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ReadMe. 1st

This manual describes a set of nozzle calculators developed by NTT SYSTEMSINC. for HUSKY. They are
intended to exist within HTML documents, one for each type of nozzle. The HTML was developed by
Passage Prepress Inc.

The purpose of the manual is to describe how the system works to those who will modify and enhance it.
There are two types of work that may need to be done. The first involves changesto HTML documents
or to calculatorsin areas that impact how datais received from or sent to users. Sections 1, 2, and 3 will
be of most interest to people doing these tasks. The second involves making changes to cal cul ator
internals or creating new calculators. I'm afraid that people doing thiswill have to read the entire
document in detail.

The implementation makes extensive use of JavaScript’s object creation and management features. |
have tried to describe how and why we used these features, but thisis not intended to be a JavaScript
tutorial. 1 recommend “JavaScript Bible” by Danny Goodman (IDG Books Worldwide, Inc., ISBN 0-
7645-3188-3) for this purpose. A note on typographic conventions... We use Courier New for plain
JavaScript f uncti ons, vari abl es and nodul e names, and Arial for objects, object attributes
and methods.

While we are proud of the design that we created, it does have its warts and we tried to identify these.
Hopefully they can be addressed in future rel eases.

This document is al'so not intended to be a nozzle design manual. All nozzle design specifications were
provided by Greg Cheshire (GCheshir@Husky.on.ca). These are not included, but they are mandatory
reading for anyone who wants to modify or understand the calculations. Our thanks to Greg, who
answered our dumb questions and validated the final deliverables.
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1. Oveview

The HUSKY Design Centre includes a set of hot runner nozzle dimension calculators. The complete
calculator system consists of a series of HTML pages, developed by Passage Prepress Inc., that invoke
JavaScript routines developed by NTT SYSTEMSINC. This document describes the structure and
operation of the JavaScript software and the relationship between it and the HTML components.

All technical information relating to the nozzles was assembled and written by Husky’ s Greg Cheshire.
Our code implements Greg' s specificationsin as straight forward a manner as possible. Reading and
understanding his documentation, especially relating to expansion and deflection modeling for 250
nozzles, isacritical prerequisite to understanding the details of the calculators.

Prior to the creation of the CD-ROM, customers were able to determine various critical dimensions by
using tables and formulae provided by Husky. These were based on a spreadsheet used internally by hot
runner design engineers. The current calculator is more sophisticated than the tables and formulae but is
dtill not as flexible as the internal spreadsheet. Thiswas done intentionally so customers could quickly
get the information they need so long as their requirements fell within awell-defined set of constraints. A
design goal of the customer cal culator was to ensure that no engineering outputs are produced if customer
specifications fell outside these limits. The system is also designed so that all outputs are cleared
immediately when any input field is modified. This prevents confusion that would ariseif a user changed
the inputs after a calculation and then printed the page.

The system is developed using object-oriented techniques. This provides very tight interfaces and lays a
firm foundation for enhancement. In particular, it could be extended to provide the functionality of the
internal spreadsheet. By doing this, both customers and engineers could have calculators customized
from the same code base and neither would have to rely on platform specific tools such as Excel.

2. SoftwareArchitecture

The JavaScript code is modular and comprises about 2,200 linesin 28 modules. One of these handles all
interactions between the HTML document and its calculator-, and another contains logic that is common
to all calculators. The remaining modules contain code unique to the related nozzle.

A given calculator belongsto a series, group, and type. For example, a 750 VG nozzleisin the 750
series, the valve group, and the VG type. There are corresponding JavaScript modules for each of these
levels. That is, there is one module that implements things common to all 750 nozzles, one that handles
things common to all 750 Valve modules (i.e., VG and V X), and one that handles things specific to 750
VG modules (both L-Dimension and BL-Dimension).

! That isn't quite true. There are afew places where the HTML code calls aroutine below the top module, and a few where the
calculator knows about what kind of HTML controls are being used. These are worth fixing, but aren’t much worse than
embarrassing. We'll try to point out the offenders.
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The effect of thisis that each document consists of the HTML needed to create the interface and
references to five JavaScript modules. The first two of these are the samein all cases, the third is specific
to the nozzle series, the fourth to the group for that series, and the fifth to the type for that group. When a
document isloaded, the last three modules work together to “ construct” a calculator specific to the nozzle
displayed in the interface.

2.1 FileNaming Conventions

The user interface was devel oped by Passage, and the calculators were developed by NTT. In order to
reduce the need for communication and to minimize the possibility of error, a number of conventions
were established. One related to naming JavaScript modules.

The two modules that are always required aref or ntom j s andcal ccom j s.
The module required for all nozzlesin agiven seriesisnamed Ser i escal c. j s.
The module required for agroup of nozzlesin aseriesisnamed Seri esG oup. | S

d

The module required for a specific nozzleisnamed Seri esTypec. j s.

Seriesis“sl” for 250's, “s2” for 750's, and “s3” for 1250’s.

G oup is“vgvx” for valve nozzles and “ other” for thermal nozzles for 750'sand 1250's. Thereisonly
one group for 250’ s and thisis denoted as “all”.

Type isnozzle specific and we used the normal Husky designation with hyphens (if any) removed.

The following table shows examples of how a nozzle name is used to determine the set of modules
needed to build the corresponding cal culator:

Husky Nozzle Name | SeriesModule Group Module | TypeModule
250 HT-X slcalc.js slall.js slhtxc.js
250 HT-T slcalc.js slall.js slhttc.js
750 TS s2calc.js s2other.js |[s2tsc.js
750VG s2calc.js S2VQVX.| S s2vgc. s
1250 VX s3calc.js s3vgvXx.j s s3VXC. | S
1250 HT-DC s3calc.]s s3other.js s3htdcc.|s

2 Notethe“c” following the type designation. Thisisa nuisance, but it got in early and we had too much done to changeit.

Sorry.
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3. Form Structureand M anagement

3.1 Dependencies
If you are rll:l(l)t interested in how the HTML and JavaScript work together to handle the user interface, skip
to Section

The JavaScript and HTML were designed to have as narrow an interface as possible. The dependencies
are described in the following sections. Notethat all names ar e case sensitive.

From our perspective the document has an input section, an output section and some layers that contain
error graphics. In addition to these, there are a number of other graphics and decoration that are of no
concern to the code. All input controls must residein asingle form. The output fields may be scattered
in any number of other layers. The key to the interaction between the document and the calculator isa
small set of naming conventions. The primary one is that controls that are to contain cal culator inputs and
outputs must have exactly the same names as the corresponding engineering variables.

The JavaScript code assumes that the HTML will conform to the following rules:

1. Theform's<BODY ...> tag must contain the call “onLoad= initForm()”. Thisallowsthe
code to perform itsinitialization logic.

2. All user input controls must be either <INPUT TY PE=“text”...> or <SELECT-ONE ...> and
must be located in aform named “inForm” in alayer named “inFormLayer”.

3. All other controls (limit boxes and outputs) must be <INPUT TYPE="text” ...>. Each may
residein its own form or there may be multiple controls in multiple forms. The names of the
forms areirrelevant. Each of these forms must reside in its own layer. The names of the
layers are irrelevant, except that none can be named “inFormLayer”.

4. The names of the input and output controls must match exactly the names of the engineering
variables. The same name may be used for both input and output controls. This could be
doneto copy an input to the output area. However, the name may be used only once for an
input control and only once for an output control.

5. Limit controls (eg., upper and lower limits for the L dimension) must be named
“Ib_variableName” and “ub_variableName”. For example, the boxes that will hold the lower
and upper limitsfor the L dimensionare“lb_L” and “ub_L".

6. All input controls of TYPE="text” must contain the text “onBlur="setCalcVa (this.name,
this.value, this)" onFocus="clearOut()"”. The onBlur handler transfers user input to the
calculator. The onFocus handler is used to clear al calculator outputs the first time the user
touches an input control following acalculation. Asaresult, the user can not produce a
printout with a new set of inputs and calculator output from a previous configuration.

7. All SELECT controls used for input must contain the text “onChange="setCalcVal
(this.name, this.optiong|selectedindex] .text, this)"”.

19981214
Page 3



NTT

SYSTEMS INC

8. The HTML mechanism used to trigger a calculation must call the JavaScript routine
“doCalculation()”.

9. Error graphics may be associated with input controls; for example, to indicate that a user
input isout of range. In this case, the graphic must be contained in a layer named
variableNameError, eg., LError. The graphic must be hidden 1000 pixles to the left of the
location it should be displayed at if an error occurs. The calculator will shift it into view as
required and back out of view when the next calculation is performed.

10. There must be aframe named hiddenFrame that contains a form named hiddenForm that
contains atext box named calcUnit. hiddenFrame must be a sibling of the frame that
contains the nozzle calculator. The text box, calcUnit, must contain the text “imperial,”
“metric,” or “husky.” The case of thetext is not significant.

11. There must be a TEXT box ir‘Egome output layer named revNum. Thiswill be used to display
the software revision number.

12. The location of the nozzle graphic should be indicated with an anchor named #output. The
browser window is moved to this location after a successful calculation.

3.2 JavaScript Form Management

forncom j s containsaset of routines that act as a buffer between the HTML document and the
calculator itself. They are responsible for moving data between the calculator and the document and for
starting cal culations once validation has been performed. Section defineswhat f or ncomroutines
assume about the document. They also have some knowledge of the structure of the calculator. They
know that its nameis nozcalc and that they must call i ni t TypeCal ¢ during initialization. They know
how to enumerate all of the engineering variables and how to initiate a calculation.

i ni t For mis called when the document has been fully loaded by the browser. Itsjob isto find all the
controls on the form and separate them into groups, one for inputs, one for calculator outputs and one for
upper and lower boundsfields. Once this has been done, all of these controls can be accessed without
regard to the browser and document models. It then initializes the calculator itself, clears the inputs and
outputs and initializes the limit fields. The calculator is now ready to be used.

Asthe user enters data, the cal culator may decide that a new value entered by a user in one field effects
other display fields. Currently this only happens with pitch and temperature. In these cases, the
calculator uses routinesinf or ncom j s to signal the change. These routines are then responsible for
taking the appropriate display actions. Asaresult, the calculator is able to know nothing about the
structure and mechanics of the display system.

When the user finally hitsthe “calculate” button, the doCal cul at i on routine interacts with the
calculator to validate inputs. Any error isreflected to the user and the process stops. If validation

8 Each module contains a revision number variable. The “software revision number” is a concatenation of the revision numbers
of each of the five JavaScript modules contained in the HTML document.
19981214
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succeeds, the calculator iscalled to do itsjob. When it completes, the form logic takes over again and
fills output fields with the results of the calculation.

3.2.1 Function Descriptions
All JavaScript code that interacts with the formislocalized in the module f or ncom j s. It containsthe
following routines:

3211 Initialization
function initForm ()

The calcUnit text is located and a check is made to ensure that the units are valid (husky units are °F and
mm). The browser is checked to ensurethat it is at lease Netscape 4.x or IE 4.x. addFor mControl s
is caled to locate and save the references for the input controls and addLayer Cont r ol s iscaled to
locate and save the references for the output controls. i ni t TypeCal ¢ iscaled toinitialize the
calculator. Notethat f or ntom j s assumes that this function is defined in some other module, which it
iS. SeeSectionEl doQut put iscalled to clear al of the input and output fieldsand set Li m t s is
called to fill in the upper and lower bounds boxes in the interface.

function addFornControls (theForm thelist)

t heFor mis searched for TEXT and SELECT-ONE controls. Referencesto these are saved in

t heLi st. Anexceptionismade for limit boxes (TEXT boxes with names beginning with ub_or Ib ).
Referencestothesearesaved inthel i m t Cont r ol s list. Theresultisthatt heLi st will contain a
list of al referencesto input controlsand | i m t Cont r ol s will contain all referencesto limit display
boxes.

function addLayer Controls (theDocunent, theList)

Thisroutineisfunctionally similar to addFor nCont r ol s, above, except that it finds TEXT and
SELECT-ONE controlsin al layers other thani nFor nLayer (i.e, the layer that contains the form that
contains the user input controls). It uses browser dependent logic to handle document model differences
between Netscape and |E. Once these two routines have been called, al controls arein the

i nput Control s,out put Control s,orlimtControl s listsand can be accessed and operated
on directly, with no further regard to browser differences.

function findEl enent (control Set, el enent Nane)

Elements of JavaScript arrays can be stored and retrieved by name or by index number. The above
routines created the lists by object name and the arrays can be considered to be hash tables. Thisroutine
simply extracts the object storedincont r ol Set using el enent Nane asakey. Using an unknown
key will result in NULL being returned. Thisroutineisasimple wrapper on some JavaScript syntax and
we did it thisway in case there was a reason to change the underlying data structure.

19981214
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3.2.1.2 Control and Logic )
function doCal cul ati on (doJunp)

Thismoduleis called as the result of user interaction with some control on the form (typically a button
that says“Calculate”). DoQut put iscalled to clear all output fieldsand hi deEr r or iscalled to slide
any error graphics that may be visible out of the visible space. If val i dat el nput s indicatesthat all is
well, the calculator’s calculate method iscalled. doQut put isused to display theresults. If doJunp
is not specified, or is specified and is TRUE, the browser is told to move the display areato an anchor
named #output. This effectively slides the window from the input to the output portion of the document.
Therevision field isrefreshed in all cases.

function validatel nputs ()

This routine extracts the validationList array from the calculator (see Secti on@.) and calls each abject in
thelist at its validate method. If any object indicates afailure, showEr r or iscalled, and the focusis
placed on the input control that contains the invalid input. Remember, the name of the input control isthe
same as the name of the calculator variable so it is easy to move from one to the other.

function isBLCal cul at or (bl I ndi catorControl)

A given calculator can handle BL and ML/L calculations. Thisroutineiscaled to seeif the HTML
document that contains the codeisfor aBL orML/L calculation. The routine checksto seeif thereisa
control with the name passed asthe bl | ndi cat or parameter. If so, it returns TRUE. The assumption
isthat no one form would contain both an L and BLR input control.

function isMetricUser ()
Returns TRUE if cal cUni t is“metric,” otherwise FALSE.

function islnperial User ()
Returns TRUE if cal cUni t is“imperial,” otherwise FALSE

function i sHuskyUser ()
Returns TRUE if cal cUni t is“husky,” otherwise FALSE

3.21.3 Display )
function showError (inputName)

This routine attempts to locate a layer named inputNameEr r or . If one can be found, it becomes the
error Obj ect , and is shifted 1000 pixelsto theright. If Passage set things up right, an error graphic
will be moved to the neighbourood of the input box that contains the erroneous value. If a suitably named
layer can not be found, i nput Name isused as part of the error message text of a standard alert box.
This routine contains browser dependent code.

function hideError ()
If thereisacurrent er r or Cbj ect , it isshifted out of view, 1000 pixels to the left.

19981214
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function clearQut()

The onFocus event handler of al input controls should call thisroutine. If acalculation hasjust been
performed doQut put will be called to clear all output boxes. This ensures that the user will never see
output that does not correspond to the contents of the input fields.

function doQutput (controlList, setVal)

If set Val isFALSE, al of the controlsincont r ol Li st arecleared. This can be used for both input
and output fields. If set Val isTRUE, it isassumed that we want to transfer calculator values to output
boxes. In this case, control names are used as calculator variable names and values are retrieved by
callingthe get Cal cVal routinein cal ccomjs. They arethen set in the output fields.

function setLinmts ()

Thisroutineis called to set or refresh the upper and lower limit boxes associated with some of the
calculator inputs. It does specia processing thefirst timeitiscalled asfollows. Variable names are
extracted from the calculator and a check is made to see if controls named Ib_variableName, and/or
ub_variableName exitsinthel i mi t Cont r ol s list. If so, the variable and its associated limit controls
arerememberedinl i ni t Cbj ect s. For al invocations, thel i m t Qbj ect s list isenumerated and
for each entry the variable’ s lower bound and upper bound values are transferred to the controls and
displayed to the user.

function pitchLimtsChanged ()

Thisisanotification routine called by the calculator when it changes the values of its pitch limits. These
limits have initial values, but they may change as the user enters specific valuesfor X, Y, and Z. Inthis
case, the calculator will change the upper and lower bounds in the pitch variables and call thisroutine. It
inturn simply callsset Li m t s.

function del taTChanged ()
Thisis analagous to the above routine, but for the AT variable. AT is changed implicitly when the user
specifies or changes plate or manifold temperature settings.

3.2.2 Interfacesto Other Modules

The following routines use variables, functions and methods in the calculator modules: i ni t For m
doCal cul ation, validatelnputs, setLimts,and doQut put. Inaddition, these
routines know nozcalc, the name of the calculator object itself.

Functions and methods in other modules use the following routines: del t aTChanged,

pi t chLi m t sChanged, i sHuskyUser, islnperial User, i sMetricUser, and

i sBLCal cul at or. Theseroutines let the calculator get information that is stored in the HTML
document and modify the output without having to understand anything about how the interfaceis
structured.

19981214
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4. Calculator Structure

The remainder of this document will be primarily of interest to those who want to create or modify nozzle
calculators.

All calculators are built from the same design rules. If you' ve seen one, you' ve pretty much seen them
al. Werelied very heavily of JavaScript’simplementation of object oriented technology. Each
calculator is constructed as an object and each engineering variable is a separate object. The rationa
behind thisis discussed in Sections[4.1.1 and[4.3.

cal ccom j s provides utility functions that are used by all calculators. A specific calculator is built
from three additional modules:

1. seriescalc.js(eg., s2calc.js) contains the calculator object and common code for a particular
series of calculators (eg., 750's).

2. seriesGroup. j s (eg., s2vgvx.js) contains common code for a group of nozzles within a
series (eg., 750 VALVE nozzles).

3. SeriesTypec. | s (eg., s2vgc.js) contains code specific to a specific type of nozzles within a
series (eg., 750 valve (VG) nozzles).

Each of these contains an initialized variable at the start that indicates what nozzle they belong to. This
could have been used at construction time to confirm that the modules in a document are compatible, eg.,
that they are all part of a 750 valve gate nozzle. Thiswas not done, but it would be a good enhancement.
Currently, it is possible to create an HTML document containing mismatched parts that might run and
produce aresult.

Each module contains a function that is used as part of the construction process. | ni t TypeCal c is
called once the browser has loaded the document. It callsi ni t G- oupCal ¢ and then does whatever
specia initialization it requires. 1 ni t GroupCal ¢ calsi ni t Seri esCal ¢ and then doesitsown
initialization. InitSeriesCalc callsi ni t Conmron (cal ccom j s) then doesits initialization and returns.
Thisis astandard construction mechanism that models the idea of base and derived classes.

4.1 Common Components

4.1.1 Engineering Variables

Calculator variables (also called engineering variables) are encapsulated as objects. Thiswas initialy
done to handle the problem of precision. The difficulty was that not only did different variables have to
be displayed with different precision, but also a given variable had different precision in metric and
imperial measure. Carrying the value around in a package (i.e., object) with its precision seemed a good
idea. We expanded this to include methods for conversion, validation, and special input handling. Note

19981214
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that the calculator uses “Husky units” internally. This means that unit conversion isrequired for all non-
Husky users since °F must be converted to °C for metric users and mm must be converted to in. for
imperial users.

An engineering variable object contains the following attributes and methods:

name Thetext representation of the name, eg., “L,” “P,” “DéeltaT”
value The current value associated with the variable
precision  The number of decimal digits to round to on input and output
inConv A method that converts from user units to Husky units
outConv A method that converts from Husky units to user units

fuzz A valueto alow for the impact of precision differences between user
and Husky units.
lowerBound  The value of the lower bound of allowable user input. May be
NULL.

upperBound  The value of the upper bound of allowable user input. May be
NULL.
doSpecial A method to be called for specia handling of user input. Normally
set to afunction that simply returns.
validate A method to be called to validate the current value of the variable.

The default function validates for a value between lower and upper
bounds (if any).

outOfBoundsError  Alwayssettocal | HuskyError.

4.1.2 Creating Engineering Variables
An engineering variable is created by acal tovar Qbj ect . Thesyntax is.

obj = varObject (varNane, varType, initial Value, nPrec, iPrec, hPrec)
where ...

varName A string containing the name of the variable.
varType “Internal” —for variables that will not appear as user input or output.
“Distance” —for linear variables
“Temperature” —for temperature variables
“Deltal” —for temperature differences
“Unitless” —for al others. Equivalent to “Internal”
initialValue Initial value. May be NULL. Not validated.
mPrec Precision if user ismetric.
iPrec precision if user isimperial.
hPrec Precision if user is Husky.

19981214
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“Internal” variables ignore precision parameters.

All calculators use the same base set of variables, so we made a separate constructor for eachEI They take
the form:

function newarnameVar (varNane, initial Val ue)

eg., myVar = newLManVar (“Lman”)

ThenewLManVar constructor in turn calls newObj as follows:

var = new var Cbj ect (varNanme, "Distance", initialValue, 1, 2, 1)

This approach ensures that all calculators use and display manifold length information (for example)
consistently. Perhaps more important is that we use these constructors to customize the objects that they
create. The complete code for the newlL.ManVar constructor is as follows:

function newLManVar (varNane, initial Val ue) {
return new var Gbj ect (varNane, "D stance", initialValue, 1, 2, 1)
}

Its only “value added” isthat it ensures that the variable is created with the proper conversion routines
and precision. Creating a variable that handles AT is slightly more complex since we want to set the
upper and lower bounds at construction time.

function newbDel taTVar (varName, initialValue) {
var obj = new var Qbj ect (varNane, "DeltaT", initial vValue, 0, 0, 0)
obj. lowerBound = 200

obj. upperBound = 600
return obj

}

Creating a variable that implements al of the rules for handling pitch is more complex as can be seenin
the following:

function newPitchVar (varName, initial Value) {
var obj = new var Qbj ect (varNane, "Di stance", initialValue, 1,2,1)
obj. IbExpression = nul |
obj. ubExpression = nul |
obj. doSpecial = specialPitchHandler

* We may have overused this alittle when we created individual constructors for many of the internal and

unitless variables. These could have been created directly in the calcul ator, for example:
P = new varObject (“P’, “Unitless”, 6, 6, 6)

19981214
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obj. validate = pitchValidation
ret urn obj

}

In this case we override the default methods for doSpecial and validate that were set up in

var bj ect . Thisisbecause it has different input and validation rules. What is unusual isthat pitch
variables have two methods that no other engineering variable has; IbExpression and ubExpression.
These will be discussed later in Section[4.1.6. The point to note here is that the structure of JavaScript
objects can be modified after they are created, and here we use that feature to give pitch variables extra
capabilities. In asense, pitch variables are derived from engineering variables.

4.1.3 Using Engineering Variables

The user setsthe value of an engineering variable by entering information in an HTML input field. By
convention (see Section, the browser will invoke the set Cal cVal function when the user leaves
thefield. Thisfunction convertsthe string to a value and storesit in the associated variable. The process
is described in detail in Section[g.9

The string representation of an engineering variableis retrieved viathe get Cal cVal function, also
described in Section @

The value of an engineering variable is set and retrieved using standard JavaScript syntax, i.e.,
objectReference. value = 27, or someVar = objectReference. value Section describes the
structure of the calculator object and how to access the engineering variables that it contains.

4.1.4 HandlingL and BLR

The value that the user enters for L determines the value of LNoz. The L variable’sdoSpecial handler
performs this mapping. It does this by using the LRangeMapper that is created by each calculator. Itis
an instance of amapper (described in Secti on. A similar approach isused for BLR (BL Range),
except that in this case, the input control is adrop down box and the LNoz value is extracted from the
input control itself. It was placed there during calculator initialization by acall toi ni t Sel ect™.

Note that there is no special handling required for L in 1250 nozzles. The 1250 calculator cancels special
processing by setting LVariable.doSpecial to defaultDoSpecial.

4.1.5 Handling NDrops

NDrops, manifold length (LMan) and Pitch are closely related. The calculator initializes the NDrops
selector in the form viathei ni t Sel ect function. It passes the function an array specifying pairs of
values that define the mapping from number OfDropsto LMan. The array is created somewhere in the
calculator (usually at the serieslevel). An example follows:

5 Thisis a place where the cal culator knows something about the structure of the document. Thisis not necessary and a
replacement routine should be writtenin f or ncom
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var NDropsSel ections = new Array (2,40., 4,40., 6,60., 8,60.)

When the user selects aNDrops value, specialNDropsHandler iscalled. This routine determines
whether Y and Z pitch values are allowed in addition to X, and sets and displays limitsfor each. Thisis
done using the functionscal cPi t chLi mi ts andPi t chLi mi t sChanged. Finaly, the
corresponding LMan value is determined and stored.

4.1.6 Handling Pitch

NDrops determines whether Y and Z pitch values are allowed in addition to X. Once this has been done,
upper and lower bounds values have to be evaluated. An array of tripplets defines the relationship
between drops, lower bound and upper bound. The arrays are usually defined at the group level of the
calculator. An example follows:

var XPitchLimts
var YPitchLimts
var ZPitchLimts

new Array (2,133.3,900, 4,82.6,900, 6,59.0,450, 8,59.0,300)
new Array ( 4,82. 6,900, 6,133.3,900, 8,133.3,900)
new Array ( 8, 82. 6, "900- 2*pi t chX")

Note that no values are defined for Y for the two drop configuration, and Z may only be specified for an
eight drop plate.

Note the expression " 900- 2#pi t chx' inthe ZPi t chLi mi t s array. All pitch limits are reevaluated at
run-time whenever NDrops, X, Y, or Z ischanged. Expressionslike 82.6 ssmply evaluate to themselves;
we know what the result will be when we create the source code for the calculator. Thisis not true for Z,
which varies based on the current value of pi t chX. The naming convention iscritical. The pitch limits
arrays must be named as above. The current, user specified, values can be referenced in the expressions
aspitchX pitchyY,andpitchZ.

The limit expressions can contain any valid JavaScript statement. The most complex one currently isin
the 250 calculator: " 900- 2* (( pi t chX>pi t chY) ?pi t chX: pi tchY)". It setsZ upper bounds
based on the larger of the current X and Y values.

Each time the user enters or changes a Pitch value, specialPitchHandler is called to reevaluate and
update al pitch limits.

4.1.7 Handling Temperature

Temperature requires specia attention. The user specifies manifold and plate temperatures (TMan and
TP) but the dependent variable, DeltaT has the associated bounds. Each time TMan or TP is changed,
specialTManTPHandler iscalled. It setsthe DeltaT value and callsdel t aTChanged inf or nrcomso
that the display is updated.

4.2 calccom.js

This section identifies and describes the common calculator routines. cal ccomcontains several
constructors with names of the form newVariableNameVar . The purpose and structure of these routines
19981214
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was discussed above in Section and they are not included here. Similarly, special input and
validation handlers are not included.

function format Nunmber (expr, decPl aces)
Returns the string representation of the expr rounded to decPl aces. Will handle positive and
negative fixed and floating point expressions.

function F2C (tenp)
Fahrenheit to centigrade conversion. Returns NULL for NULL or non-numeric inputs.

function C2F (tenp)
Centigrade to Fahrenheit conversion. Returns NULL for NULL or non-numeric inputs.

function deltaF2C (tenp)
Fahrenheit to centigrade conversion. Returns NULL for NULL or non-numeric inputs.

function deltaC2F (tenp)
Centigrade to Fahrenheit conversion. Returns NULL for NULL or non-numeric inputs.

function nmmRi (dist)
Millimeter to inch conversion. Based on 2.54

function i2mm (dist)
Inch to millimeter conversion. Based on 2.54

function x2x (val)

Thisistheidentity conversion. That is, it simply returnsitsinput value. For metric users, it is applied to
all “Distance” variables, for Imperial users, it isapplied to all “Temperature” and “DeltaT” variables, and
for Husky users, it is applied to all variables.

functi on defaul t DoSpecial ()
Default handler. Does nothing.

function defaul tValidation ()

Theroutine returns afailure indicator for NULL and non-numeric inputs. If bounds are NULL, no further
checking is done and a success indicator isr et ur ned. Otherwise, the variable' s valueis checked
against the bounds, stretched by fuzz.

function var oj ect (varNanme, varType, initial Value, nPrec, iPrec,

hPrec)

Thisisthe base constructor for all engineering variables. It creates the object and initializes the attributes
and methods. nPrec, i Prec, and hPrec specify precision for metric, Imperial and Husky users
and the appropriate value is used based on the value returned for isHuskyUser, isMetricUser and
isimperialUser. Conversion routines are selected based on var Type.

function setCal cvVal (thevar, expr, feedbackBox)

This routineis called directly from the HTML document when the user moves focus out of an input box.
It should be moved to f or ntom The routine converts the input to binary and then back to a string
(using f or mat Nunber ). Thisrounds the value to the precision specified for the variable. For example,
if the user specifiesa TP of 255.784 degrees, avalue of 256 will be used, since precision for TP is zero
digits. Therounded valueisthen converted to Husky units by calling the variables inConv method.
19981214
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Finally, the (possibly) rounded value is refreshed on the document. This ensures that the user sees the
exact value that is being sent to the calculator.

function getCal cVal (theVar)

This routine returns the string representation of the variable in user units with the precision established
when the variable was created. If no precision is specified, asisthe case for “Internal” variables, no
rounding and truncation is performed.

functi on doRangeMappi ng (t heProbe)
This function is set as the map method of a mapper object. See following.

function mapper (pairlist, associatedNozVar)

Thisisthe constructor for mapper objects. These are used to map an input value against a series of
ranges. Once the enclosing range is found, the associated value is returned. |If the second parameter is
non-null, it is assumed to be an engineering variable and its lower and upper bounds are set to the
extremes of the pai r Li st. Seethediscussion of L rangesin Section.

functi on doExact Mappi ng (theProbe)
Thisfunction is set as the map method of a matcher object. See following.

function matcher (pairlList)
Thisisthe constructor for matcher objects. matchers are smilar to mappers except that an input the
map method must exactly match one of the valuesin the pai r Li st .

function initSelect (varQbj, sel Gbj, sellList)
Thisfunction initializes the designated HTML SELECT-ONE object. It creates one OPTION object for
each entry inthe sel Li st. Users can then select one of these from the drop down list.

function initComon ()
Thisinitialization function simply adds the modul €’ s version number to the version string and builds the
cal cDescri pti on string (eg., “750 Vave VX").

4.3 TheCalculator’'s Structure

A calculator is created as a JavaScript object. All calculator objects have the name nozCalc. Outside
users of the object (ie., functionsin f or ntomand cal ccom expect that all calculators will provide the
following methods and attributes:

1. Anarray (parms) containing all of the engineering variables used by the calculator. It can be
indexed by variable name. Eg., nozcalc.parms[“DeltaT”].

2. A method named calculate. This method can be called with no parametersto calculate all of
the needed internal and output variables.

3. Anarray (validationList) that contains alist of input variables that must be successfully
validated before calculate can be invoked.
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In addition, the calculator must build a mapper named LRangeMapper to handle the mapping
of L dimension to nozzlelength if L dimension is used (as opposed to BL dimension). Onceit
meets these requirements, the calculator designer can add whatever characteristics are needed.

5. 750 Nozzle Calculators

We'll ook at the 750’ sfirst. These were the first ones that we built and they are more “regular” than the
others are.

5.1 SeriesLogic

Initialization is performed ini ni t Seri esCal c. It simply constructs the calculator and storesit in
nozCalc. The NDrops selector isinitialized based on the array NDr opsSel ect i ons, defined locally
here and used for al 750’s. Finally amapper iscreated if thisisan L-dimension calculator, or
aternately, the BLR selector isinitialized.

The 750 calculator constructor (S2Cal ¢) creates the following engineering variables, al of which could
be displayed on aform: A, B, C, BL, BLR, F, FPrime, L, LMan, LNoz, NDrops, P, X, Y, Z, SL, LTip,
TMan, and TP. Thevalidation list is set to one of thetwo arrays| Val i dat i onLi st or

bl Val i dat i onLi st depending onthevaueof i sBLCal cul at or.

Additional methods are created to perform calculations for the various internal and output engineering
variables. These areinvoked in the required order inthe cal cNozzl e function that is used as the
calculate method, called from f or ntom Note that none of the functions for these additional methods
aredefinedins2cal c. Their implementation is different for different groups and types.

5.2 ValveNozzles

S2vgvx.jsisthe 750 valve group module. The initialization routine sets the value of A to 60mm. The
modul e contains functions for calculating B, BL, C, F, FPrime, and P. Baoth 750 valve nozzles share these
functions. The pitch limit arrays, XPi t chLimts, YPitchLim ts,and ZPi t chLi m ts areaso
created here and shared by both valve nozzles.

5.2.1 VaveNozzle Types

There are two 750 valve nozzles and the final module in the calculator is either s2vgc.j s or s2vxc.j s.
These modules contain the function for performing the SL calculation and the arrays used to set up L
range mapping and BL range selections (BLR).

The L range array for the 750-V G nozzleis asfollows:

var LRanges = new Array (35,null, 45,70, 55,80, 65,90, 75,100, 85,110, 95,120,
105, 130, 115, 140, 125, 150)
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It isinterpreted as follows by the mapper. The array consists of pairs of values, the first is an upper limit
on the L dimension and the second is the corresponding LNoz mapping. Thefirst pair always has NULL
as the mapped value. The semantics are, “If the L value is 35 or less, there is no mapping; that is, L
dimensions less than or equal to 35 areinvalid.” L dimension values greater than 125 will not be mapped
and when the mapper iscreated (ini ni t Seri esCal c), the boundsfor L will be set to 35 and 125.
Using the above L range array, if the user enters a value greater than 55 but less than or equal to 65, the
mapper would return 90 as the LNoz value.

The definition of the BL range selection is more straightforward. The 750-VG BL range array is:

var bl RangeSel ections = new Array (65, 70, 75,80, 85,90, 95,100, 105,110, 115, 120,
125, 130, 135, 140, 145, 150)

This array will be used to initialize the BLR selector for BL dimension calculators. The HTML selector
will beinitialized with options for 65, 75, 85, ... 145. Each option will have a corresponding value,
specifically 70, 80, 90, 100, ... 150. If the user selects 75, LNoz will be set to 80.

5.3 Thermal Nozzles

S2ot her .jsisthe 750 thermal group module. The initialization routine sets the value of A to 40mm.
The module contains functions for calculating B, BL, C, F, FPrime, and P. All 750 thermal nozzles
share these functions. The pitch limit arrays, XPi t chLi mits, YPi t chLi mi t s, and

ZPi t chLi m t s areaso created here and shared by all thermal nozzles. s2vgvx.j s containsthe
functions and parameters common to all 750 valve nozzles. s2ot her .j s doesthe same for the 750
thermal group.

5.3.1 Therma Nozzle Types

There are five different types of 750 nozzles: EG, HT, MP, SE, and TS. All differ only in parameters
used to calculate SL, and in the mappings and selections for L range and BL range. Not surprisingly,
once the first one was coded, the others were created by copying and modifying the original.

5.4 Some Review
Now that we have described a complete calculator, there are a few things to note.

The serieslevel module is the place where we provide al of the variables, objects and methods that the
higher level modules (cal ccomand f or ntom) expect to find.

We can place lower level implementation details, such as parameters and calculation logic wherever it
makes sense. In this case, the main calculation routine could be in the series level module because all
nozzles produce the same internal and output values and the order of calculation isthe samein al cases.
However, there were no calculations that were the same for all 750's. During the design phase, we noted
that all 750 valve calculations were the same except for SL, so we implemented these in the valve group
module. We could do the same for pitch limits. This meant that the remaining valve information, ie., the
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SL calculation and the L and BL range information had to be implemented in the individual valve type
modules.

It happens that the same design information applies to the thermal group. All 750 thermal nozzles share
the same calculations for everything except SL, so these were implemented in the thermal group module.
Note that they differ in detail from the valve group formulae. Again, aswith the valve nozzles, the
remaining functions and information had to be defined individually for each thermal nozzle in itstype
module.

It would not have hurt usif things were not so neat. For example, assume that each 750 thermal nozzle
had its own P calculation, but all valve nozzles still had a common one. We would leave the valve group
module asis, with its pCal ¢ function but we would delete the pCal ¢ function from the thermal group
module. We would then go to each of the five thermal type modules and write a customized pCal ¢ in
each.

We build a calculator by selecting the appropriate series, group, and type modules. In general, we may
not know where the pCal ¢ function islocated, but we know that there will be one, and that is all that
matters.

6. 250 Nozzle Calculators

The calculator for this series contains alarge amount of code that models the expansion characteristics of
various materials and components. All nozzlesin the series arein a single group.

Initialization follows the same pattern as the 750’ s except that there is no allowance for BL calculations.
The following engineering variables are created: A, B, C, DeltaT, DSleeve, F, H, L, LMan, LNoz,
LSeat, LSleeve, LTip, NDrops, P, SurfDist, TMan, TP, X, Y, Z, BExp, CExp, FExp, MEXp,
NBExp, and TExp. The caculation routine, cal cNozzl e, first calculates the expansion values and
then the outputs.

The modeling functions are defined at the series level since they are independent of any particular nozzle.
All of the dimension calculations are located at the group level. The individual modules at the type level
are used for type specific initialization of LTip, SurfDist and the LRanges array.

6.1 Expansion and Deflection Modeling

The expansion calculations, BExp, CExp, FExp, MExp, NBExp, and TEXxp, rely on modeling logic in
slcal c. Theseroutinesin turn rely on data structures that parameterize material and component
characteristics. We will deal with these first.
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6.1.1 Data Structures

Material parameters are defined in a matcher name matChars. In this case, the pairs passed to the
constructor are a material name and an array of characteristics (Exp and TCond). Information is defined
for materials designated as IT, BECU, H13, WR, and TITANIUM.

Three multi-segment components are evaluated in the models. These are the back-up insulator, the centre
insulator, and the nozzle flange. Their net expansion values are designated as BExp, CExp, and FExp.
The components are parameterized in the arrays bExpPar ns, cExpPar s, and f ExpPar s,
structured as follows.

Each array has a material designator asitsfirst element, eg., “H13”. cExpPar ns has asits second
element, the load on the component. Each successive element, in all cases, is another array that
parameterizes one segment of the insulator or flange. These must be ordered in away that matches the
physical component since the algorithms assume that adjacency has meaning for heat transfer. The
secondary arrays each contain four elements, outside diameter, inside diameter, length, and a geometric
factor used in calculating heat resistance (HResi s). Note that the material designator must exactly
match one of the material namesin matChars.

6.1.2 Modding Algorithms

BExp and FExp only require expansion modeling. CExp is concerned with deflection that isitself based
on the expansion model. These are calculated in the functions expansi onModel and

def | ecti onModel respectively.

Both begin by constructing anodel | i ngMat ri x. The matrix has one row for each segment of the
component and one column for each parameter and internal working variable.

They then call doBasi cMbdel | i ng, passing the material designation as a parameter.

doBasi cMbdel | i ng usesthisto access Exp and TCond values for the material. First, area and heat
resistanceis calculated for each segment, and then heat loss is determined, based in part on the sum of
heat resistance for al segments. Finally, average temperature, node temperature and free expansion are
calculated for each segment.

When control returnsto expansi onModel , it simply sums free expansion for all segments and returns
this as the result.

When control returnsto def | ect i onMbdel , it continuesin order to complete the deflection
calculation. It begins by calculating Y oung’s modulus, net expansion and deflection for each segment.
Finally, it returns aresult based on the sum of the net expansions and cenman, the load dependent
deflection at the centre on the manifold plate.
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7. 1250 Nozzle Calculators

Calculations for 1250’ s require numerous expansion calculations, but not the modeling complexity of the
250's. These nozzles present a new software problem. While all 1250 nozzles share a core set of
engineering variables, the valve and thermal groups each have some of their own. Rather than creating a
single calculator that included the full set, we chose to construct a separate one for each group. However,
each of theseis derived, or subclassed, from a calculator that implements the common components.

7.1 SeriesLogic

The way the 1250 calculator is constructed is unique. Recall that f or rcomcallsi ni t TypeCal c to
build the calculator and that thisis the “bottom” of the hierarchy. It callsi ni t G oupCal ¢ anditis
here that the new feature is seen. The valve and thermal group modules each want a customized
calculator. They accomplish thisby callingi ni t Seri esCal ¢, passing a reference to a constructor of
their own. Weraise this here, because initSeriesCalc does not build the calculator itself; it calls the
constructor it receives as a parameter. This constructor will still create a“basic” 1250 calculator by
calling the expected constructor, S3Calc. Thiswill then be customized as discussed in Sectiond 7.2 and

S3Cal ¢ creates the expected methods for calculate and for the calculation of the individual output
variables. It then creates amethod that will calculate all of the basic expansion values. This usesthe
function S3Expansi ons. Finaly, it creates a method that can optionally perform group specific
expansion calculations. The method nameis calcGroupExps, and it isinitialized to NULL, indicating
that there are no custom expansion calculations. Remember that when S3Calc is done, it will return to
i nitSeriesCal c thatwill returntoi ni t G oupCal ¢ where the construction will be completed.

The base calculator creates the following engineering variables: A, B, C, CClear, Centre, CExp, DefH,
DSExp, DeltaT, DTMan, DTP, F, FPrime, G, L, L, LMan, MExp, ML, NFExp, NIExp, NDrops,
NFlange, Nozins, P, Shoe, Spring, SysExp, SysH, TShoe, X, Y, Z, TMan, and TP.

Note that pitch limits are defined at the series level since they are common to all nozzlesin the series.

When it comes time to perform a calculation, the calculate method (function cal cNozzl e) will invoke
the calcCommonExps method (function S3Expansi ons) and then invoke the calcGroupExps method
ifitisnot NULL. Once al expansion values have been done, the output variables are calculated in the
normal manner.

7.2 ValveNozzles

s3vgvXx.j s isthe group module for 1250-Valve nozzles. It calsi nit Seri esCal ¢, passing it the
function S3vgvxCal cul at or asthe constructor. This function first uses S3Calc to construct the base
calculator and then adds the following engineering variables: CHExp, CylHeight, DTCyl, MBFExp, and
MBFlange. When this has been done, i ni t G- oupCal ¢ continues by initializing the variables
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common to all nozzles in the group and makes the calcGroupExps method point to the valve group
specific function S3vgvxExpansi ons.

Note that all calculations for 1250-valve nozzles are defined at the group level.

7.2.1 VaveNozzle Types
There are two 1250 valve nozzles and the final module in the calculator is either s3vgc.j s or

s3vxc.j s. These modules contain nothing except initialization code that sets upper and lower bounds
for L and ML.

7.3 Thermal Nozzles

s3ot her .j s isthe group module for 1250-Thermal nozzles. The initialization routine

i ni t G oupCal c isidentical to the onein the valve group, except that it creates different new variables
and it points the calcGroupExps method at its s3ot her Exps function. The new variables for the
thermal group are Backup and BEXp.

7.3.1 Therma Nozzle Types

There are five 1250-thermal nozzles: HT-D, HT-DC, HT-T, HT-TC, and TS. These are implemented in
s3htdc.js,s3htdcc.js,s3httc.js,s3httcc.jsands3httsc.js. Themodulescontain
nothing except initialization code that sets upper and lower bounds for L and ML.
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