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Chapter 1
System Overview

| ntroduction

This manual describes the OPERA-2d pre and post processor, one of a suite of
finite element based programs which can be used astoolsin the design of electro-
magnetic devicesof all kinds. OPERA-2d has been devel oped for use on PC'sand
workstations by Vector Fields Limited.

OPERA-2d solves awide range of electromagnetic and el ectrostatic applications
in 2-dimensional xy and axisymmetric coordinates. At present the suite comprises
a pre and post processor, optional analysis programs and a DXF file trandlation
program.

Pre and Post * OPERA-2d/PP: interactive pre and post processor.
Processor
Static Fields » OPERA-2d/ST: magnetostatic and electrostatic field anaysis, with non-linear

materials. ST includes software to adapt the finite element mesh in order to
achieve a specified accuracy.

» OPERA-2d/SP: electrostatic field analysis including the effects of space
charge created by beams of particles.

Eddy Currents e OPERA-2d/AC: steady-state ac eddy current analysis, including use of non-
uniform permeabilities from OPERA-2d/ST, complex permeabilities and
external circuits. AC includes software to adapt the finite element mesh in
order to achieve a specified accuracy.
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 OPERA-2d/TR: transient eddy current analysis, with non-linear materials,
multiple drives, background dc fields and externa circuits.

* OPERA-2d/VL: uniform linear or rotational motion induced eddy current
analysis, where the topology does not change with time. VL includes software
to adapt the finite element mesh in order to achieve a specified accuracy.

» OPERA-2d/RM: transient analysis of rotating machines, with variable speed
rotor, mechanical coupling and all the features of TR.

» OPERA-2d/LM: transient analysis of general motion (linear and/or rotating),
driven as variable speed or with mechanical coupling, and al the features of
TR.

» OPERA-2d/SA: stress analysisincluding external forces and using forces cal-
culated from electromagnetic solutions.

* OPERA-2d/TH and OPERA-2d/THTR: steady-state and transient thermal
analysis using external heat fluxes and ohmic heating calcul ated from electro-
magnetic solutions.

» OPERA-2d/DXF: A program which translates a DXF file to an OPERA-2d
command input (.comi) file.

The following chapters of this Reference Manual describe the pre and post proc-
essor in detail. Chapters 2 describesthe Command Line and Graphical User Inter-
faces and Chapter 3 describes the commands which are used to prepare data for
and process the results from the analysis programs.

More information on how to use the pre and post processor and anaysis pro-
grams, including worked examples and tutorials, is given in the OPERA-2d User
Guide.

|
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Program Limits

The OPERA-2d programs have limits on the maximum numbers of regions, ele-
ments, etc. which can be created by the pre and post processor.

The current limits of the first three sizes are given in the following table;

Version 8.5

OPERA-2d Program Limits
Sizel Size 2 Size 3
max number of regions 2000 2000 2000
max number of elements 20000f 100000 400000
max number of nodes 45000{ 225000{ 900000
max number of sides/polygon 1000 1000 1000
max number of drives (TR) 2000 2000 2000
max number of emitters (SP) 50 50 50

Workstations are supplied with Size 2, but can be re-sized by the user.
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Chapter 2
User Interface

| ntroduction

The interactive pre and post processor of OPERA-2d has a user interfaces which
comprises both a command line, and a Graphical User Interface (GUI).

The GUI generates text commands which have the same syntax as the commands
which can betyped in directly at the keyboard. There are some featureswhich can
be used only from the keyboard. This chapter gives full details of the command
lineinterface. In subsequent chapters, the keyboard commands are described with
indications, where appropriate, of the corresponding GUI interaction. The use of
the GUI for the pre and post processor follows in the next section.

Within thismanual, different fonts are used to differentiate between input and out-
put of various types. The program’s commands, parameters and keywords are
shownin SANS-SERIF FONT; input and output fromtheprograminbold
andnormal weight teletype font. File namesare showninadanted
font. GUI items are shown in anarrow tele-type font.

]
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2-2 Chapter 2 - User Interface

The Graphical User Interface

The GUI isbuilt from 8 types of input window which are selected and controlled
by pointing with the cursor and clicking a mouse button. Some input windows
accept characters input from the keyboard. The input windows are:

» Horizontal menu: Only used for top level menu.

» Vertical menu: For selecting commands and options.

e Parameter Box: For entering numerical or character data.
» DialogBox: Combination of text inputs and switches.

» FileBox: For selection of files.

» CDBox: For selection of current directory or folder.

e ColourBox: For re-defining colours.

The GUI also uses MessageBoxes to display messages and questions on the dis-
play.

M enus

Menus are horizontal or vertical lists of keywords which indicate actions to be
performed. Menu items are selected by pointing with the mouse and clicking its
left button. When the cursor is pointing at a menu item, that item is highlighted.

Alternatively, menu items can be chosen using the keyboard arrow keys. « and
— for ahorizontal menu or T and | for avertical menu. When the required item
ishighlighted, it can be selected using the <Enter>, <Return> or . keys.

Selecting a menu item can have one of several effects; the action is indicated by
asymbol at the right-hand side of the item:
Symbol Action

1 Drop Down: this activates a sub-menu. It only existsin the top-
level horizontal menu.

E Pull Right: activates a sub-menu.

g Pick and Pull: activates a sub-menu after a selection from the
displayed model (see Pick below).
E Return: returns to higher-level menu.
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Symbol Action (continued)

n Toggle: swaps between 2 options and the symbol changes
between n and n The current state of the program is dis-
played.

. Option: chooses one from a set of options. The current choice

isindicated by Il (filled with red).

H Pick: must be followed by a selection from the displayed
model. Thisis done by positioning the cursor (which changes
shapeto +) over therequired part of the model and pressing the
left mouse button.
E Rubber-box: must befollowed by selection of diagonally oppo-
site corners of a rectangle. This is done by pressing the left
mouse button with the cursor at one corner and dragging the
mouse, with the button held down, releasing it at the opposite
corner. The menus are automatically hidden while the rubber-
box is being used.
Ea Action: executes acommand or requests additional information
via a ParameterBox or both; sometimes the menu will close
after the specified action.

The <Esc> key can be used to escape from a menu without any actions. If the
menu does not alow Pick operations, selecting from ahigher level menu can also
be used to closeiit.

Not al menu items can be used at al times. For example, it isnot possible to exe-
cute post processing commands if there is no solution or no mesh. Unavailable
menu items are displayed in pale-blue rather than white until they become avail-
able as the result of other commands.

]
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Parameter Boxes

ParameterBoxes (figure 2.1)(figure 2.2) are used to input information from the

Size
X coordinate of eye
Y coordinate of eye

Z coordinate of eye
Accept Dismiss

Figure2.1 A Typical Parameter Box

Minimum X coordinate 0
Maximum X coordinate = 10
Minimum Y coordinate (0]
Maximum Y coordinate = 10

Accept Dismiss

Figure2.2 A Typical Parameter Box

keyboard. Default values (if they exist) are displayed and areinitially highlighted.
When a value is highlighted it can be replaced by the first characters typed. A
value can be edited by moving the text cursor before typing any character keys.

Most ParameterBoxes have F:{elel=3ok el and below the list of

parameters. These can be selected with the mouse to execute or escape from the
command. The mouse can also be used to identify a parameter to be edited.

Editing parameter values and controlling the execution of the command can be
achieved with the following keys:

T, and <Tab> can be used to move between the parameters.

« and — move the text cursor within the value being edited.

<Enter>, <Return> Or J move to next parameter. If is
highlighted or thereis only one parameter, the command is executed.

<Esc> escapes from the command.
<Back-space> Or <Delete> delete characters.

To toggle insert mode: <Insert> (Windows) or function keys <F2> or
<PF2> (X-windows)

To move to start of the value <Home > (Windows) or function keys <F3> or
<PF3> (X-windows)

|
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* To move to end of the value: <End> (Windows) or function keys <F4> or
<PF4> (X-windows)

FileBoxes and CDBoxes

FileBoxes (figure 2.3)(figure 2.4) are used for selecting afile namefor reading or

File Selection Box
Filter
* .oppre

Files in: /u/guest

Sub-directories

mot00.
motl0.
mot20.
mot30.
mot40.
mot50.
mot60.

oppre
oppre ..
oppre ex4 23
oppre

oppre

oppre

oppre

sensll.oppre
sensl2.oppre

Selected file

Selected directory

Accept

Filter Dismiss

Figure2.3 A File Selection Box

F
Filter

* K

ile Selection Box

Files in: /u/guest

motl0.
motl0.
motl0.
mot20.
mot20.
mot20.
mot30.
mot30.
mot30.

Sub-directories
mesh
op2 oo
st ex4 23
mesh
op2
st
mesh
op2
st

Selected file

Selected directory

Accept Filter Dismiss

Figure2.4 A File Selection Box

writing. The FileBox contains a filter string which specifies a subset of all files.

Version 8.5
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If thefilter is edited, it can be acted on by typing <Enter>, <Return> or J or
by selecting the m button.

If there are more files than can be displayed in the FileBox a scroll-bar is dis-
played at the |eft side of the list of names. Similarly, if thelongest file nameistoo
long for the FileBox a scroll bar is displayed below the list of names. The size of
the dlider within the scroll bar indicates the proportion of the text which is dis-
played. The text can be scrolled in two ways:

» clicking above or below the dlider in the vertical scroll bar, or to the left or
right of the dider in the horizontal scroll bar, scrollsthetext by one pagein the
direction indicated.

» dragging the dider, by pressing and holding the |eft mouse button while mov-
ing the mouse scrolls the text in the direction indicated while the mouse is
moving.

One file should be selected from the list of files. Double-clicking (selecting the
filetwicein quick succession) confirmsthe selection. Alternatively, the selection

can be confirmed by selecting the m button. The required file name

can aso be typed into the selection box and accepted by typing <Enter>,
<Return> or .

The current directory or folder nameis shown and its sub-directories are also dis-
played in a second selection area. The current directory can be changed by using
adouble-click selection in the sameway asfor afile name, or by typing the direc-
tory name into the selection box and typing <Enter>, <Return> or .. Any
change of directory in a FileBox is remembered for the next time the FileBox is
used, unless the current directory is changed using the CDBox which resets the
directories for all FileBoxes.

The CDBox implements the Change Directory command within the GUI. It dis-
plays alist of subdirectories, which can be selected by double-click or typing in
the same way aswithin the FileBox. If the new directory includes adisk or device
name, it can only be selected by typing the full name into the selection box. When
the current directory is as required, the CDBox can be closed by typing <Esc>

or by selecting the Im button.

In FileBoxes and CDBoxes, file tree-names and directory names can be given
using environment variables (UNIX and Windows only). Environment variables
$VFDIR (on UNIX systems) and %\ FDIR% (on Windows systems) are defined
by the software as the parent directory of the software.

|
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DialogBoxes

DialogBoxes are used to input information using a combination of keyboard and
mouse operations. Within a DialogBox there can be:

» Text-inputs: black rectangles. Initialy the first text-input is selected and any
characters typed will appear there. Any text-input can be selected with the
mouse beforetyping. The <Enters, <Returns, ., | or <Tab> keyscan be
used to move to the next text-input. The T key can be used to move to the pre-
vious text input. Within a text-input the value can be edited using the editing
and function keys defined for ParameterBoxes (see page 2-4). Selecting a

down arrow button ﬂ to the right of atext input activates a FileBox to sup-
ply afile name for the text-input (see page 2-5).

» Switches: small squares or ‘radio-buttons'. The switches can be on - (red)

or off .I (blue). The state of a switch can be changed by selecting with the

mouse pointer. Turning on one switch might turn others off if the options are
mutually exclusive.

» Buttons: labelled rectangles. These are used to action the selected options, or
exit without issuing acommand. A button can be selected using the mouse or,
if itishigh-lighted, withthe <Enter>, <Returns> or .1 key. The<Esc> can
also be used to exit without issuing a command.

» Scrolling lists: alist of items from which one or many can be selected using
themouse. If thelistislong or wide, scroll-bars can be used to view other parts
of thelist in the same was as for FileBoxes (page 2-5).

It isimportant to remember that DialogBoxes often contain more items than are
needed at a particular time. Only those items required should be selected.

M essageBoxes

M essageBoxes are used by the GUI to communicate important information to the
user. Thereare 5 types of MessageBox each containing black text on agrey back-
ground.

» Information: the results of commands, warnings etc. These boxes are labelled
with alargei. Information M essageBoxes can be dismissed by typing any key
on the keyboard (except <F1>) or with the left mouse button.

* If the quantity of information exceeds the size of the window, a scroll-bar is
displayed to enable the whole message to be viewed. The window will show
the top of the message as the scroll is generated, but other parts of the message
can be viewed by dragging the scroll bar up or down.

]
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2-8 Chapter 2 - User Interface

» Errors: these include Pick operations outside the model space and bad values
in ParameterBoxes. The program gives the user another chance to perform the
input if an error occurs. Error MessageBoxes are labelled with alarge !. They
can be dismissed by typing any key on the keyboard (except <F1>) or with the
left mouse button.

« Questions: these alway's require a choice between - and -I Ques-
tionBoxesarelabelled with alarge ?. They can be dismissed by selecting either

the ! box or the ! box.

* Input: these always require additional information to be given by the user via
aParameterBox, aDialogBox or aFileBox which appears below the M essage-
Box. The boxes disappear when the information has been supplied.

» Timer: these indicate how much of an operation has been completed. Timers
are only displayed for operations for which the estimated elapsed time is
greater than 5 seconds. Timer boxes cannot be dismissed, but will automati-
cally disappear when the operation is complete.

Colour Boxes

The ColourBox (figure 2.5) is used to redefine col ours used on the display. It con-

Colour Change

Red
Green 0

Blue O
(0]

Apply Cancel Quit

Figure2.5 A ColourBox

sist of 3 horizontal slider bars, one each for red, green and blue, a square showing

|
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the colour as it is changed and three buttons, m m and

The colour can be adjusted by moving the slidersin two ways:

» clicking to theleft or right of the slider decreases or increases the amount of a
colour by 10%.

e dragging a dlider by pressing and holding the left mouse button and moving
the mouse to the left or right decreases or increases the amount of a colour
while the mouse is moving in proportion to the distance between the cursor
and the slider.

The buttons m acolour by changing the display to use the colour in
the colour square; m the changes by restoring the colour to what it

was when the ColourBox was opened; and m the ColourBox.

Notethat on sometypes of display, the new colours are not shown until the picture
isredrawn.

Hiding and L eaving the Menus

Sometimes it is necessary to hide the menus so that the complete picture can be
seen. This can be done using the <F1 > function key. bring the menus back again.

To leave the menus compl etely the top-level menuitem w should

be selected. To return to menu-mode, the keyboard command * should be given.
(Thisisthe caret character followed by <Enter>, <Return> or ..)

]
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2-10 Chapter 2 - User Interface

Keyboard I nput

A typical keyboard input consists of acommand to perform some action, together
with parameters that determine how the action is performed. At other times the
input is a list of ‘free-format’ keywords or numbers which provide additional
input to an earlier command. Keyboard input is requested by a prompt of theform

name >

where name is the name of the program or program section being used or some-
times is a question to be answered. Alphabetic input can be in either upper or
lower case.

Even in keyboard mode, some commands require graphical input. This is pro-
vided by positioning the cross-shaped cursor on the graphics window and typing
a key on the keyboard or a mouse button.

Some commands are ‘ built-into’ the command interpreter. Whenever a prompt of
the form given above is issued, built-in commands can be typed, by starting the
input line with $.

|
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Output Files

All user input and the responses from the program are stored in a dialogue file,
Opera2d PP _n.Ip. User input iswritten to afile called Opera2d PP_n.log

log files are in a format which can be used as input to the program with the
$ COMINPUT command. Graphical input or cursor commands are included in
the log files; they can be read back into the program when the $ COMINPUT
command is accessed from the GUI. ($ COMINPUT is described on page 2-30.)
A unique set of filesis created for each run of the programs. The lowest available
value of n isused for al files.

Ip andlog files are stored in a sub-folder (sub-directory) of the project folder (cur-
rent directory) named opera_logs.

Additional output files can be created by the user to contain the program’s usual
output or user-defined output or both. The commands to do this are described on
page 2-32.

]
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2-12 Chapter 2 - User Interface

Commands and Parameters

Commands and parameters control the programs. All commands and their param-
eters may be shortened to their minimum unambiguous form. In any case, a max-
imum of 16 characters is used, except for file name parameter vaues. For
example, in order to input the RECONSTRUCT command, any of the following
character strings could be typed: RECONSTRUCT or RECONSTRUC Of RECON-
STR Or RECONST Or RECONS Or RECON Or RECO or REC. The 2 characters RE
will not be sufficient, because other commands also begin with these characters.
The programs’ command interpreter will return an intelligible message when an
error isdetected in the input. If RE had been input as a command the interpreter
would reply:

DCOD Message 2: Command ‘RE’ ambiguous (CMND)

|
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2-13

The Help Character (!)

Version 8.5

Short help messages on the commands and their parameters can be obtained at
any time by entering the help escape character; this is the exclamation mark (1).
Entering a single exclamation mark on a new line will cause alist of all the com-
mands to be displayed, together with a one line description of each command’s
function. Entering a command name followed by a single exclamation mark will
produce a one line description of the command, followed by alist of all the com-
mand’s parameters with their current value and a description of their function.

e Examples: (Not al the commands are shown here.)

OPERA-2d > !
Valid commands are:
HELP Obtain help on how to use OPERA-2d
DRAW Input region data
READ Read files of region and mesh data
END End OPERA-2d/PP
$... Built-in commands. Type ‘'S !’ for a list.
OPERA-2d > read !

Read files of region and mesh data
Parameter Value Meaning

FILE File name

CASE 1 Results case number

SOL1 The name of an additional solution
table

SOL2 The name of an additional solution
table

SOL3 The name of an additional solution
table
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2-14 Chapter 2 - User Interface

Parameter Assignment

Parameter values are specified either by entering an assignment instruction
parameter=value

or positionally by entering the values for the parameters in sequence. Both forms
of specification may be mixed, in which case specifying

xmin=valuel value2 wvalue3

implies that value2 isassigned to the next parameter after xmin and value3
to the one after that. The parameter sequence for acommand is fixed in the order
listed by the help escape character !. When assignment instructions are used to
specify the value of parameters the order is not important, except when expres-
sions which reference other parameters are used (see examples on page 2-18).

Parameter assignments may be separated either by a comma or spaces; any
number of spaces may be used, but if two commas are used in positiona input
mode thisimpliesthat the parameter valueis not supplied. Whichever input mode
is being used, acomma at the end of an input line implies that the command will
be continued on a subsequent line. In this case the parameters entered on the first
lineare assigned in the program, but the action isnot initiated. Thefirst parameter
on a continuation line must be assigned explicitly, i.e. using parame-
ter=value syntax.

Parameters are unique to the command with which they are associated. The only
exceptions to this are the parameters COMPONENT, VX and VY. These take
expressions to define the output field quantities. In this case the expression(s)
given in one command become the default values for other commands which use
the parameters.

The value of the parameters associated with acommand arein general initialized
to sensible defaults when the programs start, although there are cases where it is
not sensibleto provide adefault. For example, there is no default for the file name
with the READ command. The last value used for a parameter (in a command)
becomes the default value for that parameter the next time the command is used,
except in cases where this could be disastrous. The exceptions are obvious, for
example, with commands that del ete objects the object names or numberswill not
be defaulted to the last value.

e Example: Using the following RECONSTRUCT command as an illustration:

OPERA-2d > reconstruct !
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Reconstruct picture of region data
Parameter Value Meaning

XMIN 0.0 Minimum X coordinate
XMAX 10.0 Maximum Y coordinate
YMIN 0.0 Minimum Y coordinate
YMAX 10.0 Maximum Y coordinate

e Example: Assignment instruction mode:

OPERA-2d > reco xmin=-5 xmax=10 ymin=-10 ymax=5

e Example: Positional input mode
OPERA-2d>reco -5 10 -10 5

e Example: Mixed positional and assignment
OPERA-2d > reco xmax=10 -10 5

e Example: Missing positional input, YMIN takes last value by default
OPERA-2d > reco -5 10,,5
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Parameter Values

There are 4 types of value which may be assigned to a parameter: Numeric,
Expression, Character and Boolean. Some parameters can take several vaue
types but some combinations, such as character and expression are not allowed.
Error messages indicate if an inappropriate value type has been used, e.g.

DCOD Message 19: Parameter 'TYPE’ cannot take numeric
values (DECODE)

Numeric Parameter Values

Numeric values are used in many commandsfor specifying position, size, number
of objects etc. Numeric values can be integer, fixed or floating point REAL or
DOUBLE PRECISION numbers.

e Examples:

23

1.2

3E5

-5.789E+04
2.305983743795d5
-0.04

Expressionsin Parameter Values

Most parameters which can take numeric values can also take algebraic expres-
sions to specify the values. Expressions used in this way for data input are a
replacement for a calculator. Variables within such expressions can be other
parameters, system variables or user variables (see the $ PARAMETER and
$ CONSTANT commands on page 2-27). These input expressions are not
remembered; they are evaluated and the result is stored.

Parameters which cannot take expressions as values are those which also take
character values. The text functions, %INT() and %REAL() (page 2-19) provide
away of getting around this restriction.

Expressions are also used to specify user defined parameters for output field
guantities in post processing. These expressions are remembered and used for
eva uation when referenced. Variablesin output expressions can also include the
position and the field components. Full details are given in Chapter 3.
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Within expressions, variable (parameter) names cannot be abbreviated. If acom-
mand parameter is used in an expression, its name must be typed in full.

The following characters can be used in expressions, with their usual rorTran
meanings. + - / » (). No spaces can be included within expressions.

The following functions are supported, again using their usual rortran defini-

tions:
FUNCTIONS

Arithmetic

ABS (a) the modulus of a

INT (a) the largest integer whose magnitude does not exceed
the magnitude of a timesthesignof a

NINT (a) theinteger closestto a

MAX (a;b) the maximum of aand b

MIN(a;b) theminimumof aand b

MOD (a; b) theremainder when aisdividedby b

SIGN(a;b) the modulus of atimesthesignof b

Trignometry (anglesin radians)

ACOS (a) the angle whose cosineis a

ASIN(a) the anglewhose sineis a

ATAN (a) the angle whose tangent is a, angle in the range
43

ATAN2 (a; b) the angle whosetangent is b/a taking into account
thesignsof a and b and dlowing a to be zero,
angle in the range (-, )

cos (a) thecosineof a

COSH (a) the hyperbolic cosine of a

COTAN (a) the cotangent of a

SIN(a) thesineof a

SINH (a) the hyperbolic sineof a

TAN (a) thetangent of a

Trignometry (anglesin degrees)

ACOSD (a) the angle whose cosineis a

ASIND (a) the anglewhose sineis a

ATAND (a) the angle whose tangent is a, angle in the range
(-90, 90)
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FUNCTIONS (continued)

ATAN2D (a;b) [|theanglewhosetangentis b/a taking into account
thesignsof a and b and alowing a to be zero,
angle in the range (-180, 180)

CosD (a) thecosineof a

SIND (a) thesineof a

TAND (a) thetangent of a
Exponentialsand logarithms

EXP (a) the value of ?

LOG (a) the natural logarithm of a
LOG10 (a) the common logarithm of a
SQRT (a) the square root of a

N.B. Functionswith 2 arguments, aranz and vop, use " ;’ to separate the arguments,
since‘,’ isthe separator between parameter assignments.

e Example: Parameter assignments:

OPERA-2d > line x1=x1+10 x2=x2+10

e Example: order is important since the expressions are decoded in the order
given; the following commands are not equivalent:

OPERA-2d > line xl=yl+4 yl=y1l+3
OPERA-2d > line yl=yl+3 xl=yl+4

e Example: Output components in post processing:

OPERA-2d > cont comp=sqrt(x**2+y**2) *bx

Character Valuesfor Parameters

Character vaues are character strings, starting with an alphabetic character. In
most cases the value is compared against alist of valid options. In such cases the
value can be abbreviated to its minimum non-ambiguous length. Specifying the
help character, ‘ 1", will cause the program to give alist of the valid options.

In other cases character values are used to give file names. In such cases longer
strings are permitted. For operating systems which allow file name extensions or
file types, the types are added automatically, the precise type being determined
from the context. On systems where file names are case sensitive, file names
which are entirely upper-case are given upper-case extensions, other file names
are given lower-case extensions.
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File names given as tree-names can include environment variables within the
directory part of the name. Variables $VFDIR (UNIX) and $VFDIR% (Windows)
are defined by the software as the parent directory or folder holding the software.

Some character strings are used for titles or text messages. For these strings, the
rule about the first character being al phabetic can be relaxed. However any string
which contains spaces or commas must be enclosed in quotation marks (7). Quo-
tation marks embedded within character strings must be paired. The GUI auto-
matically supplies quotation marks when necessary.

Superscripts can be used in title strings. This is done by including the characters
~E before and ~A after the superscripts. It is not necessary to use ~A if the string
ends with superscripts.

e Examples:

OPERA-2d > read file=quadrupole
OPERA-2d > cont style=zone
OPERA-2d > title string='Field after 10~E-3~As’

The last example would give the title:

Field after 107g

Boolean Parameter Values

Boolean parameterstake the values YES or NO and are in general used for switch-
ing features on or off. Boolean values can also be specified by + PARAMETER Or
-PARAMETER, being equivalent to PARAMETER=YES and PARAMETER=NO.

Some parameters can take boolean or character values

e Examples:

OPERA-2d > reco +label
OPERA-2d > cont auto=yes
OPERA-2d > line aver=no

Text functions

It is sometimes necessary to insert the value of an expression into a parameter
value as a character string, for example, to include an index number in afile name
or to supply avalue by expression to a parameter which cannot take expressions.
This can be done using two text functions:
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%INT (expression)

%REAL (expression)

These functions evaluate the expressions given and replace %function(expres-
sion) on the command line with characters representing the value (Y%oREAL) or
the nearest integer to the value (%INT).

For example, to specify aregion number using a user variable:

inta regl=%int (#ireg), reg2=%int (#ireg)

Similarly, the text function

%EXPR(variable)

replacesitself with the expression which variable represents. The variable can be
the parameter of acommand, e.g. COMP or auser variable. It can be used to mod-

ify the expression. In the following example, the first component expression is
modified by dividing by a constant:

cont comp=bmod/hmod
cont comp=%expr (comp) /mul

This second command is equivalent to

cont comp=bmod/hmod/mu0
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Command Interpreter Errors

The command interpreter provides input error recovery facilities. If a parameter
name is mistyped, the other assignments on the input line will be performed,
unlessthey are positiona assignments whose position can not be determined, but
command action will not continue. The incorrect parameter(s) can then be re-
specified without having to retype the whole input line. The same appliesto errors
detected in the value of a parameter. The command interpreter will display any
portion of the input string which it cannot recognize or which it thinksisin error
so that the user can see which parameters need to be re-specified.
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Confidence L evel

Experienced users rely on the last used defaults and the mixed assignment and
positional input modes to make efficient use of the programs. There are other use-
ful featuresin the interpreter which can be used to reduce the amount which has
to be typed.

Repeated commands

If the same command is being repeated many times the command name need not
be supplied, providing that an assignment instruction starts the input line.

e Examples:

OPERA-2d > reco ymax=100
OPERA-2d > ymax=10

Prompted input of parameter values

Thefinal feature of the command processor isits prompted input mode. Issuing a
command followed by two help escape characters (! 1) puts the command inter-
preter into prompt mode. Each parameter is displayed together with its default
value and description. The default is accepted by pressing the <Enters,
<Return> or . key, or a new value may be entered. When all the parameters
have been offered the program waits for either <Enter>, <Return> or .Jtobe
pressed, which then executes the command, or if ‘ SABORT’ is entered the com-
mand is aborted. ‘ SABORT’ can be used instead of any parameter value to abort
the prompting at that point and not execute the command. ‘ SSKIP’ can be used
to skip over the remaining parameters and execute the command.

Note that Boolean parameters cannot be specified using +PARAMETER Or -
PARAMETER When in prompt mode. The character values YES and NO should
be used instead.

e Example:

OPERA-2d > reco !!

There are 24 parameters

For each parameter:

hit return to accept default
OR enter new value

OR type SHELP for help
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OR type $SKIP to skip remaining parameters and execute
command

OR type S$ABORT to skip remaining parameters and abort
command

NO. Name Value Meaning

1 XMIN 0 Minimum X Coordinate
' > -10

2 XMAX 10 Maximum X Coordinate
1 > 20

3 YMIN O Minimum Y Coordinate
' > -10

4 YMAX 20 Maximum Y Coordinate
1 > 20

Type return to obey command, or S$SABORT to abort
|
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Prompted free format I nput

Once a specific option has been selected by command or graphical input the pro-
grams may prompt for extrainput to define further parameters. In such cases the
user is shown the parameters required and asked to provide values. The parame-
tersareinput infreeformat using <space> or commaasthe parameter separator.
The order of the parametersin thistype of input is shown by the prompt, however
parameters defined in the manuals as optional keywords may be specified in any
order. Free format input lines cannot be continued on subsequent lines by means
of acomma.

So that expressions can be used in free format input, each item is given a name
according to its position on the line. #1 isthe first; #2 the second etc.
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Built-in Commands

‘Built-in" commands provide control-structures (loops and conditions), user var-
iables, command input from files and access to the operating system. ‘Built-in’
commands can be used at (almost) any prompt.

$ at the start of an input line introduces a ‘built-in’ command or $-command.
Thereisabuilt-in dictionary of commands and parameters and the normal

$ command parameter=value ...

syntax can be used. The parameters have been ordered so that it is natural to use
positional assignments. The parameter names are useful to provide on-line docu-
mentation using the ! character. Except where noted, there are no default values.
$-commands must be specified in full and cannot be continued on subsequent
lines.

Limitations

The code which implements these loops and control-structures has the following
limitations. Control structures can be nested to a depth of 20 levels. The maxi-
mum number of commands from the first control command to the last $ END
(inclusive) is 10000.

L oops

Three types of loop are available: $ DO, $ FOR and $ WHILE. In each case the
commands between the loop command and the corresponding $ END command
are executed a number of times.

$ DO-loops The $ DO-loop is similar to the FORTRAN do-loop. At the start of each execu-
tion of the loop, and index-variable is set to a value specified by a starting value,
afinal value and an increment. The syntax of the command is

prompt > $ DO index start final increment
. commands to be executed . . .
prompt > $ END DO

The index should be the name of a user-variable, (up to 5 characters, beginning
with #). Its value can be changed within the loop, but is always set to the correct
value (c.f. $ CONSTANT, see page 2-27) at the start of the loop.
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start, final and increment can be specified as numerical values or expressions.
Expressions are evaluated before the first pass through the loop. If increment is
omitted it has a default value of 1.

$ FOR-each The $ FOR-each loop executes a set of commands with auser-variable setin turn
loops to each of the expressions given on the $ FOR command. The syntax is

prompt > $ FOR index exl ex2 ex3 ... ex9
commands to be executed . . .
prompt > $ END FOR

At least one, and at most 9, expressions (ex,,) can be given. index is assigned in

turn to each expression (c.f. $ PARAMETER, see page 2-27) at the start of the
loop.

$ WHILE-loops  The $ WHILE-loop executes a set of commands while a logical expression
remains true. The syntax is

prompt > $ WHILE exl logical operator ex2
commands to be executed while logical expressionistrue . . .
prompt > $ END WHILE

Thelogica operatorsare EQ, NE, LE, LT, GEandGT.

Conditional commands

Three conditional commands are available: $ IF, $ ELIF and $ ELSE. The
commands $ IF and $ ELIF should be followed by a logical expression. The
$ ELSE command has no parameters.

A $ IF block (the commands executed if the logical expression is true) is termi-
nated by a$ ELIF, $ ELSE or$ END IF command.

A $ ELIF (else-if) block isterminated by a$ ELIF, $ ELSE or$ END IF com-
mand; it isonly executed if the logical expression is true and none of the preced-
ing $ IF or $ ELIF blocks at the same level have executed.

A $ ELSE block is terminated by a $ END IF command; it is only executed if
none of the preceding $ IF or $ ELIF blocks at the same level have executed.
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The syntax is

prompt > $§ IF valuel logical operator value2
commands to be executed if logical expressionistrue . ..
prompt > $ ELIF valuel logical operator wvalue2
. commandsto be executed if previous blocks have not been executed and log-
ical expressionistrue ...
prompt > $ ELSE
. commands to be executed if previous blocks have not been executed . . .
prompt > $ END IF

Thelogica operatorsare EQ, NE, LE, LT, GEandGT.

The$ END command

The $ END command ends the current block (DO, FOR, IF or WHILE).
Although the block typeis not logically necessary, it must be specified to ensure
that the user knows which block isbeing ENDed and to help in supplying the cor-
rect number of $ END commands. The syntax is

prompt > $ END block type

User Variable Commands

The $ CONSTANT, $ PARAMETER and $ STRING commands define user
variables. Two further commands, $ ASK and $ PROMPT, request the user to
supply values for user variables and are described on page 2-31.

Each of the three commands has the same two parameters. The first defines the
NAME of the user variable and the second the VALUE. If the nameisused again
then the value for that variable is overwritten. If no VALUE isgiven, the current
value for the NAMEd user variable is displayed. If NAME=1! is used then al the
user variables currently defined are listed.

The second parameter gives the VALUE for the user variable.

Numerical Numerical user variable names, defined with $ CONSTANT or
Variables $ PARAMETER, start with # and have up to 16 characters.

The VALUE can be a simple numeric value or can be an expression referencing
other user variables or system variables. The$ CONSTANT command evaluates
the VALUE at the time the command is used and any expression is lost. The
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$ PARAMETER command stores the expression given by the VALUE parameter
so that it can be re-evaluated each time the variable is referenced.
o Example - to define degrees to radians conversion factor:

OPERA-2d > $ cons #fac pi/180
Assign a value to a user variable

Name Value Expression or Value
#FAC 0.0174533 0.0174533
OK

It is possible to write simple programs using the $ CONSTANT and
$ PARAMETER commands. The user parameters are evaluated at the time they
are defined and again whenever they are referenced. Thus changing a user varia-
ble definition implies a change in all user parameters which reference that varia-
ble. Thisis shown by the following example. Note how changing the value for #a
implies achangein value for #B and #C.

e Example

OPERA-2d > $ cons #a 3
Assign a value to a user variable
Name Value Expression or Value
#A 3.0 3.0
OK
OPERA-2d > $ para #b #a**2
Assign an expression to a user variable
Name Value Expression or Value
#B 9.0 HA**2
OK
OPERA-2d > $ para #ic #b-4
Assign an expression to a user variable
Name Value Expression or Value
#C 5.0 #B-4
OK
| OPERA-2d > $ cons name=! value=0
Assign an expression to a user variable
Name Value Expression or Value

#A 3.0 3.0
#B 9.0 HA**2
#C 5.0 #B-4
OK
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OPERA-2d > $ cons #a 2

Assign a value to a user variable
Name Value Expression or Value
#A 2.0 2.0
OK
OPERA-2d > $ cons n=!
Assign a value to a user variable
Name Value Expression or Value

#A 2.0 2.0
#B 4.0 HA**2
#C 0.0 #B-4
OK

Menu Routesto  OPTIONS!

$PARAMETER Parameters
and
$CONSTANT ~ OPTIONS
Constants
Options

User variables

The $ PARAMETER and $ CONSTANT commands are also available at many
placesin the GUI using the menu option Calculator.

Character Character variable names, defined withthe $ STRING command, have up to 16
Variables characters, starting with a letter.

The VALUE can be any character string. The character string can be recovered on
(almost) any input line by use of the NAME surrounded by ampersands (&). Any
guotation marks used to define the string are lost. This allows severa strings to
be concatenated.

There are two predefined character variables, NOW and TODAY, which can be
used to obtain the current time and date.
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e Example - storing atitle for later use (note the use of $real to obtain achar-
acter representation of the value of a system variable (see page 2-19):

OPERA-2d > $ string tl ’‘Septum Magnet’
Assign a string to a user variable
Name String

T1 Septum Magnet

OK

OPERA-2d > $ string t2 ’ (RMS error %real (#err)%)’
Assign a string to a user variable
Name String

T2 (RMS error 5.23146%)

OK

OPERA-2d > title ’&tl& &t2&' tr

Set a title for the graphics window

Thetitledisplayed is‘Septum Magnet (RMS error 5.23146%)’.

Command Input Files

The$ COMINPUT command allows commands to be read from afile and addi-
tionally sets the message output mode. If a file with no file name extension is
given, the extension comi is assumed. The syntax is:

prompt > $ COMI filename mode

If the $ COMINPUT command appears in a loop, the file of commands is read
each time the loop is executed. Almost any commands can be included in com-
mand input files.

Menu Route to FILE!

$ COMINPUT: Commands in
Text Output The parameter MODE applies whether or not a command file is requested. In
Modes PAGED and CONTINUOUS modes, the text output continues until the next

input is requested, and with MODE=OFF most of the normal text output does not
appear at al. MODE=PICTURES isuseful for running ‘demonstration’ command
files, since the program pauses for an <Enter>, <Return> or J before each
time the graphics window is cleared, but does not stop when the text window is
full. In each MODE, text output is written to the dialogue file.
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When menus are being used the text output modes are dightly different. Whilea
command file is being read with MODE=CONTINUOUS, text output appears on
the text window and does not appear in GUI M essageBoxes. An additional option,
MODE=MESSAGE causes the GUI MessageBoxes to be used.

Menu Routefor  FILE!
Text Output Commands in

Mode:
Execution of command files can be interrupted using the settings of the MODE

parameter. It can also be interrupted by inclusion of $ PAUSE commands. The
syntax is.

prompt > $ PAUSE seconds

$ PAUSE waitsfor anumber of seconds before continuing. If secondsis omitted
or is <0, the program waits for the user to type <Enter>, <Return> or . or
dismiss a MessageBox before continuing.

Prompting Command input files can contain user variables, which must be assigned values

Commands before the commands are executed. The $ ASK command can be used to request
the user to supply avalue for anumerical variable (c.f. the $ CONSTANT com-
mand). The $ PROMPT command can be used to request the user to supply a
value for a character variable (c.f. the $ STRING command). The syntax is:

prompt > $ ASK #name prompt string
prompt > $ PROMpt name prompt string

The optional prompt_string is displayed to show what input is required. The
value must be supplied at the keyboard before the program will continue.

File Existence The $ EXIST command tests the existence of afile. The syntax is
Command

$ exist filename

If thefile exists, the system variable FILEEXISTS isgiventhevalue 1; if thefile
does not exist, FILEEXISTS isset to 0.

Error Handling  The $ ERRORHANDLER command selects the behaviour of the command

Commands processor after an error in a$-command has been detected. The default behaviour,
which can be selected using $ errorhandler yes, is that all commands
already stored for execution are ignored.
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If $ errorhandler no hasbeen specified, the programs continue to execute
stored commands. (Commands are stored during execution of $ COMINPUT,
$ DO, $ FOR and $ WHILE commands.)

The$ BREAKERROR command causes the command processor to exit the cur-
rent loop if an error has been detected. This enables command loops which read
(see page 2-32) to the end of a file without knowing in advance the number of
linesinthefile. A typica sequence of commands could be:

$ constant #i 1
$ while #i eq 1
$ read ...

$ breakerror
other commands

$ end while

User Input/Output Commands
There are seven commands for user input and output of files. Before afile can be
read or written it must be opened.
prompt > $ OPEN stream filenm authority + REDIRECT
opensafileonalogical stream number which can beintherange 1to 10. Thefile

can be used in 4 ways, depending on the authority. These are READ an old
file, WRITE anew file, OVERWRITE an old fileand APPEND to an old file.

If +REDIRECT is selected for an output file, the output which is written to the
dialogue file will be written to the output file as well.

When al input or output has been completed afile can be closed to releaseitslog-
ical stream number or to make it available for opening with different authority.

prompt > $ CLOSE stream
closes alogica stream number in the range 1 to 10.

The $ READ command takes one line from the file opened on the given logical
stream number and assigns any numerical dataon thelineto user variables. Up to
20 variable names can be given. Any character stringson theline areignored. The
syntax is

prompt > $ READ stream #varl #var2 #var3

The $ WRITE command is similar to the $ READ command. The syntax is

prompt > $ WRITE stream datal data2 ... +OUTPUT
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Up to 20 data items can be supplied.

A line of output can be built up using several $ WRITE commands. If thisis nec-
essary the first $ WRITE commands should have -0UTPUT. The last $ WRITE
should have +OUTPUT. The data from the second and subsequent $ WRITe
commands will be positioned after the data of the previous write commandsin an
internal buffer which iswritten and re-initialized when +OUTPUT is used.

Dataitems on a$ WRITE command can be numerical, characters or user varia-
bles. Before the $ WRITE command is used, the $ FORMAT and $ ASSIGN
commands should be used to define the type of data and the style of output to be
used for each item on the $ WRITE command.

The $ FORMAT command can be used to define up to 20 different formats for
output items. In each form the width can be specified as zero which implies that
the program should calculate a width to fit the data being written. The syntax has
one of the following forms.

» Todefineaformat for character data, truncated or padded with spacesto a par-
ticular width:
prompt > $ FORMAT number CHARACTER width

» To define afixed point format for numerical data, with decs as the number
of decimal places.
prompt > $ FORMAT number FIXED width decs

» Todefine afloating point format for numerical data:
prompt > $ FORMAT number EXPONENTIAL width

» To defineaformat for integer data:
prompt > $ FORMAT number INTEGER width

» To define aformat for a user variable to display the expression defining the
variable truncated or padded to a particular width:
prompt > $ FORMAT number USER width

» To define a character string to be output irrespective of the data on the
$ WRITE command (N.B. It is necessary to define STRING formats contain-
ing spacesto appear between other dataitemsif those other dataitemsare writ-
ten with awidth of zero.):

prompt > $ FORMAT number STRING width STRING=chars

* Tolist the defined formats:
prompt > $ FORMAT +LIST

The $ ASSIGN command assigns format numbers to the data items of subse-
quent $ WRITE commands. Thefirst dataitem will be written with the first non-
STRING format, the second item with the next non-STRING format, and so on.
The syntax of the $ ASSIGN command is:
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prompt > $ ASSIGN forml form2 form3 ...
Up to 20 formats can be assigned.

The final input/output command is $ BACKSPACE which alows afile opened
with $ OPEN to be backspaced or positioned at its start. The syntax is:

prompt > $ BACKSPACE stream records

where stream is the logical stream number and records is the number of records
the file isto be backspaced. If recordsis given as—1, the file is positioned at its
start.

e Example: reading and writing files.

A file points.dat contains:

[y
o

LT B I T e
H PP OOOOOO OO
KKK KKK KK
W UR P LN UWR o

The following commands will read the data and use the coordinates in POINt
commands to evaluate the field and to write a corresponding output file. Note the
use of comments.

Open input file for reading
open 1 points.dat read
Read the first line into user variable #np
read 1 #np
Open output file for writing
open 2 fields.dat write
Define a string format to space the output
form 1 string string=’' -
Define a floating point format
form 2 expo 0
Assign format numbers for the output
assi 2 121212
Start a loop from 1 to #np
do #i 1 #np
Read #x and #y from input file
read 1 #x #y
Evaluate fields at #x #y
oin meth=cart xp=#x yp=#y
Write coordinates and flux density to output file
write 2 x y bx by
End of loop

NN TTONN U N S S S S N S
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$ end do

/ Close files
$ close 1

$ close 2

The output file, fields.dat contains:

0.0 0.0 1.179564E-07 -0.000120992
0.0 1.0 6.322637E-08 -0.000121184
0.0 3.0 3.739035E-06 -0.000133139
0.0 5.0 -4.42901E-06 -0.00013248

0.0 7.0 -7.59639E-06 -8.48776E-05
0.0 9.0 -7.74227E-06 -2.32268E-05
0.0 10.0 0.0 0.0

1.0 1.0 4.347521E-07 -0.000121116
1.0 5.0 -1.34893E-05 -0.000141764
1.0 9.0 -3.10067E-05 -3.09315E-05

Operating System Commands

There are two commands to execute operating system commands:

prompt > $ OS strl str2 str3 str4 str5 str6
prompt > $ CD directory

$ OS passes up to 6 strings (str,,) which together form a command to the operat-

ing system to be executed. This can be used to issue single commands to list
names of files in directories (folders), delete or rename files, etc., using the nor-
mal syntax of the operating system. The output from the commandsislisted, with
the usual page breaks.

The$ OS On UNIX systems, in order to redirect the output from the command to afile, the
command on program adds to the command the appropriate notation:
UNIX systems * inc-shell: user command >& TeMpOsCmNdFiLe

* inother shells: user command > TeMpOsCmNdFiLe 2>&1

The contents of the file, TeMpOsCmNdFiLe, are then listed. For thisreason, shell
meta-characters within the user command should be used with care and it might
be necessary to enclose the user command in parentheses. For example, to run a
background command use the following syntax:

$0S (xterm &)
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The$ OS On Windows systems a limited set of Command Prompt commands have been
command on implemented, although without full functionality. The commands available are:

Windowssystems . gir or 1s tolis filesin the current folder
* del or rmto delete afile
* mkdir or md to create a new folder in the current folder
* ren torenameafile
* copy tocopy afile

» pwd or cd to report the current folder

N.B. File names including spaces should be enclosed in double-quotes (*).

Additional $ OS  On all operating systems additional commands are available for starting interac-
Commandsto tive and analysis programs from the interactive programs. The commands for the

Launch OPERA interactive programs are:
$ OS operapp

and for the analysis programs.
$ 0S operaanl program datafile mode

where
e programisoneof AC, RM, SA, SP, ST, TH, THTR, TR or VL
» datafileisthe name of the OPERA-2d datafile to be analysed

» modeis FORE or BACK. The interactive program waits while FOREground
analysisjobs are run, but can be continued or ended while BACKground jobs
arerun.

The$ CD Becausethe $ OS command spawns a new sub-process, a command such as
command prompt > $ 0OS cd directory

has no lasting effect. The $ ¢D directory command should be used instead to
change the current directory or folder. Directory names can be given using envi-
ronment variables. Environment variables $VFDIR (on UNIX systems) and
%VFDIR% (on Windows systems) are defined by the software asthe parent direc-
tory of the software.
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Menu Routes: FILE!
0S command

FILE)
Change directory
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Command Separator and Comments

The command separator allows several keyboard commands to be given on one
input line. The command separator isthe vertical bar, |.

» Exampleusingthe RECONSTRUCT command with mesh in only one mate-
rial:
OPERA > reco -mesh mate=all | -erase mate=1 +mesh

If the first non-space character on an input lineis /, the line is treated as a com-
ment. Comments are output to the dialogue file and comments in command files
are displayed as the file is being read. In menu mode, comments which start / *
are displayed in GUI MessageBoxes.

In some contexts it is not possible to give comments, since for some operating
systems, file names can begin with /.

|
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Euler Angles

The program occasionally requires that the orientation of a component or a phys-
ical property be defined. Euler angles are always used to define the orientations.
The following table shows the Euler angle convention used:

ANGLE DESCRIPTION

PHI or P Rotation about the original (global) Z axis positive rota-
tion by right-hand screw convention i.e. from X towards
Y.

THETA or T |Rotation about the local Y axis created by the PHI rota-
tion, positive right-hand screw conventioni.e. from Z’ to
X

PSlorS Rotation about the local Z axis created by the PHI and
THETA rotations, positive right-hand screw convention
i.e. fromX' toY’.

Unless there are parameter names, the convention is always to define the rotation
by the ordered triple THETA PHI PSIOIT P S.

N.B. This order is different from the order used in the definition above.

Examples:

Coordinate Transformation| 3 |®| ¥
XY Zjocal = XY Zgiobal 0
XYZ|oca| = YZXgIobaI 90 90
XYZ|oca| = ZXYgIobaI 90 90 180

o
o

o
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Chapter 3

The Pre and Post Processor

| ntroduction

Version 8.5

The OPERA-2d pre and post processor isan interactive program for preparing the
data and processing the results from the OPERA-2d analysis programs.

The pre processing commands are used to create and edit two dimensiond finite
element models, define material characteristics for non-linear magnetic, dielec-
tric, thermal or stress components, display pictures of the models and the mesh
and output data files in the formats accepted by the analysis programs.

The post processing commands allow many field components, or expressions of
field components to be viewed at points, along lines or over the cross-section of
the model. Components can be integrated in one or two dimensions and particle
trajectories can be calculated in three dimensions.

When the pre and post processor starts, on UNIX operating systems, thefirst input
the user must give is ‘device nomination’. This tells the program what graphics
options should be used. This is described with the DEVICE command (page 3-
41) which can be used at any timeto reset the device, or change graphics options.

Asthe pre and post processor starts or when it is restarted with the CLEAR com-
mand (page 3-30), the program looksfor afile called opera2.comi, and if it exists,
executes the commands it contains. (See “Command Input Files” on page 2-30.)

The Graphical User Interface (GUI) and the style and syntax of the keyboard
commands of the pre and post processor are described in Chapter 2, and the par-
ticular requirements of the analysis programs in the User Guide. The rest of this
chapter describes the commands of the pre and post processor. The “ The Pre and
Post Processor Quick Reference Guide” on page 3-3 lists the top-level menu
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items and thefirst level ‘ pull-down” menus, and each of the keyboard commands
in the order in which they appear in the program. “Using Expressions’ on page 3-
11 explains the use of expressions and system variables. Then each command is
explained in detail with references to the menu options which can be used to
access them (from page 3-21 to page 3-212).

|
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The Preand Post Processor Quick Reference Guide

The GUI Menus

The top level menu groups the commands of the pre and post processor. The top
level menu has the following items:

‘FILEJ/ ‘UNITS\L

loprzons!  |prsprAvl  [mELPl |[FIELDS! |MODEL) |MENU OFF

The FILE Menu

TheUNITS
Menu

Version 8.5

Each of the top level menu items gives access to a pull-down menu. This first
level of menusis listed here, with references to the chapters and sections which
describe the commands in detail.

The FILE menu contains commands which read and write files, access the oper-
ating system and end the program.

FILE!

DataFiles

Read file Read adatafile page 3-168

Write file Write adatafile page 3-211

Start analysis Start an analysis program using page 2-36
OPERAANL

Graph data in file |Display graph of datain atext file page 3-118

Commands in Read commands from afile page 2-30

Dump picture Create apicturefile of current dis- page 3-70
play

Change directory Change the current directory page 2-35

System command Run an operating system com- page 2-35
mand

Return Close the menu

End OPERA-2d/PP End the pre and post processor  page 3-85

The UNITS menu allows units to be set to a standard combination (Sl., ¢.g.s.,
etc.) or for individual quantities.

]
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SI Units (magnetic)
SI Units
CGS Units (magnetic)

(electric)

Imperial Units

Length unit

Flux density unit
Field intensity
Potential unit
Conductivity unit
Density unit
Power unit

Force unit

Energy unit

Mass unit

Return

Chapter 3 - The Pre and Post Processor

Set the unitsto SI.(magnetic)
Set the units to Sl.(electric)
Set the unitsto c.g.s.

Set the units to Imperial (where
possible)

page 3-202

Set individual unit quantities

Close the menu

The OPTIONS menu contains user variable commands, a group of graphical com-
mands for colour setting, picturefile output, titling etc., the PRINT command for

listing the model data, and program reset command, CLEAR.

The OPTIONS
Menu
OPTIONS{
Calculator...
Parameters
Constants

List variables
Colour settings

Print model data
Clear and Reset

Dump picture

OPERA-2d Reference Manual

Define auser variableasa...
... parameter

... constant

List all user variables
Change the colours of thedisplay page 3-31

page 2-27
page 2-27

List the model data page 3-167
Clear dl the data and reset page 3-30
defaults

Create apicturefile of current dis- page 3-70
play
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Graphics output Change graphics output options  page 3-41

Title Define atitlefor the graphicswin- page 3-195
dow

Dimension Add dimensioning to the display page 3-42

Return Close the menu

TheDISPLAY The DISPLAY menu re-displays the picture. It allows the coordinate limits to be
Menu changed graphically by pan or zoom functions or numerically. It also controlsthe
style and contents of the display.
DISPLAY.

Refresh Re-display the data page 3-170

Zoom in/out Re-display, changing the size page 3-212

Pan Re-display, changing the position page 3-160
For the next display ...

Axes limits ... Setthe size page 3-170

Display all ... select al regions page 3-170

Region numbers ... select region numbers page 3-170

Material numbers ... select material numbers page 3-170

Region group ... Select region group page 3-170

Post processing ... set style options for post page 3-170
processing

Style ... choose the style page 3-170

Axes ... select the axes page 3-170

Nodes ... select nodes page 3-170

+Labels ... Switch display of labels page 3-170

+Mesh ... Switch display of elements page 3-170

+C line ... switch display of construction page 3-170
lines

+Back ... Switch display of background page 3-170
region

Return Close the menu

TheHELP Menu  The HELP menu gives information on how to use the program, the GUI and the
keyboard commands. The chapter and section numbers here refer to the location
of additional information on the same topics.

]
Version 8.5 OPERA-2d Reference Manual



3-6 Chapter 3 - The Pre and Post Processor
HELP!
System Overview Overview of OPERA-2d chapter 1
The GUI How to use the GUI page 2-10
Command line How to use the command line page 2-10
Model input How to define amodel
Boundary values How to define boundary condi- page 3-154
tions
Field calculations |How to obtainfield values
System Variables How to use system variables page 3-11
Return Close the menu
TheFIELDS The FIELDS menu contains al the post processing commands.
Menu FIELDS!
Field Calculations
Component Set the field component page 3-11
Field options Set field calculation method and page 3-175
problem symmetry
Point values Get values at points page 3-161
...Options|AC time option for point values
Graphs Get and display valuesalong lines page 3-27,
page 3-139
Contour plot Get and display values as contour page 3-34
maps
.. .Options|Options for contour maps
Vectors Get and display values as vectors page 3-205
Integrals Integrate field values page 3-129,
page 3-133,
page 3-136
Harmonics Harmonic analysis of field values page 3-124
Trajectories Particle trgjectory calculations  page 3-197,
page 3-207
Calculator Define auser variable page 2-27
Tables Operate on tables of field values page 3-98
Return Close the menu
The MODEL The MODEL menu contains the commands to enter data into the pre and post proc-

Menu essor. It also includes the mesh generator and the EXTRA command which can
be used to prepare additional datafor the analysis programs.
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Undo erase
Change regions
Group regions
Emitter data

MODEL.
Solution Type Choose analysis options page 3-175
BH or DE Data Define non-linear material data  page 3-22
Draw regions Input model data page 3-46
Modify regions Edit model data page 3-149
Boundary Cond. Supply boundary conditions page 3-154
Copy regions Copy model data page 3-39
Erase regions Remove model data page 3-86

Undo the last ERASE command page 3-201

Swap between region types

page 3-38

Create and modify region groups page 3-121
Create and modify space charge page 3-78

emitter data
Mesh generator Check dataand generatethemesh page 3-26,
page 3-146,
page 3-193
Periodic symm. Connect periodic boundaries page 3-191
Extra options Additional input data page 3-97

Circuits Create and modify External Cir- page 3-87
cuit data.

Zoom display Re-display picture page 3-212

Calculator Define auser variable page 2-27

Return Close the menu

Switching
Menus Off

MENU OFF switches the GUI off enabling keyboard command mode. The GUI can
be switched on again by typing the command

OPERA-2d >

Thisisthe caret character followed by <Returns>.

Keyboard Commands

Thefollowing isacompletelist of the ‘top-level’ keyboard commands which can
be entered in response to the prompt

OPERA-2d >

Following sections contain complete descriptions of al the commands and sub-
commands in alphabetical order.
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» Help Command:

HELP Obtain System overview, help on command inter-
preter, data definition commands, post processing
commands and file handling commands.

» Mesh definition and editing commands:

DRAW Defineregions (quadrilateralsor polygons) including
material properties and boundary conditions.

EMIT Create, modify and file emitter data for the Space
Charge Beam Analysis program.

MODIFY Modify mesh data: points, subdivisions, materials
and boundary conditions.

EDIT Edit corners and sides of regions

COPY Copy regions, with displacement and mirror imaging.

CONVERT Convert regions from one shape code to another.

ERASE Erase regions.

SYMMETRY Connect region faces which have periodicity condi-
tions.

UNDO Return model to the state before the last ERASE or
MODIFY.

» Picture display commands:
RECONSTRUCT | Display pictures of the geometry, choosing which
parts are shown and how.

ZOOM Change size of picture by zooming in or out.
PAN Change position of picture within the graphics win-
dow.

» Datagrouping and printing commands:
PRINT Print al or some of the region data.
GROUP Create and modify groups of region numbers.

Material B-H characteristic, definition and editing command:
BHDATA Enter the BH data definition and editing mode.

Analysis option setting command:

SET Set analysis options: element type, coordinate sys-
tem, potential type, field type etc.
SOLVE Set analysis program specific data.
GAP Add a gap region to arotating machine model.
| LMMOTION Add meshing for alinear motion model.

|
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Mesh generating and data checking commands:

CHECK Check data thoroughly.

TEST Test each region against its neighbours and add
points if necessary to match faces to prepare for
meshing.

MESH Generate al finite element mesh data.

Command to impose extra analysis conditions:

EXTRA

Sub-command mode to impose extra conditions on
analysis and define stress analysis data.

External Circuit command:

EXTERNALCIRCUIT |Sub-command mode to define and modify exter-

nal circuit data.

Post processing commands.

POINT Evaluate field components at a point.

LINE Evaluatefield componentsalong alineand display as
agraph.

CIRCLE Evaluate field components along a circular arc and
display asagraph.

PLOT Evaluate field components along region faces and
display as agraph.

CONTOUR Evaluate field components over regions and display
as line or coloured zone contours.

VECTOR Evaluate field components over aquadrilateral patch
and display as vectors.

INTLINE Integrate field components along aline.

INTCIRCLE Integrate field components along a circular arc.

INTAREA Integrate field components over regions.

HARMONICS Evaluate L egendre polynomial or Fourier coeffi-
cients of field components along aline.

TRACK Evaluate particle trajectories.

VIEW Re-display or process particle trajectories.

»  Commandsto read and write data files:

READ Read afile of OPERA-2d region and mesh data and
results.

APPEND Append a perturbation solution to the solution
aready in the pre and post processor.

WRITE Write afile of OPERA-2d region and mesh data and
results.
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COMOUTPUT  |Write afile of OPERA-2d commands defining

regions.
DXFOUTPUT Write afile of DXF data defining regions.
GRAPH Display graph of datain atext file.
* Program management commands:
DEVICE Reset or change graphics device.
COLOUR Redefine colour map.
CLEAR Clear program data and re-initialize all commands.
DUMP Write a picture file containing the current display.
TITLE Control picturetitling.
UNITS Select units for display and evaluation.

DIMENSION Add dimensions to the display of the model.

» Ending the program:
END End the pre and post processor.
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Using Expressions

The command decoder used with the pre and post processor is described fully in
chapter 2. More details are given here concerning the way in which the pre and
post processor makes use of the expression analyser to aid pre processing and
evaluate output field components.

Any parameter which takes a numerical value (but cannot also take a character
value) can be assigned to an expression in terms of other parameters, system and
user variables. These are, in most cases, eval uated on input and the resulting value
is stored. The exceptions to this are the numerical parameters of the MODIFY
command and the output field component parameters. Inthe MODIFY command,
any expression given as a parameter value will be evaluated for each region in
turn. Thusto double the current density in the whole problem, the following com-
mand could be given:

* Example
OPERA-2d > modi regl=1l * dens=dens*2

The system variables AREA and (in axisymmetry) VOLUME are set for each
region within MODIFY so that material properties such as current or charge den-
sity can be set in terms of total values. (N.B. AREA and VOLUME are cal culated
for each region during display of that region. After READING adatafile, values
for AREA and VOLUME will be invalid until the RECONSTRUCT command
has been used.)

M ost post processing commands have parameters COMPONENT or VX and VY,
to define scalar and vector field components to be displayed. Expressions can be
used to define these output field quantities with the variables being system varia-
bles, user constants, user parameters and the parameters of the commands. The
expressions are evaluated for each field point.

The expressions for COMPONENT, VX and VY used with any command
becomethe default valuefor all other commands which use those parameters. The
initial value for COMPONENT is POT and VX and VY are initially set to BX
and BY.

The$ CONSTANT and $ PARAMETER commands can be used to perform fur-
ther calculations on the results of the commands (see page 2-27).

]
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System Variables

There are 7 sets of system variables: some are always available but others are set
depending on the coordinate system (XY or AXI) and thefield type (MAGNETIC
or ELECTRIC) (see SET command, page 3-175). The final set is provided for
pre processing.

The post processing system variables hold the coordinates of the field point, nor-
mal and tangential unit vectorsto lines, basic field quantities, materia properties,
the results of post processing commands (see the sections on those commands for
definitions of the quantities) and physical constants.

In addition, nodal or element values in tables, created by the EXTRA command
(page 3-97) or READ from files (page 3-168). can also be used as system varia-
blesin post processing, and the VIEW command hasits own set of variables used
in the display of particle trgjectories (page 3-209).

Post Processing

SystemVarl_abIas Post Processing Variables
Always Available

POT the solution potential at the field point (see SET
command, page 3-175, to find meaning of POT)

MINIMUM, the minimum and maximum values of CIRCLES,

MAXIMUM LINES and CONTOURS, the maximum length of
afield VECTOR

ERROR the error in the element containing the field point
in flux density units (see User Guide)

INTEGRAL, theintegral of the COMPONENT fromthe INTA-

TOTAL_INTEGRAL |REA and INTLINE commands

FLUX the potential integral from the INTAREA com-
mand

ENERGY the energy integral from the INTAREA command

AREA the integration areain the INTAREA command

Pl T

MUO wg=4n10~’

EPSILONO 1
80 = 2—

C Uy

RMSERROR the rms field error, expressed as a percentage (see

User Guide)

|
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Post Processing
SystemVariables

Post Processing Variables

from Analysis

Data SCALE the scaling factor of a statics solution.
FREQ the frequency of a steady-state ac solution
TTIME the time of transient solution

System variables

;?; magneticsin XY Magnetics
X, Y the coordinates of the field point
TVX, TVY the tangentia unit vector to aline
NVX, NVY the normal unit vector to aline
DADT the time derivative of vector potential
HX, HY, HMOD the field strength at the field point
HCX, HCY the coercive force at the field point
BX, BY, BMOD the flux density at the field point
MU the relative permeability at the field point
HXDX

oH
the field gradient (a_x X) in the element containing
the field point

HXDY OH
thefield gradient (W X) in the element containing
the field point

HYDX OH
thefield gradient (a_x y) in the element containing
the field point

HYDY OH
thefield gradient (W y) in the element containing
the field point

J the current density at the field point

LX, LY the Lorentz force density (J x B) at the field point

SIGMA the conductivity in the element containing thefield
point

ALPHA the permanent magnet or lamination direction or

drive current phase angle or permeability phase
angle in the element containing the field point

]
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System variables
for axisymmetric
magnetics

Chapter 3 - The Pre and Post Processor

XY Magnetics (continued)

VEL

the velocity of the element containing the field
point

HDB

the stored energy integral j(H -0B) at thefield
point

FX,FY, TOTAL_FX, |theforceintegral from the INTAREA, INTCIR-

TOTAL_FY

CLE and INTLINE commands

TORQUE,

TOTAL_TORQUE

the torque integral inthe INTCIRCLE and
INTLINE commands

CURRENT the tota current integral from the INTAREA com-
mand

POWER the power loss integral from the INTAREA com-
mand

AXI Magnetics

R, Z the coordinates of the field point

TVR, TVZ the tangentia unit vector to aline

NVR, NVZ the normal unit vector to aline

DADT the time derivative of vector potential

HR, HZ, HMOD the field strength at the field point

HCR, HCZ the coercive force at the field point

BR, BZ, BMOD the flux density at the field point

MU the relative permeability at the field point

HRDR 9H
the field gradient (m r) in the element containing
the field point

HRDZ 9H
the field gradient (a_z r) in the element containing
the field point

HZDR

oH
the field gradient (m Z) in the element containing

the field point

OPERA-2d Reference Manual

January 2002



Using Expressions 315

AXI Magnetics (continued)

HzDz 9H
the field gradient (a_z Z) in the element containing
the field point

J the current density at the field point

LR, LZ the Lorentz force density(J x B) at the field point

SIGMA the conductivity in the element containing thefield
point

ALPHA the permanent magnet or lamination direction or
drive current phase angle or permeability phase
angle in the element containing the field point

VEL the velocity of the element containing the field
point

HDB the stored energy integral j(H -dB) at thefield
point

FR the radial forceintegral from the INTAREA com-
mand

FZ, TOTAL_FZ the axial force integral from the INTAREA, INT-
CIRCLE and INTLINE commands

CURRENT the tota current integral from the INTAREA com-
mand

POWER the power loss integral from the INTAREA com-
mand

VOLUME the volume of revolution from the INTAREA com-
mand

System variables
for electrostatics

XY Electrostatics

in xy . : .
X, Y the coordinates of the field point
TVX, TVY the tangentia unit vector to aline
NVX, NVY the normal unit vector to aline

EX, EY, EMOD the field strength at the field point

DVX, DVY, DMOD |the electric displacement at the field point
CHARDEN the charge density at the field point
EPSILON the relative permittivity

]
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XY Electrostatics (continued)
EXDX 9E
the field gradient (&X) in the element containing
the field point
EXDY 9E
the field gradient (WX) in the element containing
the field point
EYDX 9E
the field gradient (&y) in the element containing
the field point
EYDY 9E
the field gradient (Wy) in the element containing
the field point
EDD the stored energy integral j(E -dD) atthefield
point
FX,FY, TOTAL_FX, |theforceintegral from the INTCIRCLE and
TOTAL_FY INTLINE command
TORQUE, the torque integral from the INTCIRCLE and
TOTAL_TORQUE |INTLINE command
CHARGE the total charge integral from the INTAREA com-
mand
System variables
for axisymmetric AXI Electrostatics
electrostatics R, Z the coordinates of the field point
TVR, TVZ the tangential unit vector to aline
NVR, NVZ the normal unit vector to aline

ER, EZ, EMOD the field strength at the field point

DVR, DVZ, DMOD |the electric displacement at the field point
CHARDEN the charge density at the field point
EPSILON the relative permittivity

|
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AXI Electrostatics (continued)
ERDR 9E
the field gradient (§ ' ) in the element containing
the field point
ERDZ 9E
the field gradient (a_z ' ) in the element containing
the field point
EZDR 9E
the field gradient (§Z) in the element containing
the field point
EZDZ 9E
the field gradient (a_zz) in the element containing
the field point
EDD the stored energy integral j(E -dD) atthefield
point
FR the radial forceintegral from the INTAREA com-
mand
FZ, TOTAL_FZ the axia force integral from the INTAREA, INT-
CIRCLE and INTLINE commands
CHARGE the total charge integral from the INTAREA com-
mand
VOLUME the volume of revolution from the INTAREA com-
mand
SystemVariables
for Pre -
Processing Pre Processing
AREA the area of each region in the MODIFY command
REGIONS the number of regions
VOLUME the volume of each region in the MODIFY com-
mand (axisymmetry only)
X, Y the old coordinates of aregion corner in cursor
MODIFY

]
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User constants

User constants are defined and examined using the $ CONSTANT command
(See“User Variable Commands’ on page 2-27.). They allow the current value of
system variables or expressions to be stored for use in subsequent calculations.

User parameters

User parameters are defined and examined using the $ PARAMETER command
(See “User Variable Commands’ on page 2-27.). They allow expressions to be
stored. Thevalue of user parametersis recal culated from the expression each time
it is referenced using the current values of any other parameters or variables.

Expressions

Expressions cannot exceed 75 characters, since they cannot be continued on sub-
sequent lines. Full details of the operators and functions allowed in expressions
are described in “Expressions in Parameter Values’ on page2-16. The
$ PARAMETER command should be used to ‘ program’ the pre and post proces-
sor if more complicated expressions are needed.

Examples

Three examples are given here.

» Example- to set the current density in a set of regionsto give atotal current of
1000 in each.
OPERA-2d > modi regl=10 15 dens=1000/area

» Example - to evaluate rA for axisymmetric flux contours, assuming the solu-
tion potential isA:

OPERA-2d > $ para #ra r*pot

Define and store user parameters

Name Value Expression or Value

#RA 0.0 R*POT
OK

It is sometimes necessary to store the current value of a system variable or expres-
sion. The $ CONSTANT command copies the current value of a variable or
expression into a user defined name. Thus to plot the percentage homogeneity of
the flux density along aline the following set of commands could be used. First,
the field at the reference point (10,0) is calculated and stored in a constant.
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» Example - to calcul ate the homogeneity of flux density
point by meth=cart xp=10 0
$ cons #byrf by

The value of BY is now assigned to the constant #BYRF. Next the homogeneity
can be calculated.

line 0 0 20 0 comp=100* (by-#byrf) /#byrf

Note that the POINT, CIRCLE, LINE and CONTOUR commands can calculate
homogeneity using the HOMOGENEITY, XREFERENCE and YREFER-
ENCE parameters.

Field Evaluation in Steady-state AC

In Steady-state ac solutions, the magnetic vector potentid is expressed as a com-
plex number at each node. The post processor calculates a complex value of flux
density, field strength and current density. The post processing commands can
access these complex values and functions of the values in 4 ways, set by the
TIME parameter.

 TIME=number: this specifies an angle in degrees around the driving ac
cycle. Thus TIME=0 gives the in-phase component, and TIME=90 givesthe
quadrature component.

 TIME=AMPLITUDE givesthe amplitude of the field quantity.

* TIME=PHASE givesthe phase angle of thefield quantity, defined asthe angle
at which the field quantity is maximum.

 TIME=TAVERAGE gives the time average of the field quantity. For simple
guantities, such as the potential or flux density, the time average is zero. For

the integrand in the energy integrals, for example % , Where two oscillating
guantities are multiplied together, the time average is non-zero. Such field
products have the form:

e = a+ bcos2mt + csin2mt (3.1

The value of a is returned as the time average,J(b2 + c2) as the ampli-

tude, atang as the phase, and e as the value for a TIME=t.

For items such as the ‘built-in’ integrands in INTAREA, INTCIRCLE and
INTLINE, TIME=TAVERAGE is available and so the integrals are evaluated cor-
rectly for al values of TIME. However, in evaluating functions defined by the
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user for the COMPONENT parameter, each field quantity within the expression
is evaluated with the value of TIME given before COMPONENT is evaluated
and integrated. This means, for example, that

COMP=POT*J/2, TIME=TAVE

would return a value of zero. To obtain the time average integral for such COM-
PONENTS, 3 integrals should be performed at times 0, 45 and 90. If the results
are assigned to user constants #10, #145 and #190, the following commands can
be used to find the values of a, b and ¢ as parameters #A, #B and #C and the val-
ues of theintegral equivalent to AMPLITUDE, TAVERAGE and PHASE.

* Example
inta time=0 comp=j*mu*hcy

$ cons

#i0 integral

inta time=45

$ cons

#i45 integral

inta time=90

$ cons
para
para
para
para
para
para

wr v

#i90 integral

#a 0.5* (#1i0+#1i90)

#b 0.5* (#1i0-#1i90)

#c #i45-#a

#tampl sqgrt (#b**2+#fc**2)
#tave #a

#phas atan2 (#c;#b) *180/pi
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The APPEND Command

Menu Route: FILE!
Read file — Append

Command Line

Parameters: Command APPEND
Parameter Default|Function
FILE none |Name of OPERA-2d resultsfile.
CASE 1 The results case number for AC and TR.
TBACKGROUND |0 Time for AC background solutions.
TPERTURBATION|O Time for AC perturbation solutions.

The APPEND command reads a OPERA-2d resultsfile into the program, adding
the solution to the solution aready in the program. The command is intended to
add small perturbation solutions to larger background solutions, e.g. a small
Steady-state ac solution added to alarger static field.

The first two parameters define the name of the FILE and, for Steady-state ac or
Transient results files, the CASE number. If no file name extension is given, the
extension ac (i.e. a steady-state ac resultsfile) is assumed.

If either solution is Steady-state ac, the potentials will be evauated for one point
in time around the ac cycle. The time should be specified as an angle in degrees
(TBACKGROUND and TPERTURBATION) with respect to the driving cur-
rents. Unless both solutions are static, the combined solution will be treated as if
it had been solved with the transient analysis program and the appropriate value
of time will appear at the bottom of aRECONSTRUCT display.

The two solutions must match in numbers of elements and nodes, solution poten-
tial, coordinate system and field type. Only the potentials and current densities of
the perturbation solution are used. The region dataand permeabilities of the back-
ground solution are kept.
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TheBHDATA Command

Menu Route:

Command Line
Parameters:

MODEL/

BH or DE data — BH/DE editing

Command |BHDATA

Parameter Default |Function

MATERIAL |0 Material codein range 3 to 102.
TYPE SAME |Material type:
ISOTROPIC I sotropic (one BH curve)

LAMINATED Laminated (one BH Curve
and packing factor)
XANISOTROPIC |The BH curve definesthe 1,
component of the permeabil-
ity tensor.

YANISOTROPIC |The BH curve definesthe 1y,
component of the permeabil-

ity tensor.
SAME Keep aprevioudy defined
material type.
PHASE 0 Expression for the phase lag in AC complex per-
meability solutions.
PACK Expression for the packing factor for laminated

materials.

The OPERA-2d analysis programs use material characteristicsto relate flux den-
sity and field intensity of all materials in the range 3 to 102.

» For soft magnetic materials the characteristics should be defined in the first
guadrant, with the first values of B and H both zero. The curve should not
extend beyond saturation magnetisation; the program extrapolates correctly.
Hysteresis cannot be modelled (except by complex permeability in the Steady
State AC analysis program — see User Guide).

» For hard magnetic materials the operating curve should be defined. The first
value of B should be less than or equal to zero. The coercive forceis the value
of H for zero B. If the characteristic startsin the third quadrant, asecond curve
should be defined for the orthogonal direction. The easy direction of the mag-
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net is set by the PHASE parameter in the region data (see the DRAW com-
mand, page 3-47).

Data should be provided for each material number used, even for linear (constant
permeability/permittivity) analysis where the curve will be used to look up the
coercive force.

In electrostatics, similar curves can be used to relate the electric field and dis-
placement current.

The BHDATA command is used to create, edit or check tables of pairs of values
that define the non-linear BH or DE characteristics of magnetic or dielectric mate-
rials. There must be at least 5 and not more than 50 entries in each table. Tables
can be stored in files or loaded from files which are compatible with those used
in other Vector Fields software.

The parameter, MATERIAL, specifiesthe material number to which the BH curve
applies. Other parameters must be selected to set the material isotropy type. If a
laminated material isbeing used, a packing factor must be given. If an anisotropic
material isrequired two separate BH curves must be given.

The PHASE parameter can be used to give an expression for the complex phase
lag when using the complex permeability option of the Steady-state AC Analysis
Program.

On entering the BHDATA command, the user is presented with the existing BH
curve or an empty set of axes. Points can be added or edited using the BHDATA
command’s 8 sub-commands. These alow addition of points on the current curve,
modification of existing points, accessto files, and data checking. The sub-com-
mands have named parameters but are documented here assuming positional
parameter input in the correct order. In the description below the sub-commands
are given in upper case and the variable valuesin lower case. Sub-commands can
be abbreviated to single | etters.

In the REPLACE sub-command, the values of the parameters B and H are set to
the current values for the point being replaced, before any expression for them is
decoded. This alows expressions to be used to reset the values of B and H in
terms of their old values.

* Example: to ‘dilute’ a BH curve; note use of the command loop and the
boolean parameter, - REDRAW, which preventsre-drawing the graph after each
replace command. (In this example, cgs units are assumed.)

OP2-BHDA > $ do #i 1 23

OP2-BHDA > r #i h+(b-h)*0.9 h -redr

OP2-BHDA > $ end do
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A library of BH datafiles is supplied with the software in directory $VFDIR/bh
(UNIX) or %VFDIR%\bh (Windows).

BHDATA Sub-commands

The sub-commands of the BHDATA command are described in the following

table:
Sub-commands Function

ADD b h Add anew point to the end of thetable. b and h are
numeric values of B and H.

CHECK m n Check the data and display the interpolations of the
data used in analysis. m and n specify the first and
last point displayed.

DELETE m n Deletesthepoints m to n of thecurve. n can have

the value * to indicate the last point.

INSERT n b h ||nsertsanew point after the o' point of the curve. b
and h are numeric values of B and H.

LIST Liststhe material type, packing factor, complex per-
meability phase lag and BH data points associated
with that material.

LOAD file Loads acurve from afile. The file name extension
bh isadded to the nameif no extensionisgiven. Any
points already defined are deleted.

QUIT Leavethe BHDATA command.

REPLACE n b h|Replacesthe n'" point of the curve. b and h are the
new values of B and H. +REDRAW can be used to
control whether the curve is re-displayed.

STORE file Storesthecurveinafile. Thefile name extension bh
is added to the name if no extension is given.

Anisotropy in OPERA-2d

Itis possible to use anisotropic materialsin most of the electromagnetics analysis
programs of OPERA-2d. The choice of material typeis stored with the BH curve
for each material. A combination of some isotropic, some laminated and some
anisotropic materialsis possible within asingle model. Selection of material type
is made from within the BHDATA command.

» All solversare ableto solve problems using isotropic materialsonly. The solu-
tions can be either linear or non-linear.
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» Modelsusing laminated materials can be analysed using all the electromagnet-
ics solvers except the transient or velocity (with upwinding) solvers. The anal-
ysiscan be either linear or non-linear. For laminated material s a packing factor
must be given. This can be an expression using only the system variables X,
Y, R or Z which should evaluate to numbers between 0 (equivalent to air) and
1 (equivaent to isotropic). The direction of the normal to the laminations is
given by the material property, PHASE.

» Laminated materials have an effective permeability that is|ower than the iso-
tropic permeability, and which is different in the planes normal and tangential
to the laminations.

_ Ulg
““normaj - puo + (1 _ p)“ (32)

where p is the packing factor, p is the isotropic permeability of the material,
and |, the permesability of free space.

The coercivity of laminated permanent magnets is also reduced by scaling by
the packing factor.

» Anisotropic materials require 2 BH curves, one for the local X direction, one
for thelocal Y direction. The direction of thelocal X and Y axes, relative to
the global, is given by the PHASE property for each region. All the electro-
magnetics solvers can use anisotropic materials except transient and velocity
when upwinding is used. The analysis must be non-linear.

Note that the modulus of the field strength or flux density is used to calculate
the permeability for both directions.

The stress, thermal and space charge solvers ignore all reference to the material
type.
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The CHECK Command

Menu Route: MODEL\
Mesh generator — Check region data

Command Line

Parameters. Command [CHECK
No Parameters

The CHECK command checks the region and mesh data. Some checks can only
be made after the mesh has been generated by the MESH command. The CHECK
command is run automatically after the MESH ERROR=YES command (page 3-
146), but can be run at other times as well.

The following checks are made:

» Region data: consistency between MATERIAL code and properties.

» BH data: do BH curves exist for each material ?

» Eddy current conductors. uniform conductivity and current density.

» Elements: non-zero areas.

» Boundary conditions: at |east one node with assigned potential.

» Solution: matching numbers of nodes and € ements.

e Symmetry boundaries: are they all paired?

Some checks result in warnings, othersin errors. If the total number of errorsis
non-zero, the mesh cannot be stored.

The TEST command (page 3-193) does geometric checks between adjacent
regions.
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The CIRCLE Command

Menu Route: FIELDS!
Graphs — Around circular arc

Command Line

Parameters. Command CIRCLE

Parameter Default |Function

RADIUS none |Radiusof arc.

P1 none |Azimuthal coordinate at start of arc.

P2 none |Azimuthal coordinate at end of arc.

XCENTRE 0 X coordinate at centre of arc.

YCENTRE 0 Y coordinate at centre of arc.

NP 10 Number of stepsalong the arc, i.e. NP+1
points.

COMPONENT |POT |Expression of field components.

TIME 0 For Steady-state ac solutions only: time at
which basic field quantities are evaluated.
number Anglein degrees around ac

cycle.
AMPLITUDE [Amplitude.
PHASE Phase angle.
TAVERAGE |Time average.

AVERAGE YES |Nodally averaged fields switch:

NO Use shape function deriva-
tivefields.
YES Use nodally averaged field.

GRAPH YES |Graph display switch:

NO No graph.
YES Values displayed as graph.

PRINT NO Printed values switch:

NO Values printed to file
opera2.lp.

YES Values printed to screen
and file opera2.Ip.
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Command CIRCLE (continued)
Parameter Default |Function
AUTOMATIC YES |Automatic graph scale switch:
NO Vertical axis limits set by
VMIN and VMAX.
YES Vertical axis set automati-
cally.
VMAX none |Upper limit of vertical axis of graph AUTO-
MATIC=NO.
VMIN none |Lower limit of vertical axisof graph AUTO -
MATIC=NO.
ERASE YES |Old graph erasure switch:
NO New graph drawn on exist-
ing axes.
YES Graphics window cleared
and new axes drawn.
STYLE AUTO- |Linestyle:
MATIC

AUTOMATIC |Program chooses adifferent
style for each graph drawn

on the same axes.
0 Solid line.
>0 Broken line.
COLOUR AUTO- |Line colour:
MATIC

AUTOMATIC |Program chooses adifferent
colour for each graph drawn

on the same axes.
>0 Colour number.
TITLE none |Additional title for graph.
HOMOGENEITY |NO Homogeneity switch:
NO Vaues of COMPONENT
used.
YES Homogeneity with respect
to COMPONENT value at
RREF, PREF used.
RREF 0 Radial coordinate of homogeneity reference
point.
PREF 0 Azimuthal coordinate of homogeneity refer-
ence point.
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The CIRCLE command calcul atesfield quantitiesalong acircular arc, defined by
itsRADIUS and the azimuthal coordinates of the end points, (P1, P2). Thecircle
isin alocal coordinate system centred at (XCENTRE, YCENTRE). Thefieldis
evauated at NP+1 points and the values are displayed as atable of numbers or a
graph. Theintegral of the component is calculated using the trapezium rule. Cal-
culation of field values along lines can also be done using the LINE command
(page 3-139) and the PLOT command (page 3-161).

Expressions for the COMPONENT can use as variables any of the system vari-
ables given in page 3-12. The values used can be the actual values of COMPO-
NENT or the HOMOGENEITY of the COMPONENT with respect to the
reference point (RREF, PREF). The homogeneity is evaluated using, e.g.

_ AT, 0) —A(T o Oreg)
homo A(rref’ (I)ref)

(3.4)

For Steady-state ac solutions, each system variablein an expression for COMPO-
NENT isevaluated at the TIME specified. The values can be eval uated using nod-
aly averaged fields (+AVERAGE) or shape function derivative fields (-
AVERAGE).

The user can choose whether or not to see printed tables of values or graphs.
Printed values appear on the screen and are aso written to the dialogue file
opera2.lp. The graphs can have the vertical axis limits set automatically or by the
values of VMAX and VMIN with -AUTOMATIC.

Multiple graphs can be displayed on the same axes, the first being displayed with
+ERASE, and the rest with -ERASE. The graphs can be displayed with different
line STYLE and COLOURsand aTITLE in addition to the COMPONENT can
be added to the key below the graph. The TITLE is not remembered and must be
supplied each time it is needed. TITLES including spaces or commas should be
enclosed in quotation marks (7).

The MINIMUM and MAXIMUM values along the arc are assigned to system var-
iables.
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The CLEAR Command

Menu Route: OPTIONS!
Clear and Reset

Command Line

Parameters. Command|CLEAR
No Parameters

The CLEAR command puts the pre and post processor back to the state it wasin
when it first started. It deletes all the data, re-initializes all variables and sets dl
parameters back to their default values. User variables are not deleted.

If afile called opera2.comi existsinthe current file directory, it is opened and read
asa$ COMINPUT file (see page 2-30) before control passes back to the user.
This allows the user to supply an individual choice of default values for com-
mands such as COLOUR (page 3-31) and UNITS (page 3-202) or define fre-
quently used $ CONSTANTS and $ PARAMETERS (page 2-27).
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Menu Route: OPTIONS!

Colour settings

Command Line

Parameters. Command [COLOUR

Parameter |Default |Function

Co 3 Colour map number for material 0.

C1 4 Colour map number for material 1.

C3 6 Colour map number for material 3.

C4 7 Colour map number for material 4.

C5 8 Colour map number for material 5.

C6 9 Colour map number for material 6.

C7 10 Colour map number for material 7.

C8 11 Colour map number for material 8.

C9 12 Colour map number for material 9.

C10 13 Colour map number for material 10.

Cl11 14 Colour map number for material 11.

C12 15 Colour map number for material 12.

CMAP 5 Colour map number for line contour maps.

CTEXT |1 Colour map number for text and axes.

CODE 1 Colour map number to be redefined. * can
be used for last contour colour.

RED none |Amount of red for colour CODE.

GREEN |none |Amount of green for colour CODE.

BLUE none |Amount of blue for colour CODE.

The COLOUR command enables the user to change any of the colours used for
the display. This can be done in two ways:

» the colour map numbers associated with the parts of the display can be re-
assigned (this only has an effect if the picture is re-displayed). The colour
numbers associated with materials 13 to 102 cannot be changed.

 thedefinition of acolour map number, CODE, in terms of the RED, GREEN
and BLUE components can be changed (on most displays, this has an imme-

Version 8.5
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diate effect, if the colour number appears on the display). RED, GREEN and
BLUE should each bein therange O to 1.

If avalue of CODE isgiven, the current values of the colour map for CODE are
displayed. If values are aso given for RED, GREEN or BLUE, then the colour
map for CODE isredefined. The current values of RED, GREEN and BLUE can
be used in expressions to define the new values.

If the value of CODE correspondsto either the first of last contour colour (16 and
230 on most displays with 256 colours), al the contour colours will be changed
to give arainbow of coloursor avariation of shades between the colour specified
and the existing colour at the other end of the spectrum. CODE=* can be used to
specify the last contour colour.

On a 16 colour display, with colour map numbers 0 (the background) through 15,
the colours 7 through 15 are also used for coloured zone contour maps. On dis-
plays with more than 16 colours, a separate set of colours (= 16) is used for col-
oured zone contours. On some displays, especialy those with less than 16
colours, the default colour numbers are different; on othersit may not be possible
to change the colour map.

The menu colours are separate from the colours used for the display and cannot
be re-defined.

WARNING: changing colours can makethe display invisible. The default colours
can be reinstated with the DEVICE command (see page 3-41).
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The COMOUTPUT Command

Menu Route: FILE!
Write file — Commands out

Command Line
Parameters:

Command |COMOUTPUT

Parameter  |Default |Function

FILE none |Name of command file.

REG1 1 Regions to be included.

number |Regionsinrange REG1 to REG2.
group |Regionsin group named.

REG2 * Last region to be included. * for highest region
number.

BHTABLES|YES |Include BH tables: YES or NO.

The COMOUTPUT writes a file containing the minimum set of pre and post
processor commands necessary to recreate the region data for some or all of the
regions currently in the program. The commands included are SET, UNITS,
TEST and a DRAW command for each region and optionaly a BHDATA com-
mand for each materia. Finally, GROUP commands are included to restore the
region group definitions. A comment is inserted before each DRAW command
giving the region number. In the assumption that the regions already match the
TEST -DRAW command isincluded. Switching off the testing allows the file to
be read much more quickly.

If any of the regions are polygons, the keyboard sub-commands necessary to rec-
reate them are written to thefile. Any construction lines which have been defined
will be included as well.

If aFILE with no file name extension is given, the extension comi isassumed. The
file may be edited with the system editor and read back into the pre and post proc-
essor using the $ COMINPUT command (see page 2-30), In particular, the
LENGTH parameter of the UNITS command can be changed in order to scale
data which was originally input in the wrong units.
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The CONTOUR Command

Menu Route: FIELDS!
Contour plot

Command Line

Parameters: Command CONTOUR

Parameter Default |Function

COMPONENT |POT |Field component for contours.

LINES 10 Number of lines or zones

TIME 0 For Steady-state ac solutions only: time at
which basic field quantities are eval uated.
number Anglein degrees around ac

cycle.

AMPLITUDE |Amplitude.
PHASE Phase angle.
TAVERAGE |Time average.

ERASE NO Picture erase switch:
NO Old picture not erased.
YES Old picture erased.

LABEL YES |Contour labelling:
NO No labels.

NUMBERS |Lineslabelled with index
numbers or colour scale
shown.

YES Lines |abelled with index
numbers or colour scale
shown.

VALUES Lines|labelled with line val-
ues or colour scale shown.
AUTOMATIC YES |Automatic contour value switch:

NO Linevalues set by START,
FINISH and INCREMENT.
YES Linevalues set automatically

by LINES and the part of the
model on the display.
START 0 Value of first line for AUTOMATIC=NO.
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Command CONTOUR (continued)
Parameter Default |Function
FINISH 0 Vaue of last line for AUTOMATIC=NO.
INCREMENT 0 Increment between lines for AUTO-
MATIC=NO.
STYLE LINE |Contouring style:
COLOURED |Coloured line contours
LINE Monochrome line contours
NONE No contours (for use with
DEFOrmed mesh plots
SYMBOL + and - symbols
ZONE Coloured zone contours
REG1 1 Regions to be contoured.
number Regionsin range REGL1 to
REG2.
group Regions in group named.
REG2 * Last region to be contoured. * for highest
region number.
MATERIAL ALL Material number to be contoured: 0, 1, 3 to
102 or ALL.
NOT ANY  [Materia number not to be contoured: O, 1, 3
to 102 or ANY.
HOMOGENEITY |NO Homogeneity switch:
NO Vaues of COMPONENT
used.
YES Homogeneity with respect to
COMPONENT vaue at
XREF, YREF.
XREF 0 X or R coordinate of homogeneity reference
point.
YREF 0 Y or Z coordinate of homogeneity reference
point.
DEFORMED NO Deformed mesh switch:
NO Use correct hodal coordi-
nates.
YES Add VX toX coordinatesand
VY toY coordinates.
VX BX Field component for offset to X coordinates.
VY BY Field component for offset to Y coordinates.
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The CONTOUR command draws contours of field quantities. The parameters
allow the user to choosethe STYLE, to set the number of lines and the values and
to limit contouring to specific materias or regions of the problem.

Expressions for the COMPONENT, VX and VY can use as variables any of the
system variables given in page 3-12. For Steady-state ac solutions, each system
variable in an expression is evaluated at the TIME specified.

Thevalues used for contouring can be the actual values of COMPONENT or the
HOMOGENEITY of the COMPONENT with respect to the reference point
(XREF, YREF). The homogeneity is evaluated using, e.g.

A _ A(X5 y) _A(Xref7 yref)
homo ~— A(Xref’ yref)

(3.5)

The areas to be contoured can be restricted by region and material numbers or by
region group name using the parameters REG1, REG2, MATERIAL and NOT
(see page 3-122).

The system variables MINIMUM and MAXIMUM are set with the values of the
first and last contour values, and the location of the maximum is stored in the sys-
tem variables X and Y (or R and Z).

Line contours
Line contours are selected with STYLE=LINE or STYLE=COLOUR.

The values of the contour lines can be set automatically from the range of values
on the part of the model displayed (+AUTOMATIC) and the number of LINES or
manually (-AUTOMATIC) by setting the starting value, the finishing value and
INCREMENT between the lines. If INCREMENT=0 the number of LINES is
used.

In +AUTOMATIC mode, LINES specifies the minimum number of lines to be
drawn. An increment of 1, 2 or 5 times a power of 10 will be chosen so that the
number of linesis > LINES. However, if LINES is negative, or the calculated
number of lines would be > 100, then precisely |LINES| will be drawn.

The contour line numbers can be switched on or off with +LABEL and -LABEL.
Alternatively, the value of each contour can be used as a label with
LABEL=VALUE.

Line contours can be drawn in one colour (STYLE=LINE) or in many colours
(STYLE=COLOUR). COLOURED line contours are drawn with the colours
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available for zones so that if many lines are used the effect is similar to
STYLE=ZONE.

The use of some system variables (such as ERROR, the field gradients and the
material properties) within the expression for COMPONENT will lead to fields
which are discontinuous from one element to the next. Such fields may beimpos-
sibleto view with line contours since few if any of the contours will crossthe ele-
ments. Coloured ZONE contours will show these fields correctly.

Coloured zone contours
Coloured zone contours are selected with STYLE=ZONE.

The values of coloured zone contours can be set automatically (+AUTOMATIC)
from the values on the part of the model displayed or manually (- AUTOMATIC)
from the values of START and FINISH. In both cases LINES specifies the
number of zones. The maximum number of zonesis set according to the capabil -
ity of the graphics hardware (see page 3-31). A scale showing the values corre-
sponding to the colour is displayed with +LABEL.

Symbols

Symbol contours are selected with STYLE=SYMBOL. A + or — symbol is drawn
at the centroid of each element. The size of the symbolsis given by the values of
COMPONENT; they are drawn in the current length units. A scaling factor may
have to be included in the expression for COMPONENT to adjust the size of the
symbols.

The range of values used for symbols can be set automatically (+AUTOMATIC)
from the values on the par of the model displayed or manually (-AUTOMATIC)
from the values of START and FINISH. In both cases LINES isignored.

Deformed mesh plots

Deformed mesh plots are selected with + DEFORMED.

Contouring is performed on a deformed mesh, with the value of VX evaluated at
each node added to the X coordinates of the nodesand VY evaluated at each node
added tothe Y coordinates of the nodes. A scaling factor may have to beincluded
inthe expressionsfor VX and VY to adjust the size of the deformation. Deformed
meshes can be displayed without contours using STYLE=NONE.
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The CONVERT Command

Menu Route: MODEL\
Change regions

Command Line
Parameters:

Command [CONVERT

Parameter |Default |Function

REG1 none |Regionsto be converted.

number |Regionsinrange REG1 to REG2.
group |Regionsin group named.

REG2 none |Last region to be converted. * for highest region
number.

SHAPE |[none |New shapecode: BACKGROUND, H, Q or POLY-
GON.

The CONVERT command changes the shape code of 3 and 4 sided regions. The
regions to be converted are given by number or group name using parameters
REG1 and REG2 (see page 3-122). The new shape codeis given by SHAPE.

Any region with shape C, CS, H or Q can be converted to shape BACK-
GROUND or POLYGON. This allows additional pointsto be inserted using the
MODIFY cursor sub-command |.

OPERA-2d can either automatically mesh regions, producing an irregular mesh
of elements, or regularly mesh quadrilateral regions. The regular meshing gives
the user greater control of the element shape, and is useful for demanding appli-
cations (for example modelling skin effects accurately).

Four sided POLYGONS can be converted to shapes H or Q, which create a reg-
ular mesh.

|
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The COPY Command

Menu Route: MODEL{
Copy regions

Command Line
Parameters:

Command [COPY

Parameter |Default |Function

REG1 none |Regionsto be copied.

number |Regionsinrange REG1 to REG2.
group |Regionsin group named.

REG2 NONE |Last region to be copied. * for highest region
number.

DX 0 X displacement.
DY 0 Y displacement.
THETA |0 Angle of rotation or mirror plane.

MIRROR |YES  [Mirror reflection or rotation switch.
NO THETA gives rotation angle.
YES |THETA givesangle of mirror plane.

The COPY command makes copies of regions, specified by number or group
name using parameters REG1 and REG2 (see page 3-122). The following coor-
dinate transformations are made to form the new regions.

 rotation through an angle THETA with respect to local coordinate origin

» reflection in amirror plane at an angle THETA through the local coordinate
origin

 displacement by DX in the x direction

e displacement by DY inthey direction
A mirror imageiscreated with +MIRROR; arotated copy ismadewith -MIRROR.

Regions of shapes C and CS are displaced by adding DX and DY to their local
coordinate system origin (XCENTRE, YCENTRE), i.e. the displacement iswith
respect to the global coordinate system. Other shapes are displaced with respect
to their local coordinate systems.
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The COPY command creates new regions which can be modified to have differ-
ent material properties or coordinates. The DRAW and MODIFY commands
(page 3-46 and page 3-149) have replication parameters which create copies of
regions with displacements, rotations and reflections, but retaining the same
material propertiesfor al copies.
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The DEVICE Command

Menu Route: OPTIONS!
Graphics output

Command Line
Parameters:

Command |DEVICE
No Parameters

There are two different graphicsimplementations of the software:

*  Windows (available on Windows95, Windows98 and Windows NT4, Win-
dows 2000 and Windows M E operating systems)

e X-lib (available on UNIX operating systems).
The DEVICE command is only available with X-lib graphics.

Four Graphics Options are available when the program is started and two of them
can be reselected using the DEVICE command. The options are:

Option  |Start-up |DEVICE |Meaning
command
SCREEN * * graphics displayed on the screen
FILE * all graphics commands stored in one
file
BOTH * * graphics on the screen and in afile
NONE * no graphics, except that the DUMP
command can still be used to create
picture files of specific pages.

If the program is started with no screen graphics (FILE or NONE), the GUI isnot
available and cannot be made available by the DEVICE command.

The initial specification of the graphics option can be stored in an environment
variable (UNIX), in both cases called VFGRAPHICS. A valid vaue of
VFGRAPHICS eliminates the initialization prompt.

]
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Other environment variables which affect the software on UNIX are;

Variable

M eaning

VFWINDOWW [theinitial window width in pixels

VFWINDOWH |theinitial window height in pixels

VFINV If thisisset to INVERT, theinitial setting of text and
background colours will be black on white instead of
the default of white on black.

On Windows systems, similar functionality can be obtained using the options —
Graphics Window Preferences menu item onthe OPERA Console window.

Picture files can be read by the PICOUT program which is supplied with UNIX
versions of the software and is described with the DUMP command.

Picture files can also be created using the DUMP command (see page 3-70).
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The DIMENSION Command

Menu Route:

Command Line
Parameters:

Version 8.5

OPTIONSY
Dimension

Command DIMENSION

Parameter Default Function

OPTION SHOW Options:
ARC Define an arc in polar

coordinates.
DELETE Delete dimensions.
LINE Definealinein carte-
sian coordinates.

LIST List dimensions.
SHOW Display dimensions.

X1 0 X coordinate at start of line.

Y1 0 Y coordinate at start of line.

X2 0 X coordinate at end of line.

Y2 0 Y coordinate at end of line.

CURVATURE |0 Curvature of aline.

XCENTRE 0 X coordinate at centre of arc.

YCENTRE 0 Y coordinate at centre of arc.

RADIUS 0 Radius of arc.

ANGLE 0 Azimuthal coordinate at start of arc.

THETA 0 Angle subtended by the arc.

LTYPE 0 Linestylefor dimensionline. Oissolid; 1,
2, 3... are broken.

LABEL none L abel to be written at centre of dimension
line.

XLABEL 0 Offset in X direction from centre of
dimension line for the label.

YLABEL 0 Offsetin Y direction from centre of

dimension line for the label.
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Command DIMENSION (continued)

Parameter Default Function

ARROWS FORWARD |Type of arrows:

BACKWARDS |Pointing towards the
start of the dimension
line.

BOTH Arrows at both ends of
theline.

FORWARDS |Pointing to the end of
the dimension line.

NONE No arrows.

ALENGTH 1 Length of arrows.

ELENGTH 1 Length of bars at the ends of the dimen-
sion line.

ETYPE 0 Linestyleforendbars. Oissolid; 1, 2, 3....
are broken.

ESHIFT 0 Offset for the bars at the ends of the

dimension line. Positive values shift the
barsto theright of aL LINE or away from
the centre of an ARC.

DIM1 1 First dimension number for options
DELETE, LIST or SHOW.

DIM2 * Last dimension number for options
DELETE, LIST or SHOW.

COLOUR 1 Colour number used with

OPTION=SHOW.

The DIMENSION command defines, deletes, list and displays dimension lineson
the model. There are two types of dimension LINES and ARCS:

* OPTION=LINE defines aline from (X1, Y1) to (X2, Y2) with a CURVA-
TURE.

* OPTION=ARC definesacircular arc around (XCENTRE, YCENTRE) start-
ing at ANGLE and subtending an angle of THETA.

The dimension lines have the following features:

* Alinedrawn with astylegiven by LTYPE and a COLOUR.

» Arrows at either (FORWARD or BACKWARD), neither (NONE) or BOTH
ends of the line. The size of the arrows can be set using ALENGTH.

» A LABEL (astring of up to 80 characters) which iswritten centred on the cen-
tre of theline. The position of thelabel can be offset from the centre of theline
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by (XLABEL, YLABEL). LABELS which contain spaces or commas or start
with a non-al phabetic character must be enclosed in quotation marks ().

* End bars, perpendicular to the line, of length ELENGTH, drawn in style
ETYPE. The end bars can be offset by ESHIFT. Positive values of ESHIFT
move the end barsto the right of a LINE or away from the centre of an ARC.

The DIMENSION command will also DELETE, LIST or SHOW dimensions
which have already been defined. These OPTIONS operate on arange of dimen-
sion numbers given by DIM1 and DIM2. DIM2=* indicates the highest num-
bered dimension.
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The DRAW Command

The geometry of a device to be analysed by OPERA-2d is defined using the
DRAW command as a set of polygonal areas or regions of the 2d plane. One
region can be aBACKGROUND region which covers the whole problem space.
Other regions must not overlap each other but can lie on top of the BACK-
GROUND regionif it exists.

Regions (except for the background region) can have replications so that repeated
structures can be defined easily.

In magnetic devices, for example, aregion can represent one of the following:

o free-space;

» aconductor with a prescribed or induced current density;

» permeable material with alinear or non-linear material characteristic.

Within each region mesh generation is automatic, based only on the subdivision
of the sides (or faces). There are 6 different region SHAPE codes which can be
divided into 2 classes: quadrilaterals and polygons. The set of 60 parameters only
includes parametersfor four sided regions, so an additional set of sub-commands,

keyboard or cursor, must be used to input the coordinates and face properties of
polygons.

Since the parameters areinitialized to sensible default values and the values used
for one DRAW command become the default values for the next, many lessthan
60 values need to be given with each command.

Background regions are defined with SHAPE=BACKGROUND but in other
respects they are defined in the same way as polygons.

The gap regions of rotating machines (for analysis using any of the electromag-
netic solvers) should be defined with GAP command, or for linear motion models
with the LMMOTION command.

There are obvious advantages in using polygonal regions, including:

e Smaller number of regions.

» Cursor input and automatic matching to existing regions.

The quadrilateral regions have some uses as well:

» Faster mesh generation.

|
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» Predictable mesh.

» High aspect ratios possible, e.g. layers of elementsin anarrow gap.

Region property parameters

Menu Routes: MODEL\
Draw regions — Region defaults ...material type
and
MODELY
Draw regions — Region defaults ... conductor data

Command Line

Parameters. Command DRAW: Region Properties
Parameter Default |Function
SHAPE H Shape code:

BACKGROUND |Background polygon
(Delaunay subdivision)

C Quadrilateral in R®
coordinates (Regular
subdivision)

CSs Quadrilateral in R®
coordinates (Graded
subdivision)

H Quadrilateral in XY
coordinates (Regular
subdivision)

POLYGON Polygon (Delaunay sub-
division)

Q Quadrilateral in XY
coordinates (Graded
subdivision)

MATERIAL 0 Material code:

0 Air

1 Conductor

3-102 Non-linear material
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Command DRAW: Region Properties (continued)
Parameter Default |Function
PERM 1 Relative permeability or permittivity: the

constant value used in alinear analysis.
(The User Guide shows how theinitial per-
meability is calculated in non-linear analy-

ses.)
DENSITY 0 Current or charge density.
CONDUCTIVITY |0 Conductivity (AC, RM, TR, VL)
PHASE 0 Anglein degrees.

Direction of permanent magnet (ST, RM,

VL and TR)

Direction of normal to laminations

Phase angle of drive currents (AC). See
comment on definition of phase below

(page 3-49).
N 0 Conductor number.
SYMMETRY 0 Eddy current conductor symmetry:

0 Connected conductors:
program cal cul atestotal
current.

1 Disconnected conduc-
tors: total current set by
DENSITY.

VELOCITY 0 Velocity of moving parts (VL). See com-

ment on units below (page 3-49).

These parameters apply to ALL regions.

SHAPE codes are described in more detail in the following sub-sections. Only
polygons can be drawn using the GUI.

The MATERIAL codeis used for two purposes. first to assign different coloursto
parts of the model when displayed on a colour terminal, and secondly to check
consistency of material properties. This second purposeis obviously moreimpor-
tant. The program will CHECK (see page 3-26) the following:

e MATERIAL=0: must have PERM=1, DENSITY=0 and CONDUCTIVITY=0.
e MATERIAL=1: must have PERM=1.

e MATERIAL>3: must haveaBH curve, and can have CONDUCTIVITY#0 and
DENSITY#O0.

|
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Definition of
PHASE angle

Units of
VELOCITY

Command Line
Parameters:

Version 8.5

3-49

In AC anaysisthe phase angleisdefined asthe angle around the ac cycle at which
the current density is at its maximum value. This means that the current density

hasthe following form: J = J,cos(wt —¢) where J, isthevalue of DENSITY
and ¢ isthe value of PHASE (in degrees).

The region parameter VELOCITY isthe Z (axisymmetric) or Y (XY symmetry)
velocity of the media with respect to the field. In these cases the velocity has the
units of length/sec.

In XY modelsthe velocity can also beinterpreted as an angular rotational velocity

about the global coordinate system origin. In thisinstance the rotational velocity
isstill unit converted, and the velocity should be defined as w/LENGU

Coordinatesof SHAPEsH and Q

Command |[DRAW: H and Q coordinates
Parameter |Default Function

X12 none X1 and X2.

X34 none X3 and X4.

Y14 none Y1 and Y4.

Y23 none Y2 and Y3.

X1 0 X coordinate of corner 1.
Y1 0 Y coordinate of corner 1.
X2 0 X coordinate of corner 2.
Y2 0 Y coordinate of corner 2.
X3 0 X coordinate of corner 3.
Y3 0 Y coordinate of corner 3.
X4 0 X coordinate of corner 4.
Y4 0 Y coordinate of corner 4.

These parameters apply to SHAPES H and Q only.

SHAPES H and Q are curvilinear quadrilaterals in XY coordinates. They are
defined by thelocal coordinates of the4 corners (X1, Y1, ... X4, Y4), and the cur-
vatures of the faces (P1, ... P4, described below under Face Properties, page 3-
52).
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For regions which are rectangular and parallel to the major coordinate axes, addi-
tiona parameters are supplied: e.g. X12 sets X1 and X2 simultaneously. If X12
is specified it overrides any valuesfor X1 and X2 given individually on the same
command and the default values of X1 and X2 for subsequent commands. The
same rules apply to the other paired parameters (X34, Y14 and Y23).

The subdivision of the regions is defined by the parameters N1, N2, N3 and N4,
B1l, B2, B3 and B4 described later under Face Properties (page 3-52). For
SHAPE=H the numbers of elements on opposite faces of the quadrilatera isequal
and isdefined by N1 and N2. For SHAPE=Q the numbers of elementson one pair
of opposite facesis equal, and the mesh can be graded between the other pair of
faces. In other words, either N1=N3 or N2=N4 must be satisfied.

Regions of shape H and Q cannot be drawn with the cursor, but 4-sided POLY-
GONS which can be defined graphically, can be converted to shape H or Q (see
page 3-38).

Coordinates of SHAPEs C and CS

Command Line

Parameters: Command [DRAW: C and CS coordinates

Parameter |Default |Function

R12 none |R1 andR2.

R34 none |R3 and R4.

P14 none |P1 and P4.

P23 none |P2andP3.

P1 0 & coordinate of corner 1.
P2 0 ® coordinate of corner 2.
P3 0 & coordinate of corner 3.
P4 0 ® coordinate of corner 4.

These parameters apply to shapes C and CS only. Regionswith shapes C and CS
can be drawn and modified only in keyboard mode.

Shapes C and CS are annular sectors, i.e. quadrilateralsin R® coordinates. They
are defined by the polar coordinates of the 4 corners (r1,P1, ... r4, P4). Thetwo
curved faces each have constant radius, and are set by R12 and R34. Theinside
radius can be zero.

For regions which have radial lines connecting the inside and the outside, addi-
tiona parameters, P14 and P23 are supplied: e.g. P14 sets P1 and P4 simulta-
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Menu Routes:

Command Line
Parameters:;
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3-51

neoudly. If P14 is specified it overrides any values for P1 and P4 given
individually on the same command and the default values of P1 and P4 for sub-
sequent commands. The same type of rules apply to P23.

The subdivision of the regionsis defined by the parameters N1, N2, N3 and N4,
B1l, B2, B3 and B4 described later under Face Properties, page 3-52. For
SHAPE=C the numbers of elements on opposite faces of the quadrilateral is equal
and is defined by N1 and N2. For SHAPE=CS the numbers of elements on one
pair of opposite facesisequal, and the mesh can be graded between the other pair
of faces. In other words, either N1=N3 or N2=N4 must be satisfied.

L ocal coordinates and replications

MODEL{

Draw regions — Region defaults ... replications
and
MODEL{

Draw regions — Region defaults ... local coordinates
Command DRAW: Local coordinates and replications
Parameter Default|Function
XCENTRE 0 X coordinate of local origin.

YCENTRE |0 Y coordinate of local origin.
ANGLE 0 Angle from globa X axisto local X axis.
NX 1 Number of replications with X displacement.
NY 1 Number of replicationswith Y displacement.
DX 0 X displacement between replications.
DY 0 Y displacement between replications.
MIRROR NO Mirror reflection switch.
NO No mirror copy.
YES |Copy reflected in mirror plane.
TMIRROR 0 Angle of mirror plane through loca coordinate
origin.
ROTATIONS |1 Number of replications with rotational displace-
ment.
TROTATION |0 Angle between rotational replications.
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These parameters apply to ALL regions except the BACKGROUND region,
which cannot have replications.

Thelocal coordinate parameters allow aregion to be defined in aconvenient local
coordinate system and then be rotated and displaced to its correct position in glo-
bal coordinates. By default the local coordinate system of aregion isidentical to
the global system. If it has to be changed, the local origin (XCENTRE, YCEN-
TRE) and the angle from the global to local X-axis (ANGLE) may be set.

Thereplication parameters allow aregion to have multiple copies, with each copy
having the same material properties and boundary conditions. There are three
types of replication, which are applied in the following order: displacement in X
and Y, mirror imaging, rotations. The COPY command also creates copies of
regions; new regions created by COPYING can be MODIFIED to have different
material properties and boundary conditions (see page 3-39 and page 3-149).

The displacementsin X and Y are defined by the number of copies (NX and NY)
and the displacement between each copy (DX and DY). This creates a total of
NX*NY copiesincluding the original.

Mirror images are selected with +MIRROR. The geometry isreflected in aplane
through the local coordinate origin rotated by TMIRROR from the local X axis.

Rotationa images are defined by the number of copies (ROTATIONS) and the
azimuthal displacement between each copy (TROTATION).

All the replications are performed in the local coordinate system.
Face properties

Command Line These parameters only apply to the regularly meshed regions defined by

Parameters: SHAPE=Q, H, C or CS. In the following table n can take the values 1 to 4.
Command [DRAW: Face properties (not polygons)
Parameter |Default |Function
Fn NO Type of boundary condition for face n:
DV Normal derivative of potential = DVn.
NO Internal face.
SYMM |One of symmetry (periodicity) pair.
\% Vdue of potentia = Vn.
VN 0 Value of potential if Fn=V.
DVN 0 Normal derivative of potential if Fn=DV.

OPERA-2d Reference Manual January 2002



The DRAW Command 3-53

Command [DRAW: Face properties (not polygons) (continued)

Parameter |Default |Function

NN 1 Number of elements along face n.

BN 0.5 Subdivision bias for face n.

PN 0 Curvature of face n (shapes H and Q).

These parameters do not apply to polygons.

The face parameters set the boundary conditions, subdivisions and curvatures
(SHAPES H and Q only) of quadrilateral regions. Face 1 isthe side from corners
1to 2, face 2 from corners 2 to 3, face 3 from corners 3 to 4 and face 4 from cor-
ners4to 1.

There are 4 types of boundary conditions set by the parameters Fn. Region faces
which are internal to the mesh usually should be assigned boundary condition
NO. This can also be used on the outside of the mesh where it is equivalent to
Fn=DV DVn=0. Boundaries with a fixed potential should have Fn=V with the
value of potential set by Vn. Pairs of faces with Fn=sYMMetry can be con-
nected by the SYMMETRY command (page 3-191) to have either the same
potential, or the same magnitude but opposite sign. The sectionsin the User Guide
on the analysis programs give information on which boundary conditions can be
used with each analysis program.

The subdivision of aregion into elements is specified by the parameters N1, ...,
N4 and B1, ..., B4. The numbers of subdivisions (N1,...N4) specify the number
of elements along each face. N3 and N4 are ignored for shapes C and H which
have equal subdivision on opposite faces. Shapes CS and Q must have either
N1=N3 or N2=N4, i.e. one pair of opposite faces has the same subdivision. The
parameters Bn specify a bias for the subdivision. If Bn=0.5, there will be Nn
equal sized element edgesalong facen. If Bn#0 . 5, the node positions vary quad-
ratically along the face. A bias less than 0.5 has smaller elements nearer the first
point of theface. A bias greater than 0.5 has smaller elements nearer thelast point.
The maximum effect of the bias can be achieved with Bn=0 or Bn=1.

The curvatures of faces of shapes H and Q are specified by P1,...,P4. The curva-
ture is the reciprocal of radius. Curved lines are always minor arcs and follow a
path to the left of the straight line if the curvature is positive, and to theright if it
is negative, the direction of the line being given in the definition of the faces
above. The curvature can only be seen if the subdivision is greater than 1.
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POLYGON and BACKGROUND Region Input

Menu Routes: MODELY{
Draw regions — Polygon
Draw regions — Background

The parameters described in page 3-47 and page 3-52 only supply region proper-
ties, local coordinates and replications for regions with SHAPE=POLYGON and
SHAPE=BACKGROUND. A set of sub-commands, keyboard and cursor, is pro-
vided for inputting the coordinates and face properties of polygons. There is a
keyboard sub-command for switching to CURSOR mode and a cursor sub-com-
mand K for switching to keyboard mode. The program is initially in keyboard
mode, but it remembers any change of mode for subsequent DRAW commands.

Sub-commands

and Menu Items  [5RAW Polygon Keyboard Sub-commands

Sub-command |Menu Item Function

CARTESIAN |[XY input Give coordinates of next point (X,Y) in
polygon and define properties of the
face created.

POLAR RT input Give coordinates of next point (R,®) in
polygon and define properties of the
face created.

XSHIFT X move Continue polygon by alinein the X
direction and define properties of the
face created.

YSHIFT Y move Continue polygon by alinein the Y
direction and define properties of the
face created.

RSHIFT R move Continue polygon by alinein the R
direction and define properties of the
face created.

PSHIFT T move Continue polygon by alinein the @
direction and define properties of the
face created.

FINISH Close polygon |Close and store a polygon, defining
properties of the last face.

ERASE Back-track Erase the most recent point or face of
the polygon being entered.

|
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Cursor-hitsand
Menu ltems

Version 8.5

DRAW Polygon Keyboard Sub-commands (continued)

Sub-command |Menu Item Function

CURSOR Mouse input Switch to cursor input of points, with
construction lines and automatic
matching to existing regions.

QUIT Return Leavethe DRAW command. If thereis
an unfinished polygon, the user is asked
to confirm the QUIT.

ZOOM Zoom display |Re-display the picture, zoomingin or
out.

LINE Enter C lines |Defineastraight construction line.

ARC Enter C lines |Defineacircular arc construction line.

CIRCLE Enter C lines |Define circular construction line(s).

DRAW Polygon Cursor Sub-commands

Character |Menu item Function

<space> |At the Cursor Start or continue the polygon with a
new point at the cursor position or near-
est grid point.

A About centre Pre-select the next point asthe centre of
acurved face.

c C line input Define, list, delete construction lines.

E Back-track Erase the last point.

F Close polygon Close and store the current polygon.

G Grid size (xy) Setthesizeof cartesiangrid. If gridsize
is non-zero, all <SPACE> cursor hits
select the nearest grid point.

H Obtain help.

K Return Switch back to keyboard input.

M Via mid point Pre-select the next point as the mid-
point of acurved face.

N Nearest C line Start or continue the polygon with a
new point on the nearest construction
line.

o] At old point Start or continue the polygon with the

old point nearest to the cursor.

3-55
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DRAW Polygon Cursor Sub-commands (continued)

Character [Menuitem Function

P Grid size (polar) |Setthesizeof polar grid. If gridsizeis
non-zero, all <SPACE> cursor hits
select the nearest grid point.

Q Abandon the current polygon and leave
the DRAW command. If thereisan
UNFINISHED polygon, the user is
asked to confirm the Q.

S Element size Reset the default element size.

T Type the coordinates of the nearest
point.

X At intersection Continue the polygon through a new
point at the nearest construction line
intersection.

Z Zoom Re-draw the picture, ZOOMING in or
out.

POLYGON Input Sub-commands

The keyboard sub-commands allow complete definition of polygon coordinates
and face properties (curvatures, subdivisions and boundary conditions). Seven of
the sub-commands, CARTESIAN, POLAR, XSHIFT, YSHIFT, RSHIFT,
PSHIFT and FINISH have parameters CURVATURE, N, BIAS, F, V and DV.
When any of these sub-commands sets any of these parameters, the va ues given
become the default values for all the other sub-commands. These parameters are
described in full under the CARTESIAN sub-command.

In keyboard mode, a polygon must be started by a CARTESIAN or POLAR sub-
command, giving the initial coordinates. This first sub-command only defines a
point and the parameters for the face properties areignored. Subsequent sub-com-
mands CARTESIAN, POLAR, XSHIFT, YSHIFT, RSHIFT or PSHIFT define
apoint and a face connecting the previous point to the new one. Polygons must
be closed by a FINISH sub-command which defines the last face of the polygon.

The ARC Sub-command

Menu Route: MODEL\
Draw regions — Draw Polygon —Enter C lines
Draw Background —Enter C lines

|
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Command Line

Parameters: Sub-Command |[ARC

Parameter Default |Function

XCENTRE 0 X coordinate at centre of polar coordinate sys-
tem.

YCENTRE 0 Y coordinate at centre of polar coordinate sys-
tem.

R1 0 R coordinate at start of line.

P1 0 @ coordinate at start of line.

R2 0 R coordinate at end of line.

P2 0 @ coordinate at end of line.

The ARC sub-command creates a construction line: astraight linein apolar coor-
dinate system centered on (XCENTRE, YCENTRE).It starts at (R1, P1) and
extendsto (R2, P2). If R1 and R2 are the same, theline will be an arc of acircle.
If P1 and P2 are the same, it will be aradia line. Further details on the use of
construction lines are give in page 3-68.

The CARTESIAN Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — XY input
Draw Background — XY input
Command Line
Parameters: Sub-Command [CARTESIAN
Parameter Default |Function
XP 0 X-coordinate of first or next point in polygon.
YP 0 Y -coordinate of first or next point in polygon.
CURVATURE |0 Curvature of face from previous point.
N 1 Number of elements along face.
BIAS 0.5 Subdivision bias:
<0.5 |Smaller elements nearer previous
point.
>0.5 |Smaller elements nearer new point.
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Sub-Command |CARTESIAN (continued)

Parameter Default |Function

F NO Type of boundary condition:

DV Normal derivative of potential = DV.
NO Internal face.

SYMM |One of symmetry (periodicity) pair.

Vv Value of potential = V.
\% 0 Value of potential if F=V.
DV 0 Normal derivative of potential if F=DV.

The CARTESIAN sub-command specifies either thefirst point (XP, YP) inapol-
ygon, inwhich case CURVATURE, N, BIAS, F, V and DV areignored, or aface
extending from the previous point to the new point (XP, YP). XP and YP are
defined in local coordinates. For second or subsequent points the default values
of XP and YP are the coordinates of the previous point. This enables definition
of adiagonal line by expressionsin terms of XP and YP.

« Example - to define aline at 45°:
OP2-POLY > cart xp+10 yp+10

The CURVATURE of the faceis defined asthe reciprocal of radius. A minor arc
is always assumed, the curved line going to the left of the straight line if the cur-
vature is positive. The curvature can only be seen if the subdivision of theline, N
is greater than 1.

The subdivision of the lineis set by two parameters, N and BIAS. If BIAS=0.5,
there will be N equal size element edges along the face. If BIAS=0. 5, the node
positions vary quadratically along the face. A bias less than 0.5 has smaller ele-
ments nearer the previous point. A bias greater than 0.5 has smaller elements
nearer the new point. The maximum effect of the bias can be achieved with
BIAS=0 and BIAS=1.

There are 4 types of boundary conditions set by the parameter F. Region faces
which are internal to the mesh usually should be assigned boundary condition
NO. This can aso be used on the outside of the mesh where it is equivalent to
F=DV DV=0. Boundaries with afixed potential should have F=v with the value
of potential set by V. Pairs of faces with F=SYMMETRY can be connected by the
SYMMETRY command to have either the same potential, or the same magnitude
but opposite sign. The sections of this Reference Manual on the analysis programs
give information on which boundary conditions can be used with each analysis
program.

|
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Menu Route:

Command Line
Parameters:;

Version 8.5

3-59
The CIRCLE Sub-command
MODEL!
Draw regions — Draw Polygon —Enter C lines
Draw Background —Enter C lines

Sub-Command |CIRCLE

Parameter Default |Function

TYPE FILLET | Type of circular construction line:
C1 Circle defined by centre and radius.
C2 Circle defined by centre and a point

on the circumference.

FILLET |Fillets between two straight con-
struction lines.

The CIRCLE sub-command creates construction lines which form compl ete cir-
cles. The congtruction lines are stores as arcs. There are 3 types of circle:

e Cl isdefined by one point (the centre) and its radius. The graphics cursor is
used to select the centre. A <space> cursor hit selects the nearest polygon
point, or if there are no points, the cursor position or nearest grid position. A
Q cursor hit aborts the definition. The program prompts for a value for the
radius.

» C2isdefined by two points: thefirst defines the centre and the second a point
on the circumference. <space> cursor hits select the nearest polygon points,
or if there are no points, the cursor positions or nearest grid positions. A Q cur-
sor hit aborts the definition.

 FILLETS are circles tangential to intersecting straight construction lines.
They are defined by selecting the two straight lines using <space> cursor
hits. A @ cursor hit aborts the definition. Four circles are defined, each one
consisting of two construction lines, which are the major and minor arcs con-
necting the points where the circles and straight lines touch.

Further details on the use of construction lines are give in page 3-68.

]
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Menu Route:

Command Line
Parameters:;

Menu Route:

Command Line
Parameters:

Chapter 3 - The Pre and Post Processor

The CURSOR Sub-command

MODEL{
Draw regions — Draw Polygon — Mouse input
Draw Background — Mouse input

Sub-Command [CURSOR
Parameter Default |Function
SIZE 1 Default element size.

The CURSOR sub-command switches from keyboard input to cursor input of
polygons. The cursor sub-command K can be used to switch back again.

The parameter SIZE selects the default element size. This is used to set the
number of subdivisions on non-matching region faces. N is given the smallest
integer such that N*SIZE is greater than the length of the face.

The ERASE Sub-command

MODEL{
Draw regions — Draw Polygon — Back-track
Draw Background — Back-track

Sub-Command |ERASE
No Parameters

The ERASE sub-command erases the most recent point or face of the polygon
being entered.
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The FINISH Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — Close polygon
Draw Background — Close polygon

Command Line

Parameters: Sub-Command __ |EINISH
Parameters
CURVATURE, N, BIAS, F, V and DV AS in CARTESIAN sub-com-
mand.

The FINISH sub-command creates the last face of a polygon by connecting the
last point entered to the first point. The parameters specify the face properties of
the last face. The polygon is stored.

Control remains with the polygon input sub-command mode for the input of more
polygons. The QUIT sub-command should be used to leave the DRAW com-
mand.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.

The LINE Sub-command

Menu Route: MODEL|
Draw regions — Draw Polygon — Enter C lines
Draw Background - Enter C lines

Command Line

Parameters. Sub-Command |LINE
Parameter Default |Function
X1 0 X coordinate at start of line.
Y1 0 Y coordinate at start of line.
X2 0 X coordinate at end of line.

]
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Sub-Command |LINE (continued)

Parameter Default |Function

Y2 0 Y coordinate at end of line.
ANGLE 0 Rotation angle around start point.

The LINE sub-command creates a congtruction line; astraight linefrom (X1, Y1)
to (X2, Y2) rotated by ANGLE around (X1, Y1). Further details on the use of con-
struction lines are give in page 3-68.

The POLAR Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — RT input

Draw Background — RT input

Command Line

Parameters. Sub-Command |POLAR

Parameter Default |Function

RP 0 Radial coordinate of first or next point in poly-
gon.

PP 0 ®-coordinate of first or next point in polygon.
CURVATURE, N, BIAS, F, Vand DV asin CARTESIAN sub-command

The POLAR sub-command specifies either thefirst point (RP, PP) inapolygon,
in which case CURVATURE, N, BIAS, F, V and DV are ignored, or a face
extending from the previous point to the new point (RP, PP). RP and PP are
defined in polar coordinates with respect to the local coordinate origin. For sec-
ond or subsequent points the default values of RP and PP are the coordinates of
the previous point. This enables the definition of the coordinates of the next point
by expressionsin terms of RP and PP.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.
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The PSHIFT Sub-command

Menu Route: MODEL\
Draw regions — Draw Polygon — T move
Draw Background — T move

Command Line

Parameters: Sub-Command [PSHIFT
Parameter Default |Function
DP 0 Increment in ®-coordinate for next point in pol-

ygon.
CURVATURE, N, BIAS, F,Vand DV asin CARTESIAN sub-command.

The PSHIFT sub-command specifiesthe second or subsequent point of apolygon
intermsof anincrementinthelocal azimuthal coordinate of the point with respect
to the previous point. Theradial coordinate remains the same as that of the previ-
ous point.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.

The QUIT Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — Return
Draw Background — Return

Command Line

Parameters: Sub-Command |QUIT
No Parameters

The QUIT sub-command leaves the DRAW command. If there is an unfinished
polygon, the user is asked to confirm the QUIT.

]
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The RSHIFT Sub-command

Menu Route: MODEL\
Draw regions — Draw Polygon — R move
Draw Background — R move

Command Line

Parameters: Sub-Command |RSHIET
Parameter Default |Function

DR 0 Increment in R-coordinate for next point in pol-

ygon.
CURVATURE, N, BIAS, F, Vand DV asin CARTESIAN sub-com-
mand.

The RSHIFT sub-command specifies the second or subsequent point of a poly-
gonintermsof anincrement inthelocal radial coordinate of the point with respect
to the previous point. The azimuthal coordinate remains the same as that of the
previous point.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.

The XSHIFT Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — X move
Draw Background — X move

Command Line

Parameters: Sub-Command [XSHIET
Parameter Default |Function

DX 0 Increment in X-coordinate for next point in pol-

ygon.
CURVATURE, N, BIAS, F, Vand DV asin CARTESIAN sub-com-
mand.

|
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The XSHIFT sub-command specifiesthe second or subsequent point of apolygon
in terms of an increment in the local X coordinate of the point with respect to the
previous point. The'Y coordinate remains the same as that of the previous point.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.

The YSHIFT Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — Y move
Draw Background — Y move

Command Line

Parameters: Sub-Command [YSHIFT
Parameter Default |Function
DY 0 Increment in Y -coordinate for next point in pol-

ygon.
CURVATURE, N, BIAS, F, V and DV asin CARTESIAN sub-com-
mand.

The YSHIFT sub-command specifiesthe second or subsequent point of apolygon
interms of an increment intheloca Y coordinate of the point with respect to the
previous point. The X coordinate remains the same as that of the previous point.

The parameters CURVATURE, N, BIAS, F, V and DV are defined under the
CARTESIAN sub-command.

The ZOOM Sub-command

Menu Route: MODEL{
Draw regions — Draw Polygon — Zoom display
Draw Background — Zoom display

]
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Command Line

Parameters: Command [ZOOM
No Parameters

The ZOOM sub-command is identical to the top-level command of the same
name (see page 3-212). It re-displays the picture of the geometry, zooming in or

out.
POLYGON Input Cursor Sub-commands
Menu Routes: MODEL{
Draw regions — Draw Polygon — Mouse Input
MODEL/{

Draw regions — Draw Background — Mouse Input

The cursor sub-commands allow the definition of the next point in a polygon in
three ways. anew point at the cursor position (cursor hit <space>), an existing
point (cursor hit 0), or a construction line point (cursor hits N and X). Polygons
are closed and stored with F.

A ‘snap to grid’ facility can be switched on by setting the cartesian or polar grid
sizegreater than zero. When thegrid isswitched on, all <space> cursor hitstake
the nearest grid point. Switching on a cartesian grid also switches off apolar grid
and vice versa. The grid sizes can be set or re-set following a G or P cursor hit.

Other cursor hits allow points to be erased (E) or their current coordinates dis-
played (T), or keyboard mode can be used instead after cursor hit K. Construction
line input follows a cursor hit ¢. The picture can be re-displayed using the z cur-
sor hit which usesthe ZOOM command (see page 3-212). The DRAW command
can be left by cursor hit Q.

In cursor mode, if a new face exactly matches an existing face, the subdivision
and curvature information is copied from the existing face. The subdivision of
new faces (which do not match existing faces) is given by the element SIZE
parameter of the CURSOR keyboard sub-command or reset by the s cursor sub-
command. Curvature can be set by using additional points as the centre of curva-
ture (cursor sub-command &) or as amid-point on a curve (cursor sub-command
M). Such additiona points are pre-selected using A or M; their positions can then
be given using any of <space>, N, 0, or X; they do not form part of the polygon
definition, but are only used to calculate the curvature of the face.

|
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When a region has been completed its geometry is checked against existing
regions and additional points are added if necessary to make the regions match.
The way in which this is done can be controlled with the TEST command
(page 3-193).

Cursor hitsand

Menu ltems DRAW Polygon Cursor Sub-commands

Character [Menuitem Function

<space> |At the Cursor Start or continue the polygon with a
new point at the cursor position or grid
point.

A About centre Pre-select the next point asthe centre of
acurved face.

c C line input Define, list, delete construction lines.

E Back-track Erase the last point.

F Close polygon Close and store the current polygon.

G Grid size (xy) Setthesizeof cartesiangrid. If gridsize

is non-zero, all <SPACE> cursor hits
select the nearest grid point.

H Obtain help.

K Return Switch back to keyboard input.

M Via mid point Pre-select the next point as the mid-
point of acurved face.

N Nearest C line Start or continue the polygon with a
new point on the nearest construction
line.

o] At old point Start or continue the polygon with the
old point nearest to the cursor.

P Grid size (polar) |Setthesizeof polar grid. If gridsizeis

non-zero, all <SPACE> cursor hits
select the nearest grid point.

Q Abandon the current polygon and leave
the DRAW command. If thereisan
UNFINISHED polygon, the user is
asked to confirm the Q.

S Element size Reset the default element size.
T Type the coordinates of the nearest
point.

]
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DRAW Polygon Cursor Sub-commands (continued)
Character (Menuitem Function
X At intersection Continue the polygon through a new
point at the nearest construction line
intersection.
Z Zoom Re-draw the picture, ZOOM in or out.

Construction lines

Consgtruction line definition follows cursor hit ¢. A set of 5 keyboard sub-com-
mands can be used to define new lines, list existing lines and delete redundant
lines.

Construction lines are straight lines (LINE) or arcs (ARC). The arc is a linear
interpolation in a cylindrical polar coordinate system (i.e. ¢=mr+c with mand c
constant). Itisonly an arc of acircleif theradial coordinates of the end pointsare
the same. The definitions can be given numerically or by choosing, with the cur-
sor, points (region corners) which have already been defined: lines are defined by
two <space> cursor hits; arcs are defined by either a ¢ and two <space>sto
specify the centre and two end points or by 3 <space> cursor hits to specify
points on a circle. Cursor defined lines extend beyond the points which define
them. Cursor defined arcs are minor arcs if defined by centre and end points or
complete circlesif defined by 3 points on the circumference.

Construction lines can also be input using the keyboard sub-commands ARC,
CIRCLE and LINE.

The sub-commands and their syntax are:

Construction Line Sub-commands

Command |Parameters and Function

ARC xcycrl ¢lr2 ¢2

An arc centered on (xc, yc) starting at polar coordinates (rl,
¢1) andending at (r2, $2). Bothr and ¢ vary linearly between
the end points.

ARC CURSOR

An arc defined by cursor hits:

Either: select points for centre with C and end points with
<space>

or: select 3 pointson circumference of circlewith <spaces.

|
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Construction Line Sub-commands (continued)

Command |Parameters and Function

CIRCLE |C1

An arc representing a complete circle defined by a centre
point chosen witha<SPACE> cursor hit and radius, givenin
response to a prompt.

CIRCLE (C2

An arc representing a complete circle defined by a centre
point and a circumferential point chosen with <space> cur-
sor hits.

CIRCLE |FILLET

Arcsrepresenting 4 complete circles which are tangential to
two intersecting straight lines, chosen with <space> cursor
hits.

DELETE |Delete construction lines, chosen by <space> cursor hit.
Use cursor hit Q to quit.

LINE x1ylx2y2angle

A straight line from (x1, y1) to (x2, y2) rotated by angle
around (x1, y1).

LINE CURSOR

A straight line through and beyond 2 existing points chosen
by <space> cursor hits.

PRINT List al the construction lines.

QUIT End the definition of construction lines.

Points can be defined on the nearest construction line using cursor hit N, or at the
nearest intersection of construction lines using cursor hit X. The end points of the
construction lines are also counted as intersections.

]
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The DUMP Command

OPTIONS |
Dump picture

Menu Route:

Command Line

Parameters: Command [DUMP
Parameter |Default Function
FILE none Name of file to contain the picture.
TYPE POSTSCRIPT |Graphics language:
HPGL Hewlett-Packard Graphics
Language
PICOUT Vector Fields PICOUT
Graphics Language
POSTSCRIPT |Adobe PostScript
SIZE A4 Paper sizes: HPGL canuse A, A3, A4, B,
AOD, A1D, A2D, A3Dor A4D; PostScript
can use A4, A or USER.
LLX 0 X-coordinate of lower-left corner in mm
(TYPE=POST, SIZE=USER).
LLY 0 Y -coordinate of lower-left corner in mm
(TYPE=POST, SIZE=USER).
URX 0 X-coordinate of upper-right corner in mm
(TYPE=POST, SIZE=USER).
URY 0 Y -coordinate of upper-right corner in mm
(TYPE=POST, SIZE=USER).
COLOUR |YES Colour PostScript: NO implies grey-scale.
FILL NO Filled polygonsin HPGL: YES or NO.
ORIENT |[LANDSCAPE |PostScript paper orientation: LANDSCAPE
or PORTRAIT.
SWAP YES Swap black and white in PostScript:
NO Colours appear as on
screen.
YES Black and white are
swapped.

|
OPERA-2d Reference Manual January 2002



The DUMP Command 371

The DUMP command copies the graphics commands used to create the current
display to a FILE in three different formats. If no filename extension is given,
extensions .ps, .hgl or .pic are added as appropriate.

* Adobe PostScript (TYPE=POST): This has options for paper size, colour and
orientation.

— Therearetwo standard paper sizes. European A4 and American A. Alter-
natively SIZE=USER allows the image to be printed at any size and any
position on the page by the specification of the coordinates of the lower-
left and upper-right cornersin mm (parameter LLX, LLY, URX, URY).

— If +COLOUR is selected, the screen colours will be matched on the paper
as closely as possible, except that black and white can be optionally

SWAPPED. (Black is any colour with an intensity of less than L for

256
Red, Green and Blue; white is any colour with an intensity of more than
g—gg for Red, Green and Blue — see the COLOUR command.)

— Grey-scale pictures can be created in several ways. the colours could be
changed to grey using the COLOUR command before DUMPING (see
the COLOUR command); a colour picture could be sent to a grey-scale
printer; or a grey-scale picture could be stored using - COLOUR. In this

last case, the grey levels are calculated using the formula 1 — ig’+—b .

Thus dark colours on the screen become light colours on the paper.

— Pictures can be arientated in two ways. PORTRAIT pictures have the X
horizontal along the bottom of the page and the vertical axis up the left-
hand side; LANDSCAPE pictures have the horizontal axis up the right-
hand side of the page and the vertical axisfrom right to left along the bot-
tom of the page.

 HPGL (TYPE=HPGL) pictures are intended for pen-plotters. Thereisalarger
selection of sizes available: the sizes with D appended are for drum plotters,
the other sizes are for flat-bed plotters.

— The only other option allows polygon-fill to be selected (= FILL). If
selected, polygons arefilled using shading with parallel horizontal or ver-
tical lines.

* PICOUT (TYPE=PICOUT) pictures can be re-displayed or trandated using
the PICOUT program supplied by Vector Fieldsfor OpenVMSand UNIX sys-
tems. It reads graphicsfiles and redisplays them on the screen or convertsthem
to PostScript or HPGL for printing or plotting. The PICOUT program prompts
the user for the name of theinput file and (if necessary) the name of the output
file. It also promptsfor options such as paper size, colour or monochrome, etc.,

]
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although in some implementations these can be supplied by command line
options (-cc) which are shown below.

Instructions for running PICOUT are included in the Implementation Notes
supplied with the software.

PICOUT prompts the user for the input it needs. On UNIX systems, some
choices can be specified as command line options, for example —sc below.
Repliesto PICOUT’ s prompts can be abbreviated.

PICOUT aways prompts for the name of an input file. There are 3 output
options: Screen (—sc), PostScript (—ps) and HPGL (—hp).

— Screen: If output to the screen is chosen, there are no further options. On

OPERA-2d Reference Manual

workstations and X-terminals, after the graphics window has been cre-
ated, its size can be adjusted using the window manager and the pictures
will be scaled to fit the new size. The original aspect ratio of the pictures
will be maintained by increasing either the top or right side margin.
PICOUT pauses for <carriage-return> to continue or Q to quit at the end
of each picture.

PostScript: If PostScript output ischosen, PICOUT promptsfor the name
of the file to contain the PostScript program. If the file already exists it
will be overwritten. When PICOUT has finished, this file can be sent
directly to a PostScript printer. PostScript output can be written to multi-
ple fileswith asingle pagein each file (—s) or to onefile with many pages
in the file (-m). The advantage of multiple filesis that a single page can
be printed without printing all the others. The filenames for the single
page, multiple file option are formed by appending .1, .2, .3 etc. to the
name given at the output file prompt. On some operating systems, it is
necessary to name the output file with asingle part name in order to make
use of thisfacility.

PostScript output can be created for different paper sizes. There are 2
standard sizes. European A4 (—a4) and American A (—a) for which
PICOUT knows the paper size. Non-standard user defined paper sizes (—
u lIx [ly urx ury) can also be given by specifying the coordinates of the
lower left and upper right corners of the drawing areain millimetres.

PostScript output can be orientated on the page in landscape format (—I)
or portrait format (—p). For paper sizes A and A4, portrait format fits 2
pictures on each page.

PostScript output can be in colour (—) or greyscale (—g). Colour output
assumes white paper, so the black and white of the original screen picture
are swapped. Greyscale intensities are inverted so that dark colours
appear pale grey and bright colours as dark grey. Some greyscale printer
can interpret colour commands and therefore give a choice of using
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PICOUT' s algorithm for colour to greyscale conversion or the printer's
algorithm.

HPGL: If HPGL output is chosen, PICOUT prompts for the name of the
file to contain the HPGL commands. Each page of output is written to a
separate file. The filenames are formed by appending .1, .2, .3 etc. to the
name given at the output file prompt. If afileaready existsit will be over-
written. When PICOUT has finished, the files can be sent directly to a
HPGL printer or plotter. On some operating systems, it is necessary to
name the output file with a ssmple name so that the extension can be
added.

HPGL output can be created for avariety of paper sizes. For flat-bed plot-
ters, sizes A (—a), A3 (—a3), A4 (—ad) and B (—b) are available. For drum
plotters, HPGL output can be produced for sizes AOD (—a0d), A1D (-
ald), A2D (—a2d), A3D (-a3d) and A4D (—a4d). The difference between
the flat-bed and drum sizes is that the coordinate system origin is at the
centre of the plot on drum plotters and at the bottom left corner on flat bed
plotters. No PS (paper size) command is put into the files.

HPGL output can include extra line drawing commands to shade filled
polygons (—f) or polygons can be represented by the outlines alone (-nf).

PICOUT OPTIONS

Output style:

—sC Screen. PICOUT redraws the pictures onto the
workstation screen.

—ps PostScript. PICOUT creates afile or files of Post-
Script commands.

-hp HPGL. PICOUT creates files of HPGL commands.

Paper size (ignored with —sc):

—size  PostScript output can be produced for stan