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NIPER Lab WARDEN

Volume 1
The Description and LabVIEW®

Executable Code of a General Purpose
Laboratory Automation Program

by S. M. Mahmoodand D. K. Olsen

ABSTRACT

This report is Volume 1 (the description) of a two volume series that describes a general

purpose, automation computer program developed by NIPER for data acquisition/con-

trol/analysis/presentation.This software was developed to provide interactivecomputercontrol

of a variety of instrumentstypically found in laboratoriesand pilot plants in order to impr_ve

efficiency in operationand safe handlingof potentially hazardousoperations. Forexample, it is

easily adaptablefor operatinga laboratorythat conducts experiments at extreme conditions of

pressureand temperature,such as those found in a steamflooding laboratory. The software was

developed in an object-oriented graphical language around National Instruments'LabVIEW®

which is the futuretrendin automationprogramming.

EXECUTIVE SUMMARY

Volume 1 (the description, this report)and Volume 2 (panelsand diagramsfor NIPER Lab

WARDEN) describe a computer program that occupies two 1.4 Meg floppy disks (auto

extracting compressed fide)thatare partof the softwareoriginally developed to operate NIPER's

thermal oil productionresearchlaboratory. This is a generalprogramthat c8_ be readily adapted

by other users to their specific laboratoryor pilot plant application. The i,_beof an object-oriented

graphical (symbolic) computer language in NIPER's programs permits easier and faster

adaptation than the typical line-code languages such as FORTRAN. The programs look like

logic flow diagrams (electrical circuitry) rather than typical syntax line codes. They offer

significant advantages over custom-made programs when flexibility and/or networking is
desired, since it is easy to reconfigure(during run-time) andallows interaction between several

remote locations running on this program. Technology transfer is our goal in releasing this

software, to help smaller independent facilities which are looking for an integrated automation

program, but cannotafforda sophisticated commercial program. NIPER'sprogram is very likely
to provide enhancements over custom-made programs in situations where instrument

requirements change frequently, or when several groups need to interact or share data over a

network. One of the advantages of a uniform,standardized,and flexible automation programis



that information/experience/training can be shared to increase efficiency, safety, and reliability.

More specifically, NIPER's program provides the following features:

(1) allows the user to select any number of instruments and specify their parameters 1or a

particular run. The selection can be made during run-time, or one of the previous

selections can be chosen prior to a run. The devices/instruments can be

added/deleted/reset anytime during a run;

(2) acts as a liaison between instrument-related software (driver programs) for various

instruments, i.e., finks up or connects various driver programs in order to bring about

proper coordination of activities;

(3) provides means to monitor instruments so that the user is infoxrnedif values go out of

user-specified range;

(4) eliminates operator errors by setting constraints;

(5) allows the user to automatically rectify minor problems by specifying what to do if an

instrument's value falls into a warning range, or if there is an abrupt change, i.e.,

automatically reset one or more devices to a specified percentage of their current

value;

(6) allows the user to automatically handle emergencies by specifying an emergency

response sequence so that if an instrument(s) value(s) fall outside the acceptable

range, or if there is an abrupt change, the devices can be automatically reset to safe

values in an orderly fashion;

(7) provides easy access and editing to current and previous data with advanced graphic

features; and

(8) provides a visual display of the status of a test in progress for quick trouble-shooting.

OBJECTIVE

The objective of this report is to provide documentation of a software programthat was

primarily developed for NIPER's thermal laboratory, but is easily adaptablefor use by other

laboratories. The thermal laboratory is designed to evaluate the merit of various thermal

methodologies that show potential for recovering more oil from porous media. The experiments

involve injection of steam and additives (surfactants, gases, solvents, and other chemicals) at

specific operating conditions to simulate petroleum reservoirs on a small scale. NIPER's thermal

laboratory is designed to run at high temperature (5500 F) and high pressure (1,000 psi) with

steam and flammable light-hydrocarbons. Under these conditions, safety is an important

consideration. Operating these experiments manually was prone to error with potentially serious

consequences; therefore, automation was needed to conduct experiments safely. Automation



was expected to improve laboratory efficiency, data quality, reduce analysis time as well as

obtain data accurately and efficiently from remote location.

The general purpose software developed at NIPER is a user-friendly and easily modifiable

program suitable for a variety of laboratories and pilot plants for their data acquisi-

tion/controFanalysis/presentation needs. This software will provide laboratories or pilot plants

of moderate complexity: (1) a simple yet powerful automation program that is inexpensive,

flexible, easy to use/modify, and capable of monitoring test progress and taking corrective

actions automatically when needed; (2) an effective program that does not require a workstation

for effective utilization; (3) a program that 'allows interaction with other major software packages

to enhance its capabilities, e.g., to automatically open Microsoft Excel, transfer data in its

preferred format, and plot this data; thus, saving time and effort over doing it manually; and (4) a

program that allows real-time access to the input and output data so that systen_, set-up can be

changed and reports can be generated in real-time.

FORMAT OF REPORT

Chapter 1 of this report introduces LabVIEW@wthe language used to develop this

software----and presents the concepts behind object-oriented and graphical languages. Chapter 2

provides an overview and a conceptual framework of NIPER's automation programs. The

following six chapters (3-8) describe the software program (facility) as follows: Chapters 3, 5,

and 7 provide general description of the three main facilities: NIPER MAIN FACILITY, NIPER

Lab WARDEN, and NIPER GRAPHIC FACILITY, respectively. Chapters 4, 6, and 8 describe

how to use these facilities. Chapter 9 includes example applications/problems. Volume 2 (the

companion volume) contains the complete program--the hierarchical structure, explanation of

the structure, and the panels and diagrams for the program code in an organized structure

containing additional documentation. The complete set of panels and supporting diagrams can

be printed from the programs in the floppy disks, but printing may require several days because

of the large size of the files and the length of time required for printing on most laser printers.

Individuals have different levels of proficiency in the use of computer operating systems,

object-oriented programming (LabVIEW), and communication hardware (plug-in boards, etc.).

The authors have assumed two different levels of users. On one level are operators who will take

the program and adapt the current configuration to their needs. On another level are

programmers who may wish to extensively revise and develop their own program around the

NIPER programs provided. This second type of user is assumed to be more computer literate

and knowledgeable about object-oriented programming structure. With regard to Macintosh

computers, the user is assumed to have a good understanding of the fundamentals of System 7 @

operations (Apple @, 1991). The second level user should also have basic proficiency in



LabV1EW programming obtained by going through the training exercises (learn by doing),

which are found in the National Instruments LabVIEW literature (National Instruments Corp.,

1991).

For automation programs (laboratory, pilot plant, or production facilities) dealing with

instrument control, it is imperative that the validity and/or reliability of the program be

established with reasonable certainty. No warranty or guarantee of the applicability of the

programs is implied by NIPER or DOE. The user must ascertain the suitability of the system for

the user's own specific needs.

ADVANTAGES OF OBJECT-ORIENTED AND
GRAPHICAL PROGRAMMING APPROACH

Object-oriented graphical programming is an approach that has received great attention and

acceptance in recent years. Since Macintosh ® and Microsoft Windows ® for PC operating

systems became available, most commercial software has been developed using the object-

oriented approach. The same trend is also seen in lab automation programming, where object-

oriented graphical languages are replacing line-code programs as the language of choice.

In object-oriented graphical programming, the program is coded as a series of symbols

(objects). The related data for each object are packaged along with the program code. Objects

can be defined within objects. This hierarchical structure allows the breaking down of complex

programs into smaller objects. Since data are packaged along with the code for each object, their

present value is saved each time the program is run and saved.

There are many advantages of object-oriented graphical languages. First, writing,

debugging, and modifying the code are easier because each object can be treated as an

independent program not linked to other programs (each object interacts with other objects only

by sending and receiving messages). Second, the objects and their input/output data can be

pictorially depicted by icons which increases the clarity for both programmers and users. Third,

several processes or programs can be run simultaneously by considering each program as an

object. By merely switching their active status, they can run intermittently and interact with each

other. This also extends a programmer's capabilities to use external codes. The linking of

multiple processes and objects increases user-friendliness and error-handling capabilities.

TECHNICAL REQUIREMENTS

NIPER's automation software was written on an Apple Macintosh II computer using

LabVIEW ®, an object-oriented language from National Instruments. The user must acquire a

licensed version of National Instruments' LabVIEW software to legally execute the NIPER

program. LabVIEW was selected as an operating platform because it allows these prograrr, s to

be run on Macintosh, IBM-compatibles, or Sun workstations with an appropriate version of



LabVIEW software. LabVIEW 2.0 requires 4 megabytes of RAM and >16 megabytes of hard

disk space. The NIPER programs, along with necessary LabVIEW software, require 6

megabytes of RAM and 6 megabytes of hard disk space. If supporting software such as

Microsoft Excel@, Microsoft Word@, or other graphics software such as Spyglass® are to be

interacted with NIPER programs, their memory requirement needs to be added. However, it is

not necessary to run every NIPER program simultaneously; thus, the program can be run with 2-

3 megabytes of memory at a minimal level.

Users do need to provide and load the driver programs for communicating with their unique

instruments. A driver program is a mediator/translator between the computer and an instrument.

Some instruments may commuaicate in unique command languages. The LabVIEW package

includes several driver programs, but many more standard driver programs are available from

third parry consulting/software development companies. A template and examples of driver

programs are included in NIPER's package to ease the task of writing a driver program. A driver

program can be written or modified by experts, on the average, in a few hours. National

Instruments also provides excellent technical support by telephone, fax, or mail. All above

options require at least a cursory knowledge of LabVIEW. Inexperienced users should seek help

from others in obtaining driver programs.

PREPARATION OF THIS MANUAL

This report (manual) was compiled in Microsoft Word@, and figures were drawn in

Canvas@3.0, Microsoft Excel@and LabVIEW@2.2. Some panels and wiring schematics were

also pasted into the Word text by using the screen capture program Screen Shot@. Clarity and

color coding details of the figures were sometimes lost in converting to a black and white copy.
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Chapter 1

DESCRIPTION OF LabVIEW

BRIEF INTRODUCTION OF LabVIEW

LabVIEW ® is a visual programming environment that can be effectively used by a broad

range of people with different levels of programming skills. The two-dimensional graphical

notations that LabVIEW uses are much easier to comprehend than textual notations in line-code

languages. Programs look like a dataflow diagram, as shown in Fig. 1.1. Elements are

pictorially represented, and data flow between elements is shown through color-coded wire-

connections (lines). With this representation, constructing or understanding a program is easier

and faster (National Instruments Corp., LabVIEW 2--Getting Started Manual, 1991a, and

LabVIEW 2-Users Manual, 1991c). Complex process flow diagrams of large plant operations

can be broken down into small logical units and then recombined. Thus, complex operations and

their interdependence can be understood with relative ease. Kodosky, MacCrisken and Rymar

(1991) have described some of the programming structure behind LabVIEW, and a number of

their examples have been used in this section because of their clarity.

A simplified version of Fig. 1.1 is shown schematically in Fig. 1.2 and explained in detail

under "Programming Structure of LabVIEW." Input can be an electrical signal (voltage) from an

instrument, an assigned value from the front panel (which can be numeric, a string, or a series of

alphanumeric characters), a string (series of alphanumeric characters), or a calculated value. A

node is a process (addition. subtraction, integration, listing, sorting, etc.). An arc is the

connecting link between operations, i.e., it shows where an input value leads to. A data token is

an imaginary symbol superimposed on arcs to indicate that the data packet has arrived. Data

tokens are used to show the execution sequence of various nodes in the program. An output

terminal may be a display on the front panel, an instrument, valve, alarm, or may involve

printing a file, etc.

node datatoken

input / /
terminal

_ outputterminal

/
.arc

FIGURE I. 1 - A simple dataflow diagram.
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FIGURE 1.2- Dataflow diagram simplified.

PROGRAMMING CONCEPTS RELEVANT TO LabVnq'_W

This section describes the concepts of programming languages that are pertinent to

LabVIEW. The following discussion is aimed at highlighting the basic differences between the

conventional languages and LtbVIEW.

A S_mple of LabVIEW Program Algorithm

Consider a simple al_orithm that iteratively reads data from a file, converts it to °F, and

warns the user (via an audibl,_'beep) if the value exceeds a predetermined limit. Figure 1.3 lists a

FORTRAN program to achieve this objective. To help understand the structure of the program,

a control-flow diagram is customarily used, such as the one shown in Fig. 1.4.

A program in LabVIEW is shown in Fig. 1.5 which achieves the same objective as the

FORTRAN program shown in Fig 1.3. Notice that the program LabVIEW itself is in the form of

a flow diagram, so no control flow diagram is needed. Further explanation of this program is

provided in Table 1.1.

At first glance, it may appear that the FORTRAN program is easier to follow. This may be

true for small programs like the one presented in this example. However, experience in writing

and maintaining software shows that as the size and the complexity of the program increases,

line-code programs become progressively more difficult to follow than visual programs.

Object-Oriented Programming (OOP)

The important concepts of object-oriented programming (OOP) are described below. This

description is included to help readers visualize the significant advantages that this approach to

programming offers over familiar line code languages such as Basic, FORTRAN, Pascal, and C.

National Instrument's LabV1EW, the basis of NIPER's automation software, is a programming

platform (compiler) that uses a high-level object-oriented language called "G."



I I I I IIIIIII I I I II I I I II III

OPEN (5, FILE = 'ALLIANCE:LABVIEW 2:INPUT TEMPERATURE',
+ STATUS = 'OLD') CELSIUS

C ALLIANCE IS THE VOLUME I.E., HARD DISK, LABVIEW2 IS THE
C FOLDER CONTAINING FILE NAMED INPUT TEMPERATURE

10 READ (5, *, END = 99)

FAHRENHEIT = ((CELSIUS * 9/5) + 32)

IF (FAHRENHE1T.GT.450) GOTO 20
GOTO 10

20 CALL BEEP (1)

C BEEP IS A SUBROUTINE THAT ACTIVATES AN AUDIBLE BEEP

99 STOP

END

II I I I II IIIIIII II I I I ]

FIGURE 1.3 - A FORTRAN program that itcratively reads data from a file, converts it to °F,
and beeps ff the value is higher than 450° F.

ii, i ii

)_ on oodSTART place cursor to
the first line

Readcun_nt fine,
then advaace cursor

Convert the reading to next line Ci,_sefi!e
to Fahrenheit

Does the STOP
Is the temperature line contain

in Fahrenheit end-of-file
higher than 450? character?

Beep one time

FIGURE 1.4 - The control-_ow diagram of the example FORTRAN program shown in Fig. 1.3
that iteratively reads data from a file, converts it to F, and beeps if the value is
higher than 450° F.
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FIGURE 1.5 - A sample programsegment in LabVIEW that iteratively reads data from a file,
converts it to °F, and beeps ff the value is higher than 450° F (see Table 1.1 for
legend).

TABLE 1.1

LEGEND FOR FIGURE 1.5
I Ill I I Illll I I I I I II I

I. This entire box is a "While Loop" structure. The "WhileLoop",which can be thoughtof as a single node itself, executes
thediagram inside the box until theBoolean (True-False)value passedto the conditionalterminal(box 5) is False.

2. This box containsthe stringwhichspecifies the volumename, directoryname, andfde name from which the temperature
data(inCelsius) is to beread.

3. This node opens the specified file and reads the current line of temperaturedata into a numeric array. The node then
closes the file, passes thearrayto node 6, and passesa numericerrormessage value to node 4.

4. This node checks to see if the errormessage from node 3 is equal to zero (indicating no error). If so, thenode outputsa
Boolean _,alueof True. If the errormessage does not equal zero, the Boolean output is False.

5. This box is the conditional terminalfor the entire "WhileLoop". Toe terminalis checkedat the end of each iterationand
exits the "WhileLoop"box once the Boolean value from node 4 is False.

6. This node reads a specified element of the numeric arrayfromnode 3 and then passes the valueof thatelement to node
12.

7. This box contains the integer value that specifies which elementof thearraynode 6 is to read.
8. This box containsa numericconstantused in the temperatureconversion from Celsius to Fahrenheit. Thevalue is passed

tonode11.

9. This box contains a numericconstant used in the temperatureconversion from Celsius to Fahrenheit. Thevalue is passed
to node II.

I0. This box contains a numeric constant used in the temperatureconversion from Celsius to Fahrenheit. Thevalue is passed
tonode13.

1I. Thisnodedividesthevaluefrombox8bythevaluefrombox9.The numericresult(aconversionfactorof9/5)isthen
passedontonode12.

12, Thisnodemultipliestheoutputvaluefromnode6bytheoutputvaluefromnode1I.Thenumericresultispassedonto
node 13.

10



TABLE 1.1--Continued

LEGEND FOR FIGURE 1.5

' 13. Thls node adds the V'alue_m box'10 to &e outpui valuefr0m node 11' The re'suitingnumeric output_(Pa_enheit
temperature)is passed on to node 15.

14. This box containsa constantnumericvalue specified asthe temperaturelimit.
15. This node checks to see if the outputvalue from node 13 is greaterthanthe temperaturelimit of box 14. If so, thenthe

resulting Boolean output is True. If the value from node 13is less than the temperaturelimitof box 14, thenthe Boolean
outputisFalse.

16. This structurebeeps if the Boolean output fromnode 15 is True,which means that the temperaturevalue read from the
fde is higher than the temperaturelimitspecified by box 14.

OOP refers to a programming style that relies on the concepts of inheritance and data

encapsulation. Inheritance is a language facility for defining a new class of objects as an

extension of previously defined classes. The new class inherits the variables and operations of

the previous classes. Inheritance helps in building complex structures by using the existing

simpler objects. Since common properties of objects can be preprogrammed by defining classes,

programming effort can be significantly reduced. Data encapsulation (also called imple-

mentation hiding, meaning certain details of implementation code are deliberately hidden from

the user) allows objects to be packaged so that unrecessary details of implementation are not

visible from outside the object. An object may include a set of functions, procedures,

subroutines, data, type-definitions, arithmetic and/or other operations. Any or all entries in an

object may be defined as either public, private, or protected, depending upon their intended use.

Objects can only interact with each other by sending and receiving messages.

The properties of OOP allow one module (an independent program segment like a

subroutine) to be written with little knowledge of the code in another module. Modules can be

reassembled and replaced without reassembling the whole system. OOP's programming style

can be practiced with widely differing languages. For example, C++ (a line code language)

allows both inheritance and data encapsulation to deal with the most demanding systems' tasks

yet retains C (also a line code language) as a subset for tasks requiring low-level programming. 7

LabVIEW is another language that provides a simple yet powerful visual programming

environment. It superimposes a graphical editing and execution system upon the object-oriented

"G" language to create a platform for the users wherein the modules can be built by copying the

objects from the LabVIEW library and user's own library of modules.

Procedure.Oriented Programming (POP) Versus Object.Oriented Programming (OOP)

Figure 1.6 illustrates the difference between procedure-oriented programming (POP) and

OOP (Sethi, 1989). The requirement in this example is to build figures, which arc basically

11
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(a)Disjoint setsof objects (b) Nestedsetsof objects

FIGURE 1.6- Differentwaysofclassificationof objects:(a)POP(b) OOP.

composedof basicshapes--tines,rectanglesandcircles. POPwill structurea programaround

the operations on shapes. This may include operations for drawing, rotating, and scaling a
figure. For each shape in the figure, the procedurewill classify the shape and then execute the

code that is appropriatefor drawingthat kind of shape. However, the code for each shape will

contain only very elementary operations. Because of the use of elementaryoperations, the code

for manipulatingshapes is spreadacross the variousprocedures,and this is often problematic. If

a new shape is added.,e.g., an arrowhead, then the code for handling the new shape has to be

addedto each procedure. Even if the new informationis small, it is spreadacross procedures,

each of which must be analyzed before the new code is added to ensure that there are no

conflicting dh'ecdonsor assignments.

The OOP approach of handling this problez._is different: A class named "shapes" is

defined, which has subclasses of lines and circle,_. Class shapes then collects common

properties, such as the height, the width, the posit.ion,and an operation for moving the shape.

Propertiesthat arespecific to lines, rectangles, and circles appearin the appropriatesubclasses.

Inheritance, an OOP property, allows arrows to be added by extending the subclass "lines,"

without touching the code for the other objects. An arrowinheritsall the propertiesof a line, so

the only additionalcode neededto drawan arrowis the code for drawingan arrowhead. Another

propertyof OOP--data encapsuladonmallows the drawingof variousshapes by simply sending

messages to the class shape, without the need to see its implementation details. In OOP, each

module is a completely executable programin its entirety, and it does not interact with other

programsegments in any way exceptby receiving and sending messages. This message-passing

mechanism is superior to the use of "subroutinecalls" in traditionalprogrammingbecause it

eliminates any chances of inadvertently altering the data in the calling program. The user does

12



not need to know the implementation details of a module to use it in any other module. They

merely need to know the abstract information about its actions and about the input/output data to

be exchanged through messages.

Since OOP is more of a philosophy (methodology) than a specific language, differentiating

OOP from other programming styles is difficult to do with precision. In abstract terms, OOP

relies heavily on making and using objects (building blocks) instead of using elementary units

and operations. If the objects are appropriately defined, the task of manipulating them becomes

easier. The objects are treated as complete units;hence, operations on them are far less likely to

have inadvertentside effects, i.e., unwanted influences on other objects or programs are avoided.

The power of OOP becomes more apparent as the size and complexity of a programincreases. It

is easier and safer in OOP to extend classes, and the code for each individual operation is

relatively small, often to simply "pass the buck" by invoking operations in other objects (Sethi,

1989).

Pro&rammingStructureofLabVIEW

NationalInstrumentsLabVIEW,by usingthehigh-level,object-orientedlanguage"G,"

allowsLabVIEW programstobehighlystructuredandmodular.Eachmodule(alsocalled"vr'

' byNationalInstruments)isatotallyindependent,interactivelyexecutableprogramwhichcanbe

usedasa subprogramby othermodules.To useamoduleasasubprogram,itsiconiscopied

intotheprogram.Dataexchange(input/output)withthemodulecanbeaccomplishedbymaking

wired-connectionsbetweentheterminalsshownontheiconandotherelementsintheprogram.

Largeprogramscanbedevelopedinanhierarchicalmannerbystartingwithsmallmodulesand

usingthemwithinothermodules.Sinceeachmodulehasitsown independentprogramanda

separateinput/outputinterface, debuggingor modifying a large programbecomes easier.

LabVIEW handles the execution sequence of a program in a different manner than line-

code languages. In traditional line-code languages such as Basic, FORTRAN, C, or Pascal, the

execution of instructions takes place according to the control-flow diagram designed by the
programmer. LabVIEW, on the other hand, is based on a modified dataflow model such that the

sequence of execution need not be predefined.

Dataflow diagrams specify the data dependency between computations, but they do not

specifically force any particular sequence of independentcomputations. The dataflow diagram

of Fig. 1.1 is an example. It is a directed,acyclic graphconsisting of nodes, arcs, terminals, and
datatokens.Terminalsaretheconnectionstotheexternalworld,andactasthesources,orsinks,

ofdatatokens.Arcsarethedirectedpathsoverwhichdatatokensmove,andnodesarethe

locationsinwhichcomputationsareperformed.A nodeconsumestokensonitsinputarcsand

producesnew tokensonitsoutputarcs.Whatmakesthediagramdata-drivenisthefiringrule,

13



which states that a node cannot execute until a_lof its input arcs have a data token available, at

which time the node consumes one token from each input arc, performs the computation, and

produces one token for each output arc. In Fig. 1.1, for example, node J has already executed, K

and L are eligible to execute, and M is still ineligible because it needs a token on its second

input.

In contrast to the control-flow model, the dataflow model has no concept of locus-of-

control, no program counter (i.e., no sequence numbers like in text-based program codes), and no

global variables (globally accessible memory). A data token exists only from its production by a

node or input terminal to its consumption by another node or output terminal. All nodes that arc

eligible to execute can do so in any order or even in parallel; the results of the diagram will be
the same in all cases.

The classical dataflow model, however, lacks the provisions for conditional or iterative

computations. LabVIEW provides an extension to overcome this limitation. This extension not

only preserves its firing rules and acyclic structure (thus, preserving program clarity), but also

incorporates the proven benefits of the structured programming methodology. This extension

involves redefining a node to be any program segment enclosed in a box-like structure that

separates the body (or inside) of the structure from the rest of the program. Because the box

behaves like a node as far as the rest of the program is concerned, the overall dataflow

methodology is preserved. The body of a node (inside the box structure) behaves like an isolated

diagram, in which access to the code is only from the top (or beginning). The program structure-

semantics such as loop behavior or conditional behavior have been superimposed on the body of

the box. This can bc thought of as a macro structure (program as a whole) containing some

micro structures (program segments inside the node), both of which independently follow the

dataflow model. The micro structures, however, have some additional control properties.

Using the extended dataflow strategy, LabVIEW 2 is able to retain the important benefits of

both structured programming and dataflow strategy. Furthermore, the performance of the

executable code generated by compiler is comparable to that produced by a C or Pascal compiler.

Basic Facilities in Lab VIEW

Editing

LabVIEW contains three interrelated editors, one for each of the three parts of a module.

These three editors consist of the following: block diagram, front panel, and icon/connector.

The front panel is the means of controlling the VI and interacting with the program. It specifies

the inputs and outputs of the VI and is analogous to a front panel of a real instrument or an

operators panel controlling a cluster of instruments. The data input terminals are called controls,

whereas data display terminals are called indicators. The front panel may look simple, but it
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could possibly involve significant programming to support the panel functions. An example

panel is shown in Fig. 1.7, which is a rendition of the "NIPER MAIN FACILITY" panel of the

NIPER laboratory automation program (some of the features removed for clarity). Each front

panel has an accompanying block diagram. The block diagram is the actual program (source

code) created by the user with LabVIEW. An example of a block diagram is Fig. 1.8 (this is the

accompanying block diagram of the panel shown in Fig. 1.7) with one of the icon/connectors

expanded with its panel and block diagram icon to show the hierarchical structure. The

icon/connector is a means of turning a VI into an object that can be used in the block diagrams of

other VIs as if it were a subroutine. The icon graphically represents the VI in the block diagram

of other VIs. The connector terminals on the icon of a VI determine where the inputs and

outputs must be wired (connected) on the icon. The terminals are analogous to parameters of a

subroutine.

The block diagram is a directed acyclic graph containing nodes, interconnecting wires, and

source/sink terminals corresponding to the panel controls and indicators, respectively. It is

constructed by copying bui2t-in functions, structures, and previously constructed VIs, arranging

them in the block diagram window, and wiring them as needed. The front panel contains all of
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FIGURE 1.8 -Descriptive hierarchy of programming for the NIPER MAIN FACILITY
showing panels, diagrams, and icons for select portions of the program.

the input/output terminals for interactive programming. These terminals define the data types of

the inputs and outputs of the,VI and are initialized by the previously stored user-defined values

each time the VI is loaded. The icon contains terminals (non-overlapping sub regions) that are in

one-to-one correspondence with a subset of the panel controls and indicators. Editing of the

program without reprogramming is accomplished by activating various VI's in the program and

changing the parameter values to configure the program for the user's specific application.

The wiring is done using a wiring tool to establish the paths of data exchange. The wiring

tool is a cursor that looks like a spool of wire. As each edit transaction is performed, the syntax

checker detects and flags any cycles introduced into the dataflow diagram, propagates data
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attributes (type) to all the terminals, computes the data type for each built-in function, and

reconstructs any arcs whose attributes have changed. Each arc is drawn with a distinctive

pattern, width, and color code to indicate the data type, array dimension, and numeric

representation.

Built-in Library

National Instruments' LabVIEW version 2 comes with a large library of VIs (modules) that

can take care of most low-level programming details, which frees the programmer to concentrate

more on customizing the program. Numerous driver programs for common instruments are also

included, and many are available from a growing number of third-party vendors and user-groups.

For some unique instruments, the user may have to write his own instrument drivers.

Some of the icons/connectors are shown in Fig. 1.9. As LabVIEW is a programming

environment, familiarity is acquired by practice and experience. The user should become

familiar with the training material supplied by National Instruments as part of the purchase of the

LabVIEW program.

Control Structures

LabVIEW provides five box-like diagram structures and one file-linking structure as

shown in Fig. 1.10. The legend for Fig. 1.10 (numbers in circles) is listed in Table 1.2. The top

three are quite similar to the "for loop," the "while loop," and the "case structure" (case selector)

used in other programming languages, while the sequencer, the formula node, and the Code

Interface node are used as follows: to impose the order of execution, evaluate text-like

expressions, and link the program to external subroutines. Structure "A" depicts a "Numeric

Iteration." This structure is comparable to a "For Loop" in FORTRAN. It executes a specified

number of times. The "Repeat Until" structure, or "Conditional Loop," is displayed in B. This

loop continues execution as long as the specified Boolean condition is true. Since it checks for

the true or false condition at the end of each cycle, it always executes at least once. The "Case

Selector," shown in structure C, may contain one or more sub diagrams, also called "cases.'' One

of these "cases" is selected during execution as specified by the input value (which may be either

Boolean or numeric scalar). Structure D shows a "Sequencer." This structure holds numerically

numbered frames that are executed sequentially. The function of the "Formula Node" in

structure E is simply to hold one or more equations. This structure computes the equation

sequentially from top to bottom and outputs the result.

Structure F, the Code Interface Nodes (CIN), is equivalent to calling an executable

subroutine that is accessible to the program yet is outside the program body itself. The
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FIGURE 1.9- Example of icons from LabVIEW 2 Library.
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FIGURE 1.10 - Basic control structures in LabVIEW (see Table 1.2 for legend).

TABLE 1.2

LEGEND FOR FIGURE 1.10

|,, ,,i

1. The N holds the count value (supplied by the constant wired to it) of how many times the loop is to be executed.
2. The arrows on the vertical edges are shift registers, which are used to pass values from one iteration cycle to the next.

Any data stored in the up-arrow (right side) is available at the beginning of next iteration cycle through down-arrows (left
side). The down-arrow may be initialized by wiring values to be used in the first iteration cycle.

3. This is an example of parameter passing through the structure. A numeric constant, the value 123, is being passed to be
used in the structures.

4. The i is the iteration count symbol. It holds the current number of completed cycles.
5. This curved arrow is the loop terminator. It receives the Boolean value of the test condition at the end of each iteration. If

the test value is false, it finishes the iten, tion.
6. This window shows the case being displayed. The right and left arrows allow user to observe different sub diagrams, or

cases. The cases may be numeric or Boolean.
7. The question mark receives the case selection information; i.e., the case to be executed.
8. The arrows inside the frame hold the local variables. These variables are used to pass data from one frame to the

subsequent frame. The inward arrow indicates a local variable which is wired to receive the value, whereas the outward
arrow indicates a local variable which already has a value which can he distributed.

9. An example of the parameter passing method for the formula node. Parameters may be passed through the vertical edges.
In this example, z is the outputvariable and x and y are input 'variables.

10. The "Code Interface Node," CIN, allows an external routine written in "C" or "Pascal" to be executed here. The
parameter can be passed in or out through inward or outward arrows.

subroutine is imported and evaluated using the input parameters provided through the input

terminals on the node (arrows in the left boxes). The result is then copied to the output terminals

(arrows in the right boxes) where it is available for other program elements. The CIN allows the
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user to be able to use C, Pascal,or anassembly code language, while still enabling him or her to

benefit from object-oriented programming; but most importantly, it allows more efficient

dynamic memoryallocation for arraysand strings,andthis minimizes memoryfragmentation.

On-line Help

Informationabout any of the Sub-VIs can be conveniently obtained by pointing to them

with a wiring tool and then pressing certain key-strokes (see LabVIEWsoftware guides). The

type of information available on-line includes the name of a module (VI or operator),a brief

description of its intended use, and a brief visual/textual description of input/outputdata and

terminal locations. For more details, both the front panel (input/outputdisplays) and the block

diagram (program)can be viewed by double-cricking on a module. The entire hierarchy (or a

partof it) of a module can also be conveniently viewed.
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Chapter 2

GENERAL DESCRIPTION OF NIPER's AUTOMATION PROGRAMS

INTRODUCTION

NIPER'sLab WARDEN automationsoftwareconsists of threemain interactivesections to

provide a central data management system. These sections are: "NIPER MAIN FACILITY,
NIPER DISPLAY FACiL_ and NIPER GRAPHIC FACILITY." All threeof these facilities

are integrated such that while the user interacts with one, the others continue to process in the

background. Facilities can be easily alternatedusing a front panel by simply pointing and

clicking at the selected facilities. For example, the "NIPER MAIN FACILITY" panel may be

activatedduring the actual scanningof datafrom pumps,pressuretransducers,flow meters, etc.,

to display the acquireddata and reportany errors. Then the "NIPERGRAPHIC FACILITY"can

be used to display the data graphically. "NIPERDISPLAYFACILITY" panel may be activated

to give a visual pictureof the process. The following is a brief descriptionof the software. The

majorfunctional units of the programare shown in Fig. 2.1, and Fig. 2.2 shows the hierarchical

structureand font control panel of NIPER LabWARDEN, and its components in relationshipto
National InstrumentsLabVIEW@.

NIPER MAIN FACILITY

This facility has several features: (1) to read and control instruments; (2) to monitor

instruments and when appropriate,issue system errors;(3) to allow reconfiguration of SYStem
set-ups, e.g., connect or disconnect instruments, define or redefine allowable ranges outside of

which a warningis issued and the systemis shut down, establish emergency shutdown sequence,

define corrective actionswhen instrumentvalues fall in the warningrange, and set constraints so

that instruments are not operated illogically. All of these features are controlled through the

"NIPER MAIN FACILITY" panel shown in Fig. 2.3. By pointing and clicking on the buttonsin

the title bar (see Fig. 2.3), the user mayselect certainfeatures. Some of these bl_ttonsopen a new

window, allowing new selections. Since these sub-windows have lower priority, they do not

interfere with other activities, i.e., data acquisition and control functions continue in the

background.

DATA ACQUIsITioN' 'DATA ANALYSIS
RS- 232 DSP DATA PRESENTATION

Plug-in DataAcquisition _,_ Statistics _H_ GraphicalUser interface
GPIB Curve Fitting HardcopyOutput
VXI Array Operations File I/0

II III I IIIHII I I I III I

FIGURE 2.1 - Major functional units of NIPER'sautomation program.
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NIPER LabWARDEN

NIPER NIPERMAINFACILITY NIPER
DISPLAY GRAPHICS
FACILITY OUTPUT FACILITY

• LabVIEW• COMPILER
• COMMONVl's

MAIN

DISPI_.AY (READ & GRAPIIICS
CONTROl_

FIGURE 2.2 - Hierarchical structure and front panel of NIPER Lab WARDEN.

FIGURE 2.3 - NIPER MAIN FACILITY panel.
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NIPER DISPLAY FACILITY

The front panel for this facility is shown in Fig. 2.4. "NIPER DISPLAY FACILITY"

allows the user to pictorially view the status of remote-sensing instruments such as pumps,

controllers, balances, temperaturesensors, pressuresensors, fluid flow controllers, and alarms

throughthe computerpanel. This facility can be used, for example, to set built-inlogic to check

the validity of instrumentcontrol reset commands and to disallow them when unsound, e.g., it

can be set not to allow a pumpto runif the outflow valve is closed, thus reducing the chances of

avoidable accidents and failures. Similarly, the facility can be configured to continuously

monitor the test progress by material balance, i.e., the injected fluids and discharged fluids are

continuously weighed and compared. If a discrepancybeyond the set acceptable limits is found,

the facility warns the user of possible leaks or other mishaps in the system. When a situation

falls outside the defined ranges, and no responsive action takesplace, this safety featurecan also

be used to automaticallyturnthe system off.

"NIPER DISPLAY FACILITY" is an optional facility that does not need to be running

during automation process (reading/controlling/monitoringinstruments). Its main usefulness is

FIGURE2.4.- NIPERDISPLAY FACILITYpanel.
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in quick recognition of possible trouble-spots that need immediate attention since a visual

examination of the status of items is faster than extracting it from a cluster of data. Its use is

recommended when enough RAM memoryis available and when the operator is only partially
attentive because of other activities.

NIPER GRAPHIC FACILITY

The front panel for the NIPER GRAPHIC FACIL_ is shown in Fig. 2.5. This facility

allows the user to select or manipulate any portion or combination of data obtained from a

currentor previous experimental run, e.g., analyze, compare, plot, curve-fit, add, delete, and

copy interactively. The selected data can be printed or exported to other programs such as

Microsoft Excel. Data can also be sent to a fuil.siz¢ graph where they can be edited using a

mouse, i.e,, a point or a segment of curves can be deleted, relocated, added, or copied/pasted

frommother graph. This interactionwith data forgraphical display orprintingcan be conducted

independently,or duringruntimewhile the programis collecting data and monitoringthe process

(laboratory or the pilot plant) in operation. The 3-D graphic display shown in Fig. 2.6 is an

HGURE 2.5 - Front panelof NIPERGRAPHICFACILITY.
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FIGURE 2.6 -A sample snapshot of automatic 3-D display of data in Microsoft Excel.
DeltaOraph Professional and Spyglass Transform are similar linkable
presentationgraphicspro_s for display.

example of the data export and communication capability with other applications. In this

example, the data were reviewed in "NIPER GRAPHIC FACILITY" and then exported by

pressing the "ExternalGraphic"button,which openeda Microsoft Excel file containing the new

data. The data were plotted, and the chart was automatically rotated with different attributes

such as differentangles, aspect ratios, etc. Then, the chart and the Microsoft Excel application

were closed, and the control was transferredto LabVIEW. LabWARDEN continues to operate

in the background acquiring (or waiting for) new data and checking for error and safety

messages.

Excel is one of many applications that can be integrated with LabVIEW. In fact, any

applicationthat supportsMicrosoft System 7's featureof Dynamic DataExchange (DDE) can be

integrated,and can link, subscribe,and publishto or from other files. Also, any application that

allows macro-expansion (sometimes called scripting)is a good candidate for integration. Some

of the commercial applications that have these capabilities are Excelm, DeltaGraph

ProfessionalTM, and Spyglass Transformm. Spyglass Transform is an exceptional candidate for

enhancing LabVIEW'sgraphiccapabilities since it can displaydiffused-colorsurrealgraphicsby

filling in interpolateddatapoints along with the actualdatain a multidimensionalspatial field.
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"NIPER GRAPHIC FACILITY" is also an optional facility, i.e., it does not need to be

runningduringautomation (reading/controlling/monitoringinstruments), Its sole purpose is to

provide off- or on-line (real time) dataselection capabilities and advancedgraphics for review

and printing purposes. The use of this facility should be minimized while a test is in progress,

unless enough RAM memoryis available.

The software that is the focus of this report is only a small component of the overall

automation process of a laboratory or pilot plant. Often, the hardware interfacing with the

computer is quite elaborate. The operationaldetails of control instruments, pumps,valves etc.

(the physical units of the system) need to be understood before a proper connection with the

electronicboardscan be made. The plug-inboards,as shown in Fig. 2.7, arethe bridges between

instrumentsand the computer. Therefore, understandingand properinstallation of these boards

is required. Some instruments may have unique operational logic and require simple
programmingin Lab_ to interfacewith NIPER'sprograms.

I INSTALLATION

Installation of LabVIEW

Installationof National InstrumentsLabVIEWrequiresat least 16 megabytes of harddisk

space and between 20 and 30 minutes for installation. To begin installation, insert LabVIEW
disk 1 and double-click on the LabVIEWinstaller icon. A folder called LabVIEW2 is created

andwill contain all of the files. Change this nameif you wish to install the software in a folder

with a differentname. Press the install buttonto install LabVIEWcompletely, or hit the custom

install to install selected items. To runLabVIEWrefer to National Instruments"GettingStarted

Manual" (1991a) tutorial. Only the LabVIEW Application, Control Library,and the Getting

Started,Analysis and Utilities portionsof the VI libraryare needed. Insertthe disks as they are

requestedby the promptswithin the installationprocedure.

Imstallation of NIPER Lab WARDEN

Installationof NIPER Lab WARDEN requires at least 5.6 megabytes of harddisk space

and 3 megabytes of RAM. Additional harddisk space andRAM arestronglysuggested and are

requiredwhen interfacing with other commercial software products. The example problemsin

chapter 9 were solved using National Instruments boards configured with those of other

manufactm'ers(hardware). Boards from other manufacturersmay have different specifications

that must be addressed before using NIPER Lab WARDEN. Before ordering any board, its

compatibilitywith LabVIEWshould be ascertained,as well as the availabilityof a suitable slot
andpowercapacity in the currentcomputermustbe determined.
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FIGURE 2.7 -The software developed is only part of the automation of
equipment. The boardsare the bridges between equipment and
computer.

The following steps will install NIPER LabWARDEN properly: Consult the teach text

filesonthepmgran__ for the latestupdatesforinstallationorchangesin theprogram.

1. Make sureyouhavethetwo disks"NIPERLabWARDEN Vol. 1of 2" and"_ER Lab

WARDEN Vol. 2 of 2" thataccompaniedthe NTPERAUTOMATION MANUAL (this

manual).You needtohavetheNationalInstruments"LabVIEW" version2.2or higherto

mn these programs. You need to have 7.6 MEG for the NIPERLab WARDEN + memory

for LabVIEW(Minimum2.5 MEG)to run. You may obtaina run-onlyversion that needs

only 5.6 MEG (including LabVIEW),or you can convert the programs in these disks to a

run-only version. See the National Instrumentsmanual ff you need ran-onlyversion.

2. Make a copy of each disk on the two floppy disks or on harddisk and work from them.

Keep the original disks locked in a safe place.

3. Create a new folder on the desktopor on the internal harddrive. Name the folder "NIPER

LabWARDEN." (You may name the foldera different name but you will have to rename

the folder pathnames in threeseparatelocations as the programsrun. It can be easily done.)

4. Insert eitherdisk intoyour computer.

5. Click open the diskthat was insertedif it is notalreadyopen.
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6. Click open the icon in the active window "NIPER Lab WARDEN Vol. l(or 2) of 2." It

will open another window labeled "Select DestinationFolder...". This window allows you

to select the folder in which you would like to store the NIPERLab Wardenprogramfrom
the inserteddisk.

7. Select the folder "NIPERLab WARDEN" (or whateveryou have named it) that you just

created in step 3 above. To the right of the window, there is a button "OPEN". Click on

this buttonto open the folder "NIPER LabWARDEN". Alternately,you can double-click

on "NIPERLabWARDEN" to open it.

8. If the window title bar is showing "NIPER LabWARDEN" (or whatever you have named

it), click on the "Extract"button on the fight borderof the activewindow.

9. Wait for the "Extraction"procedureto be completed.

10. If the disk contains more than one compressedf'fle(namesending with .sea), follow steps
3-9 for each file to install the contents on "NIPERLabWARDEN" folder. It is best to have

all thefiles in the same folder.

11. After installing the contents of the first disk, insert second disk and follow steps 3-9 to

install the contents of the second disk. Again, it is best to put these contents in the same

folderthatyou put the contentsof the first disk.

12. (Optional) If you have system 7 or higher, you can access your programfaster by listing

"NIPER LabWARDEN" in the apple menu. Findthe file "NIPER LabWARDEN," make

an arias of this file, and drag the alias to the "Apple Menu Items" folder. You may use

M+F to find the file, select "Make Alias" from the pull-down "File"menu to makealias of

the file highlighted (selected), and dragthe file by pointing,crick-holding,andmoving the
f'tleto its intendeddestination.

The installationin now complete. However, take these additionalsteps to makesure it has

beenproperlyinstalled.

a. Re-startthe computer.

b. Click on "NIPERLabWARDEN" icon, or select it from the apple menu (if you have

completed step 12 above). The file should open and the "Finder"icon on the top.left

comer of the apple menubar should change to the "Lab_W" icon, and the menubar

titles would also change.

If it has not done so, or if a message something like "The document NIPER Lab

WARDEN" could not be opened, because the applicationprogramthat created it could not be

found" appears, then open the LabVIEW application itself and open the "NIPER Lab

WARDEN" within the LabVIEW. You may find files using command describedin Step 12 of

these instructions. If you can open it successfully, thenthe installationis proper. If not, remove

mtdreinstall "NIPERLabWARDEN" againfrom scratch.

28



c. Repeat step b of these instructionswith "NTPERMAIN FACILe, NIPER DISPLAY
FACILITY, and NIPERGRAPHIC FACILITY."

BIBLIOGRAPHY

National Instruments Corp., 1991. LabViEW 2_ettin& Started Manual, Part No. 320246-01,
Austin, TX, April.
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Chapter 3

DESCR_ION OF NIPER MAIN FACILITY PANEL

A QUICK TOUR OF THE NIPER DATA ACQUISITION FACILITY

"NIPER MAIN FACILITY" is the core of the software program that enables the user to

interfacewith the instruments(read data,send control commands define the sequence of instru-

ment as reset or set desired operating status), analyze raw data received from the instruments,

compare the data with the user-defined ranges, and display the status of each instrument

(warning,error,and conditions). It also provides two safety features:it can correcta warning

situationby adjustingthe value of certaininstrumentsaccordingto the user specifications, and it

can systematically shut-down the experiment by following the prescribed sequence. A

descriptionof the "NIPERMAIN FACILITY"panel (Fig. 3.1) andits sub-panels is given below.
' SCircledreferencenumbersrefer to the descriptionof variousattribute described in Table 3.1.

When "NIPERMAIN FACILITY" is operated, a new window named "NIPER Indicator"is

openedwhose frontpanel is shownin Fig 3.2. The circledreferencenumbersrefer descriptionto

the various elements presented in Table 3.2. Clicking on the "Accept ChangesT" or "Reject

Changes?" opens the "NIPER Control" panel (Fig. 3.3). Finally, clicking on "Accept Changes"

or "RejectChanges"closes thiswindow and re-displays "NIPER MAIN FACILITY"panel.

®
F/GURE. 3.1 - Frontpanel of"N1PER MAIN FACILITY."
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TABLE 3.1

LEGEND FOR FIGURE 3.1
i iii i , |ill iiiiii i

1. This button opens the NIPER HELP panel which provides information about LabVIEW and object-oriented
programming.

2. The ADJUST CONTROL button allows the user to adjust the parameters pertaining to various instruments and
indicators of the experiment. Pressing this buttonfirstopens the "Indicator"panel. On thispanel, the user is able to
adjust the variouscontrolsof theexperimentandselect variousinstruments. After thedesiredchanges have been made
and the "Reject Changes" and/or "Accept Changes" button has been pressed, the "Control"panel appears. Here
changestothehardwmeconfigtntion can be made.

3. The LOGCONTROLbuttonallows the user to runthetest using a previouslystoredsettingfrom the log library. This
button can also be used to save one or moresettings in the log librm3,for futureuse. These functions are useful when
the programis being used with more than one set-up and the user wants to switch from one to another without
redefiningdefaultvalues.

4. When theprogramencountersI/Oerrorsso frequentlythat thenormalexecution of theprogrambecomes impossible, a
dialogue box appearsallowing the _,.serto continue by disallowing thedisplay of I/O messages. Pressing this button
once will allow the programto revert to theoriginal statusof dialog display.

5. By selecting the GET NEW DATA button, an instantaneousreading of the instruments i_ taken. This reading is
supplemental to the readingstaken at due scan intervals, adding one extra set of readings to the data. This buttonis
useful whentheuserwmts to know the currentstatusof therum.

6. The CHANGE DIRECTORYbutton allows the user to specify thedirectorywhere variousdata,error, and log files are
to be placed or searched. This allows theuser toorganize datain different directoriesfor moreefficient retrieval.

7. The DATA UPDATEbuttonallows rawdatato beexportedto a global VI. Pressingthisbuttonis necessaryif"NIPER
Lab WARDEN" is being runand needs to receive data. If data export is not required,it is recommended that this
buttonnot be pressed to avoidefficiency loss.

8. The GRAPH UPDATE button allows graphicdata to be exportedto a global VI. Pressing this button is necessary if
"NIPER GRAPHIC FACILITY" is being run so that it can receive data, If data export is not required, it is
recommendedthat this buttonshould notbe pressed to increaseefficiency.

9. The PRESSTO STOP buttonstops the operationbeing run. All of the collected data is stored, and the total numberof
ex-runs is incrementedby one. Stop does not quit NIPER LabWARDEN or LabVIEW. To exit NIPthese, the user
must to quit these programs. Stop also resets the control inslnm_entsto their defined terminationvalues or status in a
systematicseqneuoe.

10. This emergency light flashes when the data readingsdo not lie within the specified acceptable range of parameters
(initially set by the nser). If action is not taken when the emergency light is flashing, the summation programwill
automaticallyshutdowntheentiresystem in an orderlyfashion.

11. The wanting light is less serious than theemergency light. This light flashes to wan the user that data xqeadingsare in
the warningrange(initially set by the user). A set of actions is taken by the computer to rectify the situation. These
correctionsinvolve resettingsome control-instruments.

12. This box containsa list of immanents being automaticallyresetby thecomputerdue to a warningcondition, if any.
13. The framemunbersarethe orderin which the inseruments(in box #12) will be reset.
14. This numberidentifies the instrument(in box #12) to be reset. The number correspondsto the frame number of the

"NIPERControl"frontpanelbox on which the itemis described.
15. This number detetmin_ by what percentage the currentvalues will be reset, or implies the instrumentwill be turned

off, mid999/. implies it will be tinned on.
16. This box contains informationaboutthe insmunentsexperiencingwantingor emergency conditions, if any.
17. The Summaryfor Diagnostics box contains informationabouteach indicator-insmunent. It is useful in warning and

em_gency situations when a quick diagnostic of the situation is desiredto decide whether to override the corrective
m_ons won m be takenby theprogram.

18. This display Boolean switch shows whether the instrumentdisplayed in box #14 will be resetto the value shown in box
#15 as a resultof lower limitwarningconditions or higherlimitwmdug conditions.

i, i i
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FIGURE.3.2 - Frontpanelof"NIPER Indicator"VI.

TABLE 3.2

LEGEND FOR FIGURE 3.2
I II

1. 'I'nHbox containsthe nameof the ex_ set-up. This nameis arbitraryanddoes not alterthe functionalityof the
pmSneaofthed_layed_mlnmt intie

2. 'finisbuttonswps all activeVI's. It can be used to halt theexperimentat this stage.
3. ThH buttonNrves as en radio-ritual reminderto the tu_rthatan inputH ueeded bere to proceed.
4. ThisbuttonStol_ the audio-visualreminderexplainedin number3 above.
5. The framenumbercorrespondsto thesequence numberof thedisplayed instrumentin the list.
6. This is the ilem numberthattheuser assigns to his inslntmentwhose nameappearsin the ITEMNAME box This is an

arbitrsrynumberwhich does not alter the functionalityof theprogram. However, -1 or any othernegative integer will
deactivate it fromthe list.

7. This 6play contains infonnalion abouthow to cemmuaiaatewith the instrument,i.e., boardnumber,channel number,
anddriverVL

8. The em_,ncy _t=off_ sresetinthisbox.
9. Tbe wining pmtmaten areset in thHbox.

10. Here the user can set the value of each immanent to be reset by a certain percentage in a warningcondition. The
resettingb done in tbeon_r of the framenumber.

11. This display allows theuser to set variousconerolsfor theexperiment. TheTEST STATUS sets how the initial datais
to be read (datacan be read at time zero, a continuedtime, or appendedto a previous run). The number of multiplex
boardsbeing usedcan be set here. Aim, the time interval at whicheach datareading is to be takenby the instruments
is sethere.

12. The "+"and "-"buttonsareusedto select the informationto bedisplayed.
13. This lxovides helpful informationabouttheuse of the indicatorpanel.
14. This is pressed to accept thecurrentsettings.
15. This is pressedto rejectany changes thatmay havebeenmade.

iilll iiii
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FIGURE3.3 - Frontpanelof"NIPER Control"VI.

TABLE 3.3

LEGEND FOR FIGURE 3.3
- I I I I , , ,n

1. This box containsthenameof theexperimentalset-up. This nameis arbitraryanddoes not alterthe functionality of the
lXOgram.

2. This buttonstops all active VFs. It can be used to haltthe experimentat thisstage.
3. This buttonserves as an andio-vianalreminda to theuser thatan inputis neededhere to proceed.
4. This buttonstops the audio-visualreminderexplained in nnmber3 above.
5. The framenmnbercorrespondsto thesequence numberof thedisplayed instnnnentin the list.
6. This is the item number that the user assigns to his inatrumentwhose name appearsin the adjacentbox This is an

albitnly numberwldchdoes not alterthe functionalityof the program.
7. The user can set the defaultvalue at which the instrumentwill operateun/ess otherwisechanged by the programor the

operator. For ON/OFF, use 999 to activateitems, even though any non-zero numberwill activate the instrument while
zero will deactivate,

8. This box allows the uses"to set constraintson the instruments. Under a constraint,an instnunent's activationis made
conditional upon the active/inactive stateof other instruments. Constrainingis done with two controls inside the box.
The itemon flame numberbox correspondsto theframenumber(box #5) onwhich the selected instrumentis located.

9. These two boxes enable the usa to establish an emergency response where the values of the selected inst_unents are
reset duringtheemergency. The Emerg. Sequenceposition indicates theposition of the instrument(if included) in the
sequence of emergency reset responses. The Emerg. value to be set is the value at which the instmnent will reset also
if it is included in the emergencyresponse sequence.

10. This display contains informationabout bow to communicatewith the inserument,i.e., board number,channelnumber,
and driverVI.

11. The "+"and "-"buttonsareused to select the informationto be displayed.
12. This provideshelpful infonnafion aboutthe use of the indicatorpanel.
13. This is pressed to accept the currentsettings.
14. This is pressedto rejectany changesthatmay have beenmade.
15. These two boxes enable the user to establish a shut-offresponse where the values of the selected instrumentsare reset

when stop button is pressedby the user in NIPER MAIN PACILITY. The shut-off Sequence Position indicates the
position of the insnxunent(if it is included)in the sequenceof shut-offreset responses. The value to be set at shut-off is
the value at which the instnunentwill set to if it is included in the shut-offresponsesequence.

II IIII II II I II I II imlll
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Chapter 4

OPERATION OF NIPER's MAIN FACILITY

INTRODUCTION

Features

This software(facility) allows the userto:

(1) Configurethe softwarefor the desiredexperimentalset-up,

(2) Save severalexperimentalconfigurationsfor futurerecall,

(3) View andrecall a previouslysavedconfigurationfor use in the currentrun,

(4) Scan and view datafrom the selected instrumentsatfixed intervals or as desired,

(5) Control (change settings) selected instruments at start, and set stop, warning,
emergencyconditionsas desired,

(6) View complete statusof the test includingwarninganderrormessages,
(7) Provide data and run status informationto other NIPER facilities and commercial

programs.

"NIPER MAIN FACILITY" is a self-sufficient facility that does not require any other

NIPER facility to accomplish its features. When run, it asks the user to provide information

about the instrumentsand the design (control)parametersof the experiment. Such information

can be saved and retrievedfreely, avoidingrepetition. This allows multipleexperimentalset-ups

to be handledeasily by a single program,by saving andrecalling the settingsfor each set-up.

The facility providescomplete informationaboutthe status of the test. This is achievedby

comparingthe recently acquireddata of each instrumentwithrespect to its definedlimits and the

instrument'sprevious value. Besides providingaudio-visualwarningsand error messages to the

operatorscreen, such messages can be sentto remote terminals. Thefacility can be configuredto

take corrective actions when the value of an instrumentexceeds user preset limits (warning

limits). If a Criticalcondition exists as defined by theuser in theft configuration, the facility may

automatically initiate a user-defined systematic shut-down procedure. The facility also allows

the user to define a start-upsequence, i.e., the reset value (or ON/OFFstatus) and its position in

the sequence can be defined for as many instrumentsas desired. Similarly, the user may also
define a shut-downsequence to be initiatedat the terminationof the test.

Technical Information for Programmers

The programexecutes in three stages: (1) initialization, when files are opened and are

initializedto the defaultparameters,and the control-instrumentsarereset to their start-upvalues

sequentially;(2) a loop, in which the programhandles service requestssuch as opening the front

panels for user interaction, and (3) termination,where the system is shut-down systematically,
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i.e., the control-instruments are reset to their stop values sequentially, files are closed and the

current status is saved. This stage begins when the "STOP" button is pressed. At the beginning

of each loop, the program notes the lapse time after the last reading. If this lapse time has

exceeded the user-defined scan interval, or if the "GET NEW DATA" button on the front panel

is pressed, data from each instrument are read and saved in one of the open files. These data are

then analyzed and compared to the defined ranges. The analysis of data and emergency/warning

conditions are reported on the front panel. If an emergency condition exists on any item, all

control-instruments are reset to their emergency status as defined in the "NIPER CONTROL

PANEL" VI. If a warning condition exists on one or more items, the corrective actions are taken

according to their preset sequence defined in the "NIPER INDICATOR PANEL" VI. These

corrective actions involve resetting the control-instruments to an adjusted value.

Since the data are stored in files as soon as they arrive, a copy is immediately available for

user handling. The user can perform any operation on the data using any software that handles

"tab-delimited-text" format, e.g., Microsoft Word and Excel. Manipulating these data does not

interfere with LabVIEW operations such as data acquisition and instrument control. The original

file containing the data is locked and not available for editing while the program is running.

OPERATION

Displaysand Controls

Control Bar

The top control bar in the "NIPER MAIN FACILITY" contains 9 buttons with the labels

andfunctionalitydescribedbelow:

(I) "HELP" Thisbuttonopensa panel(Fig.3.3)whichdescribesgeneralinformation

aboutLabVIEW andthisprogram.Itemizedhelpinformationisalsoavailablewhich

isdescribedlater.

(2) "ADJUST CONTROLS" Thisbuttonopenstwo panels(Figs.3.2and 3.3)which

allowtheusertofeedinformationaboutthedesiredcommunicationwithinstruments.

The fastpanelisforindicator-instruments(sensors/gauges)andcontainsinformation

abouttheinstrumentsuchasidentification(numberand name) and thesetvalues

(high/lowand accel/decellimits).Italsocontainsinformationaboutcorrective

actionstobctakenina warningcondition.A correctiveactionisdefinedasadjusting

thecurrentvalueofacontrol-instrumentbythespecifiedpercentage,orchangingits

currentstatus(ON/OFF). Italsocontainsgeneralinformationpertainingtoall

instruments,i.e.,teststatus,number ofmultiplexboardinthecomputer,and scan

interval.
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The second panel is for control-instruments. It contains informationabout the

instrumentidentification(numberand name),the communicationport(boardnumber

is the slot numberin which the boardis physically pluggedinto the computer),and it

also contains information aboutthe instrument'sset values at start-up,at shut-down,

in an emergency, and the sequence for emergency and other responseactions. It can

also be used to set constraints,e.g., to disableturninganinstrumentON when another
instnm_entis OFF.

(3) "LOG CONTROLS" This buuon allows selection among a set of instrumentsettings

previously stored by the user. This is useful when the user wants to use the program

for multiplesets of experiments, in this situation,each setting is saved with a unique

name for quick identification. Any of these saved settings can be quickly retrieved
later. This button can also be used to store a new set of instrumentsettings. The

function of this button is to open the front panels of the "NIPER Control" and

"NIPERIndicator"VIs without going throughthe fmder to open them. Alternately,

these files can be opened directly from the finder. Once these fries are opened, the

settingscan be saved and/orretrieved.

(4) "ENABLE DIALOGUE" This button allows the file I/O error messages to be

displayed in dialogue boxes. When FO messages are displayed, the user is given an

option to discontinue displaying such messages to avoid disruption of the test in

progress. This buttonis used to remove this previously set "non-display"flag. This
error-recovery mechanism is built-in to allow the user to continue the test even if

there areerrorsin the system.

(5) "GETNEW DATA" Data are scanned once every time this buttonis pressed, it is
I

X 'used to e amine the currentstatusof the test. Pressing this buttonadds an additional

set of databesides those scannedat preset intervals.

(6) "CHANGEDIRECTORY" This button opens a panel containing informationabout

the location of directories. The most likely cause of I/O errormessages is an incorrect

path description of the directorycontaining the needed file. This button is used to

change the directory paths.

(7) "DATA UPDATE" Pressing this button allows data to be sent to the "NIPER

DISPLAY FACILITY" when it is running. If "NIPER DISPLAY FACILITY"

facility is not running, pressing this button will have no effect except slightly

reducing computer efficiency. Press this button only when "NIPER DISPLAY

FACILITY"is running.

(8) "GRAPH UPDATE" Pressing this button allows data to be sent to the "NIPER

GRAPHIC FACILITY"when it is running. If "NIPERGRAPHICFACILITY"is not
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running, pressing this buttonwill have no effect except slightly reducing computer

efficiency. Press this buttononly when "NIPERGRAPHICFACILITY"is running.
(9) "PRESS TO STOP" This button allows the main facility to stop execution after

carryingouta normalshut-down procedure(i.e., reset selected control.instrumentsin

prescribed sequence), completing the currentcycle and closing all files. Using this

button to stop execution is safer than using "Operate" menu, pressing 'N+.', or

closing the file--all of which terminate the programimmediately without resetting
instruments. It is, therefore, recommendedthat the execution be stopped using this

button to avoid unknown side-effects. When this button is pressed, user is given

options (through dialogue boxes) to exit with or without system shut-down. Like

emergency shut-down, the normal shut-down procedure (sequence) is defined (or

selected) by userthrough"NIPERCONTROL"frontpanelduringthe run.

Other Controls and Displays

In the "NIPERMAIN FACILITY,"the front panel containsadditionalcontrols anddisplay

capabilitiesincluding:
"EMERGENCYT"This indica;orlights up when one or more scanneddatafall outside the

allowable range. When this happens,usercan quicklybrowse through"Summaryfor

diagnostic" indicatorbox to locate the channel(s) having emergency situation(s) and

examine the pertinentdata to decide whetherto overrideemergencyshut-down.
"WARNING?" This indicator lights up when one or more scanned data is in a warning

range. When this happens,the programmay takesome correctiveactions by resetting

selected control-instruments. A list of these corrective actions is displayed in

"Channelsrequiringpre..emergencyadjustments"box.

"Channels requiringpre-emergency adjustments." This indicatorbox containsa list of the

instrumentsthatarebeing reset to the indicatedpercentageof their currentvalue. The

• _, o nboxremainsempty except in a warningsltuatto. Zero percentimplies the instrument

will be turned-off,and99.9% implies it _ be turnedON.

"Summary for diagnostic." This box contains comprehensive information about each

indicator-instrument.It is useful in warningand emergencysituations--when a quick

diagnostic of the situation is desired--to decide whether to override the corrective

actions soon to be takenby the program.

"Charmerswith Warningand/orEmergencyConditions." This table providesa summaryof

the status of the test. The name of items with warningor emergency conditions are

displayed along with their numbers, error messages, and values in appropriate
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columns. If no such conditionsexist, the table is blank. The scroll windows can be

used to browsethroughthe table.

OPERATING INSTRUCTIONS

To OpentheProzrm
Open the file "NIPERMAIN FACILITY" by one of the following instructions: (a) if

"NIPERLab WARDEN" frontpanel is not alreadyopen, open it. Run the VI, press "Read &

Control" button, then press "SELECTIONCOMPLETE"button. It will automatically open

"NIPERMAIN FACILITY"VI, (b) find and double-click on the file named "NIPER MAIN

FACILITY,"or (c) open this file within the Lab_W programby using "open" from the pull-
down menu. The "NIPERLab WARDEN" VI can be used to conveniently go back and forth

between facilities. It can be openedfrom the pull-downmenuunderthe appleicon.

To Get l_formation

Run the "NIPER MAIN FACILITY"VI if it is notalreadyrunning. Press "HELP" button

located in the top control bar. A panel will be opened that describes general informationabout

Lab_ and this program. This help information is nottopic-by-topic. If you need more than

one minute to read the information,keep pressing the "CONTEqUE" buttonwithin 60 seconds,

the window will automatically close after about 1 minute. When finished, press the "DONE"
!

buttonto go back to "NIPERMAIN FACILITY."

The informationobtainedusing the "Help" buttonis general. To get itemizedinformation,

point the cursor towards the item, press gg and select "description" from the pop-upmenu. A

box will appearproviding details aboutthe item.

ToMake aRun

Open (load)thefile"NIPERMAIN FACILITY"(Thesection"To OpentheProgram"

providesinstructions). The programautomaticallybegins execution. If it is not running(i.e., the
arrowon menu baris not blackened), run it by clicking on this arrow. It will open the "NIPER

Indicator"panel.

If this is not your first run and you have already set the default values:

(a) Press "Accept Changes?" on the "NIPER Indicator"panel alreadyopen.

(b) A second panel "NIPERControl" will open up. Press "Accept Changes?"again. The

programwill begin to reset the control-instrumentsand will go back to the "NIPER
MAIN FACILITY"panel. If your control-instrumentsarealready set (manually or

previously) at the desired values, and there is no need to reset them again, press

"RejectChanges?" and program will skip to the "NIPER MAIN FACE,1TY"without

resettingtheinstruments.
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If this is your first run and you have not previously set the default values:

(a) Set all the values on "NIPERIndicator"panelaccordingto your experimentalset-up.

(b) To save this setting as the new default setting, click on "Operate" in the pull-down
menubarandselect "Makecurrentvalues default."

(c) Press the "Accept Changes?" or the "Reject Changes?" button depending upon

whether or notyou ate satisfied with the changes. If a dialogue box asks you whether

you want to save changes, press "Yes."

(d) A second panel "I',_IPERControl"will open up. Follow steps (a) and (b)again.

(e) Press the "Accept Changes?" button ff the control-instruments are to be reset with

new values. Press "Reject Changes?" if no resetting of any of the instruments is

needed. Pr¢_ "Yes"in the dialogue box that may appear.

ToMake a Run withaPreviouslySavedSetting

Previouslystoredsettingscannotbeusedduringruntimeforsafetyreasons.Theprocedure

for selecting a previously stored setting involves opening the front panels of "NIPER indicator"

and "NIPERControl" VI's, selecting the desiredsetting using the log function, makingthem the

default values, and closing the files. The step-by-stepprocedureis as follows:

1. _n "NIPERIndicator"or "_ER Control" VI. These VI's can be opened directly

from the finder using the "Find File" commands, or can be opened as follows:
(a) Openand run"NIPERMAIN FACILITY."

(b) When the "NIPERIndicator"front panel is opened, press "Reject ChangesT"
button.

(c) When the "NIPER Control" front panel is opened, press "Reject Ch_gesT"
button.

(d) Press the "LOGCONTROL"buttonon the "NIPER MAIN FACILITY" panel.

Two dialogue boxes will appear asking questions. Properly answering these

questionswill open the desiredfrontpanels.

2. Select the "RetrieveData" line from the pull-down "File"Menu. This will change the
icons on the title bar.

3. Use the Up/Down Arrowsat the title bartoselect thedesired Run.

4. Press the Eye Icon at the title bar to view the settings of the run numberselected in

step 3 above. The date and time of settingalso appearon the title bar. Use "Name of

Setting" to identify the setting. If not satisfied with selection, repeat steps 3 and 4
untilsatisfied.

5. Select "MakeCurrentValues Default"from the pull-down"Operate"menu.

6. Close the file ("NIPER Indicator"and/or"NIPER Control"panel VI's).
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Result: This setting will be used in all the following runs until a new default is

selectedorsettingsarechangedduringa test.

To Adjast lnstrum#nt Settin£s Durtn£ Run Time and Save it Lat#r

i. Press the "ADJUST COBOL" button from the control bar. it will open up

"NIPHRIndicator"panel.

2. Make changes as desired.

3. To save this setting as the new defaultsetting, select "Operate"in the pull-downmenu

bar and then select "Makecurrentvalues default". This step may be skipped if the

currentchanges areonly temporary(i.e., for the c_nt runonly).

4. Press the "Accept Changes?" or the "Reject Changes?" button depending upon

whether or not you aresatisfied with the changes. If a dialoguebox asks you whether

you want to save changes, press "Yes."

5. A second panel "NIPER Control"will open up. Follow steps 2 through4 again, if

"AcceptChanges?"buttonis pressed on the "NIPERControl"panel,the programwill

begin to reset the control-instrumentswith these new values. If "RejectChanges?" is

pressed, the programwill ignore the changes and will notresetany instruments.

ToSeo.s,at.f, e,.mo"
The settingscannot be storedduringruntime for safety reasons. The procedure,therefore,

involves opening the front panels of "NIPER Indicator"and "_ER Control" vrs, providing

necessary information,and saving the desired settings using log function, selecting one of the

new settingsas default(if desired), andclosing the files.

i. Open "NIPER Indicator"and/or "NIPER Control Panel" VI. These Vl's can be

opened directly from the finder using the "Find File" functions, or can be opened as
follows:

(a) Run"NIPER MAIN FACILITY".

(b) When "NlPER Indicator" front panel is opened, press "Reject Changes?"
button.

(c) When the "NIPER Control" front panel is opened, press "Reject Changes?"
button.

(d) Press the "LOG CONTROL"button on the "NIPERMAIN FACILITY." Two

dialogue boxes will appear asking questions. Properly answering these

questions will open the desiredfrontpanels.

2. Enter the needed information for the set-up. Do not forget to enter a suitable name

for the setting in thebox "IDENTIFYINGNAME OFTHIS....."
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3. Select the "Log FrontPanel" line from the pull-down File Menu. This will store the

currentsetting, the currentdate and time, and assign a run number. Store as many

settingsas desired following steps 2-3.

4. Select one of the new settingsas a default if desired. Otherwise, the previous default

values will prevail.
5. Close the file ("NIPERIndicator"and/or"NIPER ControlPanel" vrs).

Result' The logged settings will be stored and can be used in the following runs as

describedin the section "To Make a Runwith a PreviouslySaved Setting.".

lnstaiUnt The Driver to th# Automation Prosram

1. By using the "Find"command under the menu option "File" (or using N+F) in the

"Finder"mode, locate the "InstrumentDrivers" folder and place the drivers in it.

Rememberthe nameof driversand their currentlocations. This step is optional, butit

helps to keep all driversin one folderfor futurereference.

2. Locate and open the "instrumentVI's" folder. In the "InstrumentVI's" folder, open

the file "IndicatorDriver Selector" or the file "ControlDriver Selector," depending

upon the type of driver,i.e., whether it is an indicatordriveror a controldriver. If not

sure, see "ToCI_ InstrumentsOnthe Basis of Their Functionality."

3. Underthe menuoption "Windows,"select the "Show Diagram"command.

4. The box, with the numberand arrowsat the top of the border,is called the case box.

For furtherinformationon the case box, refer to the instructions provided on the VI,

or LabVIEW2 User's Manual. Using the arrows, go to the last case; i.e., the case

showing the highestnumber.

5. Point the mouse anywherealong the borderof the case box. Hold the command key

along with the mouse button(command-cllck). A "Pop Up Menu"will appear.

6. Select the command "Add Case After." An empty case window is now created to
hold the new driverthat is to be installed.

7. Commandclick on the empty window. Fromthe "Pop Up Menu" select "VI."
8. Select the Mettier PJ-15 driverto be installed. The name and location of the driver

were noted in step I.

9. Under the menuoption "Tools," select the wiring tool (the spool of wire located in the

middle of the second column). The National Instruments "GettingStartedManual"

(1991) explainshow the wiring tool works. Wire the top left of the drivericon to the

IndicatorPanel frame(to the black spot on the bottom of the frame);wire the topright

of the drivericon to the Drivers Outputs(to the black spot on the right side of the

frame). See previousframesto use as examples.
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10. Note the case numberof the window in which the driverwas just installed; the case

number now corresponds to the driver number. Suppose the case number of the

window containingthe PJ-15 driveris 5.

1I. Save thisset-up.

12. Now the driver is ready to allow communication between the computer and the
instrument.

To Clan_ Instruments On The Basis Of Their Functionality
Instrumentscan be classified as follows:

Indicator instruments. Indicatorinstrumentssend sign,s to the computer. They do not

respondto commandsfrom the computer. Examples of indicatorinstrumentsare thermocouples.

pressure sensors, etc.

Control instruments. Control instruments receive signals from the computer, They

respond to the commands from the computer and change their status accordingly, e.g. turn

themselves ON or OFF,change theirpumpingrate, etc.
Dual-Function instruments. Dual-functioninstrumentsboth send stifnalsto the comnuter

and receive signals from the computer, They send signals to the computerwhen queried,as well

as respondto the commandsfrom the computerand changetheirstatus accordingly. _us, they

act both like an indicator instrumentand a control instrument. One example of dual-function

instruments is a MevAer'sPJ-15 balance which sends weight reading (an indicator function)

when asked by the computer,and resets its "TARE" or turnsON/OFF when commandedby the

computer. Another example is a Scanivalve (scanning valve instrument),which expects the

computerto tell it which channel'sreadingis desired, positions itself to the commandedchannel

(a control function), and then sends the reading (an indicatorfunction) of that channel to the

computer. The dual-function instrumentsrequire two separate drivers, one compatible with

indicator driver's format and the other with control driver's format. Although dual-function

instrumentsprovide both functions, it is not requiredthat both functions be used. Thus, either

function can be used alone. In the MerrierPJ-15 example above, it is OK to use the dual-

functioninstrumentfor readingthe weight only and notworryabout "TARE,"or vice versa.

To Analyz# A System ConJIfuratlon Problem

The worksheet in Table 4.1 can be used to analyze a configurationproblem See problem

sets in chapter9 for example use of this worksheet.
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TABLE 4.1

Problem Analysis Work Sheet

strumentsto resetat start-up
be Control or Dual-Functioninstrumentsand must be includedin the listing in STEP 1

;_E;):3-i-_-"J'A]l_"_utomation'"'_ns_mentsiO be reset in-case' of emergency (Tl_e"sel
instrumentshave to be Control or Dual-Function Instrumentsand must De included inl
thefisting in STEP 1 above): ,,,, ,,,, ,,, ,,f i
............... . .......... I I[ ........ I IIIII i I ............ _! ........ _ .......ISTEP4. All automationinstrumentsto _ reset atrun s_ut-off (These msw.Jmentshavel
to be Controlor Dual-FunctionInstrumentsandmust be includedin the listing in STEP]
1 above):
........... H ......... II H.......... - lull /11111111II........... I IIIIII1_[ III II] II II II I

[STEP 5: AU+aummationinstrumentsto be reset in c_ of warning(The_ instrumentsi
have to be Controlor Dual-FunctionInstrumentsand must be includedin the listing m
STEP ! above

WARNINGCOND_ONS INSTRUMENTS _SPONSE

With Object instrument(s) (i.e. the control insmtments which can be
operatedonly when the statusof targetins_ment(s) meets theconstraintconditions):

CONS_D ......... OBJECT .....-- LOGICS- "" I
INSTRUME_ INSTRUMENT CONSTRAINT I

_[ _ I I i _Jlllllllll 'lillll I I_..... .... '' ._ '"'""'__ III!IIII__ I
.... I _- _i;I IIIIIIIII I il ill i ]JILL. Iil i ill llill

I I IIIII . I III IIII _. II HI I] II _ I'!IIIII_ i

|lJ , , i _ IUL _III!II, ,I ,,,,,,III,,, -I, ..........,,, ,,,,, I III_ IIII .......... " _............, , ,,,, I

43



ToDetermlneCorrectParametersToBeEnteredIntoTheNIPER INDICATOR VI

The worksheet in Table 4.2 can be used to organize data to be enteredinto the front panel

of the NIPER _ICATOR VI when it opens as the NIPER MAIN FACILITY is run. See

problemsets in chapter9 for exampleuse of this worksheet.

ToDetermineCorrectParametenToBeEnteredIntoTheNIPER CONTROL VI

The worksheet in Table 4.3 can be used to organize datato be entered into the front panel

of the NIPER CONTROL VI when it opens as the NIPER MAIN FACILITY is run. See

problemsets in chapter9 for example use of this worksheet.

To Con_Eur# NIPER MAIN FACILITY for 5pecbqc Automation Setups

The following general steps can be used to configure the NIPER MAIN FACILITY for

most automation requirements (See example use of these steps in example problems of

Chapter9):

i. Using Table 4.1, analyze the system configuration.

2, Organize data to be entered into the front panel of the NIPER INDICATOR VI. Use

Table 4.2 as template to facilitate this task. Reviewing Table 4.1 carefully helps in

accomplishing this tas.-kbecause this table is essentially a transformationof the system

configurationto a formatreadily feedable to the NIPER INDICATOR VI.

3. Organize data to be entered into the front panel of the NIPER CONTROL VI. Use

Table 4.3 as template to facilitate this task. Again, reviewing Table 4.1 helps in

accomplishing this task because this table is essentially a transformation of the system

configuration to a format readily feedableto the NIPER CONTROL VI.
4. Locate suitable driverfor each item and make a list of their names and locations. Table

4.4 can be used as example.
5. Loadall driversin the "IndicatorDriverSelector"VI or in the "ControlDriverSelector"

VI dependingupon whether the instrumentis an indicatoror a control (i.e. whetherit is

listed in the work.sheetof step 2 or step 3). The section "To Install a Driver Into the

NIP£R Lab WARDEN Program" contains more details on how to install a driver.

Load every driver in its correctcase. Forexample, if a driver has been designated as
driver0 inTable 4.2 (row 8, col. 2) or Table 4.3 (row 9, col. 2), it should be loaded in

case 0. if a case alreadyhas a driver,the existing drivercan be replacedwith the new

driver. However, if previous driversaredesired to stay loaded, load the driver into the

last case, and consequently, re-designate the driver numberin Table 4.2 or Table 4.3.
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TABLE 4.2

NIPER Indicator Panel Settings

............ It_.________A...... I
No. ii ,i I[Item,, ,, ,, [[, ...... I, , ,, ,,

min)

IIDENTIFYING NAME OF THESE SETTINGS'" ' If ......... II I I i i_.

I iI "' illll ' " ii I

I ...... li I' I
i. Ii, , i
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TABLE 4.3

NIPER Control Panel Settings

[SETVALUE' it......,, II, ......I! ...........' .....I
i l i i- ii

BoardNo. i
iWiili ii I I , ,

Channel No. ililli III IIIII

YSTEM SHUTOFF INFO
,_ il II' II , ,

Shutoff Sequence Position IIalue'tobesetatShutoff " ' ,,,,,,, ,,,1111.... Ii, ,,,,,,,_,.,, . ,,, . ............. .. ,, ,,.
IID_NT_'Y][NG NAME OF "rfllF_E SEITINGs '"/I ' ,,' ' ,'I'",,I ....... ]

[_ONSTRAINTS (If none, empty arra_) i , ,

FRAIv"g"NO=21 ,,
LogicalCondition (NOnameon box) [ , I
[I_m on framenumbe.r I ,,,, I
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TABLE 4.4

List of Drivers and Directory Location(s)

For example, as the driver 0 in Table 4.2 was being loaded into case 0, it was decided to

leave the existing driver in case 0 for future use. instead, the driver O was loaded into

case 7 (case O through 6 already had drivers). Thus, the driver designation in Table 4.2

had to be changed from driver O to driver 7.

6. Open and run NIPER Lab WARDEN from the pun-down apple menu or by using "Find

File" functions (N+F).

7. Open and run NIPER MAIN FACILITY. Use of NIPER Lab WARDEN to open this

facility is more convenient than using "Find File" functions (gO+F). As the program is

run, the front panel of NIPER INDICATOR VI will open up.

8. Enter information from Table 4.2 (worksheet for indicator instruments) into this panel.

Be aware that some boxes have more than one frames. Use arrows to select the right

frame number before entering information for that frame. If you want to save it for

future use, then select "Make Current Values Default" from the pull-down "Operate"

menu. Finally, press Accept Current Settings? to use these settings in the current run.

A dialogue box may appear asking if you want to save changes. Respond as desired.

9. The front panel of NIPER CONTROL VI will open up next. Do the same as in step 8

except that use Table 4.3 (worksheet for control instruments) instead of Table 4.2.

TROUBLE SHOOTING

SYMPTOM No. 1: LabVIEW quits because of memory shortage, or the icon frequently

changes to a tractor during execution.

POSSIBLE REMEDIES: Allocate more memory to LabVIEW by taking these steps:

1. Quit LabVIEW application. Be sure to save all the files desired.

2. Go to Finder. This can be done by clicking on an empty spot in screen, or

selecting "Finder" from the puB-down menu under the top-right icon.

3. Find and select "LabVIEW" application program.
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4. Select the "Get Info" line from the pull-down "File" menu under the "Finder"

application or press "_" and 'T' simultaneously. This will open a screen

showing the suggested size andcurrentsize of the memory.

5. increase the current size as much as possible to reduce memory shortage

problems. However, rememberthat allocatingmore memoryto LabVIEWwill

decrease the memory available for other applications. Thus, if you want to

review your data in other applications such as Microsoft Word or Excel while

LabVIEW is running, you may have to assign optimum memory to each

application. Experience will eventually help you in determiningthe optimum

memory size to solve this problem.

SYMPTOMNo. 2: The programdoes notbehave as describedin the manual.

POSSIBLEREMEDIES: This is likely to happenwhen the userhas takenout-of-sequence

actions. There is no harm in doing that, and with a little experience, the user will be

able to continue on from where he/she left off. A few simple remedies that may solve

the problem,in orderof increasing probabilityare:

1. Re-runthe program.

2. Close the program,re-open it, and runit again.

3. Quit the LabVIEWapplication,re-open yourprogram,and runit again.

4. Re-startthe computerandrunthe program.

SYMPTOM No. 3: When "NIPER MAIN FACILITY" is runningand the frontpanels of

"NIPERIndicator"and "NIPER Control"VI's areopened, thelog functionsunder the

pull-down"File"menuaredisabled(dimmed).

POSSIBLE REMEDIES: The log functions are not available during the run time. The

only way to save or retrieve settings to/from logs is to do it prior to or after the

program execution. To save settings that you made duringrun time, select "Make

CurrentValues Default" from the pull-down "Operate" menu, answer "Yes" in the

dialogue box to save, andcontinue with the test. After the run is stopped, but before

the "NIPER MAIN FACILITY" panel is closed, open the front panels "NIPER

Control" and/or"NIPER Indicator." Step 1 of the section titled "To Store Settings in

the Library"can be used to open these panels conveniently, and log the settings. To

use one of the previous settings for the currentrun, open the front panel(s) "NIPER

Control" and/or "NIPER Indicator," select the setting from the log, make it default,

and close the file. Run the "NIPER MAIN FACILITY". It will show the setting as

the default. Press "Accept Changes?"without makingany adjustments.
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Chapter 5

DESCRIFTION OF NIPER DISPLAY FACILITY

INTRODUCTION

Features

The "NIPERDISPLAYFACILITY"allows the userto examinethe currentrunin progress
and has the following attributes:

(1) Gives a pictorial representationof the physical configuration of the process being
controlled,

(2) Examines data in numericform,

(3) Reads errormessages,

(4) Examinesthe statusof thetest withregardto warningandemergency conditions,and

(5) Examines the instruments being adjusted by the computer to overcome warning
conditionsand theirresetvalues.

In essence, this facility provides a pictorialview of the dataand statusof the tests currently

in progress. Its pictorial representationhelps to identify potential problems and assess their

urgency,and thereforeis the facility of choice when a test is in progressand operatoris not fully

attentive. It is an optional facility that need not run for reading/controlling/monitoring the

instruments or graphic display of the data. It only displays data when "NIPER MAIN

FACILITY"is runningin the background.

Technical Information for Programmers

This programreads data to be displayed from "NIPERGLOBAL Data" VI. This VI is

initialized andupdatedevery time new datais scannedby "NIPERMAIN FACILITY"program.

The data received is sorted according to each item's number designated by the user in the

"NIPER Indicator" VI. This sorted arrayis then indexed to update the displays in sequential

order. The advantage Of this strategy is that the instrumentneed not be in orderand can be

positioned anywhere on the "NIPERIndicator" box. Therefore, instruments can be added or

removedeasily.

Because of the sequentialhandlingof the data,the following areprerequisitesfor complete
and proper functioning: (1) The numberof active items (i.e., the ones with item #_0) in the

"NIPERIndicator"VI must be equal to the numberof items on the frontpanel of this facility. If

not, therewill not be enough datato updateall items or vice versa (i.e., therewill not be enough

items to display all data); (2) No two items on "NIPER Indicator"VI shouldhave the same item

number. The entire orderingaftereach set of duplicateitemnumberswill be offset by one.
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It must be emphasized that the process diagram shown in Fig. 2.4 (the front panel for
"NIPER DISPLAY FACILITY") is not a universal diagram, nor is it necessary to have this

facility. Fig. 2.4 was designed for a visual display of high temperatureandpressureexperiments

in NIPER's steamflood laboratory. Users should build their own front panel by copying the

indicators from LabVIEW'sbuilt-in libraries, or other VIs available to the user. The "NIPER

DISPLAY FACILe" VI can be used as a templateto draw/configuresuch a diagram. After

drawingsuch diagramand designatingeach item in the diagram,a uniquenumber (is increment

of 1, starting from zero), their terminals have to be repositioned within the diagram (i.e., the

terminals have to be dragged into the frames of correspondingcase numbers). The process is

rathersimple andexplained in Chapter6. NationalInstrumentsoperating/programmingmanuals

also provideinformation on how to build indicator(displayitems)..

DESCRIPTION OF DISPLAYS IN "NIPER DISPLAY FACILITY"

Cont_'olsand Displays

In the "NIPERDISPLAY FACILITY" (Fig. 2.4) some of the features that have been

incorporatedinclude:

"STOP BUTFON" stops the execution of this VI and lets useractivate another VI without

unloading the program. Use this button instead of "close file" options when this VI

will be used again inthe session to avoid unnecessaryloading and unloading.
"DATA & MESSAGES RECEIVED" box contains a set of indicatorsfor each item that

display the item's name and number, its currentvalue, and errormessages. It also

displays the user-specified cutoffs (higher-limit and/or lower limit) for the item for

comparisonwith its currentvalue. Informationaboutthe desireditem can be read by

using the arrows on the box or typing in the frame numberon which the item is
located.

"ITEMSREQUIRINGPRE-EMERGENCYADJUSTMENTS" box contains information

aboutthe corrective actions being takenby the "NIPERMAIN FACILITY"duringa

warning situation. Each frame of this box contains the item number and the

percentage change to be made to the item's currentvalue. Zero percent implies the

item is being turnedOFF and 999% implies it is being turnedON. Using arrowson

the box, or typingin a framenumber,all the items requiringadjustmentscan be seen.
"CHANNELS WITH WARNING AND/OR EMERGENCY CONDITIONS" is a table

which provides a summaryof the status of the test. The names of items with warning

or emergency conditionsare displayeda!ong with item number,errormessages, and

values in appropriatecolumns. If no such conditions exist, the table is blank. The

scroll windows can be used to browsethroughthe table.
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"EMERGENCY?"indicator lights up when one or more items are encountering an

emergency situation. It is recommendedthat the VI be closed and "NIPER MAIN

FACILITY"be activatedwhen this buttonlights up.

"CUSTOM DISPLAYS" are created by the user in the process of building the process

diagram. The user should keep adequatedocumentationfor all the elements in his

diagram. An easy way to keep a descriptionof an item is to packageit along with the

item itself, as described in the next chapter. The custom displays shown in "NIPER

DISPLAY FACILI_" (Fig. 2.4) depict various elements of a high-temperature,

high_pressureexperimentallaboratory.
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Chapter 6

OPERATION OF NIPER DISPLAY FACULTY

CUSTOM DESIGNING A DISPLAY PANEL IN NIPER DISPLAY FACILITY

The user needs to custom-make this facility according to his/her system set-up

(instrumentation).Before undertakingthis task,one needs to ascertainits applicabilitybecauseit

is only an optional facility whose sole purposeis to presentdatapictorially. Forsystems to be

used extensively or for long durations,building this facility may be a worthwhile investment.
J

The following step-by-stepprocedurecan be followed to builda displayfacility.

Once the facility is built, it does not requiremuchuserinput. All the userneeds to know is

how to use the "stop" button, scroll throughthe table, and browse throughboxes--techniques

alreadymasteredby the userat this point.

1. Open a new Canvas file, make a completedrawingof the process, and save a copy of

it. This copy will be referredto lateras "originaldrawing."

Canvas or an application of your choice can be used (if it allows various

elements of the drawingto be grouped/ungrouped,and allows the sketch to be saved

in "PICT' format). The drawingsshouldhave a resemblanceto the actual items or at

least be recognizable. Tune can be saved by copying andconvertingvarious sections

of the drawingsfrom clip-artlibraries(which also come with manyapplications) into

active LabVIEW indicator displays. Even more time can be saved if an active

LabV1EW display is copied from LabVIEW VIs and pasted directly without any

conversion. The folder "SampleDisplays" includes several fries containingdrawings

and active LabVIEWdisplays of commonly-usedinstruments,e.g., a pump.

2. Start from a copy of the original drawing. Group elements of this drawing into

distinctitems. Sortthem accordingto theirusage into threecategories:Boolean (i.e.,

buttonsof displays which show on/off status such as valves); numerics(those whose

range can be representedpictoriallysuch as an oven with possibly three conditions:

normal, under-, and over-limit); and inactives (items which do not change

configurations,such as pipesetc.).

3. Make an additionalsketch for each Boolean. The pair of sketches for each Boolean

may be similar in shape and differ only in color, or may be a different drawing

altogether.

4. Make additionalsketches for each numericdepending on how manyconditions they

represent,e.g., threesketches will be needed for the oven example mentionedabove.

Again, they may be the same sketches with different colors or may be different
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drawings. Save and close the file. This file will be referred to later as "pans

drawings."

5. _n the "DISPLAY Template."

6. Stop the execution by pressingthe oval in the controlbarif the programis running(or
if the arrowon the controlbar is darkened).

7. Save a copy of "DISPLAY Template" with a different name of your choice. This

may be doneby selecting "Save As ..." from the pull-down"File" menu. A suggested

name is "My CompanyDISPLAY FACILITY." Save it in the same foldercontaining
"NIPF_ LabWARDEN."

8. Openthe "originaldrawing" file, andcopy the entirediagramon the clipboard.

9. Activate "My company DISPLAY FACILITY" and paste the drawing from the

clipboardon to its frontpanel.

10. Select "Numeric" from the pull-down "Controls" menu and select "Custom PICT

Ring" from the extended menu. A display will appear with i blank label. Type

"temp-numeric"as the labeland pressenter.

1I. Select "Boolean" from the pull-down "Controls" menu and select "Custom PICT

Boolean" from the extended menu. A display will appear with a blank label. Type

"temp..Boolean"as the label and pressenter.

12. Inspect yourdiagramin some sequence. Select the first active item and convert it to a

LabVIEW display (Step '13) and package its description with the item (Step 14)..

Skipnon-active items because they do notneed to be modified in LabVIEW.

13. To convertan active item to a LabVIEWdisplay: Startnumberingthe item from 00,

01, 02, etc.

First try to copy similar LabVIEWactive displays from other vrs. If such a copy is

found, then positionit over the selected item in the drawing. Then skipto pan "f."

a. Make a copy of the "temp-Booiean"or "temp-numeric" and change its name to

the name and sequence numberof the selected item, e.g., "00-Steam Feeder

Tank." Copies can be made by selecting an item and dragging it while the

option key is pressed. Position this over the selected item in the drawing.

b. Open or activate the "partsdrawings" file. Select the picture correspondingto

the item being convertedin LabVIEW. There may be more than one picture for

the item, depicting various states, e.g., "ON" and "OFF," or "LOW,"

"MEDIUM," AND "HIGH." Select andcopy the picturethatcorrespondsto the
desired slate.

c. Openor activate"My Company DISPLAY FACILITY."

54



d. Select the "Custom PICT Boolean" or "Custom PICT l':umeric" display

positioned over item 1 (the item being convertedto LabVIEW). Click on the

display to show the right frame, i.e., "PICT OFF," "PICT ON," OR "PICT I."

Paste the picturefrom the clipboardonto the frame.

e. Repeatsteps b throughd untilpictureshave been pasted into all positionsof the

display.

f. Change the display to an indicator(if it is not alreadyanindicator)by pointing

to the item while keeping the N (command)key pressed andselecting '_hange
To Indicator."

14. To packageinformationwith an item:

a. Point the cursor to the item. Cursormay be anyone of the six tools except the
brush.

b. Press N and click-hold. The cursorwill change to an arrow.

c. Select "Description..."from the pop-upmenu.

d. Type in the descriptionaboutthe item in the boxthatappears.

e. __ss "OK" when finished. The box will disappear,and the informationwill be

saved, if you save the file before closing it.

15. Select the next active item. Convertit to LabVIEWdisplay as in step 13 and step 14
in theseinstructions.

16. Repeat step 15 until all active items have been convertedto Lab_ displays.

17. Sele,.t "Show Diagram" under pull-down "Windows" menu [or press N

(command)+F)]. This will open the block diagram of "My Company DISPLAY
FACHXIT' VI.

18. Drag terminals (small rectangles with labels) into the box labeled "CASE

SELECTORFOR DISPLAYS." Do it sequentially and p._aceeach terminal into its
corresponding case number. Forexample, the terminal for item number6 has to be

placed in the case whose frame numberis "6." Wire this to the not-equalnode if it is

a Boolean. If it is a numeric, wire it to the Comparison-Select node and enter the

upperand lower rangevalues in the boxes showing 500 and 100. Follow the example

shown on theblock diagram.

19. Double-check to make sure there is a one-to-one correspondence between frame

numbers and item numbers (they have to be identical). Also make certainthat every

terminal has been placed in a Selector, and there is no frame in the box.

20. Save the program. It is now readyto operate.
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TROUBLE SHOOTING _ FOR A CUSTOM-MADE DISPLAY FACILITY

The following arehelpful hintsthatmay be useful in trouble-shootingcustom.madedisplay
facilities.

SYMPTOMNo. 1: Nothingseems to happenwhen the programis run;i.e., all the displays

remainunchanged,along with the table andboxes.

POSSIBLE REMEDIES: The most likely cause of the problem is that "NIPER MAIN

FACILITY" is probably not yet running, or its "DATA UPDATE" button is not

pressed. Less likely causes are that it has not been set to acquire data, or has not

acquired a new set of readings after a custom-made display facility was loaded

(opened). First, load or reactivate the "NIPER MAIN FACILe" panel and make

sure it is running and its "DATA UPDATE" button is pressed, and then press the

"GET NEW DATA" button to acquire currentdata. Also, check if the parameters

have been properly set by pressing the "ADJUST CONTROL" button and re-

clining the set-up on "NIPERIndicator"panel.

SYMPTOM No. 2: Some displays do not_m to change at all. Is this OK?

POSSIBLE RE_DIES: No. All displays should be updated sequentially even if the

value remains the same. Therefore, such a condition indicates improper contrc,i

settings in the "NIPERIndicator"VI.

The probablecauses are: (a) The numberof items in the "NIPER Indicator"VI

setup is not equal to the number of items on the front panel of the custom-made

display facility. Thus, there is not enough datato updateall items or vice versa (i.e.,

there are not enough items to display all data), (b) two or more items on "NIPER

Indicator" VI have the same item numbers. Therefore, the ordering after a set of

duplicate item numbershas been offset by one. The easiest solution is to activate the

"NIPER MAIN FACR2TY" and re-adjustindicatorsettings.

If this does not solve theproblem,re-examinethecustom-madedisplayfacility's

panel and block diagram. Specifically, check the following: (a) Each terminal is in

the right frame (i.e., the item numberand frame numberare the same), (b) there is

only one terminal in each frame, (c) each frame has a terminal. Additional empty

frames areallowed only after the last framecontaining a terminal (i.e., the one with

the terminalof highest item number). Forexample, if there arethree items in the set-

up: item I would go to frame 1, item 2 would go to frame2, item 3 would go to frame

3. There could be empty frames numbering4, 5, 6, and so on. It is not permittedto

have frame number 2 empty or to place item 1 in frame 3. These pitfalls would

violate the one-to-onecorrespondencebetweenframe numberanditem number.
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SYMFFOM No. 3: Frequentbreakdowns,freeze.ups, shut-downs,malfunctions,etc.

POSSIBLE REMEDIES: These symptoms are frequently caused by "Mad-Mouse

Syndrome" wherein the mad-mouser chronically and habitually keeps moving,

clicking or otherwise using his mouse. The result is an overloading of the service

requests in the queue, omission of some r,,_luests,and frequentdisruptionof the CPU.
Sadly, there is no knowncureof thissymptom. Only time will teachthe userto be in

sync with thesoftware and have patienceuntil they obtaina faster CPU.

57



(This page intentionally left blank)

58



Chapter 7

DESCRIPTION OF NIPER GRAPHIC FACILITY

A QUICK TOUR OF THE NIPER INTERACTIVE GRAPHICS

Introduction

The "NIPERGRAPHICFACILITY" panelis shown in Fig. 7.1. The circled referencesfor

the icons are described in Table 7.1. This chapter describes the features of the "NIPER

GRAPHICFACILITY." The operationaldetails for this facility areprovidedin chapter8.

Features

This facility allows the userto:

(1) View the datafrom the currentrunor theprevious runs,

(2) View the data in both numericand graphicalform,

(3) View only selected datafrom a run,

(4) Browse throughprevious datasequentially,

(5) View the smoothed dataaftercurvefitting,

(6) Editgraphsin real-time; i.e. add, delete, copy points or segments, and

(7) Export data for viewing and processing in external applications such as Microsoft
Excel.

It is an optional facility not required for interacting with the instruments. Therefore, the

userdoes not need to run this facility for automationneeds. A user can use it to browse,curve-

fit, reduce, copy, and print previously logged data--and if a run is in progress, currentdata as

well--at any time. The selected datacan be easily edited by adding,deleting, or copying points

or plot segments in real-time using mouse. The edited graphcan be printedwith LabVIEWprint
functions.

Technical Information for Programmers

This program reads data to be displayed from either a global data file (in tab-delimited

"TEXT' format) or a log-file (in "DATA" format). These files are saved by "NIPER MAIN

FACILITY." The format of log-data file does not allow it to be opened by most other

applicationsbesides LabVIEW.

The datareceived is processed before it is displayed. First,the data is reducedto the set of
channels (items) that user has selected in "NIPER GRAPH CONFIGURATION" VI. This

selected data is then curve-fittedaccordingto the user-selected curve-fittingtechnique.
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FIGURE.7.1 - The frontpanel of "NIPERGRAPHICFAC][LrIN"VI.

TABLE 7.1

LEGEND FOR FIGURE 7.1
IIIiiii I

1. This buttonstopsthe rim.
2. This button opens the "HIPER HELP" panel which provides information about LabVIEW and object-oriented

programming. Like all of the other windows that are opened from the main panel, the "NIPER HELP" panel
automaticallydisappearsaftera certaintime duration,andthemain panel thenreappears.

3. This buttonmagnifies thegraphshown in Fig. 7.1 to a full size screen-editablegraph. This featureprovides a betterview
of the data being graphed, and allows real-time editing of the plot: i.e., points or segments can be added, deleted, and
copied from thisor otherplots by just clicking and pointhlg themouse. The editedplotcan be saved and printed.

4. This button rela)_ information to graphics programs outside of the main application (or LabVIEW). The particular
pmgrmnmay be reselected if desired. Theoxporteddatacan be automaticallyplotted androtated.

5. This button allows the user to view plots of previous runs one at a time. The desired run numberis chosen using the
selector (11 in Fig. 7.1). The selected numberis shown in the display (13 in Fig. 7.1). After the runnumberis chosen,
presging this buttot,will display theplotof that particularrun.

6. This button displays plots of the data scanned from a run currently in progress, provided that the "NIPERMAIN
FACILITY" is runningand has the "UPDATE GRAPH" buttonpressed. If there is no run in progress, or the "NIPER
MAIN FACILITY" is not running or does not have "UPDATE GRAPH" buttonpressed, the graphic palette becomes
blankand a _arning message appearsin box 16. The displayis updatedautomaticallyeach timedataarrives.

7. This buttonprovidesa curve-fit (eitherlinear, polynomial, or exponential) to the data(regression analysis selection made
by "ADJUSTGRAPHIC"button,described in No. 8). The curve-fitoption must alreadybe activated when the new data
arrivesin orderto update anddisplay thecurt _-fit to the data.

8. This button opens a panel that allows user to adjustvarious aspects of the graphicdisplay of data. This includes the
selection of items to beplotted, dataduration,x-axis timebase, y-axis unit, type andorder of curve-fit, andthe name and
location of log-file from which to readlogged data. Any changes made to these settingsmay be saved or canceled.

9. "I'nisbuttonallows selection of one of the set of graphsettingspreviouslystoredby the user. This is useful when the user
is using the programwith multiple test configurationsand wants to switch frequentlyfrom one setting to another. Each
series of settings can be given a name for quick identification. This buttoncan also be used to store a new set of graphic
settings.

60



TABLE 7.1--Continued

LEGEND FOR FIGURE 7.1

i i ii i,i i i i i i i i liHi, ill

10. This display shows the total number of ex-rtms that are mu'tendy saved in the selected log-file.
11. This digital control allows the user to choose a specific ex-mn number for plotting on the graphical display. It is operated

by clicking on the arrows to increase or decrease the number shown in the adjacent box,
12. These displays ere used to give the date and time of the selected ex-run, or the current run.
13. This display identifies the run which is being displayed on the graph.
14. This display changes color from green to red when there is an error message.
15. This display box shows the current data values received from an active test in progress. It also warns the user with

diagnostic messages of any values that are outside the set limits.
16. This display shows messages concerning graphics. The display indicates the channels that are currently being plotted and

the channels that are set for plotting but inactive for data acquisition.
17. This scroll bar gives a view of all the information presented in the "GRAPHIC MESSAGES" box (16 in Fig, 7.1).
18. This display presents data from a current run or an ex.run in a graphic format. The scales along the X-axis and

Y-axis can be altered manually (expanded or reduced) in order to present any part of the plot desired for viewing.
19. These scroll bars along the bottom and right hand sides of the graphic display are another way the user can view parts of

the plot not currently shown. However, using these scrolls does not rescale the graph. They merely unveil the hidden
partsofthegraph.

20. This is an indirect legend to the curves on the plot (No. 18). These color-coded lines determine the sequence number of
various curves on the plot. The sequence number relates in ascending order, to the item selected for display. For
example, if item number 2, 5 and 9 are selected for plotting, then the curve on the plot matcfiing the legend line 0 will
correspond to the item number2; the legend line 1 will correspond to the item number 5, and the legend line 2 will
correspond to the item number 9.

21. These displays both indicate and control the locations of the two cursors and their relative displacement from one another.
If a cursor is moved by dragging, the current location of that cursor is automatically updated here to show accurate data
values from the plot. Or, the desired cursor location (coordinates) can be typed in here, which will move the cursor to the
typed-in position. The part of the plot displayed will change to follow the moving cursor. The X.cohmm values indicate
the X-coordinate locations of the cursors on the ploL The Y-colmnn values indicate their Y-coordinate locations. The AX
value indicates the horizontal displacement between the two cursors, and the AY value indicates their vertical
displacement frow one another.

22. These buttons are used to move the two cursors around the graph by small incremental distances. The part of the plot
displayed will change to follow the moving cursor. The circle and square symbols in front of the buttons represent the
two o.ursors, and the arrows on the buttons indicate the direction of movement on the plot. These buttons are particularly
useful when jumping from one point on a curve to another directly, which happens when the cursor is locked over a point.

23. This display provides unit information (temperature, pressure, etc.) for the Y-axis.
24. This display provides the unit information (seconds, minutes, hours, etc.) for the X-axis.

ii i, i

The processed data is displayed on the graphic palette of the panel or exported according to

the user's choice. The exportation of data is carded out by storing the processed data in a

temporary file. A file of an external application such as Microsoft Excel is then opened. User

has to write a macro or script to accomplish these functions. An example macro in Microsoft

Excel is provided to help facilitate this task. This macro should be auto-executable so that it can

perform the tasks associated with the external application upon its opening. This macro should

call LabVIEW just before finishing the execution.

Menu Buttons

Located across the top of the "NIPER GRAPHIC FACILITY" panel, Fig. 7.1, are menu

buttons that control various features of the program's operation. Each button is herein discussed.
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STOP Button

The STOP button (1) allows the graphic facility to stop execution after completing the

currentcycle. This buttonis different than stopping execution by pressing the hexagon in

the controlpalette, selecting "Abort" from the pull-down"Operate"menu, pressing 'gS+.',

or closing the f'flemall of which terminate the program immediately. It is, therefore,

recommended to stop execution by using this button in orderto avoid any unlikely side-
effects.

HELP Button

The HELP button (2) opens a panel titled "NIPERHELP" (Fig. 7.2), which provides

informationaboutLabVIEWandobject-orientedprogramming. Like all of the panels that

are opened from the main panel, "NIPERHELP"automatically disappearsafter a certain

time duration. The main panel thenreappears.

EDIT GRAPH Button

The EDIT GRAPH button(3) magnifies the graphshown in Fig. 7.1 to the graphshown in

Fig. 7.3. This featureallows the data currentlybeing displayedon the graphic palette to be

displayed, printed, and saved in a full screen size format. The selected datacan be easily

edited by adding, deleting, or copying points or plot segments in real-time using a mouse.

The edited graph can be printed with LabVIEW print functions and saved for future
reference.

FIGURE.7.2. - The front panel of "NIPERHELP" VI.
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FIGURE 7.3,-The frontpanelof"FullSizeGraph"VI.

EXTERNAL GRAPHIC Button

The "EXTERNAL GRAPHIC" button (4) allows the data currently being displayed on the

graph to be displayed and saved in an external application program.

REVIF_W EX-PLOT Button

The "REVIEW EX-PLOT" button (5) allows you to view a selected plot of previous runs

sequentially. After the run number is chosen, pressing this button will display the plot of

that particular run.

RECENT PLOT Button

The "RECENT PLOT" button (6) displays the graph associated with the current run in

progress. If no run is in progress at the time, the screen will become or stay blank.

CURVE FIT Button

This button (7) smoothes whatever data is selected prior to displaying it according to the

type of curve-fit selected by the user.

ADJUST GRAPHIC Button

The "ADJUST GRAPHIC" button (8) opens a panel titled "NIPER GRAPHIC

CONFIGURATION" as shown in Fig. 7.4. The circles in Fig. 7.4 are reference numbers

that are described in Table 7.2. Through this panel, several data selection and graphic

choices can be made such as the item numbers for which d_ta is to be displayed, the name
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FIGURE. 7.4- The front panel of "NIPER GRAPHIC CONFIGURATION" VI.

TABLE 7.2

LEGEND FOR FIGURE 7.4
i ii ii i i i,iii i i i iii i iiii iiii1 iiii i

I. This controlallows plotting of only selecteddata. The options includeno data display, all datadisplay, new zero time,
new appendtime. These functions are useful when multiple runs are carriedout sequentially, or when a run hasbeen
interruptedfor some reason andresumedlater.

2. This control changes the time base of the plot in Fig. 7.1. The available time unit options include the following:
HOURS,MINUTES, SECONDS (POREVOLUMES andPICTORIALare currentlynot available).

3. The "TYPEOF CURVE FIT"buttonis used to set the type of curve-fitting. Three curve-fit options are available:
LINEAR,POLYNOMIAL, andEXPONENTIAL.

4. The "ORDEROF FIT" control selects the degree of the curve to be fitted. If either LINEAR or EXPONENTIALis
selected fromREGRESSION ANALYSIS, the ORDER OF FIT setting is ignored. However, if the POLYNOMIAL
optionis selected, then thedegree (order)of the polynomial fit needs to be set.

5. The "PLOTCHANNELS ON" buttonselects the channels (items) to be displayed on the plot located in Fig. 7.1. The
circularbuttonindicates thestatusof the currentlyselected channel. If thebutton is "in" (darkershade), the channelis
active for graphicaldisplay. If the buttonis "out"(lighter shade),the selected channel is _nactive.

6. These boxes describe the log-file's nameand location (directorypathname) forreading logged data. Several log-t'des
can be stored and used selectively by using this function.

7. This box describes the units to be displayedon the Y-axis of the graph.
8. This buttonaotivates the selection made in the "DATADISPLAY OPTION" box (#i in Fig. 7.4).
9. All ,_otiveVI's are stopped by thisbutton. Useful for immediate terminationof therun.

10. This buttonis used for accepting the changes for use in the currentsession.
11. Pressingthis buttonwill default to the original settings, thus nullifying thechanges made during the currentsession.
12. This identifying name is useful in selecting this settingfor futureuse.
13. This is an indicatorversion of the cluster containing boxes 1 through 8. R has been reduced in size to save the space,

thus hiding the boxes.
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of the log-file to be used during the currentgraphicsession, the type and orderof curve-fit

desired, the time scale to be used (e.g. hours), and the X-axis units to be displayed (e.g.,

temperatureand pressure). One could also select one of the previously saved graphic

settings for the currentsession and/orfor futuresessions by makingthe selection as default.

The identifying names (12 in Fig. 7.4) of the previously logged settings are helpful in

locating a particularconfiguration.

LOG GRAPH SETTINGS Button

The "LOG GRAPH SETTINGS" button (9) opens the front panel of "NIPER GRAPH

CONFIGURATION"(Fig. 7.4) andstops all VIs. This allows selection of one of the set of

previously stored user defined graphsettings. This buttoncan also be used to store a new

set of graphic settings. This button is useful when the user is using the program with

multiple test configurations and wants to switch frequently from one setting to another.
Each setting canbe given a namefor quick identification.

Run Number Displays

There are various displays on the "NIPER GRAPHIC FACILITY" that keep the user

informed of different experimentalconditions. The following displays that are discussed are all

located on the "N1PERGRAPHICFACILITIES"panelFig. 7.1, unless specified otherwise.

NO. OF EX,RL,_ISDisplay

The display "NO. OF EX-RUNS" (10) shows the total numberof ex-runs that arecurrently

saved in the selected log-f'de.

RUN NO. Display _,

The "RUN NO." (11) control box allows the user to select the runnumberto be displayed

when the "REVIEW EX-PLOT' buttonon the control bar is pressed. The value can be

typed in or the arrowscan be used to move up and down. Forquick browse of data, these

arrowscan be used directly to review datasequentially. Any time _ new input is selected

on this control, the corresponding data is automatically displayed without pressing the
"REVIEW EX-PLOT' buttonagain.

RUN INFORMATION Display

This box displays the date (12), time (12), and run# (13) of the run being displayedon the

graphics palette. If the data displayed is of the run currently in progress, it shows the

currentdate, time, andthe word"Current"in their respective indicators.
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Information Displays

At the bottomof the main panel are threedisplays: "DATA & DIAGNOSTICS" label (14)

changes color if anerrormessage is received,a box below it (15), and "GRAPHICMESSAGES"

box (16). Along with the displays is an alarmthat informs if there is a warningorerrormessage.

These display boxes provide various diagnostic messages about the expefiment as described
below.

DATA & DIAGNOSTICS ALARM

This indicator(i4) changes color from greento red when a runcurrently in progresshas an

erroror warningmessage. Like the previousbox, it only functions when a run is currently

in progress. When no runis in progress,it stays green.

DATA & DIAGNOSTICS Display

The "DATA & DIAGNOSTICS" display (15) shows the messages received from the

"NIPER MAIN FACILHT" if a runis currentlyin progress. The messages include data,

errors and theirprobable causes, and warnings. This box keeps the user informed of the

current run status, it only displays information when a run is currently in progress,

otherwise it stays blank.

GRAPHIC MESSAGES Display

The "GRAPHICMESSAGES" display (16) gives informationconcerning graphics. The

scrolling indicatorbox displays the item numbers of the databeing displayed in the plot

and other graphic error messages. When pertinent,it also suggests possible causes of any

problemsand remedialactions. These graphicmessages pertainto the runselected, which

could be the currentrun or one of the previouslylogged runs.

Graphical Display

In the center of the "N1PERGRAPHIC FACILITY"panel is the display (18) that presents

data from the currentruns or previous runs in a graphic format. The scale is automatically

selected to show the entire plot every time new data is added; however, the numbers on the

X-axis and Y-axis can be altered manually in orderto present any partof the plot desired for

viewing. The scales on the X andY-axis can also be either expanded or reduced, The scroll bars

along the bottom and fight hand sides are another way the user can view partsof the plot not

currentlyshown (19).

Graphic Display Legend

This legend (20) matches the colored lines on the plot with datachannels activated for

graphic display. However, the numbersin the legend do not corresponddirectly with the

channel number. Instzad, the numbers in the legend correspond to the index numbersof
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the series of selected channels arranged in ascending order and displayed in GRAPHIC

MESSAGES display. For example, if channel 3, 7 and I 1 are selected, line 0 in the legend

will correspond to the lowest plotted channel listed in the GRAPHIC MESSAGES :Asplay,

i.e., number 3. Line 1 in the legend will correspond to channel number 7, the second-

lowest plotted channel listed in the display. Line 2 will corresponds to channel number 1I,

the third-lowest plotted channel listed in display,

GraphicsCursors

Two graphic cursors are located above the graphic display (233. The circle and square

symbols left of the arrow buttons (23) represent the two cursors. The purpose of these cursors is

to help obtain accurate data values from the plot.

Cursor Position

Located near the top of the graphic display (22) are windows that pertain to the cursors'

position. Both the square and circle cursors share the X, Y, AX, and AY columns (22).

The X column values indicate the X coordinate locations of the cursors. The Y column

values indicate the Y coordinate locations of the cursors. The AX value indicates the

horizontal displacement between the two cursors. The AY value indicates the vertical

displacement between the two cursors. These windows are dual-purpose. They can be

used to move cursor(s) to desired locations(s) by typing in coordinates, and they can be

used to read accurate data when the cursor is placed over a point in the graph using mouse
or arrows.

Cursor Movement

Located near the top of the graphic display are buttons (23) that pertain to the cursors'

movement. The arrows on the buttons indicate the directions of movement of the cursor in

the graphic display. As discussed in the above section "Cursor Position," the cursor can

also be moved by typing in the coordinates.

67



Chapter 8

OPERATION OF NIPER GRAPHIC FACILITY

INTRODUCTION

Futures

The features of the "NIPER GRAPHIC FACILITY" were described in chapter 7. This

chapterdescribeshow tooperatethe "NIPERGRAPHICFACILITY"panel.

Starting Up the Program

_n the "NIPER GRAPHIC FACILITY" file. It can be opened conveniently using

"NIPHRLabWARDEN" buttons, or using "FindFile" functions and double-clicking. It will

automaticallystartrunning,which is indicatedby a darkenedarrowon the controlbar. If it is not

runningforsome _ason (i.e., thearrowis hollow), then click on the arrowto runit.

Upon start-up, the program will open up another front panel--"NIPER GRAPH

CONHGURATION." Select the desired options. Check the box "LOG DATA FILES_LL

PATH NAME" and edit the path name if it needscorrections. The path name should pointto a

LabVIEW"log" file. Other_s of f'flescan notbe opened by this facility. If satisfied with the

changes, press "ACCEPT." Otherwise, press CANCEL. Either way, this front panel will be

closed, andthe "NIPF._ GRAPHICFACILITY" panelwill be activated.

To Get Infornmtion

On the "NIPERGRAPHIC FACILITY" panel (Fig. 7.1), click the mouse on the HELP

button to obtain informationabout LabVIEWand object-oriented programming. Pressing this

buttonopens up the "NIPERHELP"panel. This panel (Fig 7.3) contains a display, scroll bar,

and two buttons. The display contains a brief text explaining some of the key concepts about

object-oriented programmingand the use of the LabVIEW software. The entire text can be

viewed by using the scroll bar located along the right border of the box. One of the buttons

below the display is labeled CONTINUE. This buttonis providedbecause this "NIPERHELP"

panel remains open only for roughly a minute. "NIPERHELP" automaticallyexits back to the

"NIPER GRAPHIC FACILITY" panel after one minute. Click the CONTINUE button to

receive anadditional 60 seconds of time for readingthroughthe help information. Click on the

DONE buttonto immediatelyexit back to the "NIPERGRAPHICFACILITY" panel.

To View Data and Diagnostic Messages

The display labeled DATA AND DIAGNOSTICS, located in the lower left corner of the

"NIPI_ GRAPHIC FACILITY" panel (button#15 in Fig. 7.I), providesinformation abouta test

which may be in progress. Indicator instrumentvalues and diagnostic messages are received
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herefrom "NIPER MAIN FACILITY",ff it is running. The displaybox presentsthe most recent

readings from those instruments activated for data acquisition. The display lists the item

numbers in ascending orderalong with their correspondingdatavalues, including units. Along

with the data values for each item, a diagnosticmessage appearsif there is one. This message is
a warning indicating that the data value for that channel is outside of the user-defined limits.

Check the warningmessage carefully to determineif there is a dangerousproblemdeveloping. If
so, close the "NIPERGRAPHICFACILITY"VI and returnto "NIPER MAIN FACILITY."

To Select the Channels for Plotting

Press the ADJUSTGRAPHICbuttonto open "NIPERGRAPHCONFIGURATION"panel

(shown in Fig. 7.2). Inside this panel, use the PLOTCHANNELSON digital control to select

the channels (items) you wish to display. Use arrowsto select frame#0 (which correspondsto

the channel or item #0). Then look at the adjacentbutton,which indicates the display status of

the selected channel. If the button is in (darkershade), the channel is active for graphical

display, otherwise it is inactive. If the buttonis out (lighter shade), pressing the button once will

activate it for graphical display, if the buttonis in, press the buttononce and it will return to its

lighter shade, indicatingthatthe selected channel is then inactive.

Examine all of the availablechannels one by one, startingfrom channel #0. Set the status

of each channel to insure that only those channels you want to display are activated. After

checking the channels, decide whether or not to use the currentsettings. Press the ACCEPT

buttonto use the currentsettings. Press the CANCELbuttonto disregardany changes and return

the settings to their previous values. Both of these buttons will perform their respective

functions and then returnimmediately to the "NIPERGRAPHICFACILITY"panel. If the new

settings are to be saved for futureuse, follow the instructionsfor log functions in Chapter 7.

To Export and View Data In External Applications

After the user has selected the set of data to be displayed using other graphic functions

described in this section, and likes the display in the "NIPER GRAPHIC FACILITY"plot, the

user may want to take a closer look at the data by exporting it to a more advanced graphical

application. To accomplish that:

1. Press "ExternalGraphic"button(#4 on Fig. 7.1) locatedin the topcontrolbar. It will

ask you whether you want to returnto LabV1EW.

2. Select "YES" if you want to automaticallyreturnto LabVIEWafter a briefdisplayof

data and graphics in the externalapplication. When this option is selected, LabVIEW

is activated as soon as displayis completed andall the flies pertainingto the external

application are closed. The display can be either static or dynamic with automatic

rotationof the plotto show at variousangles, heights andperspectives.
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3. Select "NO" if you want to workwith the graphicsin the external application. When

this option is selected, all the relatedfiles in the external applicationstay open after

the display is over, anduser is free to use full functions of the externalapplicationto

view, edit, and printthe dataand plot. LabVIEWcontinuesto runin the background.

it is recommended to manually close all non.LabVIEW files and applicationswhen

not in use to minimize the memory usageand system failures.

The example driverprogram"NIPER ExternalGraphicDriver"will open Microsoft Excel

application and the Excel Macro Files automaticallyand display data in graphical form. This

example pro_ can be copied and modified for other applications that support"macros" or

"su-lpting."The macros will have to be written by the user using the language provided by the

application desired to be interfacedwith Lab_. The sample macros providedin the "Macro

Fries"sub-folder_ writtenwithadequatecomments to help in this task.

To Review Previous Plots

1. Select the runnumberyou want to displayusing the controlbox "RUN NO." (#11 in

Pig. 7.1). The runnumber selection has to be between 1 and "NO OF F._-RUNS"

(#I0 in Fig 7. I). if a selection outside _ rangeis made, it is coe_d to the closer of
'T' and the last runnumber.

2. As soon as a new selection of runnumberis made, the correspondingdatais automat-

ically displayed. If it does not for some reason,press "REVIEWEX-PL_' once.

To Browse Through Previous Nots Sequentially

I. Select the runnumberwithwhich you wantto startbrowsingby using the controlbox

"RUN NO," (#II in Fig. 7.1). The run numberselection has to be between I and

"NO OF EX-RUNS" (#I0 in Fig 7.1). If a selection outside this range is made, it is
coerced to the closer of "I" andthe last runnumber.

2. Press up or down arrow to browse through the graphs sequentially in increasing or

decreasing order, respectively. When the selection falls outside the range, it is
coerced to the closer of'T' and the last runnumber.

To Review Plots from an Arcldved Log File

1. Open the "NIPERGRAPHICFACILITY." if it does not automaticallystartrunning,

runit byclicking on the arrowon thecontrol bar.

2. Press "ADJUST GRAPHIC" (#8 in Fig. 7.1). It will open the "NIPER GRAPHIC

CONFIGURATION" panel. Type the full path name of the file in "LOG DATA
FILESFULLPATH NAME" box.

3. Press "ACCEPT",which will takeyou back to "NIPERGRAPHICFACILITY."
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4. Press "STOP" on the "NIPERGRAPHIC FACILITY"panel(# I in Fig. 7. I).

5. Run the "NIPER GRAPHIC FACILITY" again by clicking on the arrow on the

controlbar. Examine the "NO OF EX-RUNS" (#I0 in Fig 7.1) box. If it is showing

I or greater, it has been correctly loaded. If not, re-check the file path name again
following steps 2.5. Also, make sure the file is a LabVIEW"log" file.

6. Once the log file has been properly loaded, follow the instructions in "To Review

Previous Plots" and "ToBrowse Through Previous Plots Sequentially"sections to

display data.

I. Open andrunthe "NIPERGRAPHICFACILe,"

2, Press "ADFUSTGRAPHIC"(#8 in Fig, 7.1). It will open the "_ER GRAPHIC

CONFIGURATION"panel. Memorize the full path name of the file shown in the
"LOGDATA FILESFULL PATH NAME"box.

3. Stop andclose the "_ER GRAPHICFACILITY" VI.

4. Rename the archivedlog-file to the file name memorized and place it into the folder

memorized in step 2 above. Forexample, if it shows "NIPERLabVIEWProg_s:

OI_APHICS: Logged Data,"then rename yourf'fleto "LoggedData"and place it into

sub-folder"GRAPHICS"of "I'_PERLab_ Programs"folder.

5, If a dialogue box informs that a file alreadyexists with this name, then temporarily

rename the existing file in the destinationfolder (e.g., "GRAPHICS" in the example

above). Adding an extension number to the name is an easy way to rename and

remember, then repeat step 4.

6. Open "NIPERGRAPHICFACILITY." If it is alreadyopen, close it and re-open it.

This step may sometimes be necessaryto access to the new log-file.

7. Run the "NIPER O_HIC FACILITY" again by clicking on the arrow on the

control bar. Examine the "NO OF EX-RUNS" (#10 in Fig 7.1) box. If it is showing

l or greater, it has been correctly loaded, if not, re-check the file path name again

following steps 2-7. Also, make sure the file is a LabVIEW"log" file.

8. Once the log file has been properly loaded, follow the instructions in "To Review

Previous Plots" and "To Browse Through Previous Plots Sequentially" sections to

display data.

9. When done, revert the files whose names and/or locations were changed to original

names and place themin their original locations.

71



To ReviewRecentMot

Pressthe"RECENT PLOT" (#6inFig.7.I)buttonanytimeyouwanttodisplaydatafrom

a testinprogress.However,therearethreeconditionstoviewcurrenttestdata:(I)A testisin

progress,(2)"NIPERMAIN FACILITY"isrunning,and(3)The"UPDATE GRAPH" onthe

"NIPERMAIN FACILITY"ispressed,ifanyoftheseconditionsarenotmet,andthisbuttonis

pressed,the"RunInformation"boxwilldisplaythecurrentdata,time,andtheRun# "Current,"

butnothingwillappearinthegraphicpaletteorthe"DATA & DIAGNOSTICS" (#15inFig.

7.1) boxes because there is no dataavailable. The "GRAPHICMESSAGES" (#16 in Fig. 7.1)
box will display the message "WARNING: DATA FOR THE FOLLOWINGCHANNEL(S) IS
NOT AV_LE FORGRAPHIC DISPLAY:" and then lists all the channelnumbers selected

to 6play data.

To Curve.Fit Data

i To obtaina curve-fit of data,press the "CURVE _' (#7 in Fig. 7.1) button. When thisbuttonis pressed, any plot the userselects to displayon the graphicpalette (018 in Fig. 7.1) will

! have curve-fit datasuperimposedon the original data. The type of curve.fit can be selected by

the following procedure.

Open the "NIPER GRAPH CON_GURATION" panel (Fig. 7.2) by pressing the

"ADJUSTGRAPHIC"(#8 in Fig. 7.1) button. Select the type of curve-fit desired using the box

labeled "REGRESSION ANALYSIS." This controlbox determines the type of curve that is to
be fitted to the displayed data. LINEAR, POLYNOMIAL, and EXPONENTIAL are the three

possible choices.
If either LINEAR or EXPONENTIAL was selected from "REGRESSION ANALYSIS"

box, then you can ignore the "ORDER OF Frr" box. However, if the POLYNOMIALoption

was selected, you must also set the degree, or order,of the polynomial fit. Once the selections
have been made, decide whether or not to use them. Press the "ACCEPT" button to use the

currentsettings. Press the "CANCEL" buttonto returnthem to their previous values. In either

case, you will be returnedto the "NIPERGRAPHICFACILITY" panel. If the new settings are

to be savedfor futureuse, follow the instructionsfor log functionsin Chapter7.

It is importantto note that pressing the curve.fit boron does not automaticallyshow a plot.

The user has to select one of the data review options to get a plot with curve-fit. For example,
the user will have to follow the proceduredescribedin the section "To Review Recent Plot" in

orderto see the recentplot along with curve-tits.
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Other Graphic Features

The graphic display on the "NIPER GRAPHICFACILITY"panel contains many features

used in the visual presentation of data. The operation of these features (i.e., use of graphics

cursors,scaling of the plot, and highlightingof :he plot)is describedin thefollowing sections.

To Adjust the Time Base of a Plot

Located below the paners grapkics display (#23 in Fig. 7.1) is a small rectangulardisplay
box that shows the time base of the plot. To change the time base (or units) on the abscissa of

the plot, press the "ADJUSTGRAPHIC" (#18 in Fig. 7.1) button. Whenthe "NIPER GRAPH

CONFIGURATION" panel is opened, use the "TIME BASE" box to select the desired option.
The valid options are: HOURS, MINUTES, and SECONDS; PORE VOLUMES and

PICTORIALare not supportedin the currentversion. Press accept to use the new settings and
returnto the "NIPER GRAPHIC FACILITY" panel.

To Position Graphics Cursor for Accurate Coordinates

Two graphic cursorsare available to provide accurate values of data points. First locate the

cursors on the graphic display. Do this by typing arbitrary X and Y coordinate values in the

cursorpalette (#22 in Fig. 7.1). These values should be within the X- and Y-axis values of the

plot for cursorto be visible. Once the graphics cursorhas been located, it can be moved to the

desired location on the plot.

Move the graphic cursor by any one of threemethods. The first method is using the mouse

to drag the cursor around the plot. When you move the graphic cursor off the plot, the display

will shift it._lf accordingly in order to keep the cursorvisible. The second method is to enter the

plot coordinates of the location in which the cursor is to be positioned. This is accomplished by

entering the X- and Y-coordinate values in the corresponding columns of the cursor display (#22

in Fig. 7.1). The graphic cursor will then move to the new location. The last method is to use

the arrowbuttons located directly adjacent to the cursoricons (#23 in Fig. 7.1). Pressing one of

these buttons causes the correspondinggraphicscursor to move a small incremental distance in
the indicateddirection.

To Lock the Cursors on the Plots

The two graphic cursors can be used to obtain accurate values of data readings for the

activated channels. First, dragone of the graphics cursors and position it directly onto one of the

markedpoints on a plot, indicating the place where a datareading was taken. The cursor will

change shape and color when it is aligned with the point Release the mouse button. The

graphicscursor should lock itself onto that data point You can then read the actualvalue of that

point from the coordinatedisplay for that particularcursor. If you want to see other data points,

use the arrow buttons on the cursor palette (#23 in Fig. 7.1) to jump to other points. Once the
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cursor is locked, it jumps directly from one point to another when the arrows are used. To

unlock a graphicscursor,simply dragit off of the datapoint.

To Shrink or Expand the Graph Horizontally

Place cursoreitheron the topor bottomof theblue horizontalstripthat lies just outside the

white graphic area. In orderto expand the plots, press the up arrowkey on the keyboard,and

click the mouse buttonas many times as you need to expand. To shrinkthe graph, follow the

same procedureas above, but holddown the downarrowkey insteadof the up arrowkey.

To Shrink or Expand the Graph Vertically

To shrink and expand the graphvertically place cursoron either vertical stripjust outside

the white graphic area. Now follow the same instructionsto shrinkand expand as stated in the

horizontaltechnique(previoussection).

To Shrink or Expand the Graph Proportionally

Place cursor anywherein the white areaand follow the same instructionsto scale-down or

scale-up as statedin the horizontaltechnique. This will resize the graphboth horizontally and

vertically in the same proportion.

To Highlight a Segment of the Plot

Sections of the plot may also be highlighted for distinction. To highlight a segment of a

plot, begin by holding down the mouse buttonon any plot line shown on the NIPERGRAPHIC

FACILITY panel. Then drag the cursor (not the graphicscursor) along the plot line until you

reach anotherdata point. The enclosed section of the plot line will then be highlighted by a

thickerline of the same color. Highlightasmany plot segmentsas you want.

Customizing Graph Controls and Indicators

(This section is copied and modified from LabVIEWUser's Manual (NationalInstrument,

1991) and describes how to manipulatea controlgraph. This informationis useful for editing a

graph in the front panel of the "Full Size Graph" VI which is opened when the "Edit Graph"

buttonis pressedin "NIPERGRAPHICFACILITY.)

Changing Plot, Line, and Point Style of Plots

The plot, fine, and point styles of graphplots can be changed using the options from the

plot pop-up menu or the plot symbol pop-up menu on the graphlegend. The_ pop-up menus

appearby pointingto the legend, the cursor,the coordinatesof the plotting area,andclicking the

mouse while pressing gO. The Plot Style option pop-ups from the legend displays a palette of

plot style choices. For line plots you can use the Line Style option to select from several line

symbols or choose the Customize optionto design your own style.
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Drawing Graph Data

You can enter plots into graph controls by drawing plots across the plot display window.

First, make sure the graph is a control which is the case in "Full Size Graph" VI graph). Then,

option-shift-drag the Operating tool across the plot display window. The Operating tool cursor

(hand with index finger), normally a cross-hair symbol when it is on the plot display window,

changes to a pencil symbol ("_).

i

Constrain New X-Axis Values To: By default, X-axis values are constrained to
an increment of 1 unit, ensuring an even point
density with respect to that axis. This method

!p-ooo0oE0 l[ [0,o0o00Eo I is useful for drawing waveform plots, although
Increment Offset it does not limit you to drawing only single

valued functions. To change the default settings
[_ Interpolate choose the X.axis Constraints... option from

( OK _ @ANCE 0 the line plot, point plot, or plot symbol pop-upm_nu. The dialog box at left appears.
i iiill i i i i

You can change the increment and offset to create an infinite set of possible X-axis values.

Remember, an increment of 1 means that a point will be placed or,_ unit from u_e last point on

the X-axis. An offset of zero means a point will be placed at unit values. The default increment

of 1 and offset of 0 spaces points at every unit along the axis. But if you want points halfway

between unit values, set the offset toO.5. Setting the increment to 0.5 and the offset to 0 places

points at units and halfway bctwec_ _ae units. When you draw across any of these values, it is

paired with the current Y-axis pixel value and successive pairs are formed into an array of points.

If you set the increment to 0, your drawing is no longer confined to an increment on the

X-axis. The increment will be 2 pixels. If you turn off the interpolate option, the increment will

vary with the speed with which you draw the plot because the points will be placed at even time

intervals. The slower you move the mouse, the higher the point density, and vice versa. When

drawing graph data, use Plots and Lines mode to see where points are being placed.

If the graph is configured for multiple plots (which is the case in "Full Size Graph" VI

graph), the_ are drawn in order starting from 0. That is, plot 0 must be drawn before you can

begin plot 1, and so on.

Deleting Plot Data

To delete a point on the plot, select it with the Operating tool (hand with index finger) and

press the Delete key. To delete a plot segment, select the segment by dragging the Operating

tool from the first to the last point of the segment to be deleted, then press the delete key. A

small superimposed symbol ( l_l ) marks a selected point, and a thick line marks a selected

segment.
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Falitlng a Plot

You can extend an existing plot on a graph control, insert new points inside a plot, relocate

individual points of the plot, or redraw plot segments to relocate Y-axis values.

To extend an existing plot, simply start drawing (option-shift dragging) from an end point.

If X-axis values are constrained, the end point is repositioned at the Y-axis value where the

cursor leaves the vicinity of the X-axis value, which does not change. New points are placed at

successive X-axis increments, if drawing is not constrained, points are placed at a fixed rate

from the moment you begin.

To insert new points inside a plot, start drawing from a position on the plot line that runs

between adjacent points. The action breaks the line between those points and inserts new points

between them. Should you begin directly on a point, the effect is the same as ff you started just

to the fight of that point. To insert a single point, shift-option-click at the desired position.

Inserting is usually done to flU in a plot where the point density is too low.

To relocate any single point, option-drag the point to its new location with the Operating
tool.

To redraw plot segments, shift-option-click when you start drawing from a point.

Redrawing changes only the Y-axis values of the points. The point from which you begin is

repositioned where the cursor leaves the X-axis location. Other points are repositioned where the

@ ......@ ,9'
iii I i

lGrhph iJidicator ].... GraPh Indicator I

L00_! 1.00 L00__1

o.oo o.oo o.oo.
1.00 -1.00 .1.00 -

d 50I 100 !150 5d 100'150
iiiii iii iii i i i ii

1 O0'''IGraph Indicator I 1.oo _Graph Indicator i 1.00 IOraphIndicator I

 o:o 00o_ 0o0[1.0o I 10o_ I ,.o0
/ ,,, d 50' 100 _50 I 5d 100 t50 I d 50'100 _50
Use the Operating tool to ' with the Dataeopy tool, '...then click on the graph
select the tmrtion of the plot option click on the graph control to paste the data.
you want to copy. indicatorto copy the selected

data to the clipboard...
ii ii ii i | i i i ii i i
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cursorcrosses each point'sX-axis location. If you redrawtoo quickly, anintermediate point may

not be repositioned. Simply trace back along the new plot route until the point is found and

repositioned.

Pasting Plot Data from the Clipboard

You can create or modify a plot by pasting plot data from another front panel control or

indicator,even if they arenot in the same VI. First, select a plot or part of a plot. Option-click

on the plot displaywindow with the Datacopy tool (bottom right on the tool palette). Then click

on the target plot display window and the data is copied.

Multiple plots can also be pasted into a control but of course cannot be inserted inside an

existing plot. If more plots exist in the Datacopy tool than the control is configured for, the

excess plots are ignored. The data in the clipboard must have originated from a graph control or

from the equivalent type of numeric control, specifically, a cluster array of points of a cluster

array of plots.

Trouble Shooting

SYMPTOM No. 1: LabVIEWquits because of memoryshortage or the icon changes to tractor

frequently when the programis run.

POSSIBLEREMEDIES: Allocate morememory to LabVIEWby taking these steps:

(1) Quit LabVIEWapplication. Be sure to save all desiredfiles.
(2) Go to Finder.

(3) Find (gg+F) and select "LabVIEW" applicationprogram.

(4) Select the "Get Info" line from the pull-down "File" menu under the "Finder"

application (or, press gO+I). This will open a screen showing the suggested size and

currentsize in the memory box.

(5) Increasethe currentsize enough to avoid memoryshortageproblemfor LabVIEW.

There is a trade-offhere. Allocating morememory to LabVIEWwill decrease the memory

availablefor other applications. Thus, if you want to review your data in other applications such

as Microsoft WordTM or ExcelTM while LabVIEWis running, you may have to assign optimum

memory to each application. Experiencewill eventually help in solving this problem.

SYMPTOM No. 2: The programdoes not behave as described in the manual.

POSSIBLE REMEDIES: This is likely to happen when user has taken out-of-sequence actions.

There is no harm in doing that, and with a little experience, the user will be able to continue

from the point at which the user departed from the instructions. A few simple remedies that

may solve the problem, are presented in order of increasing probability of success:

(1) Re-run the program.
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(2) Close the programre-openit and runit again.

(3) Quit the LabVIEWapplication,re-open yourprogramand runit again.

(4) Re-startthe computerandstartall-over again.

SYMPTOM No. 3: When "ExternalGraphic"buttonis pressed,a dialog box appearsinforming

the user that there is no datato be plotted,whereas the graphicpalette is showing a graph.

POSSIBLEREMEDIES: This happens when the "N1PERGRAPHICFACILITY" programhas

been run and stopped once, but the panel has not been closed before re-running the

program. The graphshown in the palette does not really exist in the computer'smemory--

it is only there because the screen has not be updated. In this situation,the easiest solution

is to display the run again on the graphicpalette, and then press the button.

SYMPTOMNo. 4: When browsingthe previousplots using the arrowsof the "DISPLAY RUN

NO" control,the system sometimescrashes.

POSSIBLE REMEDIES: This happens when the arrows are pressedwith high frequency (too

fast). Every time this buttonis pressed, a request for updateis addedin the system queue.

Each update involves memory swap (allocation/deallocation), and ff done too fast, may

overload the system. The easiest remedyis to wait until the currentupdateis complete and

then press again. This will also allow time to review data. In case a jump in the run

number to be displayed is required,type-in that value instead of conducting a sequential
search.

SYMtrI'OMNo. 5: When pressing "RECENT PLOT', the graphic palette and the "DATA &

DIAGNOSTICS"box do notshow anything.

POSSIBLEREMEDIES: Probably,the "NIPER MAIN FACILITY" is not running and/or,the

"GRAPHICUPDATE" buttonon its panel is not pressed, it has notbeen set to acquireany

data, or the program has not acquired any set of readings after the "NIPER GRAPHIC
FACILITY" was run. First,make sure the "NIPERMAIN FACILITY" is running and that

the "GRAPHICUPDATE" button is activated. Then, press"GET NEWDATA" to acquire

currentdata. If the problem is still not solved, see if controls have been properlyset by

pressing "ADJUST CONTROL"buttonon the "NIPERMAIN FACILITY"panel.

REFERENCE

National InstrumentsCorp., 1991. LabVIEW2 User'sManual, PartNo. 320244-01, Austin, TX,
September.
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Chapter 9

EXAMPLE PROGRAMS/PROBLEMS

SAMPLE PROBLEMS

NIPER'sautomationsoftwareconsists of the threemaininteractivesections: NIPERMAIN

FACILITY,NIPER DISPLAY FACILITY, and NIPER GRAPHICFACILITY. Each of these

facilities are used in the sample problems described in this chapter. Each problem is briefly

described,andthe operatoris asked to configure the softwareto accommodate the operationof a

differentexperiment orplantset-up.

Problem I--Operation of an Electronic Balance

Using NIPER's Lab WARDEN software, control an electronic balance (Mettler® PJ-15)

using the modem port or the printerportof a low-end Macintoshcomputer. Using the software,

recordthe weights at pre-determinedtime intervals andthen plot the results as a function of time.

Use the schematic of the major components as shown in Fig. 9.1. Use the driver for PJ-15

Mettlerbalance "DRIVERRS232, MettlerPJ-15,"located in "InstrumentDrivers" folder.

Guidance for the Problem

Problem 1 was designedfor inexperienced users. The step-by-step approachused by some

of the students (who are first time users) testing NIPER'ssoftware are detailed. The problemis

intentionally explained in more detail thanmay normallybe encountered in automation to bridge

the gap and assist first time users. Additional guidancecan be obtained by working through the

"Getting Started Manual" supplied with the Lab VIEW 2 software by National Instrument

(1991a) and "TrainingIn-Depth Course on LabVIEW 2" (1991b). The RS-232 connection for

the Mettler PJ-15 electronic balance is shown in detail in Fig. 9.2. Refer to the Metfler PJ-15

user'smanual for the descriptionof the electronics within the balance (Mettler, 1991).

£S]
RS-232

PJ15DATAI/O/-......
PORT/ FROMMODEM

.,_ _ PORT _
o -'"' z_z::7/ /ELECTRONIC

{ I/ -BALANCE

FIGURE 9.1 - Schematicof electronic balance andcomputer set-up for problem 1.
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FIGURE 9.2- Schematic of the Macintosh and Mettler PJ-15 pin configuration.

SampleSolutionfor ProblemI

1. Install the driver for the Mettler PJ-15, as shown in Fig. 9.3, using the installation procedure under '
InstallingThe Driverto the Automation Programsection of chapter4, if it hasnot been alreadyinstalled_

2. Using the "Find"command (Fig. 9.4), locate the NIPER Lab WARDEN program(Fig. 9.5), or select it
from pull-down apple menu (if you have installed it there). See installation of NIPER Lab WARDEN
section in Chapter2. Use the program to open and run the "N1PERMAIN FACILITY." it will open
"NII'ERI/O Facility"panel (Pig. 9.6).

3. After reviewing theNIPERI/O Facility, clickthe blue button.
,+ 4. The NIPER IndicatorPanel (Fig. 9.7) now appears. Refer to chapters3 and 4 of the manualfor a thorough

de_ of theNIPER IndicatorPaneL
a. Select the "FrameNo." to be 0, Note thatthe framenumbercorrespondsto the channelnumber in the

NIPERORAPHICFACILFFY.
b. Choose a name for the lustnnnentnext to the label "ItemName."
c. Next set the "ITEMNO" to 3. The number3 was chosen at random. If other instrumentsare being

used make surethey do nothave conflictingitem numbers.
d. Below the "ITEMNO" are 8 parmnetersthatpertainto the datavalues thatareread from the balance.

Set these rangesas desired.
e. Now set the parametersunderthe "CommunicationInformation." Since.the balance is hooked to the

modem p(m, the boardnumberis set to0.
f. Here the channelnumberis irrelevantbecause a boardwithmultiple channelsis notbeing used. Recall

thatthe modem serial port is a unique singularport
g. Now choose the conect "DriverVI." Rememberthatthe case number of the location of the driver is

now selected in the Driver VI box. The case numberof the window in which the PJ-15 driver was
installed was 5 (see step 10 in the section mentioned in step 1 above). Therefore, select "DRIVER5"
in theDR/VER VI box.

h. Under "CommonConfiguration,"set the intervalof time between each data readingto 300 seconds.
Again, this value was assumed to be desirablefor this exper_ent.

i. Set the "TestStatus"to "NEW:ZEROTIME."
j. The "MULTIPLEXBOARDS"selectorcan be ignored since no multiplexboards arebeing used in this

example.
k. After adjustingthe parameters,click outsideany control box (butstill on the panel).
1. Select "Make_t ValuesDefault,"which is locatedunderthe menuoption "Operate,"Fig. 9.8.
m. Press the "AcceptCurrentChanges" buttonwhen finished. A dialogue box will ask whether to save

changes. Respondas you wish.
5. Now theControl Panel (Fig. 9.9) appears;since the balance is not being usedas a controlinstrumentin this

example (i.e., it does not receive any command, it only sends dam), no changes need to be made here
except erasingprevious entriesor disabl_g them.
& Deactivate all the instruments on this control panel to speed up the response of the balance. To

deactivatean insmm_nt, enter -1 (a negative integer) in ITEMNO. box.
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b. To turn the instruments off, the "SET VAI.UE '' has to be O for each frame number that has an
instrumentactive. Inthis example, there is no ac_)vecontrol instrumentinvolved, thus the value in this
box is irrelevant,and this step is optional.

c. Select "MakeCurrentValuesDefault," which is located underthe menuoption "Operate."
d. Press the "Accept CurrentChanges"buttonwhen finished. A dialogue box will ask whether to save

changes, Respond as you desire.
6. Now the NIPER MAIN FACILITY (Fig. 9.10) is ready to take data readings from the balance. The

"SUMMARY FOR DIAGNOSTICS"display shows the warningand emergency values (which were set in
the NIPER indicator Panel), recent and previous data readings from the scale, and other parameters,
Review "SUMMARY FOR DIAGNOSTICS" display for useful information. For f, ,,her descriptionand
useof theNIPERMAIN FACILITY referto chapters3 and 4 of the manual.
a. Wait for the 10 seconds for data values to be read, or press the button "Get New Data" to obtain

additionaldata readingsin addition to the selected scan intervals.
b. After some data readingshave been taken,press theGraph Updatebutton. This will allow data to be

graphedon the NIPERGRAPHICFACILITY,
7. Find and open the NIPER GRAPHIC FACILITY (Fig. 9.11) or use "NIPER Lab WARDEN." Refer to

chapters7 and 8 for detailed informationon the NIPERGRAPHICFACILITY.
a. The NIPER GraphConfiguration Panel (Fig, 9.12) should now be displayed. Under "Data Display

Options," select theoption "All Data Display."
b. Select the propertime base and the Y.axls units for the graphto be plotted.
c. Since we arenotcurve fittingthe graph,ignorethe "Orderof Fit" and "Typeof Curve Fit."
d. Now select which plot channels need to be turned "ON." Recall that the frame number from the

NIPER IndicatorPanel (Step 5) correspondsto the plot channel on the NIPERGRAPHIC FACILITY.
In step 5, the balancewas configuredon frame No. 0, thus turnchannel#0 ON.

e. Press the Acceptbuttonaftermaking the changes, Respondto the dialogue box as you desire.
8. The frontpanel now showing is the NIPERORAPHICFACILITY. Press the Recent Plot buttonto display

the plot of the data values received from the balance.

Panels and Diagrams for Configuration of Problem 1

The solution to problem 1, configuration of the software for the Mettler PJ-15 balance, is

shown in Figs. 9.3 through 9.12 that resulted from sequentially going through the sample

solution. The settings shown in these figures are an appropriate set of configurations for the

balance. The driver used for this problem to interface with the balance was "DRIVER RS-232

Mettler PJ15" program shown in Fig. 9.13(a-f) (for a legend of this figure, see Vol. 2). This

program is included with NIPER Lab WARDEN's library of example instrument drivers.

Whereas, configuring NIPER Lab WARDEN does not require much familiarity with LabVIEW

(even though it is highly recommended), writing a driver program does require proficiency in

LabVIEW.
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Indicator Driver Selector DIo

FIGURE 9.3 - Diagram of "IndicatorDriverSelector" VI afterthe driverhas been
correctly loaded. The icon "ReadPII5 Miler" was copied from
"Instrument Dnvers" folder and represents "DRIVER RS 232
MettlerPJI5" VI.

Edit Uiem Label Spllcllll

FIGURE 9.4 - Steps involved in using the "FindFiW' functionfrom the menu.

82



FIGURE 9.5 -Front panel of "NIPER Lab WARDEN" VI. This panel is used to directly
access the three mainprograms.

FIGURE 9.6 - Front panel of "NIPER I/O Facility" VI. This panel opens automatically (or
manually when operator desires) to allow the selection of filenames and
directory locations.
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FIGURE9.7 - Frontpanelof "NIPERIndicator"VI showing an appropriateset
of entriesfor Problem I of thischapter.

niu: __1" Functl°nSR Windows Tools_____................. I_ n
i ....._bo,.t .......-

FIGURE 9.8 - How to set default values for the current run from the menu. These default
settings will become,perrn.anent(till .thenext selection) if the VI is also saved.
Otherwise, the selection will be effective for the currenttest only.
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FIGURE 9.9 - Front panel of I'NIPERControl" Vi showing an approp_iat_set of entries for
Problem 1 of this chapter.

FIGURE 9.10 -Front panel of "NIPER MAIN FACILITY" VI showing the appropriate
selection of the menu barbuttonsand the type of datareceived if Problem 1of
thischapterhas beenproperlyconfigured.
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FIG_ 9.11 - Frontpanel of "NIPERGRAPHIC FACILITY" VI showing the dataplot and
runinformation. Note that"RECENTPLOT"buttonis p_ssed (not discernible
in the figure because of lwk of color) to receive data from "NIPERMAIN
FACILITY"configuredfor ProblemI of this chapter.

FIGURE 9.12 -Front p.anel of "NIPER Graph Configuration"VI, This panel opens
automatically (or manualb _vhenoperatordesues) to allow the Election of
graphicrepresentationof data.
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DRIVER RS23Z Mettler PJ15 Page 1
Monday, September 13, 1993 1O:13 AM

Position in hierarchy

Connector Pane

Buffer Size .....
Indicator_Panel ¢_==A Driver's Outputs

Mettler's CommandLookupTable _ _;_;'_ L.--..- _ ,_f ,,,_°= D°o_
Commandselector -------4 '..-..'" _ ._._.'.,%J,._-"_",-

BaudRate rlxler Me_tter s Kepty

DRIVER R5232 Mettler PJ15

FIGURE 9.13a -A sample driver program m interface with the balance in Problem 1 of this
chapter. The wiring diagrams, when printed in black and white, lose
information encoded by wiring the VIs with color. Loss of information also
occurs in electronically transferring Lab VIEW screens into Microsoft Word ®
or similar programs.
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DRIVERRS232 Mettler PJ15 Page 2
Wednesday, September 1, 1993 1'13 PM

Front Panel

LowerLimit

FIGURE 9.13b -A sample driverprogram to interface with the balance in Problem 1 of this
chapter--continued.
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DRIVER RS232 Mettler PJ15 Page 3
Monday, September 13, 19_ 10:13 AM

Block Diagram

Item's Name

I _ e string sub_

iOffset for output string subsetI

I IMettler's °utputl

Reference Board Nos
(See description)

Driver's Outputs

L3
_biTruei4

M

FIGURE 9.13c -A sample driver programto interface with the balance in Problem 1 of this
chapter---continued.
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DRIVER RS232 Mettler PJ15 Page 4
Monday, September 13, 1993 10:13 AM

N ii _lTruel_

E

FIGURE 9.13d -A sample driver program to interface with the balance in Problem 1 of this
chapter----continued.
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DRIVER RS232 Mettler PJ15 Page 5
Monday, September 13, 1993 10:13 AM

-e-e'_,l o i,L_m

=1

[] H U i m n m n na u41 _ IP'|i in m ni mn Hi m Bill

m
i
I!

__j_ iW._rite E.rror_l]__

FIGURE 9.13e -A sample driver program to interface with the balance in Problem 1 of this
chapter---continued.
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DRIVER RS232 Mettler PJ15 Page 6
Monday, September 13, 1993 10:13 AM

ll_ _ .i ,d i I_",I- -- =_-_J

"

FIGURE 9.13f - A sample driver program to interface with the balance in Problem 1 of this
chapter--continued.
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Problem 2--Configuration of a Soil Drainage (Permeability) Experiment

A simplified schematic of a soil drainage experiment is shown in Fig. 9.14. The equipment

is commonly used in soils and engineering laboratories to determine the rate of water transport

(drainage) through soils. Problem 2 is the automation of these permeability measurements. The

manual operation of this experiment requires pouring 100 mL of water onto a previously water-

saturated column of soil, and manually opening the valve to initiate flow, recording the volume

of effluent in a graduated cylinder per unit time. For porous soils, this may only take a few

minutes, but for highly compacted soils used to provide a foundation for roadways or buildings,

this may require hours. To automate this experiment, the reservoir is filled with 100 mL of water

using a computer controlled pump (on/off). The pump rate is manually set to 10 mL/min and the

computer turns it off after exactly 10 minutes of pumping. A solenoid switching valve is then

opened which allows 100 mL of water to flow through the column. The effluent rate is measured

by means of a computer interface balance. The volume is determined from weight assuming the

density of water used to flood the soil is 1.0 g/mE

Sample Solution for Problem 2

Follow the step-by-step procedure described in Chapter 4 section To Configure NIPER

MAIN FACILITY for Specific Automation Setups. The resulting tables from step 1 through 4

are Table 9.1 through 9.4, respectively.

In summary, only two instruments send the signals to computer (the balance and timer),

and two instruments receive commands from the computer and change their status (the valve and

pump). The problem requires that the valve at start-up should be closed and the pump must

1lOVAC RELAY
BOARD

PUMP 100ml

VALVE I_ ""-'-I----_

WATERSOURCE _ !
SOILSAMPLE _'

STRIPCHARTHOLDER
RECORDER

COLLECTOR VOLUME
(WEIGHT)

ELECTRONIC i
BALANCE

FIGURE 9.14- Schematic for soil permeability (drainage) apparatus.
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TABLE 9.1

Problem Analysis Work Sheet

STEP i:' Enlist All Automation Instruments In Three Categories (See To'"Classlfy'[
Instruments On The Basis Of Their Functionality for more details): I

.... Illllll ° II II Illll q I I_lllll_ I I I II I IHI f_m_H_m__ _ _1 I P

Indicator mstruments: IlBalance, Timer (computer clock) I
I I ] I ..... _ I! I I_1 I _ I_1__1 I n

Control instruments: IlValve,,Pump , , ,,,, ,
I H H . IIII P¶ I I _ I I _ & ] ,, t,,,
Dual-Functwn instruments: IINone

I _ I I I _11'_1_ _1r" _

STEP 2: All automation instruments to be reset at start-up (These instruments have to
IbeControl or Dual-Function Instruments and must be included in the listing in STEP 1 I
I] ] III IIII II I I I _1 I I I Ilabove): Valve (OFF), Pump (ON) .................
[STEP 3: All automation instruments to be reset in case of emergency (These[
]instruments have to be Control or Dual-Function Instruments and must be included in[
the listing in STEP 1 above): None I

STEP 4: "All automation instruments to be reset'at run shut-off (These instruments havei
to be Control or Dual-Function Instruments and must be included in the listing in STEP I
1 above): Valve (OFF), Pump (OFF) , , ...... I
STEP 5: All automation instruments to be reset in case of warning (These ins..t.rumentsI
have to be Control or Dual-Function Instruments and must be included in the hsting inI
STEP 1 above): Pum Valve (ON) I

To

With Object Instrument(s) (i.e. the control instruments which can be
operated only when the status of target instrument(s) meets the constraint conditions):

' CONSTRA'ii_/ED ...... "
[ OBJECT ]

INSTRUMENTINSTRUMENT I

,Valve ] Pump ]]v_ve Can tam oN "ONLY, [ WITHOUT" Pump ON
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TABLE 9.2

Settings for indicator Instruments

o I o .....i

(% min) _'1

[IDENTii_ING NAME OF THESE SETTINGS ] Prob 2 of CH 9 ,..... .......... ........ ..... _ .....I ......... ,_ I
iCO_ONCONFmVRATmN(ALL_TEMS)]
[inteNal (Seconds) ..... ][................60 '
ql III I I II • II IIIIIIIIIIII

ITestStatus..... , ..... Ii.......Neff:ZeroTi'ifi'e'"/
 u,,i  exBoaas' ..........'"'ii' S'electAn) '''''_'_i

.ACTIONS DESIRED TO1......... CORRECT WARN. COND.]

[_RAMENO o I
[Respon'd_ngInstrument [[ Empty ]1 ,, 1 (Pump) ]
Lower or atus I Empty l[ Hi_her Limit

,[ Empty,:..... [I ,,i,,,0 (OFF):",',i"......

FRAME NO = 1 ]
Responding Instrument .... 11 Empty .....0 (Valve) ]

[Lower,,, ,,,°rHi,,,_her Limit Status, ,",,'.......,. ]1' Empty ..... kligher Limit '1
Reset at % of Value
[I- ..... ,, ,, [[ "Empt); , ,/,,,,,,,9991,(ON),, [
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TABLE 9.3

Settings for Control Instruments

0 0

IIDENTIFYING NAME OF THESE SETTINGS... '| L Prob 2 of CH 9 i

ICONSTRAINTS (If none, emptor,array) I

TABLE 9.4

List of Drivers and Directory Location(s)

_trument Driver Name I ' Directory Location I
Balance _ briver RS232 MettlerPJ15 /LaCic 200-Q:NIPERLab I

WARDEN:Readout& ControlI
Facilit:_,."InstrumentDrivers'. ,II J J

rimer Driver Timer Example ................ [ ditto I
................... ditt0 ...........

Driver Solenoid ON/OFF EXAMPL i............ , ........ [
Driver,Solenoid ON/OFF EXAMPL..... " [ ditto I
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be pumping. After 10 minutes of pumping (to have pumped 100 mL @ 10 mL/min), a wanling is

issued, and as a consequence of this warning, the pump is turned O_ and the valve is turned ON

(OPEN). During the test, readings are taken every minute (60 seconds), and the data

accumulation starts at the run start-up. As the affluent volume on the balance reaches 90 grams,

another warning is issued so that the operator may be alerted that the run termination is at hand.

There is no emergency situation expected in this problem. At system shutoff, the valve should be

closed. Since it is an unsteady-state test beginning with a constant head, it is necessary that the

valve cannot be turned ON while the pump is running.

Hardware Solution for Interfacing With Instruments

Operation of an Electronic Balance

The electronic Merrier PJ-15 balance used in this experiment can be set up as shown in

problem 1, but instead of using the modem port, an analog input board (National Instrument,s)

can be used. The RS-232 connection with the balance should still be used. With multiple

balances, a 4-port RS-232 board (Greensprings Computer, PIN M51001A) was used. The user

should follow the guidance in the manual for the board to configure the relay settings as directed.

Operation of a 110 VA C Solenoid Valve
, ) o. The soil drainage experiment requires an electronic relay system to operate the st lenold

valve. The schematic for a solenoid valve operation is shown in Fig. 9.15 (Circle Seal Controls,

1984). Activation of the valve requires 110 VAC. A single bit digital I/O channel can be used to

operate the solenoid indirectly. In order to use such a channel, several interface cards must be

used in conjunction with a Macintosh higher series computer. For the digital ports, a National

Instruments® NB-DIO24 electronic board was used. The digital signals by themselves are not

capable of operating a device such as a solenoid valve; therefore, an additional board with solid

state relays must be used. A Gordos ® manufactured PB24 relay module mounting board with an

OAC5 Module is recommended. These relays are used in place of conventional relays because

they are capable of operating directly with the NBDI024 digital I/O board and an additional

5VDC power supply provided by the NB-DIO24 digital I/O board. A schematic of the hardware

and relay board is shown in Fig. 9.16.

Operation of a 110 VAC Pump for the Soil Drainage Experiment

The method for operating a 110 VAC pump is exactly the same as the method used to

activate the solenoid valve in problem 2. A schematic for the operation of a 110 VAC pump is
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POPPET RETURN SPRING

COIL COVER

ELECTRO MAGNET

ARMATURE

N.O. SEAT

N.C. SEAT

COILDE-ENERGIZED COILENERGIZED

FIGURE 9.15 - Schematicfor solenoidvalveneededin problem2.

50 PIN RIBBON CABLE

NB-DIO24

I L
-'," -'-

MAC II

SOLENOID VALVE
GORDOS® PB24
RELAY BOARD

FIGURE 9.16 -Schematic for the solid state relay board for activation of the
solenoidvalve shownin problem2.
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shown in Fig. 9.17 and the dual relay system to operate pumps or solenoid valves are shown in

Fig. 9.18. The NB-DIO24 card has 24 digital I/O channels capable ofbeing used for such a task.

Many valves and pumps can be operated using the NB-DIO24 card along with the solid state

relay module mounting board and a separate module for each device.

50 PIN RIBBON CABLE

.

NB-DIO24

IgllllllllHllillllllllillllll[

MAC II

O

GORDOS® PB24
RELAY BOARD

FIGURE 9.17 -Schematic for the operation of a 110 VAC pump for
operationof thepump.

120 VAC

BLK-_ INqlwriT

2 POSITION_" :II TOGGLE
POWER SUPPLY [ - 3

i _GLE3A i

SS RELAY _ L
"'_ _"_ "_ INSTRUMENT

' SOCKET

COMPUTER

=.jh

L_

Iv INSTRUMENT

GORDOS® LAMPI,--JI I

PIN PB-24

POTTER & BRUMFIELD®
P/N KRP 14AG

FIGURE 9.18 - Schematic for hardware for dual relay operation of pumps or solenoid valves.
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Problem 3--Configuration of a Soil Saturation Experiment

This experimental setup is similar to Problem 2, but it is slightly more complex. The goal

of the experiment is to saturate a soil sample, obtain a plot of effluent (volume versus time) to

observe how well a soil sample is saturated, and to shut the experiment off automatically when

complete saturation is conf'm_ed. A schematic of such a soil saturation experiment is shown in

Fig. 9.19. The soil sample is initially unsaturated. The soil sample is flooded under a near

constant pressure exerted by the column of water in the beaker that maintains a level of 100!-_5

mL. The soil sample is assumed to be fully saturated when balance 2 readings on the strip chart

almost have a constant slope with respect to time.

As shown in Fig. 9.19, the beaker and collector are both placed on separate balances; both

balances arc manually tared to zero to remove the weight of the containers. The beaker is

initially filled with 100 mL of water. When the experiment begins, the pump is turned off and

the valve is opened. The valve stays open throughout the experiment. Whenever the water in the

beaker drops below 95 mL (95 grams on balance 1), the pump is turned on. Whenever the water

volume of the beaker reaches 105 mL (105 grams on balance 1), the pump is turned off again.

WATERPUMP 110VAC RELAY
SOLENOID 100ml BOARDVALVE

ELECTRONIC
VENT BALANCE1 dl "-"

WATERSOURCE

SOILSAMPLE
HOLDER

STRIPCHART

1000 RECORDER_.

ELECTRONIC I[

BALANCE_"_-_ _ '

FIGURE 9.19 - Schematic of equipment, Problem 3.
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This ON/OFF cycle of the pump maintains a constant level of water in the beaker. When balance

2 readings show a constant rate of volume increase in a one-hour time span, the soil sample is

assumed to be saturated; thus, the pump and valve are automatically turned OFF. The fh'st drops

of effluent coming from the soil sample would not necessarily imply that the soil sample is fully

saturated. That is why a constant slope on the strip chart for balance 2 is used to determine soil

saturation.

Some of the operational problems that may arise will require manual adjustments of the

pump rate because the configuration (solution for problem 3) will only control the ON/OFF

switch of the pump and not the pump rate. The following manual adjustments may be required

to maintain a level (100-&5mL) of water in the beaker:

1. If the soil is highly permeable, the pump rate may have to be increased to help maintain

the 100 mL water level in the beaker on balance 1.

2. If the permeability of the soil sample is low, the pump rate may have to be decreased in

order to avoid overflow of water from the beaker into the sides of the soil sample holder.

Also, it should be noted that this problem does not mandate to turn the valve and pump OFF

using the NIPER LAB WARDEN at the end of the experiment because at the end of the

experiment the operator may choose to turn the valve and pump OFF anytime using the computer

shutoff mechanism. The problem of configuring the shutdown of the valve and pump at the end

of the experiment may be pursued as a safety precaution.

Sample Solution for Problem 3

It is highly recommended that Problem 1 and 2 be completed before starting this problem.

Follow the step-by-step procedure described in Chapter 4 section To Configure NIPER MAIN

FACILITY for Specific Automation Setups. The resulting tables from step 1 through 4 are

Table 9.5 through 9.8, respectively.

In summary, only two instruments send the signals to the computer (balance 1 and balance

2), and two instruments receive commands from the computer and change their status (the valve

and pump). The problem requires, at startup, that the valve should be opened and the pump

should be OFF. The valve then stays open for the rest of the experiment and is closed only at

emergency or normal shut-off. The data accumulation starts at the run start-up to make sure

there is no leakage or other problem. During the test, readings are taken every 60 seconds and

can be adjusted depending on the permeability. Whenever the weight of water on balance 1 falls

below 100 grams, a warning is issued, and as a consequence of that warning, the pump is turned

ON. There is a built-in logic in the NIPER Lab WARDEN program which resets an instrument

to its start-up value when the warning condition is removed. As the affluent volume on the

balance 2 reaches 90 mL (90 grams), another warning is issued so that the operator may be
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alerted to replace the collector flask. There is no emergency situation expected for this problem,

though a hypothetical emergency condition is used to turn the system automatically OFF when

the saturation criteria is met (i.e., the rate of volume change in the effluent flask with respect to

time become almost constant), At system shutoff, the valve should be closed first, and then the

pump be shutoff. To avoid the possibility of spill over, it is necessary that the pump could not be

turned ON while the valve is closed,

TABLE 9.5

Problem Analysis Work Sheet

gones
On The Basis Their for more details i:

instruments:

instruments: None

all aul Lnstruments to reset at start-up (' ents have
to be Control or Dual-Function Instruments and must be included in the listing in STEP
1 above): Pum (OFF), Valve (ON)

to be reset m case of emergency (These.
instruments have to be Control or Dual-Function Instruments and must be included in I

WITH" Valve ON
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TABLE 9.6

Settings for Indicator Instruments

[_x Name .... ][Entr_ For'Set #0][ Entry For Set #I ]I EntryFor Set ]
I

lF_m,e No ' ........, ,, ' I] ......0 , i,,]l,, "" , 1 '' ,,,,;,,.,1,[" , ' 2"'- ' '1

[iTEM NAME ,, '11Balance 1 (PJ'6) [[ Balance 2 (PJI5) ]iSi0pe/Curvature ]

1........... .... i [ ..... l ..... I

EMERGENCY & WARNING LIMITS ]

Cft'offHigher Limit ....... ,,' , o II o II, ,, o i
_utoffL0wer Limit ..... I , o I[ ii ........o II, o.l ]
Cutoff Accel. (% per min) .... [ . 0 ] 0 0

Cutoff Decel. (% per min) ..... , ..... ] ......... 0 ' ] 0 0

[Warning Higher Limit ..... ' ' I o ii o II o i
[Warri]hgLowerLimit "1 100 I1' '0 ,, II , 9 I
[Warning Accel. (% per min) , ] 0'" - .... , ' " i ,_ I1 _i o, .i " o 1
[Warnin_ Decel. (% per min) , [ '" "......_o II,, o II.... o I

OF THESE , , Prob 9 I ,IID ENT'|_'_'ING NAME .... SETTINGS' Jl 3 of Chapter

ICOMMON CONFIGURATION (ALL ITEMS) ]
[!nterval(seconds)........... ii ...... 60 ]

[Test Status 11' "New:Zer6 Ti'me ]
Boards Select An,

[ACTIONSDESIRED TO CORRECT WARN. COND,.....l

UlIIIIIII

Lower or Higher Limit Status ] Lower Limit [

Reset at%of ValUe ............ ] " 999 " ]
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TABLE 9.7

Settings for Control Instruments

2 2

I 2

[SYSTEM SHUTOFF INFO ' "Ill II I

S[SlautoffS¢ uencc Pos!tiOn .... i' 2l .........

ivalue to be set at Shutoff 0 0
.... I • q III llll I[ q i I

[IDENTIFyIN G NAME OF THESE SETTINGS . l l' Pr0b 3 OfChap_r 9 ]

CONSTRAINTS (If none, empty array) /
I ...................

TABLE 9.8

List of Drivers and Directory Location(s)

INSTRUMENT DRIVER NAME DIRECTORY LOCATION

"Balance' 1 Driver RS232 Mettler pJ6 " La Cie 200'Q:NIPER Lab
WARDEN: Readout & Control

,,,,Facility: Instrument Drivers:iiiiiiiiiiiiii ]11iii i iii i iI IIIIIIIII I i I I i II ,

Slbpe/Curvature IDriver Slope/Curvature Finder ditto
I
q I I Jl Ill|llll II II I III i I I I I i i

Driver RS232 Metfier PJ15 ditto
II I I I I I

Driver Solenoid ON/OFF EXAMPL ditto
i Ii [ [ ii llll i[ _11 if ............. i [ [ i i [11 i

Driver Solenoid ON/OFF EXAMPL ditto
• ,,
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Problem 4-.Configuration of a Coreflood Experiment

Problem 4 is a coreflood experimental set-up to determine the permeability of a rock. This

is accomplished by measuring the fluid flow rate and the differential pressure across the core and

calculating the permeability from Darcy's Law. The apparatus shown in Fig. 9.20 needs to be

automated with the following attributes. The lower warning limit of balance 1 is 100 mL (100

g). If the reservoir level falls below 100 g the reservoir balance warning light will turn ON to

warn the user. The lower _ limit is when the water level goes below 10 g. In this case,

the valve and the pump are to be turned OFF.

Balance 2 must be within 100-115 mL (100-115 g). The pump is to be turned ON when the

water level drops below 100 g. The pump is turned OFF, and the inlet balance warning light is

turned ON when the water level exceeds 115 g. If by mishap the water level exceeds 120 g, the

valve will switch to drain, and the experiment will be shut-off because its validity has become

WATER PUMP MECHANICALLY OPERATED OVER
RESERVOIR PURDEN PRESSURE SYSTEM

CONSTANT PRESSURE
INLET PRESSURE CELL

DEMODULATOR

r-1 PRESSURE GAUGE

HAND PUMP

ELECTRONIC

BALANCE 1 INLET PRESSURE
BALANCE TRANSDUCER

OUTLET

ELECTRONIC
ROTATING HASSLER CORE HOLDER WITH OUTLET

3-WAY VALVE OVERBURDEN ON CONFINING BALANCE 3

DRAIN SLEEVE

BOARD _ (vl _ (v_ _ (v_

RESERVOIR PRESSURE INLET OUTLET
BALANCE 1 DEMODULATOR BALANCE2 BALANCE3
WARNING WARNING WARNING WARNING

Light 1 Light 2 Light3 Light 4

FIGURE 9.20 - Coreflood experimental set-up.
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doubtful. The reading of the pressure demodulator from the pressure transducer will range from

0 to 25 psi. If the pressure exceeds 25 psi, the pressure warning light is triggered. If the pressure

exceeds 30 psi, the pump and the valve are turned OFF. If balance 3 exceeds 500 grams, the

outlet balance warning light turns ON to signal that the outlet beaker is about to overflow.

Sample Solution for Problem 4

It is highly recommended that Problems 1 through 3 be completed before starting this

problem. Follow the step-by-step procedures described in Chapter 4 To Configure NIPER

MAIN FACILITY for Specifw Automation Setups. The resulting tables from steps 1 through 4

are Tables 9.9 through 9.12, respectively.

In summary, only four instruments send signals to the computer (balance 1 through balance

3, and the pressure demodulator), and six instruments receive commands from the computer and

change their status (the valve, pump, and lights 1 through 4). The problem requires, at startup,

that the valve should be opened, but the pump and the lights should be OFF. The valve stays

open except for draining in case of emergency or at normal shut-off. The data accumulation

from all indicator instruments (balances 1 through 3, and pressure demodulator) starts at the run

start-up to detect any problems. During the test, readings are taken every minute (60 seconds).

Whenever the weight of water on balance 1 (reservoir balance) falls below 100 grams, the

warning Light 1 is turned ON to alert the operator that it is time to add more water into the

beaker. Whenever the weight of water on balance 2 (inlet balance) falls below 100 gr,,ms, the

warning Light 2 is turned ON to alert the operator, and the pump is turned ON. There is a built-

in logic in the NIPER Lab WARDEN program which resets an instrument to its start-up value

when the warning condition is removed. If the weight of water on balance 2 (inlet balance)

exceeds 115 grams, the warning Light 2 is turned ON to alert the operator. Similarly, if the

weight of water on balance 3 (outlet balance) exceeds 450 grams, the warning Light 3 is turned

ON to alert the operator that the beaker needs to be emptied soon. Finally, if pressure on the

system exceeds 25 psi, warning Light 4 is turned ON to indicate possible problems ahead.

In the emergency condition of balance 2 (reservoir balance) reading more than 120 grams,

the valve is set to drain (set value = 1), and then the pump is turned OFF. When the operator

wants to terminate the experiment, the valve, pump and lights 1 through light 4 are turned OFF in

the sequence they are listed. The only constraint in the experiment is that the pump cannot be

turned ON as long as the valve is OFF to avoid accidental spill over.
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TABLE 9.9

Problem Analysis Work Sheet

EP : 1st a 1 automation instruments _ categones_e To

1
ese instruments have

to be Control or Dual-Function Instruments and must be included in the listing in STEP
1 above): Pump (OFF), Valve (ON), Light 1 (OFF), Light 2 (OFrZ), Light 3 (OFF),

ese instruments I
have to be Control or Dual-Function Instruments and must be included in the listing in

warning (These
instruments have to be Control or Dual-Function Instruments and must be included in
the listing in STEP 1 above): Pump (ON), Light 1 (ON), Light 2 (ON), Light 3 (ON)

CONDITIONS INSTRUMENTS RESPONSE

ance 1 1 to

gins. _set to
Pure Turn ON (Reset to 999)

Reset to

(Reset to
to

truments ose operal on _s su to
Iconstraints with object instrument(s) (i.e., the control instruments which can bel
operated only when the status of target instrument(s) meets the constraint conditions): I

I

CONSTRAINT

L__2212.__ I II I Illlll I
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TABLE9.10

Settingsfor IndicatorInstruments

NAME

iNo.

0 2 2

[IDENTI_ING NAME OF THESE SETTINGs '' ]l ' Pro_4 of dtapcer'9 .......i

Boards

IACT_ONS DESIRED TO CO_hE_ WARN. CON_. , .... [ ...............

"4_i_'ht3)" II 5'(Ughi4).... I
Hisher Limit II HigherLimit ,,[
• 999 II 999 ........ I
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TABLE 9.12

List of Drivers and Directory Location(s)

:INSTRUMENT ' ' DRIVER NAME ................ ,'i[ DiRECTORY'"'_'OcA_TION
Balance 1.............. DriverRs232 Mettler'"'"'""PJ15 '""' " [ a_.le - : a.............
Balance3

IlFacility: _strument Ddvers:
[WARDEN:Readout&.Control

DdverRS232MetflerPJ6 " ' '"' II ditto" " "
............. II I [ ........ Illllll I I II I11 [ IIII I I I[I I I I I .......... IIIlll'; ]

IPress. Transd. IIDriver RS232 Paroscientific I! ditto

[v#ve. iiDriv,rSolenoid ON/OFF EiAMPL' i[ _ _ ditto ;"'" '........
ILight 1,Light 2, II II
ILight 3, Light 4 II. ..... .... ..... ,.... II ,.....
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Example Problem 5--Operation of an ice Cream Manufacturing Plant

Problem5 is an example of the versatilityof NIPER LabWARDEN and the user is asked

to configure the simplified ice cream plant shown in Fig. 9.21. The plant is a three component

plant having a dispensing section, blending/mixing section, and a filling operation. During the

filling operation, containers ride a conveyor belt under a dispensing head where the cartons are

filled with ice cream. The plant is operated on a batch basis before the operation ts swttched to a

different flavor. For simplicity, each of the flavors are premixed ltquids in separate flavor tanks

that sit on an elecvonic balance that has the same electronics as a Mettler PJ i5. The pumps have

manual speed control that has been set for the specific recipe as well as on/off computer

controlled switch. Both the balances and the pumps have VI drivers that have been used in

previous problems. The blending tank is refrigerated and has two thermocouples to Indicate the

temperature at the bottom and to caution when the tank ts overfllled. The viscosity of the blend

is monitored by a control ammeter that is connected to the motor on the blades of paddle tn the

blending tank. The ammeter registers 0 to 20 arnps. The motor ts a 3-phase 480 VAC that at full

load pulls 12 KVA. Past experience with this equipment indicates that the mixing ts complete

when the viscosity of the ice cream causes the ammeter to exceed 9 amps. Only the bottom

blade is attached to the shaft, the others arc free-rotating. Therefore, even as the tank Is depleted

the amp load is not much reduced. The ammeter reading should be monitored by the computer

and when it exceeds the pre_t ltmtt of 9 amps will activate a solenoid valve and start pump 5.

_OHORUPOWER

Se
4coVAC
MOTOR

, , i IN-LINE WITH
MILK MIXER AMMETER
TANK

COOLANTTO
REFRIGERATION

UNIT

CONVEYERBELT
BALANCE1 COOLING WITHCARTONB

PUMP1 FLUIDTO

_M .EL "
I SOLENOID

VALVE

I__ DISPI_NSING I IBLENDING J FIILING Jlit l I lit II II I II It/[ II I I II!11 ....................

FIGURE 9.21- Majorunits in ice creamplant.
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The operation is designed to fill six cartons by activating pumps for 10 seconds, then

stoppedand advance the conveyorbelt. This filling cycle continues until all of the ice cream in

the mixer tank has been dispensed. The flavor chosen for this batch is cherry-vanillaand with

the appropriatemanually set pump speeds. The recipe calls for pump 1 to operate 15 minutes,

pump2 for 3 minutes, pump3 for 5 minutesand pump 4 for 1 minute.

The useris to configure the plant.

Sample Solution for Example Problem 5

It is recommended that problems 1 through4 be completed before starting this problem.

Follow the step-by-step procedure described in Chapter 4, To Configure NIPER MAIN

FACILITY for Spec_tc Automation Setups. The resulting tables from steps 1 through4 are

Tables 9.13 through9.16, respectively.

In summary, there are four balances, five timers (computerclock), an ammeter, and two

thermocouples that function as indicatorinstruments(i.e. send signals to the computer),and eight

control instruments(the valve, motor, conveyer, and pumps 1 through5) that receive commands

from the computer and change their status. The problem requires, at startup, that any filling

operation(Fig. 9.21) in progress be stopped (pump5, valve, and conveyor be turnedOFF), and

the dispensing (pumps 1 through4) and blending(motor)operationbe startedautomatically.

As the dispensing is completed, the pumps 1 through4 are turnedoff after 15, 3, 5, and

1 minutes, respectively. These timing correspondto each ingredients quota in the ice cream

recipe. The timers 1 through 4 (for pump 1 through 4) perform the function of turning them

ON/OFF. As each timer exceeds its warninglimit, the correspondingpumpis turnedOFF as a

consequence. The four timers use the same driver because they exactly have the same

functionality. (An alternatesolution for this task may be to manually set the rate of each pump in

the fight proportionand use only one timer to shut all four pumps simultaneously. The more

involved route was chosen for illustrativepurposes).
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TABLE 9.13

Problem Analysis Work Sheet

STEP 1: Enlist All Automation Instruments In Three Categories (See To Classify I
Instruments On The Basis C f Their Functionalit_ for more details): I
Indicator instruments: Balance 1, Balance 2, Balance 3, Balance 4, Ampmeter, Timer I

, 1 throu[[h 5, Thermocouple 1 and 2 I
Control instruments: Valve, Motor, Conve]cer, Pum_ 1 throu[h'5 !

Dual-Function instruments: None l
STEP 2: List all automatior instruments to be reset at start-up (These instruments have to bei
Control or Dual-Function Instruments and must be included in the listing in STEP 1 above): I

Pump 5 (OFF), Valve (OFF), Conve]cer (OFF), Pump.s 1 throu[h 4 (ON), Motor (ON)
STEP 3: List all automation instruments to be reset m case of emergency (These instruments
have to be Control or Dual-Function Instruments and must be included in the listing in STEP
1 above): Pump 5 (OFF), Valve (OFF), Conveyer (OFF), Pumps 1 through 4 (OFF), Motor
(OFF)

' i

;TEP 4: List all automation instruments to be reset at run shut-off (These instruments have
to be Control or Dual-Function Instruments and must be included in the listing in STEP 1
above): Same as in STEP 3 above

ese instruments
have to be Control or Dual-Function Instruments and must be included in the listing in STEP
1 above): Pump 1 through 4 (OFF), Pump 5 (ON or OFF), Valve (ON or OFF), Conveyer
(ON or OFF)

INSTRUMENTS RESPONSE

mm Turn (Reset to

mm Turn (Reset to

mm (Reset to

mm Turn (Reset to

> am Pum 5, Turn (Reset to

mer 5 > mm Pure 5 Turn (Reset to
Wt. Balance 1 _< None Warnln

Wt. Balance None Warnin

None Wamin

Wt. Balance 4 < None Audio/Video Warnin

Thermocou 1 < 35° F Pum 1 throu h Turn (Reset to

_truments operation is ected to _g
with object instrument(s) (i.e., the control instruments which can be operated only when the
status of instrument(s) meets the constraint conditions):

INSTRUMENT INSTRUMENT CONSTRAINT

_.:mp 5 turn
WITH" Valve ON

Conveyer Pump Can turn ON "ONLY
WITH" ON
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TABLE 9.16

List of Drivers and Directory Location(s)

INSTRUMENT [........ DRIVER NAME .... DIRECTORY LOCATION
Balance_'_ '_ I" _H_PJ6' _'_ .......DnverRS232Mettler a le - : i R a

Balance 3 [ WARDEN: Readout & ControlBalance 4 ....................... Facility: !ns_ment Drivers:....
Balance 1 ['DriverRS':232Mettler PJ15 .... ditto

As the ingredients in the blending are whipped by the mixer and also cool down, the

viscosity of the ice cream begins to increase which causes the motor to draw more power. As the

ammeter shows more than 9 anaps, a warning is issued that ice cretun is ready to be dispensed,

and as a result, the dispensing unit is activated in the following sequence: the valve is turned ON

(open), pump 5 is turned ON, and the conveyer is turned ON.

Pump 5 requires a different driver than the ones for pumps 1 through 4 so that it can

dispense in a ON-10-seconds/OFF-2-seconds cycles when it is turned ON. The driver is a simple

modification of the driver for other pumps and other ON/OFF instruments. The choice to handle

the timed-cycle sequence of pump 5 at the driver level was made because of the small time

intervals (10 and 2 seconds). For imprecise operation, it can be handled by the same driver.

Nonetheless, timer 5 is used to turn this cyclic operation of pump 5 OFF at appropriate time (see

next paragraph).

The conveyer is assumed to have an adjustable feed rate, where it can be manually set to

advance one step in 2 seconds and stay there for 10 seconds (like in most stepper-motor

operations). It also has a manual synch mechanism, where an operator can synchronize it with

pump 5 by pressing the "GO" button exactly when the pump has stopped dispensing.

With previous experience, the operator has determined the most efficient batch time to be

20 minutes, i.e. the time it takes to dispense, blend, and fill the entire ice cream batch. What that

means is that at 20 minutes, the timer 5 issues a warning that the batch time has ended, and as a

result of this warning, pump 5, valve, and the conveyor are turned OFF sequentially.

(Alternately, a warning condition such as ammeter _ 5 can be set to turn these three instruments

OFF because when the mixer tank is emptied and the load on the motor is drastically reduced.

This drastic reduction is due to the fact that most high efficiency mixers have fixed blades only at

the tip of the shaft----otherblades are freely rotating.
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Since the operator has selected (from the driver panel) that all the timers (timer 1 through

5) be reset to 0 after 20 minutes, the new cycle begins. As the warning condition is removed

from all the control instruments, they go back to their startup values (the NIPER Lab WARDEN

program code automatically does that), i.e,, pump 5, valve, and conveyor are turned OFF; and

pump 1 through 4 and the motor is turned ON. This batch process automatically continues.

Other warning, emergency, and constraints for the process are as follows. When the weight

of Milk Tank falls below 1,000 kilograms or the weight of other tanks falls below 100 kilograms,

audio/video warning is issued; if no action is taken by the operator and the weight falls below

500 or 50 kilograms, respectively, the instruments are shut down in this sequence: pump 5,

valve, and conveyor, pump 1 through 4, and motor. If the cooling in the blending tank is not

complete (thermocouple 2> 320F), the emergency shut down sequence is initiated. If the tank is

overfilled (thermocouple 1 < 35° F, indicating that the level has exceeded the thermocouple

level), a warning is issued, and if not overridden by the operator, pumps 1 through 4 are turned
OFF.

The operator may shut the system down at any time. The selected sequence for normal shut

down is the same as the emergency shut down sequence. The only safety constraint in the

processis that the pumpcan notbe turnedON unless both the valve and the conveyer areON.
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Problem 6--Operation of a Paroscient_flc Quartz Pressure Transducer

Problems 1 through 5 were software exercises of increasing complexity in configuring

NIPER Lab WARDEN for specific situations. Problems 6 and 7 relate to hardware configuration

and are intended to give the user a feel of how instruments interface with the computer. Problem

6 involves interfacing a Paroscientific ® quartz pressure transducer with a Macintosh computer.

First, one has to determine how this pressure transducer communicates. The transducer

user's manual (Paroscientific, 1990) describes the RS-232 communication protocol, which

involves serial communication (a sequence of bits transferred one by one). The manual also

contains a circuit diagram explaining how each wire in a 9.pin standard connector (DB9) is

connected and how power can be supplied (a simplified diagram is shown in Fig. 9.22). Many

computer stores and mail order outlets custom-make these wiring harnesses given the specific

instructions, but q_aiteoften standard RS-232 connectors work fine.

FIGURE 9.22 - Schematic of pressure transducer and computer set-up for problem 6.
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The Macintosh comes with a modem port (boardnumber = 0) and a printermode (board

number = 1), both for serial communication. If either port is not being used for interfacing with

other instruments or devices, it can be used. If neither is available, then a serial board (e.g.,

Greenspring@ board P/N MSI001A) can be installed in one of the extension slots inside the

computer. Such boards provide multiple serial outlets similar to the monitor port. Once a

suitable port is found and a connector cable is acquired (or made) and connected, the instrument

can be physically made to communicate.

After hardware configuration, the next step is to understand how the instrument

communicates. Some instruments require that specific strings (commands) be sent to them

before they respond (especially multi-function ones). Others continuously send data without

receiving any command. The instructions that come with the instrument list the command

language (i.e,, specific strings for various tasks). The software should be able to send, via the

cable, to execute those strings. This task of sending specific commands is handled through a

driverprogram. Similarly, when an instrumentsends data back to the computer,it may be in the

form of an alphanumeric string that needs to be interpreted according to the instrument

instructions in order to get a numeric value. Again, this task is handled by a driver program.

NIPER Lab WARDEN relies on these driver programsto read data or write a command to the

instrument. NIPER Lab WARDEN's main purposes are to interface with the human operator,

manage/supervise (i.e., properly coordinate) all the instrumentsaccording to the operator'spreset

instructions,and present data in a format readilycomprehensible to the operator.
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Problem 7--Operation of a High Voltage Electrical Heater

This problem, like problem 6, is a hardwareconfiguration problem. The problem is to

control an electrical resistance heater. A Eurotherm® temperaturecontroller, a Eurotherm

Thyrister,and the resistance heater must be controlled to regulate the temperatureusing a the

computer. One way for the computer to communicate with the temperaturecontroller is through

the National Instruments NB-DIO-24 board that is connected to a high voltage relay board

(Oordos® P/N PB-24). _is relayboardin turncontrols the temperaturecontroller and a higher

voltage relay (EurothermThyrister). A schematic of the major components for this problem is

shown in Fig. 9.23.

The hardware wiring shown in Fig. 9.23 requires a 0-3 VDC signal from the National

Insmlment's boarddriver relays on the Gordos board in turnduringhigher and higher voltage

relays. An external 5VDC to energize the Gordosrack-mountedrelay board, which in turnwill

produce 110 VAC to operate the Eurotherm controller. The EurothermThyflster requires an
external 220 VAC source. A thermocouple is also needed in orderto monitor the temperature.

The manual supplied with the Eurothermcontroller provides information on how to wire the

controller to the Thyrister. A driverprogramneeds to be written which can be integratedwith
NIPERLabWARDEN (notshown).

FIGURE 9.23-Schematicofcontrolofahighvoltageelectricalheater.
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