™, "Output: % of full cure”

This function performs the following functions:
1.
2.

Clears the existing children under the CPC object

Calls the BuildChild function repeatedly, passing the Classname, Name and
Description to be used for creating each Variable object.

Note: In the case

above, the description is used to define a variable as an input or output function.
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BuildChild function
The BuildChild function creates the child and adds it to the base object.

On Error GoTo errortrap

Dim MNewlbj As COhject

Set Mewlbij = Baselhj.newohiject

MNewChj.ClassName = ClsMName
NewChj.RedimProps
MNewChj.propbyindex (1) Natme
MNewChj.propbyindex (3] Description
BaseChj.0bjects.Add Newlh]j, Name
et Mewlbj.Parent = BaseCh]

Zet BuildChild = Newlhj
Exit Function
errortrap:

ErrorHandler
Resume Next

End Function

Priwvate Function EBuildChildiBaseCh]j As Chject, Clslamme As String, Neame As 3tring, Description As 3tring)

The code above performs the following:
1. Creates the new object using the “.newobject” function of the base CPC object.

2. Defines the object according to the ClsName (classname). In most cases, this
class will be of Variable type.

Calls the RedimProps function of the new object (required)

4. Sets the Name property. Note: propbyindex is a means to set the property by
index. In the case of name, it is always the 1% property.

5. Sets the Description property. Note: In variable objects, this is the 3" property.

The next two lines add the new object as a child of the base object.

Error trapping
The following errorhandler function should be included in each of you DLL objects.
Priwvate 2ub ErrorHandler ()
End Sub
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Calculate function

The following represents the Tg calculate:

Public Function Calculate(Obj As Object, Method As String) As Variant

On Error GoTo errortrap

T3RR3R KK Ok ok K 3k 3k 3K K 3K 3K 3K 3K 3K oK ok ok K Sk 3k K 3K K K K K 3K 3K 3K ok ok Sk Sk 3k ok sk kK KKK KKk ok k ok

' Cure Model - E773 Resin
"Rev: 1/27/01

T3RR3R KK ok ok 3k ok 3k oK K K 3K 3K 5K 5K ok ok 3k K Sk ok K 3k K K K K 3K 3K 3k ok ok ok ok ok ok sk k kR Kk kokkok sk k

Dim TgNow As Double
Dim TNow As Double
Dim TimeStep As Single
Dim DalphaDt As Variant

Dim BCoeff As Double

Dim CCoeff As Double

Dim DCoeff As Double

Dim ECoeff As Double

Dim TgMax As Double

Dim TgMaxNorm As Double
Dim TgUltimate As Double
Dim Tglnitial As Double
Dim dTgDt As Double

Dim dTgDtNorm As Double
Dim dTgDtScaleFactor As Double

Dim a As Double
Dim b As Double
Dim c As Double
Dim d As Double
Dim e As Double
Dim f As Double
Dim M As Double
Dim n As Double
Dim y1 As Double
Dim y2 As Double
Dim y3 As Double

' ** get inputs and convert from F to C

Tglnitial = (Obj.Objects(1).propbyindex(2) - 32) *5/9
TgNow = (Obj.Objects(2).propbyindex(2) - 32) *5/9
TNow = (Obj.Objects(3).propbyindex(2) - 32) *5/9
TimeStep = Obj.Objects(4).propbyindex(2)

' ** ultimate Tg of material
TgUltimate = 166.7

If TgNow > TgUItimate Then
TgNow = TgUltimate
End If
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' ** Calculate B-Coeff

a = 0.267382017

b = 0.001874691

c = -0.0000018964

BCoeff = a + b * TNow + ¢ * TNow ~ 2

' ** Calculate D-Coeff
a = 1.394608962

b = 0.004248663
DCoeff = a + b * TNow

' ** Calculate E-Coeff

a = 1.451393218

b =-0.01729521

¢ = -0.02548495

d = 0.0000857429

e = 0.000131319

f = 0.0000000235278

ECoeff = (a + ¢ * TNow + e * TNow ~ 2)

ECoeff = ECoeff / (1 + b * TNow + d * TNow ~ 2 + f * TNow ~ 3)
ECoeff = ECoeff ~ 2

' ** Calculate TgMax

a = -11.7366095

b = 178.4006795

c = 41.54162266

d = 25.76644727

e = 0.321209282

TgMax =(a+b)/ (1 + Exp(-(TNow -d * Log(2 ~* (1 /e)-1)-c)/d)) " e

' ** Calculate TgMaxNorm
TgMaxNorm = (TgNow - Tglnitial) / (TgMax - Tglnitial)

' ** Calculate dTg/dt Norm

1

BCoeff

1

d = DCoeff

e = ECoeff

M=(d-1)/(d+e-2)
n=(e-1)/(d+e-2)

yl = ((TgMaxNorm -b +c* M) /c) ~ (d- 1)
y2 =(1-(TgMaxNorm-b +c*M)/c) "~ (e-1)
y3=(MA(d-1)*n~(e-1))

dTgDtNorm = a *yl *y2 / y3

0O T o
o

' ** Calculate dTgDt Max Scale Factor
a = -288.629612
b = 274.3979678
c = -2551.47875

dTgDtScaleFactor = a + b * Exp(-TNow / c)
dTgDtScaleFactor = Exp(dTgDtScaleFactor)

' ** Calculate dTgDt
dTgDt = dTgDtNorm * dTgDtScaleFactor
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' ** get outputs
TgNow = TgNow + dTgDt * TimeStep
If TgNow > TgUItimate Then
TgNow = TgUItimate
End If

Obj.Objects(2).propbyindex(2) = (TgNow) *9 /5 + 32
Obj.Objects(5).propbyindex(2) = dTgDt / (TgUItimate - Tglnitial) * 60 * 100
Obj.Objects(6).propbyindex(2) = (TgNow - Tglnitial) / (TgUItimate - TglInitial) * 100
Exit Function

errortrap:
ErrorHandler
Resume Next

End Function

Input variables
The following code is used to get the Value of the child Variables.

' ** get inputs and convert from F to C

Tglnitial = (Obj.Objects(1).propbyindex(2) - 32) *5/9
TgNow = (Obj.Objects(2).propbyindex(2) - 32) *5/9
TNow = (Obj.Objects(3).propbyindex(2) - 32) *5/9
TimeStep = Obj.Objects(4).propbyindex(2)

In the code:
Obj = parent CPC object
Objects(1) = first child variables

.propbyindex(2) = 2 property of the child (this happens to be Value for variable
objects)

Output variables

The following code is used to put values back to the child variables.

Obj.Objects(2).propbyindex(2) = (TgNow) * 9/ 5 + 32
Obj.Objects(5).propbyindex(2) = dTgDt / (TgUItimate - Tglnitial) * 60 * 100
Obj.Objects(6).propbyindex(2) = (TgNow - Tglnitial) / (TgUItimate - Tglnitial) * 100




	Introduction
	Why use external functions?
	COM interactivity
	What is needed?

	Functionality
	CPC ExternalFunction defined
	ExternalFunction properties
	ExternalFunction methods
	ExternalFunction quickscripts

	Build capability
	Visual Basic project
	Project type
	Class modules

	External functions for BUILD
	“Build” function
	BuildChild function

	Error trapping
	Calculate function
	Input variables
	Output variables



