  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=0.250 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

  VIEWING
  BUTTON MENU

==>
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=0.010 INCHES, ang=(0.00, 0.00, 0.00)
 Demonstrations

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=25.098 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

  VIEWING
  (BUTTON MENU)

 cent=(0.553, -0.478, 0.528), sz=9.339 INCHES, ang=(0.00, 0.00, 0.00)
 Demonstrations

  VIEWING
  (BUTTON MENU)

 cent=(-0.948, -3.114, 2.477), sz=4.524 INCHES, ang=(0.00, 0.00, 0.00)
 Demonstrations

TOP BOTTOM RIGHT LEFT FRONT REAR

RESTORE VIEW

SAVE VIEW

ILLUMI- NATE

SCALE OBJECT

ROTATE OBJECT ACCEPT REJECT

SLICE MODE

SOLID EDIT

SOLID ROTATE

SOLID TRANS

SOLID SCALE MENU

ANGLE DISTANCE CURSOR

RESET

35,25

Help ADC Reset

Zero Knobs Obj Scale Obj ScaleX Obj ScaleY Obj ScaleZ Empty

Save View Obj TransX Obj TransY Obj TransXY Obj Rotate

Empty Restore View

Solid Trans

Solid Rot Solid Scale

Solid Menu Obj Pick

Solid Pick

REJECT Bottom Top Rear 90,90 ACCEPT

Right Left

Front 35,25

INTENSITY (OR SLICE PLANE)

SLEW X SLEW Y ZOOM

IN OUT

HORIZONTAL VERTICAL ANGLE 1 ANGLE 2

TICK MARKS

DISPLAY:

ADC:

X Rotate X Trans

Y Rotate Y Trans

Z Rotate Z Trans

ADC2 Zoom

righ t knobs pro vide translations and zo oming. When the angle/distance cursor

is activ ated, some of the knobs are redefined.

4.4 Mouse or Data T ablet

Mo ving the mouse or the data tablet “p en” causes a cursor on the screen to

mo v e. The screen X-Y co ordinates of the cursor can b e sensed b y MGED at

an y time. Clic king one of the mouse buttons, or depressing the tip of the p en,

results in MGED receiving a sp ecial ev en t notification. The meaning of this

mouse ev en t dep ends on the curren t editing mo de and whic h p ortion of the

displa y faceplate that the cursor is lo cated in.

Belo w is a list of some of the functions the mouse is used for in MGED;

• Selecting editing men us, edit functions (mo v e faces, mo v e edges etc.) and

viewing functions (selected from main edit men u); mo v e p oin ter to appro-

priate edit function and press cen ter mouse button.

• P oin ting functions; in teractiv ely p ositioning solid primitiv e relativ e to

other solids with p ositioning or size up date b eing displa y ed at the same

time, p osition p oin ter where required and clic k cen ter mouse button.

• Scaling of view size; enlarge or reduce for a more detailed view of ob ject,

left button shrinks view size, righ t button enlarges view size.

• During the solid or ob ject illuminate phase of editing, the screen is divided

in to in visible horizon tal sections. The a v ailable selections are scanned b y

mo ving the mouse up and do wn.

• When MGED is is the viewing state, and a mouse ev en t is receiv ed whic h

is not in the men u area of the faceplate, the p oin t at whic h the cursor is

p oin ting at will b e translated to b ecome the cen ter of the curren t view. By

p oin ting and clic king the cen ter mouse button, the cen ter of the viewing

cub e can b e mo v ed to allo w close-up viewing of differen t areas in y our

mo del.

4.4.1 V ector General Data T ablet

P osition information is en tered using a p en-lik e st ylus. The distance this p en is

from the tablet is imp ortan t. If the p en tip is within one half inc h of the tablet

surface, the cursor lo cation on the screen corresp onds to the X,Y lo cation of

the p en on the tablet. This condition is called the “near” p osition. If the p en

is more than one half inc h from the tablet surface, the cursor remains lo cated

in the cen ter of the screen. When the p en is pressed against the tablet surface,

the pressure switc h is activ ated and a “mouse” ev en t is sen t to MGED.

4.4. MOUSE OR D A T A T ABLET 37

4.4.2 Megatek Data T ablet

Some Megatek systems en ter p osition data on the data tablet using a p en-lik e

st ylus. If the tip of the st ylus is within one-half inc h of the surface of the tablet,

a “star” corresp onding to this lo cation is displa y ed on the displa y screen. If

the tip is mo v ed more than one-half inc h from the surface, the p osition of the

star remains fixed. When the st ylus is pressed against the tablet surface, the

pressure switc h is activ ated and a “mouse” ev en t is sen t MGED.

Other Megatek data tablets ha v e a mouse instead of a p en. This mouse

has four buttons on it. The y ello w (top) button is used during illumination

and editing just as the p en on the V ector General terminals. Ho w ev er, in the

viewing mo de, when pushed, the p oin t whic h it w as p oin ting at will b e dra wn

at the cen ter of the screen. The blue (b ottom) button has this same function

at ALL times and is used to “slew” the displa y during editing. The white (left)

and the green (righ t) buttons on the mouse are used for zo oming the displa y at

a fixed rate. The white button will zo om out and the green button will zo om

in.

4.4.3 Silicon Graphics Mouse

The left and righ t mouse buttons are used for binary (2x) zo oming, and the

cen ter mouse button is used for all other MGED mouse functions.

On the Silicon Graphics 3-D w orkstations, MGED can b e run directly , or

it can b e run under the windo w manager MEX. In b oth cases, MGED op ens

t w o windo ws, one outlined in white for all text in teraction, and one outlined in

y ello w for all graphics displa y . When running MGED directly (without MEX),

all mouse ev en ts are sen t the MGED, regardless of where the mouse is p oin ting.

In order to shift emphasis b et w een the graphics and text windo ws, the smaller

one can b e enlarged b y p oin ting the cursor within the b oundaries of the smaller

windo w, and pressing the cen ter button. This enlarges that windo w, and reduces

the size of the other windo w.

When MEX is running, it is necessary to follo w the MEX con v en tion of

mo ving the cursor in to the desired windo w, and clic king the righ t mouse button,

to “attac h” all input to that windo w. This has the unfortunate consequence of

requiring a lot of extra mouse clic king, b ecause the graphics windo w needs to

b e attac hed when using the buttons, knobs, and mouse, while the text windo w

needs to b e attac hed in order to en ter k eyb oard commands.

On the Silicon Graphics 4-D w orkstations running 4Sigh t, mouse ev en ts are

sen t to MGED only when the cursor is within the b oundaries of the MGED

graphics windo w.

4.4.4 Sun W orkstation Mouse

On the Sun w orkstation, MGED m ust b e run in a sun to ols windo w. The main

consequence of this is that mouse ev en ts are sen t to MGED only when the cursor

is within the b oundaries of the MGED graphics windo w on the screen. The left

and righ t mouse buttons are used for binary (2x) zo oming, and the cen ter mouse

button is used for all other MGED mouse functions.

4.5 Keyb oard

The k eyb oard is used to issue commands and supply parameters to MGED. It

is also used to login and logout of the UNIX system, and to run other UNIX

programs. All c haracters t yp ed on the k eyb oard, with the exception of the

user’s passw ord, are displa y ed (ec ho ed) on the monitor. In this text, all input

t yp ed b y the user is sho wn in italics , while all literal MGED output is sho wn in

typewriter font . All en tries are terminated b y depressing the RETURN k ey .

This action immediately precedes the execution of the directiv e. In most cases,

lo w er case letters m ust b e used. A space m ust b e used b et w een the command and

its argumen ts. Em b edded blanks are not allo w ed. En tering Con trol/H causes

cursor to bac kspace and erase en tered information. An MGED command is

in terrupted b y en tering Con trol/C. End-of-File is sen t to MGED b y en tering

Con trol/D. The graphics editor displa ys the prompt

mged>

on the displa y whenev er it is ready to accept a command from the k eyb oard.

Chapter 5

OPERA TING

INSTR UCTIONS

5.1 En tering the Graphics Editor

T yp e mge d filename , e.g.:

mged s_axle.g

mged shaft.g

mged fred.g

where the filename is the name of the UNIX file in whic h y our ob ject description

data is stored. It is con v en tional that the extension “.g” on the filename signifies

a graphics file, and is a go o d practice, but is not required. If the named database

do es not already exist, MGED will ask if it should create a new database.

MGED will ask:

% mge d new.g

BRL-CAD Release 3.0 Graphics Editor (MGED)

Tue Sep 6 02:52:55 EDT 1988

mike@video:/cad/mged.4d

new.g: No such file or directory

Create new database (y|n)[n]? y

attach (nu|tek|tek4109|ps|plot|sgi)[nu]? sgi

ATTACHING sgi (SGI 4d)

Untitled MGED Database (units=mm)

mged>

Here, the italic t yp e indicates the user’s resp onse: y instructs MGED to

create the new database, and sgi instructs MGED to attac h to a windo w on the

Silicon Graphics (SGI) w orkstation.

Directiv es to the graphics editor are made b y

1. en tering information from the k eyb oard, sho wn here in the text b y the use

of italics ,

2. using the st ylus to select items from the men u (select), and

3. pressing buttons and t wisting knobs on the function con trol b o x (press,

t wist).

The prompt for a command is mged> .

5.1.1 Running MGED on a Silicon Graphics

When running MGED from the console of a Silicon Graphics w orkstation,

MGED retains the text windo w from whic h it w as started, and op ens a sec-

ond windo w for the graphics displa y . By default, the graphics windo w is quite

large, and the text windo w is rather small.

On the SGI 3-d w orkstations, should y ou wish to ha v e a large text windo w

to scan prin ted output, mo v e the mouse p oin ter in to the text windo w and clic k

the cen ter mouse button. Use the rev erse pro cedure to regain a large graphics

windo w, i.e., mo v e the mouse p oin ter in to the graphics windo w and clic k the

cen ter mouse button.

5.1.2 Running MGED on a T ektronix

T o run MGED on the tek4014 class of terminals one needs to ha v e TW O termi-

nals - the graphics terminal (4014 or one whic h em ulates a 4014) and another

terminal to en ter commands on.

The pro cedure is as follo ws:

1. login on the graphics terminal

2. en ter tty to find out whic h terminal n um b er has b een assigned

3. en ter sle ep 32000 to put the graphics terminal in sleep mo de

4. login on the other terminal

5. en ter mge d file to execute MGED

6. en ter tek to select the tek4014 device pro cessor

7. en ter the tt y v alue found in step 2.

8. p erform editing

9. en ter q to quit MGED

5.2. THE POP-UP BUTTON MENU 41

10. en ter con trol-c on the graphics terminal to end the sleep mo de

11. logout on b oth terminals

Since there are no knobs or buttons on the tek4014 class of terminals, one is

forced to use the pr ess and knob commands to em ulate these p eripherals. Other

commands whic h can/should b e used are:

ill put up a desired path

cen ter slew the displa y

size zo om the displa y

sed solid edit immediately

The main force b ehind the writing of a driv er for the tek4014 terminals w as

to allo w the use of the T elet yp e 5620 terminals. These graphic terminals ha v e an

in ternal pro cessor and differen t windo ws can b e set up whic h represen t differen t

terminals. Hence t w o terminals are NOT necessary . The use of the T elet yp e

5620 terminals is then the same as the pro cedure outlined ab o v e, except eac h

windo w represen ts a terminal.

5.2 The P op-Up Button Men u

The default MGED faceplate is sho wn in Figure 3.1. If the BUTTON MENU

area on the screen is selected with the mouse, then the p op-up button men u

app ears, as sho wn in Figure 3.2. This men u can b e v ery useful in reducing the

amoun t of hand motion b et w een the mouse and the button b o x.

5.3 Starting Y our Mo del

Mo deling practices using MGED can b e quite individual. The follo wing is a

suggested mo deling metho d to start with; y ou ma y end up dev eloping y our o wn

st yle as y ou b ecome more familiar with MGED.

First of all, decide ho w y ou w an t to represen t y our mo del, including the

amoun t of detail, t yp es of solids and regions necessary . Ha v e an accurate sk etc h

or engineering dra wing a v ailable, so that y ou can easily tranfer its information

in to the t yp es of primitiv e solids necessary to create y our mo del. Where p ossible

it is recommended to start with a large blo c k solid and “subtract” pieces from

it. In this w a y y ou a v oid errors with abutting faces of a collection of solids

“unioned” together.

Next the solids are created using the make , cp , mirr or or in commands.

Dep ending on the complexit y of the mo del, the solids ma y b e created in the

desired lo cation or created at the origin and later translated to the desired

lo cation. Creation at the origin pro vides an opp ortunit y to tak e adv an tage of

p ossible symmetries in the geometry . Once all the solids are finished it is time to

create the region[s], whic h will describ e (to MGED) ho w to com bine the solids

to represen t the mo del.

The region[s] are then giv en the desired item/air co de (if this is necessary ,

otherwise lea v e it as the system default v alue), and material co des. The regions

are then put on to a group, usually for functionalit y only . A group has no

op erations as suc h (lik e union [u], in tersection [+] or difference [-]) and is just

a collection of ob jects for con v enien t naming of a whole screen or collection of

ob jects.

Chapter 6

CREA TING NEW

OBJECTS

6.1 Creating New Lea v es (Solids/Primitiv es)

A family of commands exists to allo w the user to add more actual solids (leaf

no des) to the mo del database. T o obtain a precise duplicate of an existing

solid (presumably to b e c hanged b y a subsequen t editing command), the cop y

( cp ) command can b e used. It is imp ortan t to note that the cop y op eration

is differen t from creating an instanc e of an existing solid; there are o ccasions

to use b oth op erations. If the precise configuration of the solid desired is not

imp ortan t, the make command can b e used to create a sto c k protot yp e solid of

the desired t yp e with the giv en name, whic h can then b e edited to suit. The

mirr or command mak es a duplicate of an existing solid reflected ab out one of

the co ordinate axes.

If the actual n umeric parameters of a solid are kno wn, then the in command

can b e used. In addition to prompting for the descriptions of the full generic

primitiv e solids, this command also accepts abbreviated input formats. F or

example, a w edge or an RPP can b e en tered with a minim um of parameters,

ev en though a database ARB8 is created. Similarly , the parameters for a righ t

circular cylinder can b e giv en, resulting in a truncated general cone (TGC)

b eing stored. This is not a v ery sophisticated w a y to build solids, but it receiv es

a surprising amoun t of use.

A n um b er of commands also exist to create new solids with some higher

lev el description. F or example, the inside command creates a new solid inside

an existing solid, separated from the existing solid b y sp ecified tolerances. This

is quite useful for creating hollo w ob jects suc h as fuel tanks. It is p ossible to

create a plate with a sp ecified azim uthal orien tation and fallbac k angle, or to

create an ARB8 (plate) b y sp ecifying three p oin ts and a thic kness, or to create an ARB8 giv en one p oin t, an azim uthal orien tation, and a fallbac k angle.

6.2 Sp ecific Cases

After ha ving started MGED and created a new database, the next step is to use

the units command to tell the system that y ou will b e en tering v alues in mm,

cm, m, in or ft. F or our example w e will w ork in mm:

units mm

No w y ou ma y giv e y our database a title using the title command as in:

title Mechanical Bracket

This title (“Mec hanical Brac k et”) no w app ears at b ottom left hand corner

of graphics windo w. F urther examples:

title six wheeled tank

title stub axle

A t this p oin t y ou can start creating y our solid ob jects using the “arbs”,

“sph”, “tor”, etc , argumen ts to the make or in command. The make command

giv es y ou a solid to a default size, y ou then ha v e to use the solid edit mo de

to in teractiv ely edit the solid to the desired size. make command is en tered as

b elo w: Examples:

make box arb8

make cyl rcc

make ball sph

The first argumen t is the solid name, and the second argumen t is the primitiv e

t yp e.

The in command exp ects y ou to k ey in a set of parameters to describ e y our

solid; the parameters can b e the x y and z of a v ertex (suc h as the corner of an

ARP8), or the x y and z of a v ector (suc h as the heigh t or H v ector of a BO X)

or the radius (suc h as for a torus). Belo w is a list of primitiv es with their in

commands as requested b y MGED and sample input. Reading an in file in to a

MGED data file will b e discussed later. Note ho w pro viding incomplete input

to the in command will result in MGED rep eating the prompt for the missing

information.

6.2.1 RPP (rectangular parallelepip ed)

mged> in name rpp

Enter XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX: 0 25

Enter YMIN, YMAX, ZMIN, ZMAX: 0 50

  SOL EDIT
  ARB CONTROL MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                          1

                                                                     2

                                                                     3

                                          4

                                                    5

                                                                               6

                                                                               7

                                                    8

                 ** SOLID -- name:
                  1 (25.0000, 0.0000, 0.0000)
                  2 (25.0000, 50.0000, 0.0000)
                  3 (25.0000, 50.0000, 100.0000)
                  4 (25.0000, 0.0000, 100.0000)
                  5 (0.0000, 0.0000, 0.0000)
                  6 (0.0000, 50.0000, 0.0000)
                  7 (0.0000, 50.0000, 100.0000)
                  8 (0.0000, 0.0000, 100.0000)

 cent=(15.806, -4.921, 42.033), sz=128.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /name

Figure 6.1: Example RPP

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=184.152 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 6.2: Example BO X

Enter ZMIN, ZMAX: 0 100

This sequence pro duces the RPP sho wn in Figure 6.1.

6.2.2 BO X (BO X)

mged> in my b ox

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of vector H: 25 0 0

Enter X, Y, Z of vector W: 0 50 0

Enter X, Y, Z of vector D: 0 0 100

This sequence pro duces the BO X sho wn in Figure 6.2.

  SOL EDIT
  ARB CONTROL MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                           1

                                                                       2

                                                                       3

                                           4

                                 5

                                                             6

                                                             7

                                 8

                 ** SOLID -- poly:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 150.0000, 0.0000)
                  3 (0.0000, 150.0000, 200.0000)
                  4 (0.0000, 0.0000, 200.0000)
                  5 (75.0000, 0.0000, 0.0000)
                  6 (75.0000, 150.0000, 0.0000)
                  7 (75.0000, 150.0000, 200.0000)
                  8 (75.0000, 0.0000, 200.0000)

 cent=(6.596, 4.619, 75.566), sz=375.554 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /poly

Figure 6.3: Example ARB8

  SOL EDIT
  ARB CONTROL MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                             1

                                                                             2

                                  3

                                                       4

                 ** SOLID -- a4:
                  1 (10.0000, 60.0000, 0.0000)
                  2 (40.0000, 20.0000, 0.0000)
                  3 (0.0000, 0.0000, 0.0000)
                  4 (20.0000, 15.0000, 70.0000)

 cent=(8.520, 28.239, 33.769), sz=79.153 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a4

Figure 6.4: Example ARB4

6.2.3 ARB8: Arbitrary Con v ex P olyhedron, 8 V ertices

mged> in p oly arb8

Enter X, Y, Z for point 1: 0 0 0

Enter X, Y, Z for point 2: 0 150 0

Enter X, Y, Z for point 3: 0 150 200

Enter X, Y, Z for point 4: 0 0 200

Enter X, Y, Z for point 5: 75 0 0

Enter X, Y, Z for point 6: 75 150 0

Enter X, Y, Z for point 7: 75 150 200

Enter X, Y, Z for point 8: 75 0 200

This sequence pro duces the ARB8 sho wn in Figure 6.3.

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                    A
                                            B

                                    C
                                            D

                 ** SOLID -- rcyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (0.0000, 0.0000, 60.0000) Mag=60.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0
                  A (10.6066, -10.6066, 0.0000) Mag=15.000000
                  B (10.6066, 10.6066, 0.0000) Mag=15.000000
                  c = 15.000000, d = 15.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0

 cent=(0.000, 0.000, 0.000), sz=180.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /rcyl

Figure 6.5: Example Righ t Circular Cylinder

6.2.4 ARB4: Arbitrary Con v ex P olyhedron, 4 v ertices

mged> in a4 arb4

Enter X, Y, Z for point 1: 0 0 0

Enter X, Y, Z for point 2: 10 60 0

Enter X, Y, Z for point 3: 40 20 0

Enter X, Y, Z for point 4: 20 15 70

This sequence pro duces the ARB4 sho wn in Figure 6.4.

6.2.5 R CC (Righ t Circular Cylinder)

mged> in r cyl r c c

Enter X, Y, Z of vertex: 0 0 0

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                             A

                                         B
                                                                                 C

                                                                               D

                 ** SOLID -- trcyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (40.0000, 0.0000, 0.0000) Mag=40.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 14.1421, -14.1421) Mag=19.999999
                  B (0.0000, 14.1421, 14.1421) Mag=20.000000
                  c = 9.999999, d = 10.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=91.417 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /trcyl

Figure 6.6: Example T runcated Righ t Cylinder

Enter X, Y, Z of height (H) vector: 0 0 60

Enter radius: 15

This sequence pro duces the R CC sho wn in Figure 6.5. Note that in this case,

the A,B,C, and D v ectors ha v e magnitude whic h equal the radius, 15.

6.2.6 TR C (T runcated Righ t Cylinder)

mged> in tr cyl tr c

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of height (H) vector: 40 0 0

Enter radius of base: 20

Enter radius of top: 10

This sequence pro duces the TR C sho wn in Figure 6.6. Note that the magnitude

  SOL EDIT
  ARB CONTROL MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                           1

                              2

                              3

                                           4

                                                                           5

                                                                           6

                 ** SOLID -- weg:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (40.0000, 0.0000, 0.0000)
                  3 (40.0000, 0.0000, 100.0000)
                  4 (0.0000, 0.0000, 100.0000)
                  5 (0.0000, 70.0000, 0.0000)
                  6 (0.0000, 70.0000, 100.0000)

 cent=(-2.765, -1.936, 43.371), sz=150.604 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /weg

Figure 6.7: Example Righ t Angle W edge

of A and B equal the base radius, 20,

6.2.7 RA W (Righ t Angle W edge)

mged> in we g r aw

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of vector H: 40 0 0

Enter X, Y, Z of vector W: 0 70 0

Enter X, Y, Z of vector D: 0 0 100

This sequence pro duces the RA W sho wn in Figure 6.7.

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                          A

                                                                   B

                                           C

                 ** SOLID -- ball:
                  V (0.0000, 0.0000, 0.0000)
                  A (50.0000, 0.0000, 0.0000) Mag=50.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 50.0000, 0.0000) Mag=50.000000
                  B dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  C (0.0000, 0.0000, 50.0000) Mag=50.000000
                  C dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0

 cent=(0.000, 0.000, 0.000), sz=148.116 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ball

Figure 6.8: Example Sphere

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                           A

                                                                                  B

                                                  C

                 ** SOLID -- egg:
                  V (0.0000, 0.0000, 0.0000)
                  A (20.0000, 0.0000, 0.0000) Mag=20.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 60.0000, 0.0000) Mag=60.000000
                  B dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  C (0.0000, 0.0000, 40.0000) Mag=40.000000
                  C dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0

 cent=(6.504, -9.289, 0.000), sz=130.876 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /egg

Figure 6.9: Example General Ellipsoid

6.2.8 SPH (Sphere)

mged> in b al l sph

Enter X, Y, Z of vertex: 0 0 0

Enter radius: 50

This sequence pro duces the sphere sho wn in Figure 6.8. Note that the A, B,

and C v ectors all ha v e magnitude equal to the radius, 50.

6.2.9 ELLG (General Ellipsoid)

mged> in e gg el lg

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of vector A: 20 0 0

  SOL EDIT
  TORUS MENU
  scale radius 1
  scale radius 2
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                  I
               O

                        H

                 ** SOLID -- tube:
                  V (0.0000, 0.0000, 0.0000)
                  r1=19.999999, r2=10.000000
                  N (0.0000, 0.0000, 1.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0
                  I (7.0711, -7.0711, 0.0000)
                  O (21.2132, -21.2132, 0.0000)
                  H (0.0000, 0.0000, 10.0000)

 cent=(0.000, 0.000, 0.000), sz=89.931 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tube

Figure 6.10: Example T orus

Enter X, Y, Z of vector B: 0 60 0

Enter X, Y, Z of vector C: 0 0 40

This sequence pro duces the ellipsoid sho wn in Figure 6.9.

6.2.10 TOR (T orus)

mged> in tub e tor

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of normal vector: 0 0 50

Enter radius 1: 20

Enter radius 2: 10

This sequence pro duces the torus sho wn in Figure 6.10.

6.3. CREA TING NEW COMBINA TIONS 55

6.3 Creating New Com binations

Non-terminal no des in the directed acyclic graph stored in the database are

also called c ombinations . It is p ossible to extend the definition of a non-terminal

no de b y adding an instance of an existing no de to the non-terminal no de with an

asso ciated b o olean op eration of union; this is done b y the i (instance) command.

T o start with, suc h an instance has an iden tit y matrix stored in the arc; the user

needs to separately edit the arc to mo v e the instance to some other lo cation. If

the non-terminal no de b eing extended do es not exist, it is created first.

The instance command pro vides the simplest w a y to create a reference to

another no de. Instances of a whole list of no des can b e added to a non-terminal

no de b y w a y of the group g command. If instances of a list of no des with non-

union b o olean op erations is to b e added to a non-terminal no de, the region r

command accepts a list of (op eration, name) pairs, where the single lo w er case

c haracter “u” indicates union, “–” indicates subtraction, and “+” indicates

in tersection. The first op eration sp ecified is not significan t. An example of this

command migh t b e:

r non-terminal u no de1 – no de2 + no de3

F or historical reasons, there is no explicit grouping p ossible, o ccasionally

forcing the user to create in termediate non-terminal no des to allo w the realiza-

tion of the desired b o olean form ula. It is also imp ortan t to note that for the

same reasons there is an implicit grouping b et w een union terms, i.e.

u n1 – n2 + n3 u n4 – n5

is ev aluated as

(n1 – n2 + n3) union (n4 – n5)

rather than

((((n1 – n2) + n3) union n4) – n5)

Therefore, y ou can think of the solids on either side of the union op erators as

surrounded b y paren theses. The order of the region mem b ers is critical, and

m ust b e scrutinized when mem b ers are added or deleted from a region. The

order can b e prin ted out using the l or c at commands.

Chapter 7

VIEWING FUNCTIONS

The MGED viewing features are designed to allo w one to examine an ob ject in

close detail. An y of the viewing features can b e in v ok ed at an y time. It should

b e noted, that these functions do not c hange the actual data, only the w a y the

data is displa y ed.

7.1 Preset Views

Six standard views (fron t, rear, top, b ottom, left, and righ t) and one oblique

view (azim uth 35, elev ation 25 isometric) are eac h assigned to the function

buttons, views 35 25 (isometric), top, righ t, fron t, 45 45 are a v ailable from the

screen editor men u. Hence, an y of these views is immediately a v ailable at the

press of the appropriate function button or mouse selection. The views a v ailable

are not limited to these standard views ho w ev er, as the displa y can b e rotated

to an y view b y using the dial b o x. By pressing the function button lab eled “sa v e

view” or en tering the k eyb oard saveview command, the presen t view as displa y ed

displa y is sa v ed (used for ra ytracing, pro ducing colored pictures, whic h will b e

discussed later). A t an y time, the sa v ed view can b e immediately returned to

the screen b y pressing the “restore view” function button. The “restore view”

button will b e lit whenev er a view has b een sa v ed. The function button lab eled

“reset”, restores the displa y to the default view (fron t) when pressed.

7.2 View T ranslation

The displa ys can b e panned or slew ed on the screen in t w o w a ys – using the

mouse p oin ter or b y using the dial b o x knobs. When one is editing, the mouse

functions are not a v ailable for slewing, hence one m ust use the dial b o x knobs

to slew the displa y .

7.3. VIEW ZOOMING 57

T o slew the displa y using the con trol knobs, one uses the knobs lab eled “slew

x” or “slew y”. The n ull p ositions on these knobs is in the cen ter or straigh t

up. If the “slew x” knob is turned clo c kwise of cen ter, the displa y will mo v e

to the righ t. If it turned coun terclo c kwise, the displa y will mo v e to the left.

F or the “slew y” cen tral knob, clo c kwise of the cen ter mo v es the displa y up and

coun terclo c kwise mo v es the displa y do wn. The further these knobs are turned

from cen ter, the faster the displa y mo v es.

7.3 View Zo oming

One can zo om the displa y b y using the dial b o x knob lab eled “zo om”. Again the

n ull p osition of this knob is cen ter or straigh t up. T urning this knob clo c kwise of

cen ter causes the displa y to increase in size pro ducing a zo om-in effect. T urning

this knob coun terclo c kwise of cen ter causes the displa y to decrease in size or

zo om-out. Again, the further the “zo om” knob is turned from cen ter, the faster

the zo oming will o ccur.

7.4 The Angle Distance Cursor (ADC)

The angle distance cursor is a construction aid used to measure angles and

distances. It should b e noted that all measuremen ts are made in the pro jected

space of the screen, so one should measure only in a view normal to the surface

where the measuremen t is to tak e place. The ADC is placed on (or remo v ed

from) the displa y b y pushing the “ADC” button. The ADC consists of three

cursors whic h co v er the en tire screen. Figure 7.1 depicts the ADC as it app ears

on the screen. All the cursors are cen tered at the same p oin t and can b e mo v ed

to an y lo cation on the screen. Tw o of these cursors rotate for angle measuring

purp oses. Angle cursor 1 is solid while angle cursor 2 is dashed. Angle cursor

1 has mo v able tic marks for measuring distances on the screen. The t w o angle

cursors mo v e with the horizon tal and v ertical lines of the main cursor. The

resulting effect is the mo ving of the cen ter p oin t horizon tally or v ertically . The

ADC is con trolled b y the b ottom ro w of the (Megatek) knobs:

Knob F unction

6 mo v es the cen ter in the horizon tal direction

7 mo v es the cen ter in the v ertical direction

8 rotates angle cursor 1 (alpha)

9 rotates angle cursor 2 (b eta)

10 mo v es the tic marks

Whenev er the ADC is on the screen, there is a readout at the b ottom of the

screen listing p ertinen t information ab out the ADC. This information includes

the angles that angle cursors 1 and 2 ha v e b een rotated (alpha and b eta), the

  VIEWING
  (BUTTON MENU)

 cent=(0.582, 0.408, -1.524), sz=121.350 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 curs:  a1=33.3,  a2=47.0,  dst=35.002,  cent=(-17.310, -7.973)

58 CHAPTER 7. VIEWING FUNCTIONS

Figure 7.1: The Angle Distance Cursor

7.4. THE ANGLE DIST ANCE CURSOR (ADC) 59

distance the tic marks are from the cen ter of the ADC, and the lo cation of the

cen ter of the ADC. This information is con tin ually up dated on the screen.

Chapter 8

MGED EDITING

FEA TURES

The heart of the MGED system is its editing features. The editing features

are divided in to t w o classes: ob ject editing and solid editing. Ob ject editing is

designed to allo w one to c hange the lo cation, size, and orien tation of an ob ject.

Recall that an ob ject is defined as the basic data unit of the MGED system and

includes b oth com binations and solids. In the case of a solid, one needs to c hange

not only its lo cation, size, and orien tation, but also its “shap e”. Changing the

shap e of a solid means c hanging an y of its individual parameters. Hence, solid

editing is handled separately .

8.1 Com bination Editing (OBJECT EDIT)

Before b eing able to en ter the OBJECT EDIT state (i.e. edit non-terminal),

it is necessary to pass through t w o in termediate states in whic h the full path

of an ob ject to b e edited is sp ecified, and the lo cation of one arc along that

path is designated for editing. It is p ossible to create a transformation matrix

to b e applied ab o v e the ro ot of the tree, affecting ev erything in the path, or

to apply the matrix b et w een an y pair of no des. F or example, if the full path

/car/c hassis/do or is sp ecified, the matrix could b e applied ab o v e the no de “car”,

b et w een “car/c hassis”, or b et w een “c hassis/do or”.

The transformation matrix to b e applied at the designated lo cation can b e

created b y the concatenation of op erations, eac h sp ecified through sev eral t yp es

of user direction. T rees can b e rotated around the cen ter of the viewing cub e;

this rotation can b e sp ecified in degrees via k eyb oard command, or can b e

con trolled b y the rotation of a set of con trol dials or motions on a three-axis

jo ystic k. T ranslation of trees can b e sp ecified in terms of a precise new lo cation

via k eyb oard command, or b y adjusting a set of con trol dials. T ree translation

8.2. SELECTING OBJECTS F OR EDITING 61

can also b e accomplished b y p oin ting and clic king with the mouse or tablet.

Uniform and single-axis (affine) scaling of a tree can b e con trolled b y a n umeric

scale factor via k eyb oard command, or b y w a y of rep eated analog scaling b y

p oin ting and clic king with the mouse or tablet. Before w e discuss the editing

features of MGED, w e will discuss ho w one selects ob jects for editing.

8.2 Selecting Ob jects F or Editing

T o select a displa y ed ob ject for editing, press the ob ject illuminate button or

select “Ob ject illum” from the ***BUTTON MENU***. The ob ject selection

is a t w o step pro cess.

Whenev er an ob ject is displa y ed (using the e command), all paths in the

ob ject’s hierarc h y are tra v ersed recursiv ely , accum ulating the transformation

matrices. When the b ottom of the path (a solid) is encoun tered, the accu-

m ulated transformations are applied to the solid’s parameters and the solid is

dra wn. Th us ev ery solid displa y ed is really a path ending with that solid. If the

ob ject has b een displa y ed using the E command, the same pro cedure is follo w ed,

but only un til a region is encoun tered. Then all mem b ers of the region ha v e the

accum ulated transformations applied and the region is then “ev aluated” and

dra wn.

In the first step of the ob ject selection pro cess, the path is selected. Again,

the data tablet is divided in as man y horizon tal sections as there are paths

dra wn. The path (solid or ev aluated region) corresp onding to the horizon tal

section the p en/mouse is lo cated in will b e illuminated (brigh ter on B/W dis-

pla ys and white on color displa ys). This complete path is also listed on the

displa y . When the p en/mouse is pressed the illuminated path is selected.

In the second step, a mem b er of the selected path is c hosen. All editing will

then b e applied to this mem b er. The tablet is divided in to as man y horizon tal

sections as there are path mem b ers. The w ord “[MA TRIX]” is used to illuminate

path mem b ers and will app ear ab o v e the mem b er corresp onding to the lo cation

of the p en/mouse. Pressing the p en/mouse when the desired path mem b er is

“illuminated” will put MGED in the ob ject edit state. The editing will b e

p erformed on the path mem b er selected.

If a solid is lo cated at the b ottom of this path, it b ecomes the k ey solid and

its v ertex b ecomes the k ey p oin t. If an ev aluated region is at the b ottom of the

path, the cen ter of this region b ecomes the k ey p oin t. All ob ject editing is done

with resp ect to this k ey p oin t.

The ob ject editing features can b e in v ok ed in an y order and at an y time

once an ob ject has b een selected for editing. During ob ject editing, an y of the

viewing features, suc h as c hanging views, zo oming, and slewing, can b e used,

and in fact, are usually quite useful. Again, the only w a y to exit the ob ject

editing mo de is to “accept” or “reject” the editing. If the “reject” button is

pressed (or selected from the edit men u), the ob ject will return to its pre-edit state. If the “accept” button is pressed (or selected from the edit men u), the

data base will b e c hanged to reflect the ob ject editing p erformed.

8.3 Ob ject Edit State

When MGED en ters the ob ject edit state, the follo wing o ccurs:

1. all the solids/ev aluated regions of the edited ob ject b ecome illuminated

2. the k ey solid’s parameters are lab eled OR

the cen ter of the k ey ev aluated region is mark ed

3. the k ey solid’s parameters are listed and con tin ually up dated OR

the k ey ev aluated region’s cen ter is listed and con tin ually up dated

4. the ***OBJ EDIT*** men u is displa y ed

8.4 T ranslate An Ob ject

There are three w a ys to translate an ob ject: translate in the screen X direction

only (X mo v e), translate in the screen Y direction only (Y mo v e) or just straigh t

translation (XY mo v e). In all cases, the complete ob ject is translated so that

the “k ey p oin t” is p ositioned at the desired lo cation. The tr anslate command

is used to en ter a precise lo cation (x,y ,z) for the k ey p oin t. En tering tr anslate x

y z will mo v e the complete ob ject so that the k ey p oin t will b e at co ordinates

(x,y ,z).

8.5 Rotate An Ob ject

Rotation of the ob ject ma y b e accomplished b y selecting the “Rotate” men u

item, or pressing the “Rotate” button. T urning the knobs results in the ob ject

b eing rotated. The r otobj x y z command can b e used here, to sp ecify a precise

rotation in degrees. While in this edit state, the only w a y to rotate view is to

use the vr ot x y z command.

8.6 Scale An Ob ject

8.6.1 Global Scale

T o select global ob ject scale, press the ob ject scale button or select “Scale”

from the ***OBJ EDIT*** men u. When the p en/mouse is pressed, the edited

ob ject is scaled ab out the k ey p oin t b y an amoun t prop ortional to the distance

the p en/mouse is from the cen ter of the screen. If the p en/mouse is ab o v e the

cen ter, the edited ob ject will b ecome larger. If it is b elo w the cen ter, the ob ject

8.7. SOLID EDITING 63

will b ecome smaller. The sc ale command can b e used to en ter precise scale

factors. The v alue en tered is applied to the ob ject as it existed when ob ject

scale w as en tered. Hence en tering sc ale 1 will return the ob ject to its size when

the ob ject scale session first started.

8.6.2 Lo cal Scale

Lo cal ob ject scaling is allo w ed ab out an y of the co ordinate axes. T o select lo cal

scaling, press one of the buttons (OBJ Scale X, OBJ Scale Y, or OBJ Scale Z)

or select “Scale X”, “Scale Y”, or “Scale Z” from the ***OBJ EDIT*** men u.

When the p en/mouse is pressed, the edited ob ject is scaled in the selected

co ordinate axis only , ab out the k ey p oin t. The amoun t of scaling is prop ortional

to the distance the p en/mouse is from the cen ter of the screen. If the p en/mouse

is ab o v e the cen ter, the edited ob ject will b ecome larger in the selected axis

direction. If it is b elo w the cen ter, the ob ject will b ecome smaller in the selected

axis direction. The sc ale command can b e used to en ter precise scale factors.

The v alue en tered is applied to the ob ject as it existed when lo cal ob ject scale

w as en tered. Hence en tering sc ale 1 will return the ob ject (in the selected axis

direction) to its size when the ob ject scale session first started.

8.7 Solid Editing

There are t w o classes of editing op erations that can b e p erformed on leaf no des,

the primitiv e solids. The first class of op erations are generic op erations whic h

can b e applied to an y t yp e of solid, and the second class of op erations are those

op erations whic h are sp ecific to a particular t yp e of solid. Generic op erations

whic h can b e applied to all primitiv e solids are rotation, translation and scaling.

Recall that primitiv es can b e treated as an y other ob ject and “ob ject edited”

as detailed ab o v e. Eac h primitiv e solid also has a v ariet y of editing op erations

a v ailable that are sp ecific to the definition of that solid. These op erations are

detailed b elo w.

The solid editing mo de is necessary to p erform to basic shap es of solids.

Precise mo difications of the shap e are p ossible (using the p k eyb oard command)

in the solid editing mo de.

The solid editing feature allo ws the user to in teractiv ely translate, rotate,

scale, and mo dify individual parameters of a solid. Whenev er one is in the solid

edit mo de, the parameters of the solid b eing edited are listed and con tin ually

up dated at the top of the screen. Certain parameters are also lab eled on the

solid b eing edited. Solid editing is generally used to “build” ob jects b y pro ducing

solids of the desired shap e and size in the correct orien tation and p osition. Once

the ob ject is built, ob ject editing is used to scale, orien t, and p osition the ob ject

in the description. The general philosoph y of solid editing is to first create a

solid with the desired name and then to edit this solid. As an example, supp ose one w ere to build an ob ject called “BRA CKET”; to pro duce the base of the

ob ject the primitiv e solid t yp e ARB8 (see Figure 1) w ould b e used along with

either the in command or make command, so one w ould t yp e:

in btm b o x 0 0 0 0 -90 0 40 0 0 0 0 6

mak e blo c k arb8

A new solid called “btm” or “blo c k” w ould b e created and displa y ed on the

screen. These solids w ould then b e edited using solid editing to pro duce the

solid parameters for the shap e desired.

8.8 Selecting Solids F or Editing

The pro cedure for solid editing is quite similar to that for ob ject editing. First,

solid edit state m ust b e en tered, b y pressing the “solid illuminate” button, or

selecting the “solid illum” men u item. Second, A solid is selected for editing

using the illuminate mo de, just as in ob ject editing, b y mo ving the cursor up

and do wn, and c ho osing the desired solid. The solid data is listed at the top

of the screen and a header dep ending on the solid t yp e is written ab o v e the

solid editing data. Third, select the appropriate function button or edit men u

op erations, and p erform the editing desired. Finally , the solid editing mo de is

exited b y either accepting or rejecting the editing p erformed.

A solid m ust b e displa y ed b efore it can b e pic k ed for editing. T o pic k a

displa y ed solid for editing, press the “solid illum” button or select “Solid Illum”

from the ***BUTTON MENU***. The data tablet and p en/mouse are then

used to pic k the solid. The surface of the data tablet is divided in to as man y

horizon tal sections as there are solids displa y ed. The displa y ed solid corresp ond-

ing to the horizon tal section the p en/mouse is lo cated in will b e “illuminated”

(it will b ecome brigh ter on blac k and white devices and white on color devices).

The complete hierarc hical path to reac h the solid is also listed on the displa y .

When the p en/mouse is pressed, MGED en ters the solid edit state with the

illuminated solid as the solid to b e edited. If the solid is not m ultiply refer-

enced, en tering se d solidname on the k eyb oard will immediately put MGED in

the solid edit state with solidname as the edited solid.

8.9 Solid Edit State

When MGED en ters the solid edit state, the follo wing o ccurs:

1. the edited solid remains illuminated

2. the edited solid’s parameters are lab eled

3. the edited solid’s parameters are listed

8.10. R OT A TE A SOLID 65

4. (and con tin ually up dated)

5. the ***SOLID EDIT*** men u is displa y ed

6. the parameter edit men u is initially displa y ed (default)

8.10 Rotate A Solid

Solid rotation allo ws the user to rotate the solid b eing edited to an y desired

orien tation. The rotation is p erformed ab out the v ertex of the solid. T o select

this option, one presses the function button lab eled “solid rotate” or selects

from the edit men u on screen. The rotation can b e done using the dial b o x

or one can input exact angles of rotation of the solid b y using the p k eyb oard

command. F or example, t yping:

p alpha b eta gamma will rotate the solid alpha degrees ab out the x-axis, b eta

degrees ab out the y-axis and gamma degrees ab out the z-axis. Alpha, b eta, and

gamma are measured from the original “zero” orien tation of the solid, defined

when the “solid edit” function button w as pressed. Hence, t yping

p 0 0 0 will alw a ys return the solid to its original p osition (its p osition when

the curren t solid editing session b egan) b efore accepting edit.

T o select solid rotation, press the solid rotate button or select “Rotate” from

the ***SOLID EDIT*** men u. The jo y stic k or appropriate rotation knobs then

will rotate the edited solid ab out the co ordinate axes. The solid is rotated ab out

its v ertex. The parameter (p) command can b e used to mak e precise rotation

c hanges. The v alues en tered after the p are absolute – the rotations are applied

to the solid as it existed when solid rotation w as first selected. Th us en tering

p 0 0 0 will “undo” an y rotations p erformed since solid rotation w as selected.

The rotation ab out the z-axis is done first, then the y , then the x.

8.11 T ranslate A Solid

Solid translation allo ws the user to place the solid b eing edited an ywhere in the

description. T o in v ok e this option, one presses the function button lab eled “solid

trans” or selects from the screen edit men u. T o mo v e the solid, use the mouse

p oin ter to p osition the solid and clic k the cen ter mouse button. Whenev er the

mouse button is pressed, the VER TEX of the solid mo v es to that lo cation on

the screen.

One can read the actual co ordinates of the v ertex on the top of the screen,

along with other data. If the actual desired co ordinates of the v ertex are kno wn,

one can place the solid exactly using the p k eyb oard command. F or example,

to place a solid’s v ertex at the co ordinates (x,y ,z) one w ould t yp e:

p40 20 10 The solid w ould then jump to this lo cation.

T o select solid translation, press the solid translate button or select “T rans-

late” from the ***SOLID EDIT*** men u. When the p en/mouse is pressed,

the v ertex of the edited solid will mo v e to that lo cation. The parameter (p)

command can b e used to translate the solid to a precise lo cation. En tering p x

y z will place the v ertex of the edited solid at (x, y , z).

8.12 Scale A Solid

The solid SCALE feature allo ws the user to scale the solid b eing to an y desirable

size. The scaling is done ab out the v ertex of the solid, hence NO translation of

the solid o ccurs. The scaling is p erformed using the mouse p oin ter and clic king

the cen ter mouse button, just as in ob ject scaling. One can input an exact scale

factor using the p k eyb oard command, in the form of. F or example, t yping

p factor will scale the solid b y an amoun t equal to factor . The v alue of factor

is absolute – the original solid is scaled. By setting factor equal to one (1), the

original size solid will b e displa y ed on the screen b efore accepting y our edit.

T o select solid scale, press the solid scale button or select “Scale” from the

***SOLID EDIT*** men u. When the p en/mouse is pressed, the edited solid

is scaled b y an amoun t prop ortional to the distance the p en/mouse is from the

cen ter of the screen. If the p en/mouse is ab o v e the cen ter, the edited solid will

b ecome larger. If it is b elo w the cen ter, the solid will b ecome smaller. The

parameter (p) command can b e used to en ter precise scale factors. The v alue

en tered is applied to the solid as it existed when solid scale w as en tered. Hence

en tering p 1 will return the solid to its size when solid scale session first started.

8.13 Solid P arameter Editing

T o mo dify individual solid parameters, press the men u button or select “edit

men u” from the ***SOLID EDIT*** men u. A men u listing what parameter

editing is a v ailable for that particular solid t yp e will b e displa y ed. Using the

p en/mouse select the desired item(s) from this men u. F or most of the parameter

editing, the p command can b e used to mak e precise c hanges. P arameter editing

is the default edit mo de en tered when MGED first en ters the solid edit state.

In the follo wing paragraphs, w e will discuss parameter editing for eac h of the

MGED general t yp es of solids.

8.13.1 ARB P arameter Editing

The GENERAL ARB class of solids represen ts all the con v ex p olyhedrons (RPP ,

BO X, RA W, and ARBs). The ARBs comprise fiv e classes of p olyhedrons eac h

with a c haracteristic n um b er of v ertices. These are the ARB8, ARB7, ARB6,

  SOL EDIT
  ARB CONTROL MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                                   1

                                                                           2

                                           3

                                                           4

                 ** SOLID -- a4:
                  1 (10.0000, 60.0000, 0.0000)
                  2 (40.0000, 20.0000, 0.0000)
                  3 (0.0000, 0.0000, 0.0000)
                  4 (20.0000, 15.0000, 70.0000)

 cent=(0.120, 25.166, 29.526), sz=105.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a4

Figure 8.1: ARB Con trol Men u

ARB5, and ARB4, where the ARB8 has eigh t v ertices, etc. During editing, all

the v ertices are lab eled on the screen.

An ARB is defined b y a fixed n um b er of v ertices where all faces m ust b e

planar. This fact means that during parameter editing, mo v emen t of individual

v ertices in faces con taining four v ertices is not allo w ed. There are three classes

of parameter editing that can b e done to ARBs: mo v e edges, mo v e faces, and

rotate faces. There is an “ARB con trol men u” (see Figure 8.1) from whic h one

selects the t yp e of parameter editing to b e done. A sp ecific ARB edit men u

will app ear dep enden t on whic h parameter editing option w as selected. The

“return” en try on eac h of these sp ecific men us will return the “ARB con trol”

men u to the screen.

Note that there are sev eral k eyb oard commands that apply only to ARB

solids whic h are b eing edited in SOLID EDIT state. Once suc h command is

mirfac e , whic h replaces a designated face of the ARB with a cop y of an original

face mirrored ab out the indicated axis. Another suc h command is extrude ,

whic h pro jects a designated face a giv en amoun t in the indicated direction.

8.13.2 Mo v e ARB Edges

T o mo v e an ARB edge, select the desired edge from the “mo v e edge” men u. F or

example, Figure 8.2 sho ws the men u for mo ving an edge of an ARB8, and Figure

8.3 sho ws the men u for mo ving an edge of an ARB4. A p oin t is then “input”

either through a p en press or through the p command. The line con taining the

selected edge is mo v ed so that it go es through co ordinate of the input p oin t.

An y affected faces are automatically adjusted to remain planar.

8.13.3 Mo v e ARB F aces

T o mo v e an ARB face, select the desired face from the “mo v e face” men u. A

p oin t is then “input” either through a p en press or through the p command.

The plane con taining the edited face is then mo v ed so that it con tains the input

p oin t. The new face is then calculated and the ARB is displa y ed. The mo v e

face men us for an ARB8 are sho wn in Figure 8.4, and the mo v e face men us for

an ARB4 are sho wn in Figure 8.5.

8.13.4 Rotate ARB F aces

ARB faces ma y b e rotated around an y of the v ertices comprising that face.

First, select the desired face from the “rotate face” men u. Y ou will then b e

ask ed to select the v ertex n um b er around whic h to rotate the face. The face

can b e rotated ab out the three co ordinate axes. The knobs (Rotate X, Rotate

Y, and Rotate Z) are used for this purp ose. F or precise rotations, use the p

command. If three v alues are en tered after the p , then they are in terpreted as

angles (absolute) of rotation ab out the X, Y, Z axes resp ectiv ely . If only t w o

  SOL EDIT
  ARB8 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14
  move edge 15
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                           1

                                                                  2

                                                                  3

                                           4

                                                   5

                                                                          6

                                                                          7

                                                   8

                 ** SOLID -- a8:
                  1 (25.0000, 0.0000, 0.0000)
                  2 (25.0000, 50.0000, 0.0000)
                  3 (25.0000, 50.0000, 100.0000)
                  4 (25.0000, 0.0000, 100.0000)
                  5 (0.0000, 0.0000, 0.0000)
                  6 (0.0000, 50.0000, 0.0000)
                  7 (0.0000, 50.0000, 100.0000)
                  8 (0.0000, 0.0000, 100.0000)

 cent=(15.038, -6.356, 42.855), sz=150.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a8

Figure 8.2: Mo v e Edge Men u for ARB8

  SOL EDIT
  ARB4 POINTS
  move point 1
  move point 2
  move point 3
  move point 4
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                                                               1
                                 2

                                         3

                                        4

                 ** SOLID -- a4:
                  1 (10.0000, 60.0000, 0.0000)
                  2 (40.0000, 20.0000, 0.0000)
                  3 (0.0000, 0.0000, 0.0000)
                  4 (20.0000, 15.0000, 70.0000)

 cent=(10.147, 11.195, 27.939), sz=93.369 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a4

Figure 8.3: Mo v e Edge Men u for ARB4

  SOL EDIT
  ARB8 FACES
  move face 1234
  move face 5678
  move face 1584
  move face 2376
  move face 1265
  move face 4378
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                          1

                                                                2

                                                               3

                                         4

                                                  5

                                                                        6

                                                                       7

                                                 8

                 ** SOLID -- a8:
                  1 (25.0000, 0.0000, 0.0000)
                  2 (25.0000, 50.0000, 0.0000)
                  3 (25.0000, 50.0000, 100.0000)
                  4 (25.0000, 0.0000, 100.0000)
                  5 (0.0000, 0.0000, 0.0000)
                  6 (0.0000, 50.0000, 0.0000)
                  7 (0.0000, 50.0000, 100.0000)
                  8 (0.0000, 0.0000, 100.0000)

 cent=(12.440, -5.866, 46.574), sz=152.923 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a8

Figure 8.4: Mo v e F ace Men u for ARB8

  SOL EDIT
  ARB4 FACES
  move face 123
  move face 124
  move face 234
  move face 134
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                                                               1
                                 2

                                         3

                                        4

                 ** SOLID -- a4:
                  1 (10.0000, 60.0000, 0.0000)
                  2 (40.0000, 20.0000, 0.0000)
                  3 (0.0000, 0.0000, 0.0000)
                  4 (20.0000, 15.0000, 70.0000)

 cent=(10.147, 11.195, 27.939), sz=93.369 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a4

Figure 8.5: Mo v e F ace Men u for ARB4

  SOL EDIT
  ARB8 FACES
  rotate face 1234

==>
  rotate face 5678
  rotate face 1584
  rotate face 2376
  rotate face 1265
  rotate face 4378
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                          1

                                                                2

                                                                     3

                                              4

                                                  5

                                                                        6

                                                                       7

                                                 8

                 ** SOLID -- a8:
                  1 (25.0000, 0.0000, 0.0000)
                  2 (25.0000, 50.0000, 0.0000)
                  3 (8.2219, 50.0000, 100.0000)
                  4 (8.2219, 0.0000, 100.0000)
                  5 (0.0000, 0.0000, 0.0000)
                  6 (0.0000, 50.0000, 0.0000)
                  7 (0.0000, 50.0000, 100.0000)
                  8 (0.0000, 0.0000, 100.0000)

 cent=(12.440, -5.866, 46.574), sz=152.923 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a8

Figure 8.6: Rotate F ace Men u for ARB8

  SOL EDIT
  ARB4 FACES
  rotate face 123
  rotate face 124
  rotate face 234

==>
  rotate face 134
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                                                                  1
                                              2

                                3

                                          4

                 ** SOLID -- a4:
                  1 (10.0000, 60.0000, 0.0000)
                  2 (40.0000, 20.0000, 0.0000)
                  3 (-6.9729, -41.8371, 0.0000)
                  4 (22.9386, 1.7764, 90.5700)

 cent=(16.702, -2.881, 35.415), sz=118.932 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /a4

Figure 8.7: Rotate F ace Men u for ARB4

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                                                        A

                                                                        B

                                         C

                                         D

                 ** SOLID -- trcyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (40.0000, 0.0000, 0.0000) Mag=40.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 14.1421, -14.1421) Mag=19.999999
                  B (0.0000, 14.1421, 14.1421) Mag=20.000000
                  c = 9.999999, d = 10.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(8.846, -12.633, 0.000), sz=79.441 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /trcyl

Figure 8.8: T ypical TGC During P arameter Editing

v alues are en tered, then they are considered as rotation and fallbac k angles for

the normal to that face. The e qn command can also b e used here to define the

plane equation co efficien ts of the face b eing rotated. The rotate face men us for

an ARB8 are sho wn in Figure 8.6, and the rotate face men us for an ARB4 are

sho wn in Figure 8.7.

8.13.5 T runcated General Cone (TGC) P arameter Edit-

ing

The TGC general class of solids includes all the cylindrical COMGEOM solids.

The defining parameters of the TGC are t w o base v ectors (A and B), a heigh t

v ector (H), t w o top v ectors (C and D), and the v ertex (V). The top v ectors C

and D are directed the same as the base v ectors A and B resp ectiv ely , hence the top v ectors are defined only b y their lengths (c and d). During solid editing,

only v ectors A and B are lab eled on the displa y . Figure 8.8 depicts a t ypical

TGC during parameter editing.

It is p ossible to c hange the length of the H, A, B, C, or D v ectors, resulting in

a c hange in heigh t or eccen tricit y of the end plates. The o v erall size of the A,B

or C,D end plates can b e adjusted, or the size of b oth can b e c hanged together,

lea ving only the H v ector constan t. The H v ector or the base plate (AXB) can b e

rotated. Recall that v ectors A & C and v ectors B & D ha v e lik e directions, hence

rotating the base (AX C) will automatically rotate the top (BXD). Finally , one

can mo v e the end of the heigh t v ector H with the TGC b ecoming or remaining

a righ t cylinder (mo v e end H (rt)), or with the orien tation of the base (and top)

unc hanged (mo v e end H). Either the mouse/tablet or the p command can b e

used. These functions are selected from the men u whic h can b e seen in Figure

8.8.

8.13.6 Ellipsoid P arameter Editing

The ELLG general class represen ts all the ellipsoidal solids, including spheres

and ellipsoids of rev olution. The defining parameters of the ELLG are three

m utually p erp endicular v ectors (A, B, and C) and the v ertex (V). When an

ELLG is b eing edited, only v ectors A and B are lab eled on the displa y . Figure

8.9 depicts a t ypical ELLG during parameter editing.

The parameter editing of the ELLG consists of scaling the lengths of the

individual v ectors A, B, C. One ma y also scale all theses v ectors together of

equal length.

The scaling of these v ectors is done using the data tablet/mouse in exactly

the same manner as in ob ject scaling. The p k eyb oard command again can b e

used to pro duce a v ector of desired length.

8.13.7 T orus P arameter Editing

The TOR general class of solids con tains only one t yp e of torus, one with circular

cross-sections. The defining parameters of the TOR are t w o radii (r1 and r2),

a normal v ector (N), and the v ertex (V). The scalar r1 is the distance from the

v ertex to the midp oin t of the circular cross section. The scalar r2 is the radius

of the circular cross-section. The v ector N is used to orien t the torus. During

solid editing, none of these parameters are lab eled on the screen. Figure 8.10

depicts a t ypical torus during parameter editing.

The parameter editing of the TOR consists of scaling the radii, hence the

men u con tains only t w o mem b ers.

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                     A

                                                                    B

                                           C

                 ** SOLID -- egg:
                  V (0.0000, 0.0000, 0.0000)
                  A (20.0000, 0.0000, 0.0000) Mag=20.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 60.0000, 0.0000) Mag=60.000000
                  B dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  C (0.0000, 0.0000, 40.0000) Mag=40.000000
                  C dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0

 cent=(0.000, 0.000, 0.000), sz=166.431 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /egg

Figure 8.9: Ellipsoid P arameter Editing Men u

  SOL EDIT
  TORUS MENU
  scale radius 1
  scale radius 2
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                 I
             O

                       H

                 ** SOLID -- tube:
                  V (0.0000, 0.0000, 0.0000)
                  r1=19.999999, r2=10.000000
                  N (0.0000, 0.0000, 1.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0
                  I (7.0711, -7.0711, 0.0000)
                  O (21.2132, -21.2132, 0.0000)
                  H (0.0000, 0.0000, 10.0000)

 cent=(0.000, 0.000, 0.000), sz=85.492 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tube

Figure 8.10: T orus P arameter Editing Men u

Chapter 9

KEYBO ARD

COMMANDS

The MGED k eyb oard commands are used to main tain o v erall con trol of the

system and to p erform general housek eeping functions. They are summarized

in Figure 9.1.

9.1 Cop y Ob ject

cp oldobj newobj

This command is used to pro duce a cop y of an ob ject (solid or com b). In

this case, the ob ject ”oldob j” will b e copied in to an ob ject called ”new ob j”.

Examples: cp arb8 hul lb ot.s

cp tgc whe elrim.s

cp torso.r driver torso

cp pr oto.man driver

9.2 Zap Screen

Z

This is the Zap command. It clears all ob jects from the screen.

9.3 Drop ob jects from displa y screen

d obj1 obj2 ... objn

This command allo ws one to remo v e ob jects from the displa y screen. In this

case ”ob j1” thru ”ob jn” will b e remo v ed from the displa y .

9.4 Mo v e (rename) ob ject

mv old new

This command is used to rename ob jects in the data file. In this case, the

ob ject ”old” will b e renamed ”new”. A note of caution: the name is c hanged

only in the ob ject record itself, not in an y mem b er records. Th us if the ob ject

”old” app ears as a mem b er of an y other ob ject, the name will not b e c hanged

there. T o rename all o ccurrences of an ob ject, use the ”m v all” command.

Examples: mv test hul l

mv g00 air

mv g1 turr et

9.5 Set Lo cal W orking Units

units ab

This command allo ws one to c hange the lo cal or w orking units at ANY time.

The only allo w able v alues for ”ab” are ”mm”, ”cm”, ”m”, ”in”, or ”ft”.

Examples: units mm

units in

9.6 Group ob jects

g gr oup obj1 obj2 ..... objn

This command creates or app ends to a com bination record and is used to

group ob jects together either for editing or displa ying purp oses. In this case,

”ob j1” through ”ob jn” are added as mem b ers to the com bination ”group”. If

”group” do es not exist, it is created and ”ob j1” through ”ob jn” are added as

mem b ers. NOTE: no c hec king to see if ”ob ji” is already a mem b er of ”group”.

Examples: g shel l hul l turr et

g tank whe els engine cr ew shel l

g tank tr ack

9.7 Create Region

r r e gion op1 sol1 op2 sol2 .... opn soln

This command is used to create regions or app end to regions. If ”region”

exists, then solids ”sol1” through ”soln” are added as mem b ers with ”op1”

through ”opn” as the defining op erations. If ”region” do es not exist, then it

is created and solids ”sol1” through ”soln” are added as mem b ers with ”op1”

9.8. INST ANCE AN OBJECT 81

through ”opn” as the defining op erations. A region is merely a com bination

record with a flag set and is distinguished from other com binations (groups)

since it has meaning to the COMGEOM solid mo deling system. Note that ”+”

or ”u” m ust b e the first op erations in a region.

When a region is created, the item and air co des are set equal to default

v alues. If the ”regdef” command has b een used, then those v alues will b e used,

otherwise the v alues ”1000 0 100 1” will b e used resp ectiv ely . T o c hange the item

and air co des use the ”item” command. The ”edco des” command is probably

the easiest and fastest w a y to c hange these iden tifing co des. Note: In the past,

all mem b ers of a region had to b e solids, but recen tly com binations ha v e b een

allo w ed as mem b ers of regions. Hence, the names ”soli” can also b e com binations

(groups) no w. Also, as in grouping, no c hec king for mem b ers already in a region.

Examples: r hul ltop.r + hul ltop.s – hul l left.s – hul lright.s

r gun + gun.s – gunin.s

r gunair + gunin.s

9.8 Instance an ob ject

i obje ct c ombname

This command is used to mak e an instance of an ob ject. An instance of an

ob ject is pro duced b y creating a com bination and making the ob ject a mem b er.

In this case, an instance of ”ob ject” is made b y creating the com bination record

”com bname” (if ”com bname” do es not already exist) and adding ”ob ject” as

a mem b er. If ”com bname” already exists, then ”ob ject” is added as the next

mem b er.

An instance is used to refer to an ob ject, without making actual copies of

the ob ject. Instances are useful when one is adding a certain comp onen t to a

target description man y times. F urthermore, an y mo difications to an ob ject

whic h has b een instanced need only b e done in the original (protot yp e) ob ject.

These mo difications will then b e automatically reflected in all the instances of

the ob ject.

Examples: i her ound he1 .he1.

i her ound he2 .he2.

i he at he at1 .he at1.

i he at he at2 .he at2.

9.9 Change Title of Database

title newtitle

This command allo ws one to c hange the title of the mo del database at an y

time. The string ”newtitle” will b ecome the new title, and ma y con tain blanks.

The title is limited to 72 c haracters including blanks.

Examples: title XM89A – New version of tank

title M345 (gr oups ar e m345 and m345a)

9.10 Extrude

extrude #### distanc e

This command allo ws the user to pro ject a face(####) of an arb b eing

edited a normal distance to create a new arb. The v alue of ”face” is 4 digits

suc h as 1256. If the face is pro jected in the wrong direction use a negativ e

”distance”. One common use for this command is for pro ducing armor plates

of a desired thic kness.

Examples: extrude 1234 20

extrude 2367 34.75

extrude 2367 -34.75

9.11 Remo v e mem b ers from Com bination

rm c omb mem1 mem2 .... memN

This command allo ws one to delete mem b ers from a com bination (group or

region) record. In this case, mem b ers ”mem1” through ”memn” will b e deleted

from the com bination ”com b”.

Examples: rm tank hul l whe els

rm r e gion1 solid8 solid112

rm turtop.r tursidel.s tursider.s

9.12 List Ob ject Information

l obje ct

This command is used to list information ab out ob jects in the data file. The

information listed dep ends on what t yp e of record ”ob ject” is. If ”ob ject” is a

com bination record, then the mem b ers are listed. If ”ob ject” is a solid record,

then the MGED general solid t yp e and the parameters as presen tly in the data

file are listed. Note: only the solid parameters as they exist in the solid record

are listed, no transformation matrix is applied. Hence, if the solid w as edited as

a mem b er of a com bination, the ”l” command will not reflect the editing in the

listed parameters. T o pro duce this t yp e of listing, see the ”listev al” command.

9.13. ANAL YZE SOLID 83

Examples: l hul l

l turr et

l turtop.s

l arb8

9.13 Analyze Solid

analyze solid

This command pro duces information ab out a solid (all except ARS). The

information includes surface area(s) and v olume. Also, in the case of ARBs,

edge lengths and rot and fallbac k angles and plane equations are giv en for eac h

face. If ”solid” is presen t that solid name will b e used and analyzed. If ”solid” is

absen t, the solid at the b ottom of the presen t path b eing edited will b e analyzed.

9.14 Mirror Ob ject

mirr or oldobj newobj axis

This command is used to create a new ob ject whic h is the mirror image of an

existing ob ject ab out an axis. The ob ject ma y b e either a solid or a com bination.

In this case, a mirror image of the ob ject ”oldob j” will created ab out the axis

indicated b y ”axis” and the new ob ject record will b e called ”new ob j”. The

only acceptable v alues for the parameter ”axis” are ”x”, ”y”, and ”z”.

Examples: mirr or tur.left.s tur.right.s y mirr or tur.top.s tur.b ot.s z mirr or

tur.fr ont.s tur.b ack.s x mirr or lt gun rt gun y

9.15 Create ARB8

arb name r ot fb

This command allo ws one to create an arb8 with the desired rotation and

fallbac k angles. In this case, an arb8 with the name of ”name” will b e created

with the desired rotation angle of ”rot” degrees and the fallbac k angle of ”fb”

degrees.

Examples: arb top1.s 0 90

arb sidelt.s 90 0

arb up glacis.s 0 60

9.16 Change Item (Iden t) and Air co des of Re-

gion

item r e gion ident air

This command allo ws one to c hange the item or air co de n um b ers of a region.

If the air co de (”air”) is not included, a zero is assumed. T o c hange the air co de,

a zero item co de m ust b e used (see second example b elo w).

Examples: item r e gion1 105

item r e gion7 0 2

item r e gion11 129 0

9.17 Sp ecify Material Prop erties

mater c omb [material]

This command is used to c hange the material prop erties sp ecification for a

com bination.

9.18 Edit Com bination Record Info

e dc omb c omb r e gionflag r e gionid air los GIFTmater

This command is used to c hange the material and the los p ercen t for a region.

9.19 Edit (Displa y) an ob ject on the screen

e obj1 obj2 ... objn

This command allo ws one to displa y ob jects on the screen. In this case,

”ob j1” thru ”ob jn” will b e displa y ed on the screen.

9.20 Ev aluated Displa y of Ob ject on the screen

E obj1 obj2 ... objn

This command is the same as the ”e” command, except the regions will b e

ev aluated b efore b eing displa y ed.

9.21 Zap screen and Displa y Ob ject

B obj1 obj2 ... objn

This command is the same as the ”e” command, except that the screen is

cleared (Zap) b efore the ob jects are displa y ed.

9.22. KILL (DELETE) OBJECT FR OM D A T ABASE 85

9.22 Kill (delete) ob ject from database

kil l obj1 obj2 ... objn

This command allo ws one to remo v e ob jects from the file itself. Only the

ob ject records themselv es are remo v ed, an y references made to these ob jects

still will exist. T o remo v e the references also, see the ”killall” command.

9.23 List T able of Con ten ts

t obj1 obj2 ... objn

This is the table of con ten ts command. If argumen ts are presen t, a list of

all ob jects in the file matc hing these names will b e prin ted. If there are no

argumen ts, then a listing of all ob jects will b e prin ted.

9.24 List T ree T ops

tops

This command will searc h the target file hierarc h y , and list all ”top lev el”

ob jects (ob jects whic h are not mem b ers of an y other ob ject). This command is

useful to mak e sure ob jects ha v e b een group ed prop erly .

9.25 Mak e protot ypical solid

make name typ e

This command will create a solid of a sp ecified t yp e. This solid will b e

named ”name” and the solid t yp e will b e ”t yp e”. The acceptable t yp es are:

arb8, arb7, arb6, arb5, arb4, tor, tgc, tec, rec, trc, rcc, ellg, ell, sph. This new

solid will b e dra wn at the cen ter of the screen. This command should b e used

to create solids for editing.

9.26 Mirror ARB F ace

mirfac e #### axis

This command allo ws one to mirror a face of an edited arb ab out an axis.

This command is quite useful for adding air to a ”symmetric” target.

9.27 Prin t Summary of Ob jects

summary s—r—g

This command will pro duce a summary of ob jects in the target file. If the

options s, r, or g are en tered a listing of the solids, regions, or groups will also

b e presen ted.

9.28 Sp ecify Numeric P arameter(s)

p dx [dy dz]

This is the parameter mo dification command and is used during solid editing

to mak e precise c hanges. The actual meaning of the v alues t yp ed after the ”p”,

dep end on what editing option is b eing p erformed. If one w ere translating a

solid, then the v alues w ould b e the x,y ,z co ordinates of the v ertex of the solid.

9.29 Release Curren t Displa y

r ele ase This command releases the curren t displa y device, and attac hes the n ull

device.

9.30 A ttac h to Displa y Device

attach devic e

This command allo ws one to attac h a displa y device (the presen t displa y

device is released first). The presen t acceptable v alues for ”device” are vg, mg,

tek, rat, plot, tek4109, ir, sgi, and n u. The ”plot” device will pro duce a UNIX-

plot of the presen t view (including the faceplate) on a displa y device using a

sp ecific filter. Y ou will b e ask ed whic h filter to use. Sample filters include

”tplot” and ”plot-fb”.

9.31 Numeric Ob ject Rotation Edit

r otobj xde g yde g zde g

This command allo ws one to mak e precise rotations of an ob ject during

ob ject editing. MGED m ust b e in the ”ob ject edit” state for this command to

ha v e effect. If ”ob ject rotation” is not in effect, MGED will select this option

for y ou and p erform the rotation. The ob ject will b e rotated ”xdeg” ab out

the x-axis, ”ydeg” ab out the y-axis, and ”zdeg” ab out the z-axis. The rotation

is ”absolute”....the total rotation since the b eginning of ob ject editing will b e

equal to the input v alues. The rotation is done ab out the ”KEY” p oin t for the

ob ject b eing edited.

9.32. SCALE EDITED OBJECT 87

9.32 Scale Edited Ob ject

sc ale xxx.xx

This command allo ws one to mak e precise scaling c hanges to an ob ject during

ob ject editing. MGED m ust b e in the ”ob ject edit” state for this command to

ha v e effect. If one of the ob ject scale options is not in effect, the ”global scale”

options will b e selected. The ob ject will b e scaled b y a TOT AL amoun t equal

to the input v alue. If one of the lo cal scale options is in effect, the ob ject will

b e scaled in the selected axis direction b y an amoun t equal to the input v alue.

The scaling is done ab out the ”KEY” p oin t of the ob ject b eing edited.

9.33 T ranslate Edited Ob ject

tr anslate xxx.xx yyy.yy zzz.zz

This command allo ws one to mak e precise translation c hanges to an ob ject

during ob ject editing. MGED m ust b e in the ”ob ject edit” state for this com-

mand to ha v e effect. If the ob ject translation option is not in effect, this option

will b e selected and the translation p erformed. The ”KEY” p oin t of the ob ject

b eing edited will mo v e to the input co ordinates.

9.34 Fix Brok en Hardw are (sometimes)

fix

This command will ”fix” (restart) the displa y device after a hardw are error.

9.35 Ra y-T race Curren t View

rt [-s#]

This command will run the rt (1) program to pro duce a color shaded iamge

of ob jects on the curren tly selected framebuffer. The resolution of the iamge

(n um b er of ra ys) is equal to ”#” from the ”-s” (square view resolution) option.

If the -s option is absen t, 50x50 ra y resolution will b e used.

9.36 Em ulate Knob Twist

knob id value

This command is used to em ulate a ”knob t wist”. Generally this command

is used for displa y devices whic h ha v e no actual knob p eripherals (eg. tek). An y

non-zero n um b er en tered for ”v alue” is con v erted to 1 (if ”v alue” is greater than

zero) or is con v erted to -1 (if ”v alue is less than zero). The user m ust en ter the

same command with ”v alue” equal to zero to stop the action en v ok ed b y the

knob t wist.

The ”id” defines whic h knob is to b e ”t wisted”:

x rotates ab out x-axis

y rotates ab out y-axis

z rotates ab out z-axis

X slew view in x direction

Y slew view in y direction

Z zo om the view

Examples: knob x 1

knob x 0

knob Z -1

knob Z 0

9.37 Solid Edit Named Solid

se d name

This command allo ws one to immediately en ter the solid edit mo de with the

solid ”name” as the edited solid. Note that the solid m ust b e displa y ed but not

m ultiply referenced.

9.38 Illuminate Named Ob ject

il l name

This command is used to illuminate an ob ject ... a path con taining this

ob ject (”name”) will b e illuminated. This command is primarily used with

displa y devices whic h do not ha v e a tablet to pic k ob jects for editing.

9.39 Rotate the View

vr ot xde g yde g zde g

This command rotates the VIEW ”xdeg” degrees ab out the screen x-axis,

”ydeg” degrees ab out the screen y-axis, and ”zdeg” degrees ab out the screen

z-axis.

This command is useful when the precise rotation desired is kno wn. It is

also useful when in a rotation edit mo de, and the viewing rotation needs to b e

c hanged, without affecting the curren t edit.

9.40 Mo v e Screen Cen ter

c enter xx.xx yy.yy zz.zz

This command mo v es the screen cen ter to (xx.xx, yy .yy , zz.zz). Using this

command is one w a y of slewing the view.

9.41. SET VIEW SIZE 89

9.41 Set View Size

size xx.xx

This command sets the view size to xx.xx and is one w a y of zo oming the

displa y . Making the view size smaller has the effect of zo oming in on the view.

9.42 Extended List of all Ob jects in Displa ylist

x

This command pro duces a list of all ob jects displa y ed, listing the cen ter of

the ob ject, its size, and if it is in the presen t view. It is in tended primarily for

soft w are debugging.

9.43 Refresh Displa y

r efr esh

This command will send a new displa y list to the displa y device.

9.44 Prin t View Status

status

This is a debug command whic h prin ts the status of the curren t view, in-

cluding all viewing and editing matrices.

9.45 Sim ulate Button Press

pr ess button-lab el

This command allo ws one to em ulate a button press and is generally used

on displa y devices whic h do not ha v e actual button p eripherals. The follo wing

are the strings allo w ed for ”button-lab el” and all pro duce the indicated view on

the device screen: top, b ottom, righ t, left, fron t, rear, 90,90, 35,25

The follo wing is a listing of the remaining acceptable strings for ”button-

lab el” and the resulting action:

reset reset the view

sa v e sa v e the presen t view

restore restor the sa v ed view

adc displa y the angle-distance cursor

oill b egin ob ject illumination (pic k)

sill b egin solid illumination (pic k)

oscale ob ject scale

o x ob ject translat ion in x direction only

o y ob ject translation in y direction only

o xy ob ject translation

orot ob ject rotation

sedit put up solid parameter men u

srot solid rotation

sxy solid translation

sscale solid scale

accept accept editing done

reject reject editing done

Examples: pr ess 90,90

pr ess fr ont

pr ess oil l

pr ess or ot

pr ess r eje ct

9.46 Escap e to the Shell

This command allo ws one to escap e to the shell to p erform m ultiple com-

mands without ha ving to terminate the curren t MGED session. T o return to

mged, en ter a con trol-d to the Shell. Note that the ”!” escap e at the b eginning

of a line can b e used to send a single command to the shell.

9.47 Get Short Help Listing

?

This is the short form of the help command, that lists the names of all

MGED commands.

9.48 Get Long Help Listing

help

This is the long form of the help command, that pro duces a listing of all the

a v ailable commands and their argumen ts, and a one sen tence summary of the

9.49. EXIT (QUIT) MGED 91

commands purp ose.

9.49 Exit (Quit) MGED

q

Running the ”q” command, or en tering an End-Of-File (EOF) (t yp. Con-

trol/D) is the normal w a y of exiting MGED.

9.50 Cop y and T ranslate TGC

cpi oldtgc newtgc

This command is a sp ecialized cop y command and is designed to b e used

when one is ”running wires” in a description. The ob ject b eing copied m ust

a cylindrical solid (TGC). The follo wing o ccurs when cpi is used: first the

cylinder (”oldtgc”) is copied to ”newtgc”; then ”newtgc” is translated to the

end of ”oldtgc”; then ”newtgc” is displa y ed; and finally , MGED is put in the

SOLID EDIT state with ”newtgc” as the edited solid.

9.51 Remo v e Ob ject and All References

kil lal l obj1 obj2 ... objn

This command will accomplish t w o things: first, the ob ject[s] will b e remo v ed

from the data file just as in the ”kill” command; second, all references to the

ob ject[s] will also b e remo v ed.

9.52 Remo v e Complete T ree

kil ltr e e obj1 obj2 ... objn

This command will remo v e from the file complete trees originating with ob j1,

ob j2, ..., ob jn. Ev ery ob ject in the designated paths will b e remo v ed from the

file, hence CA UTION is urged. Mak e sure that ”killtree” is what y ou w an t to

do. Using the ”paths” or ”tree” command on an ob ject b efore ”killtree” will

sho w what ob jects will b e killed.

9.53 Add Color T o Displa y

c olor low high r g b string

This command allo ws one to mak e color assignmen ts to a range of item

co des. The argumen ts ”lo w” and ”high” are the item ranges. The argumen ts

”r”, ”g”, and ”b” are the red, green, and blue v alues resp ectiv ely (the range of

these n um b ers is generally 0-255). The argumen t ”string” is a string describing this class of items. A blank is considered a terminator, so there can b e no blanks

in this string.

9.54 Edit Displa y Colors

e dc olor

This command allo ws one to edit the existing color assignmen ts (table). The

c hanges are made using the user’s ”selected” text editor found in en vironmen t

v ariable EDITOR. Note that this metho d of sp ecifying ob ject colors is obsolete,

and has b een replaced b y the mater command.

9.55 Prin t Displa y Colors

pr c olor

This command prin ts the color assignmen ts as they presen tly exist.

9.56 Find Ob jects

find obj1 obj2 ... objn

This command will find ALL references of ob j1 ob j2 ... ob jn in the file.

9.57 Estimate Presen ted Area

ar e a [toler anc e]

This command finds an estimate of the presen ted area of all E’d ob jects in

the presen t view from that asp ect. The argumen t ”tolerance” is the tolerance

for the endp oin ts of line segmen ts b eing ”equal” and is optional.

9.58 Pro duce UNIX Plot

plot [-zclip] [-2d] [out-file] [— filter]

This command is used to pro duce a UNIX-plot hardcop y of the presen t view

of the ’geometry’ on the displa y device. The MGED faceplate will not b e dra wn.

Some useful examples are:

plot-fb LIBFB framebuffer (lo w res)

plot-fb -h LIBFB framebuffer (high res)

tplot -Ti10 Imagen laser prin ter

tplot -Tmeg Megatek 7250

tplot -T4014 T ek4014

tplot -Thpgl HP7550A plotter

9.59. TEXT EDIT SOLID P ARAMETERS 93

9.59 T ext Edit Solid P arameters

te d

This command allo ws one to edit a solid’s parameters using the text editor

defined b y the users’s path. The solid b eing edited (solid edit mo de) will b e the

one that will b e ”text edited”.

9.60 Keyb oard Input of Solid P arameters

in name typ e p ar ameters

This command allo ws one to en ter a new solid directly via the k eyb oard.

The user will b e prompted for an y missing input and the solid will b e displa y ed

on the screen. W ARNING: only minimal c hec king of parameters is done.

9.61 Change View Azim uth, Elev ation

ae az elev

This command sets the displa y viewing angles using the input azim uth (az)

and elev ation (elev) angles.

9.62 Define Region Iden tifiers

r e gdef item [air los mat]

This command allo ws one to c hange the default co des whic h will b e giv en

to the next region created. If the ”air” co de is non-zero, then the ”item” co de

will b e set to zero.

9.63 Change Edge Direction

e dge dir delta x delta y delta z

This command allo ws one to define the direction of an ARB edge b eing

mo v ed. If only t w o argumen ts are input, the co de assumes these to b e the

rotation and fallbac k angles for the edge. If three argumen ts are presen t, the

co de will use them as ”deltas” to define the direction of the edge. Note that

this command can b e useful to find the in tersection of a line (edge) with planes

(faces).

9.64 Prefix Ob ject Names

pr efix string obj1 obj2 ... objn

This command will prefix ob j1, ob j2, .... ob jn with ”string”. All o ccurences

of these names will b e prefixed. String matc hing is allo w ed for the ob jects to

prefix.

9.65 Keep Ob jects in Another File

ke ep file.g obj1 obj2 ... objn

This command allo ws one to k eep the listed ob jects in the file ”file.g”. This

command is useful for pulling out parts of a description.

9.66 List Ob ject Hierarc h y

tr e e obj1 obj2 ... objn

This command will prin t the tree structure for the ob jects listed.

9.67 Create Inside Solid

inside

This command is used to define a solid (inside solid) suc h that when it is

subtracted from another certain solid (outside solid), the resulting region will

ha v e desired thic knesses. T o in v ok e this option, en ter ”inside”. Y ou will then b e

prompted for the required data. If y ou are in the solid edit mo de, the ”outside

solid” will default to the solid presen tly b eing edited. If y ou are in the ob ject

edit mo de, the ”outside solid” will default to the ”k ey solid” of the ob ject path

b eing edited. If y ou are not in an edit mo de, y ou will then b e ask ed for the

name of the ”outside solid”. Next, y ou will b e ask ed what name y ou wish to

call the new ”inside solid” to b e calculated. Finally , y ou will b e ask ed to en ter

the thic kness[es], dep ending on the solid t yp e. The ”inside solid” will then b e

displa y ed on the screen. If the thic kness v alues input are negativ e, then the

thic kness will b e directed to the ”outside” of the solid.

9.68 Pro duce ASCI I Summary of Solids

solids file obj1 obj2 ... objn

This command will pro duce an ascii summary of all solids in v olv ed with

ob jects ob j1, ob j2, ..., ob jn. This summary will b e written in ’file’. In this file,

all regions and solids are n um b ered and will matc h the n um b ers of a COMGEOM

dec k pro duced b y VDECK or GIFT if the ob jects are en tered in the same order.

The file ’file’ will b e o v erwritten if it already exists. String matc hing is allo w ed

for the ob jects.

9.69. PR ODUCE ASCI I SUMMAR Y OF REGIONS 95

9.69 Pro duce ASCI I Summary of Regions

r e gions file obj1 obj2 ... objn

This command will pro duce an ascii summary table of all regions in v olv ed

with ob jects ob j1, ob j2,...,ob jn. This summary table will b e written in ’file’. In

this file, all regions and solids will b e n um b ered and will matc h the n um b ers

of a COMGEOM description pro duced b y VDECK or GIFT if the ob jects are

en tered in the same order. This file will b e iden tical to the ”solids” command

except the actual parameters are not listed. The file ’file’ will b e o v erwritten if

it already exists. String matc hing is allo w ed for the ob ject names.

9.70 Pro duce ASCI I Summary of Iden ts

idents file obj1 obj2 ... objn

This command will pro duce an ascii summary table of all region iden ts in-

v olv ed with ob jects ob j1, ob j2,...,ob jn. This summary table will b e written in

’file’. In this file, all regions will b e n um b ered and will matc h the region n um-

b ers of a COMGEOM description pro duced b y VDECK or GIFT if the ob jects

are en tered in the same order. A t the end of this file will b e the same region

information, but ordered b y iden t n um b er. The file ’file’ will b e o v erwritten if

it already exists. String matc hing is allo w ed for the ob ject names.

9.71 List Ob jects P aths

p aths

This command will prin t ALL paths matc hing an ”input” path. Y ou will b e

ask ed to en ter the path to matc h. The path mem b ers are en tered on ONE line,

sep erated b y spaces. The input path need not b e a complete path, but m ust

con tain at least one ob ject. All paths with the same first mem b ers as the input

path will b e listed. This command is useful for finding complete paths whic h

b egin with certain ob jects.

9.72 List Ev aluated P ath Solid

listeval

This command will ”ev aluate” and list ALL paths matc hing an input path,

including the parameters of the solids at the b ottom of eac h path. These param-

eters will reflect an y editing con tained in the path listed. Y ou will b e ask ed to

en ter the path to matc h. The path mem b ers are en tered on ONE line, sep erated

b y spaces. The input path need not b e a complete path, but m ust con tain at

least one ob ject. Note that since the solid parameters are prin ted, this could b e

a rather length y listing dep ending on the completeness of the input path.

9.73 Ev aluate P ath and Cop y Solid

c opyeval

This command allo ws one to cop y an ”ev aluated solid”, that is a complete

path ending in a solid. Y ou will b e ask ed to en ter a complete path. Again, this

path is en tered on ONE line with the mem b ers sep erated b y spaces. If y ou do

not kno w the complete path, use the ”paths” command ab o v e to find it. Next,

y ou will b e ask ed to en ter the name of this copied solid. The input path will

b e tra v ersed and the accum ulated path transformations will b e applied to the

parameters of the b ottom solid. These new parameters will then b e the copied

solid. Note: this command is useful for making ”dumm y solids” to subtract for

o v erlaps b et w een ob jects whic h ha v e b een ”ob ject” edited.

9.74 Edit Ob jects Region Iden tifiers

e dc o des obj1 obj2 ... objn

This command pro vides for an easy w a y to mo dify the co de n um b ers (item,

air, material, and los) of ALL regions found in paths b eginning with an ob ject.

F or eac h ob ject, all paths b eginning with that ob ject are tra v ersed un til a region

is encoun tered...at whic h time the follo wing is listed:

item air mat los /ob j1/.../region.n

The cursor then jumps bac k to ”item” at the b eginning of the line. A t this

time the cursor can b e adv anced only b y en tering a new item co de (only digits

are allo w ed) or b y hitting the ”space bar” or ”tab k ey”. The space and tab will

mo v e the cursor to the next p osition in the line. Pressing the ”bac kspace k ey”

will mo v e the cursor to the b eginning of the next lo cation to the left. Mo ving

the cursor ”past” the los lo cation will return it to the b eginning of the line.

When the co de n um b ers are as y ou desire, a RETURN will prin t the next line

for editing. A t an y time, pressing the ”R” k ey will restore the iden ts on the

curren t line to the w a y they w ere originally . A Con trol/C or a ”q” will ab ort

the pro cess at the curren t line. String matc hing is allo w ed for the ob ject names.

9.75 List Ob ject As Stored

tab obj1 obj2 ... objn

This command will pro duce a listing of ob jects as they are stored in the

MGED ob ject data file. String matc hing is allo w ed for the ob jects.

9.76 List Regions With Giv en Iden t

whichid item1 item2 ... itemn

9.77. CREA TE ARB GIVEN 3 POINTS 97

This command will list ALL regions in the data file whic h ha v e certain item

co des.

9.77 Create ARB Giv en 3 P oin ts

3ptarb

This command will pro duce a ”plate mo de” arb8 giv en 3 p oin ts on one face,

2 co ordinates of the 4th p oin t on that face, and a thic kness. The 3rd co ordinate

of the 4th p oin t will b e solv ed for and the ”other” face will b e a normal distance

(== the desired thic kness) a w a y . Y ou will b e ask ed for all necessary input.

9.78 Create ARB Giv en P oin t and Angles

rfarb

This command will pro duce a ”plate mo de” arb8 giv en a p oin t on one face,

rotation and fallbac k angles for that face, 2 co ordinates of the 3 remaining p oin ts

on that face, and a thic kness. The 3rd co ordinates of the three p oin ts will b e

solv ed for, and the other face will b e a normal distance equal to ”thic kness”

a w a y . Y ou will b e ask ed for all necessary input.

9.79 Push Editing Do wn P aths

push obj1 obj2 ... objn

This command will ”push” an ob ject’s path transformations to the solid’s

parameters lo cated at the b ottom of eac h path. If a conflict is encoun tered, then

an error message is prin ted and NOTHING is done. A conflict o ccurs when the

same solid ”ends” differen t paths but the transformations are differen t. Conflicts

could o ccur when ”instanced” or ”copied” groups o ccur in an ob ject’s paths or

when a solid is a mem b er of 2 regions whic h ha v e b een edited separately . A

complication of this command, whic h will not b e listed as a conflict, is when a

solid’s parameters ha v e b een c hanged b y a push, y et this solid is referenced b y

another ob ject whic h w as NOT included in the push. The user should b ew are

of this situation. This command can b e v ery useful when ”adding” parts from

another file. Once the ”ob ject editing” of these new parts is completed, the

push command will put the editing done to the solid lev el. Since the added

parts should ha v e no cross-references with the existing ob jects, there should b e

no problems.

9.80 Chec k F or Duplicate Names

dup file.g string

This command will compare the curren t ob ject data file with another MGED

file ”file.g” and list an y ob ject names common to b oth files. If ”string” is presen t,

all ob ject names in ”file.g” will b e prefixed with ”string” b efore comparing for

duplicate names. Generally , one uses ”string” only when duplicate names are

found without it.

9.81 Concat Files

c onc at file.g string

This command will concatenate another MGED file ”file.g” on to the presen t

ob ject data file. If ”string” is presen t, all names in ”file.g” will b e prefixed

with this string. No ob jects from ”file.g” will b e added if the name already

o ccurs in the curren t ob ject file...the ob ject names will b e listed and skipp ed.

Ho w ev er, this command should b e used in conjunction with the ”dup” command

to eliminate an y problems with duplicate names.

9.82 Create Pseudo-T rac k

tr ack

This command adds trac k comp onen ts to the data file to fit sp ecified ”wheel”

data. Solids, regions, and a group con taining the regions will b e created and

displa y ed on the screen. Y ou will b e prompted for all required data.

9.83 Define ARB F ace

fac e def ####

This command is used to define the face plane of an ARB that is b eing

edited. The follo wing is the option men u displa y ed when this command is used:

a planar equation b 3 p oin ts c rot and fb angles + fixed p oin t d same plane thru

fixed p oin t q quit T o select an y of these metho ds of defining a plane, en ter the

appropriate letter. Y ou will then b e ask ed for the desired input.

9.84 Define Plane Equation of ARB F ace

e qn [A B C]

This command is used when one is rotating the face of an edited ARB and

defines the co efficien ts of the face planar equation (Ax + By + Cz).

9.85 Mo v e (Rename) Ev erywhere

mval l old new

9.86. MISCELLANEOUS COMMANDS 99

This command is used to rename all o ccurrences of an ob ject in the data

file. In this case, the ob ject ”old” will b e renamed ”new” for ev ery o ccurence.

9.86 Miscellaneous Commands

It is p ossible to view, sp ecify , and text-edit information p ertaining to the ma-

terial t yp e and color of v arious parts of the mo del tree. This is an in terim

capabilit y in tended to pro vide enough material prop erties information for cur-

ren t rendering and analysis purp oses un til the design of a full material prop erties

database can b e finalized.

In addition to a v ariet y of usual database manipulation and status com-

mands, there are commands to compare the curren t database for name o v er-

lap (conflicts) with another database, as w ell as commands to imp ort and ex-

p ort subtrees to/from the curren t database. If name conflicts b et w een the t w o

databases do exist, there are commands to rename an individual no de without

c hanging an y of the references to it (“m v”), or to rename a no de and c hange

all the references to it (“m v all”). Another command whic h is useful for prepar-

ing to mo v e subtrees b et w een databases is the “push” command, whic h adjusts

the transformation matrices from the indicated p oin t do wn to the lea v es of the

directed acyclic graph, lea ving the higher lev el arcs with iden tit y matrices.

9.87 UNIX-Plot Output

The “plot” command can store an exact image of the curren t (non-faceplate)

displa y on the screen, either using the System V standard 2-D mono c hrome

UNIX-Plot ( plot(4) ) format, or the BRL 3-D color extended-UNIX-Plot format.

These plots can b e sen t to a disk file, or “pip ed” directly to a filter pro cess. This

can b e useful for making hard copies of the curren t MGED view for sho wing to

others, using a lo cal p en plotter or laser prin ter.

9.88 Ra y-T racing the Curren t View

An imp ortan t capabilit y ev en b ey ond the abilit y to generate an ev aluated b ound-

ary wireframe is the abilit y of MGED to initiate a quic k ra y-trace rendering of

the curren t view on an y nearb y framebuffer! This is implemen ted b y using the

MGED “rt” command to fork off an instance of the R T program, and sending

the R T program a description of the curren t view with an y user-sp ecified op-

tions. This allo ws the designer to use the p o w er of MGED to select the desired

view, and then to quic kly v erify the geometry and ligh t source placemen t. A

50 b y 50 pixel rendering of the curren t view can usually b e done in less than a

min ute (on a DEC V AX-780 class pro cessor), and allo ws for general v erification b efore the designer uses the “sa v eview” command to submit a batc h job for a

high resolution ra y-trace of the same view.

9.89 Animation

The MGED editor includes a n um b er of features whic h are useful for dev eloping

animation to ols and scripts. The full description of the curren t viewing trans-

formation and ey e p osition can b e sa v ed in a file, and suc h a previously sa v ed

view can b e read bac k at an y time, immediately c hanging the editor’s view. In

addition, the curren t viewing transformation and ey e p osition can b e app ended

to a file con taining a collection of k eyframes. Most imp ortan tly , a file full of

k eyframe information, either ra w k eyframe p ositions or smo othly in terp olated

k eyframe sequences, can b y “pla y ed” in real time using MGED, pro viding a

p o w erful and fast animation preview capabilit y .

As a separate animation capabilit y in tended for dev eloping demonstrations

and instructional material relating to the use of the MGED editor, all user

in teractions with the editor can b e recorded in a file, along with an indication

of the time elapsed b et w een user actions. This file can b e adjusted using a

normal text editor to remo v e an y errors, or to eliminate dead time where the

user stopp ed to think. Once created, this session script can b e repla y ed through

the editor at an y time, either to pro vide a smo oth “canned” demonstration

b efore a liv e audience, or to create a film or videotap e.

Key Argumen t[s] Description

e ob j1* ob j2* ... ob jn* displa y ob jects on the screen

E ob j1* ob j2* ... ob jn* displa y ob jects ev aluating regions

B ob j1* ob j2* ... ob jn* Zap screen, displa y ob jects

d ob j1* ob j2* ... ob jn* delete ob jects from screen

cp oldob j new ob j cop y ’oldob j’ to ’new ob j’

cpi oldtgc newtgc cop y ’oldtgc’ to ’newtgc’ in v erted

Z -none- Zap (clear) the screen

g groupname ob j1* ob j2*....ob jn* group ob jects

r region op1 sol1....opn soln create/mo dify a region

i ob ject instname create instance of an ob ject

m v oldname newname rename ob ject

m v all oldname newname rename all o ccurences of an ob ject

l ob ject* list ob ject information

kill ob j1* ob j2* ... ob jn* remo v e ob jects from the file

killall ob j1* ob j2* ... ob jn* remo v e ob ject[s] + references from file

killtree ob j1* ob jn* ... ob jn* remo v e complete paths **CAREFUL**

t ob ject* table of con ten ts

mirror oldob j new ob j axis mirror image of an ob ject

mirface #### axis mirror face #### ab out an axis

extrude #### distance extrude an arb face

item region item air c hange region item/air co des

mater region material los c hange region mat/los co des

rm com b mem1* mem2*....memn* delete mem b ers from com bination

units mm—cm—m—in—ft c hange the units of the ob jectfile

title new-title c hange the title of the description

p dx [dy dz] precise commands for solid editing

rotob j xdeg ydeg zdeg rotate(absolute) an edited ob ject

scale factor scale(absolute) an edited ob ject

translate x y z translate an edited ob ject

arb name rot fb mak e arb8 with rot and fb

analyze solids prin t m uc h info ab out a solid

summary s—r—g solid/region/group summary

tops -none- list all top lev el ob jects

find ob j1* ob j2* ... ob jn* find all references to an ob ject

area [endp oin t-tolerance] find presen ted area of E’d ob jects

Figure 9.1: MGED Command Summary 1

Key Argumen t[s] Description

plot [-zclip] [-2d] [out-file] [— filter] mak e UNIX-plot of view

color lo w high r g b str assign color(r g b) to item range

edcolor -none- text edit the color/item assignmen ts

prcolor -none- prin t the curren t color/item assignmen ts

mak e name t yp e create and displa y a primitiv e

fix -none- restart the displa y after hangup

rt [options] ra ytrace view on to framebuffer

release -none- release curren t displa y pro cessor

attac h n u—tek—tek4109—plot—mg—vg—rat attac h new displa y pro cessor

ae az elev rotate view w/azim and elev angles

regdef item [air los mat] set default co des for next region created

ted -none- text edit a solids parameters

vrot xdeg ydeg zdeg rotate view

ill name illuminate ob ject

sed solidname solid edit the named solid

cen ter x y z set view cen ter

press button-lab el em ulate button press

knob id v alue em ulate knob t wist

size v alue set view size

x -none- debug list of ob jects displa y ed

status -none- prin t view status

refresh -none- send new con trol list

edcom b com b flag item air mat los edit com b record info

edgedir delta x delta y delta z define direction of an ARB edge b eing mo v ed

in name t yp e parameters t yp e-in a new solid directly

prefix string ob j1* ob j2* ... ob jn* prefix ob jects with ’string’

k eep file.g ob j1* ob j2* ... ob jn* k eep ob jects in ’file.g’

tree ob j1* ob j2* ... ob jn* list tree for ob jects

inside –prompted for input– find inside solid

Figure 9.2: MGED Command Summary 2

Key Argumen t[s] Description

solids file ob j1* ob j2* ... ob jn* mak e ascii solid parameter summary in ’file’

regions file ob j1* ob j2* ... ob jn* mak e ascii region summary in ’file’

iden ts file ob j1* ob j2* ... ob jn* mak e ascii region iden t summary in ’file’

edco des ob j1* ob j2* ... ob jn* edit region iden t co des

dup file prefix c hec ks for dup names in ’file’ & curren t file

cat file prefix cat’s ’file’ on to end of curren t file

trac k –prompted for input– builds trac k giv en appropriate ’wheel’ data

3ptarb –prompted for input– mak es arb8 giv en 3 pts, etc.

rfarb –prompted for input– mak es arb8 giv en p oin t, rot, fallbac k, etc

whic hid iden t1 iden t2 ... iden tn list all regions with giv en iden t

paths –prompted for input– lists all paths matc hing input path

listev al -prompted for input– giv es ’ev aluated’ path summary

cop y ev al –prompted for input– cop y an ’ev aluated’ path-solid

tab ob j1* ob j2* ... ob jn* list ob jects as stored in data file

push ob j1* ob j2* ... ob jn* push ob ject transformations to solids

facedef #### data define plane of an edited ARB face

eqn A B C define plane co efficien ts of rotating ARB face

q -none- quit

? -none- help message

Figure 9.3: MGED Command Summary 3

Chapter 10

TUTORIALS ON

VIEWING AND ST A TES

T utorials with illustrations are pro vided to giv e the MGED user a step-b y-step

w alk-through of the basic capabilities of the graphics editor. Standard UNIX

login and logout pro cedures appropriate to eac h site should b e follo w ed prior to

b eginning and after ending the tutorials.

Eac h of the tutorials will use the solids con tained the MGED database called

“prim.g”. These can b e obtained b y making a cop y of “db/prim.g” from the

BRL CAD P ac k age distribution tree. It is imp ortan t to mak e a cop y of the

database and w ork with that, rather than using the supplied one. Changes

made during the editing pro cess are written to the database when they are

accepted .

The first tutorial sho ws a sample in v o cation dialogue. All other tutorials

start at the first MGED prompt ( mged> ). If the user wishes to con tin ue from

one tutorial to the next without lea ving MGED, issue the pr ess r eje ct and pr ess

r eset commands b efore starting a new tutorial. User input will b e sho wn in an

emphasize d fon t, and MGED output will app ear in a typewriter fon t. If the

user input is sho wn on the same line as a prompt, the input is literal. If the

user input is sho wn on a line b y itself, it is a directiv e, and is en tered in an

appropriate fashion.

The tutorials are self-con tained, and if the user wishes to pro ceed to the next

tutorial without exiting MGED, the RESET button should b e pressed to return

to the top view, where the mo del XYZ axes map to the screen XYZ axes.

The standard reco v ery pro cedure when in the middle of an editing op eration

is to select REJECT edit. Con trol is returned to the viewing state, and the user

can restart with the last edit (e) command used in the tutorial.

10.1. ST A TES WITHIN THE EDIT PR OCESS 105

10.1 States Within the Edit Pro cess

In this tutorial, the user will in v ok e MGED on a file called “prim.g”; attac h a

displa y manager ; explore the v arious MGED states; and finally , exit MGED. A

MGED database has a treelik e structure. The lea v es are the individual solids,

and the other no des are groupings of those solids. The solid editing functions

are concerned with defining and mo difying the lea v es, and the ob ject editing

functions op erate on groups, whic h are Bo olean com binations of solids. One

useful men tal mo del is to en vision solid editing as op erating directly on a leaf

and ob ject editing as op erating on the arc connecting a pair of no des. The

ob ject edit will affect ev erything b elo w the selected arc (this is wh y there is an

additional state transition when ob ject editing).

10.2 Viewing State

The first task is to in v ok e MGED. This tutorial will assume the user has a cop y

of the “prim.g” database in the curren t directory .

$ mge d prim.g

BRL-CAD Release 3.0 Graphics Editor (MGED) Compilation 82

Thu Sep 22 08:08:39 EDT 1988

mike@video.brl.mil:/cad/.mged.4d2

attach (nu|tek|tek4109|ps|plot|sgi)[nu]? sgi

ATTACHING sgi (SGI 4d)

Primitive Objects (units=mm)

mged>

The first three lines giv e information ab out whic h v ersion of MGED is run-

ning, when it w as compiled, and who compiled it. The next line is the displa y

manager attac h prompt. This prompt pro vides a list of a v ailable displa y man-

agers, then sho ws what the default will b e (selected if the user answ ers with

a carriage return). In this case, the Silicon Graphics 4d displa y manager w as

selected, as is noted b y the follo wing line. Next the title of the database and

the unit of measuremen t used in the database are prin ted, and finally , the first

prompt is issued. A t this p oin t MGED has loaded “prim.g”; attac hed the SGI

displa y; and is a w aiting commands. A ttac hing a displa y also causes what is

kno wn as the MGED faceplate to b e dra wn on the graphics displa y .

The faceplate has sev eral features of in terest. In the upp er left corner of

the displa y , is a b o x whic h alw a ys sho ws the curren t MGED state . This can b e

one of six states: VIEWING , SOL PICK , SOL EDIT , OBJ PICK , OBJ

P A TH , or OBJ EDIT .

Immediately b elo w, is the men u area. The only men u item initially sho wn

is one lab eled BUTTON MENU . This men u item toggles the displa y of the button men u en tries when selected (more on selection later).

A t the b ottom of the displa y are t w o status lines. The first line con tains

information ab out the curren t view. The en try lab eled cen t= giv es the mo del

space co ordinates of the dot in the cen ter of the displa y . The en try lab eled sz=

reflects the curren t size in mo del units of the viewing cub e . The viewing cub e

is a mathematical construct cen tered on the the dot in the cen ter of the displa y .

The ang= displa y sho ws the curren t rate of rotation in eac h of the three axes.

The b ottom line is used for sev eral kinds of information. In the VIEWING

state, it displa ys the title of the database.

The MGED viewing features are designed to allo w the user to examine mo d-

els at differen t angles. Preset views can b e in v ok ed at an ytime b y using either the

men u or the button b o x. Selecting a preset view do es not c hange the co ordinates

of the primitiv es, but instead c hanges the angle from whic h these primitiv es are

displa y ed. Fiv e standard views (top, righ t, fron t, 35/25, and 45/45) can b e

obtained b y using either the b ottom men u on the displa y screen or the con trol

b o x. Three additional views (button, left, and rear) can b e obtained b y using

the button b o x, but not b y using the men u.

The normal or default viewing state is the “top” orien tation, with mo del +X

p oin ting to w ards the righ t of the screen, mo del +Y p oin ting to w ards the top

of the screen, and mo del +Z p oin ting out of the screen. In the “top” view, the

mo del and screen axes are the same. The “reset” button and “Reset Viewsize”

men u items also result in a “top” view.

The follo wing table sho ws the angles of rotation to obtain the other views.

View Angle of Rotation (from top)

T op 0, 0, 0

Bottom 180, 0, 0

Righ t 270, 0, 0

Left 270, 0, 180

F ron t 270, 0, 270

Rear 270, 0, 90

35, 25 295, 0, 235

mged> e arb8

vectorized in 0 sec

mged> size 12

mged>

The e command causes the named ob ject(s) – a solid named “arb8” in this

case – to b e displa y ed, and the size command sets the size of the viewing cub e.

Figure 10.1 sho ws what the displa y curren tly lo oks lik e. In this view, the X-axis

is to the righ t, the Y-axis p oin ts up, and the Z-axis is p erp endicular to (p oking

out of ) the screen.

Twist the Y R OT knob clo ckwise and b ack.

Twist the X R OT knob c ounter clo ckwise and b ack.

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Primitive Objects

10.2. VIEWING ST A TE 107

Figure 10.1: “arb8” T op View

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Primitive Objects

Figure 10.2: “arb8” Rotated View

These knobs, along with the Z R OT knob, rotate the viewing cub e. Use

of the rotation knobs allo ws the user to view the mo del from an y orien tation.

T urning a knob clo c kwise causes a rotation in the p ositiv e direction, while turn-

ing a knob coun terclo c kwise causes a negativ e rotation (righ t-hand rule). The

knobs are rate based, not p osition based; once a rotation has b een started, it

will con tin ue un til the knob is returned to zero (or the zeroknobs button is

pressed). Rotations are ab out the viewing cub e (screen) axes, not the mo del

axes. Systems without knobs can use the knob command.

Move the mouse (or p en) until the cursor is in the BUTTON MENU blo ck

and then pr ess the midd le mouse button (depr ess the p en).

Pressing the middle mouse button (or the p en) selects something. When the cursor is inside the men u area, a selection causes the ev en t describ ed b y the

men u item to o ccur. Selecting BUTTON MENU causes the button men u

to app ear on the left side of the screen. The BUTTON MENU men u item

is a toggle; subsequen t selection of this item will cause the button men u to

disapp ear. Figure 10.2 sho ws the new displa y .

Move the cursor fr om the menu ar e a to a p oint ne ar the upp er left c orner of the

solid and sele ct it (pr ess the c enter mouse button).

In the VIEWING state, making a selection while outside of the men u area

will mo v e the selected p oin t to the cen ter of the displa y . Lo ok carefully at the

cen ter of the displa y; the p oin t just selected is no w lo cated at the cen ter dot.

Use the cen ter command to reset an y translations made with the mouse.

mged> c enter 0 0 0

mged>

F rom the VIEWING state, the user will normally transition to either the

SOL PICK or OBJ PICK state. The SOL PICK state is selected b y:

• Selecting the Solid Illum button men u en try , or,

• Pressing the sill button (this button ma y b e lab eled using some v ariation

of “Solid Illum”), or,

• T yping press sill .

Similar en tries ( Ob ject Illum ) and ( oill ) exist for transitioning in to the

OBJ PICK state. In general, the press command is the basic mec hanism

(t yp e press help for a list of a v ailable commands). Most of the press commands

ha v e b een mapp ed on to a button b o x if it is a v ailable, and some of the most

common are also mapp ed in to the BUTTON MENU so they can accessed

without letting go of the mouse.

10.3 Solid Pic k State

Plac e MGED in the SOL PICK state using one of the ab ove me chanisms.

Up on en tering the SOL PICK state, the displa y will lo ok similar to Figure

10.3. The SOL PICK state used to select whic h of the displa y ed solids is to

b e edited. Note that the color of the solid has c hanged from red to white. The

screen is divided in to as man y horizon tal zones as there are solids displa y ed, and

eac h zone is assigned to one solid. As the mouse is mo v ed v ertically through

eac h zone, the corresp onding solid is highligh ted (“illuminated”) b y dra wing it

in white. In this instance, there is only one solid b eing displa y ed, so this state

is relativ ely unin teresting. If the system b eing used has no mouse, there is no

reason to en ter the SOL PICK state. The user will instead transition directly

to the SOL EDIT state using the sed command.

  SOL PICK
  arb8
  BUTTON MENU

==>
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 10.3: MGED In Solid Pic k State

  SOL PICK
  arb8
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 10.4: MGED In Solid Pic k with Tw o Solids

mged> pr ess r eje ct

mged> e el lg

mged>

Pr ess the sill button

Note that the first action tak en w as to reject the edit. An y time MGED is

not in the VIEWING state, a reject command (via press , button, or mouse)

discards all editing c hanges accum ulated since the last transition out of the

VIEWING state, and places MGED in the VIEWING state. The displa y

should no w lo ok similar to Figure 10.4. Notice that one solid is white and the

name of that solid is displa y ed in the upp er left corner of the displa y , as w ell

as in the b ottom status line. The solid to b e edited is selected b y mo ving the

mouse up and do wn un til the zone corresp onding to the desired solid is reac hed.

  SOL EDIT
  ARB MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                1

                                                2

                                                    3

                                                    4
                                  5

                                  6

                                      7

                                      8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 10.5: Solid Edit State

Once the appropriate zone is reac hed, select it. This selects a solid, and once a

solid is selected, MGED en ters the SOL EDIT state.

10.4 Solid Edit State

mged> d el lg

mged>

Sele ct the solid c al le d “arb8”.

The d commmand remo v es something from the displa y . In this case, the

solid “ellg” w as remo v ed to reduce clutter. The displa y should no w lo ok lik e

Figure 10.5. When MGED en ters the solid edit state, the follo wing o ccurs:

10.5. OBJECT PICK ST A TE 113

• The solid selected for editing remains illuminated,

• The solid is lab eled,

• The co ordinates (or dimensions) asso ciated with the lab els, and other

information is displa y ed to the righ t of the men u area,.

• If the solid is a mem b er of one or more groups, a similar set of co ordi-

nates called the P A TH is displa y ed immediately b elo w the the first set of

co ordinates,

• The *SOLID EDIT* men u is displa y ed, and,

• A solid sp ecific edit men u (in this case the ARB MENU ) is displa y ed.

The *SOLID EDIT* men u pro vides access to generic op erations (transla-

tion, rotation and scaling) common to all solids. The solid sp ecific edit men u is

a list of solid t yp e sp ecific editing op erations. Selecting one of the solid sp ecific

edit men us causes a submen u with solid t yp e sp ecific c hoices to b e displa y ed.

T o remo v e this submen u, select either the RETURN item in the submen u, or

the edit men u item in the *SOLID EDIT* men u.

It is in this state that the solid is altered to meet the mo deler’s requiremen ts.

The shap e, p ositioning, and orien tation of the solid is c hanged using n umeric

k eyb oard input, p ositioning of the mouse, or b y use of the knobs. Once the

solid has b een altered, the edit is either accepted or rejected. Accepting the

edit causes all c hanges made to b e written to the database; rejecting the edit

“thro ws them a w a y”. Either op eration will terminate the edit session and return

MGED to the VIEWING state.

R eje ct the e dit.

10.5 Ob ject Pic k State

Plac e MGED in the OBJ PICK state.

Figure 10.6 sho ws what the displa y lo oks lik e when in the OBJ PICK state.

As with the SOL PICK state, a single solid is selected. This solid b ecomes

the reference solid for the ob ject edit. In the OBJ PICK state, the solid will

b e sho wn as a mem b er of one or more ob jects. Less ob vious is the fact that

the lo cal axes asso ciated with the selected solid are the axes used for the en tire

ob ject during the ob ject edit.

10.6 Ob ject P ath State

Sele ct “arb8”.

  OBJ PICK
  arb8
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 10.6: Ob ject Pic k State

  OBJ PATH
  [MATRIX]
  arb8
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

10.6. OBJECT P A TH ST A TE 115

Figure 10.7: Ob ject P ath Selection State

MGED transitions in to the OBJ P A TH state once a solid has b een pic k ed

from OBJ PICK . Figure 10.7 is the displa y in the OBJ P A TH state. When

in this state the exten t of the editing op eration is set. Ev erything b elo w the

editing p oin t is affected b y the edit. The editing p oin t is sho wn b y the MA TRIX

lab el in the displa y . It is sho wn as [MA TRIX] in the upp er left part of the

displa y and as MA TRIX in the second status line. The editing p oin t is

c hosen with the same mec hanism used b y SOL PICK and OBJ PICK . This

time, there is one horizon tal zone for eac h no de in the path b et w een the ro ot

and selected leaf. Mo ving the mouse up and do wn mo v es the editing p oin t up

and do wn in the tree. Once again, ha ving a simple database and only one ob ject

in view mak es for a relativ ely unin teresting situation.

10.7 Ob ject Edit State

Sele ct the e diting p oint ab ove “arb8”.

MGED is no w in the OBJ EDIT state and the displa y should lo ok lik e

Figure 10.8. When MGED en ters the ob ject edit state, the follo wing o ccurs:

• The reference solid remains illuminated,

• The reference solid is lab eled,

• The information asso ciated with the lab els is displa y ed to the righ t of the

men u area, and

• The *OBJ EDIT* men u is displa y ed.

The OBJ EDIT state is used to mo dify the Homogeneous T ransform Matrix

selected during the OBJ P A TH state. P ermissible op erations include uniform

and affine scaling of the ob jects, as w ell as translation and rotation. As with the

SOL EDIT state, MGED accepts c hanges en tered using the k eyb oard, mouse

or knobs.

This concludes the first tutorial. Examples of the app earance of MGED in

eac h of the six states ha v e b een giv en, along with some idea of what eac h of

the states is used for. All that remains is to reject the curren t edit, and exit

MGED. Strictly sp eaking the q command could b e en tered directly , but doing

so, can b ecome a dangerous habit.

Sele ct REJECT Edit using the mouse.

Pr ess the reject button.

mged> d arb8

mged> q

$

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

                                                1

                                                2

                                                    3

                                                    4
                                  5

                                  6

                                      7

                                      8

                 ** PATH --  /arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

10.7. OBJECT EDIT ST A TE 117

Figure 10.8: Ob ject Edit State

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

Figure 10.9: A T op View of the Co ordinate Axes

10.8 Editing in the Plane of the Screen

When MGED is in a “translate” mo de within an edit state, the plane of

the mouse or data tablet is mapp ed to the plane of the screen, to p ermit mo v-

ing ob jects in a con trolled w a y in t w o of the three a v ailable dimensions. The

orien tation of the plane of the screen is determined b y the curren tly selected

view. In most circumstances, users will find that rep ositioning ob jects is easiest

when the the plane of the screen is orien ted in an axis-aligned view. This is

most easily accomplished b y utilizing one of the preset views. F or this exercise,

obtain a cop y of the axis.g database, and run MGED, eg:

$ cp cad/db/axis.g .

$ mged axis.g

BRL-CAD Release 3.0 Graphics Editor (MGED) Compilation 82

Thu Sep 22 08:08:39 EDT 1988

mikel@video.br:/cad/.mged.4d2

attach (nu|tek|tek4109|ps|plot|sgi)[nu]? sgi

ATTACHING sgi (SGI 4d)

X,Y,Z Coordinate Axis (units=none)

mged> e axis

vectorized in 0 sec

Sele ct “T op” in the Button menu

mged>

10.8.1 T op View

The top view is the default view. The orien tation of the axes is sho wn in

Figure 10.9. The surface of the viewing screen and the graphics tablet is the

XY plane. Edit c hanges using the graphics tablet will affect only the X and Y

co ordinates of the primitiv e.

mged> se d x

Sele ct “T r anslate” in the Solid Edit menu

mged>

Select differen t p oin ts on the tablet with the mouse, eac h time pressing the

middle mouse button. Notice ho w the X and Y co ordinates of the V v ector

c hange, but the Z co ordinate do es not. An example of this is sho wn in Figure

10.10; compare the v alues of V with those in Figure 10.9.

Sele ct “REJECT Edit” in the Button menu

10.8.2 Bottom View

mged> pr ess b ottom

mged> se d x

Sele ct “T r anslate” in the Solid Edit menu

mged>

The pr ess b ottom command selects the b ottom view of the mo del, and the

new configuration of the axes can b e seen in Figure 10.11. The surface of the

viewing screen and the mouse or tablet are still in the XY plane. Edit c hanges

using the graphics tablet will affect only the X and Y comp onen ts of the solid.

Select differen t p oin ts on the tablet with the mouse and notice the c hanges in

the co ordinates; compare the v alues of V with those in Figure 10.12.

Sele ct “REJECT Edit” in the Button menu

10.8.3 Righ t View

  SOL EDIT

  *SOLID EDIT*

  edit menu

  Rotate

  Translate

  Scale

  (BUTTON MENU)

==>

                         A

                         B
                                                     C

                                                     D

                 ** SOLID -- x:

                  V (-6.4045, -4.8730, 0.0000)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

                 ** PATH --  /axis/x.r/x:

                  V (-6.4045, -4.8730, 0.0000)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)

 Path: /axis/x.r/x

120 CHAPTER 10. TUTORIALS ON VIEWING AND ST A TES

Figure 10.10: T ranslating from the T op View

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

Figure 10.11: A Bottom View of the Co ordinate Axes

  SOL EDIT

  *SOLID EDIT*

  edit menu

  Rotate

  Translate

==>

  Scale

  (BUTTON MENU)

       A
       B

                                   C
                                   D

                 ** SOLID -- x:

                  V (-12.6404, 2.2350, 0.0000)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

                 ** PATH --  /axis/x.r/x:

                  V (-12.6404, 2.2350, 0.0000)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)

 Path: /axis/x.r/x

122 CHAPTER 10. TUTORIALS ON VIEWING AND ST A TES

Figure 10.12: T ranslating from the Bottom View

  VIEWING
  BUTTON MENU

==>
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

Figure 10.13: A Righ t View of the Co ordinate Axes

  SOL EDIT

  *SOLID EDIT*

  edit menu

  Rotate

  Translate

  Scale

  (BUTTON MENU)

==>

                     A
                     B

                                                  C
                                                  D

                 ** SOLID -- x:

                  V (-7.6356, 0.0000, -5.8329)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

                 ** PATH --  /axis/x.r/x:

                  V (-7.6356, 0.0000, -5.8329)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)

 Path: /axis/x.r/x

124 CHAPTER 10. TUTORIALS ON VIEWING AND ST A TES

Figure 10.14: T ranslating from the Righ t View

Sele ct “R ight” in the Button menu

mged> se d x

Sele ct “T r anslate” in the Solid Edit menu

mged>

The righ t hand view has b een selected. Mo del +X still pro ceeds to the righ t,

but no w mo del +Z is at the top of the screen, and mo del +Y is p oin ting out of

the screen. This new configuration is depicted in Figure 10.13. The surface of

the viewing screen and the graphics tablet is the XZ plane. Edit c hanges using

the graphics tablet will affect only the X and Z co ordinates of the solid. Select

differen t p oin ts on the tablet with the mouse and notice the c hanges in the V

co ordinates; only the X and Z comp onen ts c hange, as in Figure 10.14.

Sele ct “REJECT Edit” in the Button menu

10.8.4 F ron t View

Sele ct “R ight” in the Button menu

mged> se d x

Sele ct “T r anslate” in the Solid Edit menu

mged>

The fron t view has b een selected. Mo del +X p oin ts out of the screen, mo del

+Y p oin ts to the righ t, and mo del +Z p oin ts to w ards the top of the screen, as

sho wn in Figure 10.15, whic h has b een sligh tly rotated off the preset view to

impro v e the legibilit y of the axis lab els. The surface of the viewing screen and

the graphics tablet is the YZ plane. Edit c hanges will affect only the Y and Z

co ordinates of the primitiv e, as sho wn in Figure 10.16. Select differen t p oin ts

on the tablet with the mouse and notice the c hanges in the co ordinates.

Sele ct “REJECT Edit” in the Button menu

10.8.5 35, 25 View

Sele ct “35,25” in the Button menu

mged> se d x

Sele ct “T r anslate” in the Solid Edit menu

mged>

Figure 10.17 is the 35,25 view of the axes mo del. The axes are no longer

parallel or p erp endicular to the viewing surface or to the graphics tablet. Edit

c hanges using the graphics tablet will affect all of the co ordinates of the solid, in

a manner that is visually in tuitiv e when the solid is mo v ed around on the screen.

Select differen t p oin ts on the tablet with the mouse and notice the c hanges in

the co ordinates, suc h as in Figure 10.18. Note ho w all three comp onen ts of the

V v ector ha v e c hanged.

Sele ct “REJECT Edit” in the Button menu

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=37.342 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

Figure 10.15: A F ron t View of the Co ordinate Axes

  SOL EDIT

  *SOLID EDIT*

  edit menu

  Rotate

  Translate

  Scale

  (BUTTON MENU)

                                  A
                                   B

                                  C
                                   D

                 ** SOLID -- x:

                  V (0.0000, -3.5299, -7.7075)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

                 ** PATH --  /axis/x.r/x:

                  V (0.0000, -3.5299, -7.7075)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=37.342 MILLIMETERS, ang=(0.00, 0.00, 0.00)

 Path: /axis/x.r/x

10.8. EDITING IN THE PLANE OF THE SCREEN 127

Figure 10.16: T ranslating from the F ron t View

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=37.342 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

Figure 10.17: An Oblique 35,25 View of the Co ordinate Axes

  SOL EDIT

  *SOLID EDIT*

  edit menu

  Rotate

  Translate

==>

  Scale

  (BUTTON MENU)

                                                           A
                                                            B

                                              C
                                               D

                 ** SOLID -- x:

                  V (-2.7925, 7.0863, -3.8109)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

                 ** PATH --  /axis/x.r/x:

                  V (-2.7925, 7.0863, -3.8109)
                  H (10.0000, 0.0000, 0.0000) Mag=10.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -0.5000, 0.0000) Mag=0.500000
                  B (0.0000, 0.0000, -0.5000) Mag=0.500000
                  c = 0.500000, d = 0.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=37.342 MILLIMETERS, ang=(0.00, 0.00, 0.00)

 Path: /axis/x.r/x

10.8. EDITING IN THE PLANE OF THE SCREEN 129

Figure 10.18: T ranslating in the 35,25 View

Chapter 11

TUTORIALS ON

EDITING SOLIDS

The Solid Editing state of MGED is used to mo dify the fundamen tal parameters

of an individual solid. Eac h solid m ust b e mo dified individually .

11.1 Solid Edit: A Six-Sided P olyhedron

This section illustrates the use of commands while in SOL EDIT state to

alter the shap e of a p olyhedron with six sides and 8 faces (ARB8).

$ mge d es.g

BRL-CAD Release 3.0 Graphics Editor (MGED) Compilation 82

Thu Sep 22 08:08:39 EDT 1988

mike@video.brl:/cad/.mged.4d2

es.g: No such file or directory

Create new database (y|n)[n]? y

attach (nu|tek|tek4109|ps|plot|sgi)[nu]? sgi

ATTACHING sgi (SGI 4d)

Untitled MGED Database (units=mm)

mged> in arb8 rpp -1 1 -1 1 -1 1

mged> size 10

mged>

Figure 11.1 is a top view of the six-sided p olyhedron. The Z-axis p erp en-

dicular to the viewing screen. Next, the view is rotated so that all sides can b e

seen.

mged> Twist R OTY knob clo ckwise and r estor e

mged> Twist R OTX knob c ounter-clo ckwise and r estor e

mged>

  VIEWING
  (BUTTON MENU)

==>

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.1: T op View of ARB8

  VIEWING
  (BUTTON MENU)

==>

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.2: A Rotated View of the ARB8

Figure 11.2 sho ws a b etter p ersp ectiv e of the solid.

The next step in this tutorial is to transfer to the solid edit state. This

can b e accomplished in t w o w a ys: either b y going through the SOL PICK

state (“illuminate mo de”) or b y direct transfer via k eyb oard command. Using

illuminate mo de is b etter when the name of the solid to b e edited ma y not b e

kno wn, while the k eyb oard command is generally preferred when the name of

the solid is kno wn.

mged> Sele ct the “Solid Il lum” entry in the button menu

mged> Move the mouse out of the menu ar e a

mged> Click the mouse to enter SOL EDIT state

mged>

T o p erform a direct transfer from the viewing state to the solid edit state

using a k eyb oard command, en ter:

mged> se d arb8

mged>

Figure 11.3 corresp onds to the view on the displa y . The ARB8 MENU is

unique to the ARB primitiv e, and lists op erations that can only b e p erformed

on an ARB solid. The items in the ARB8 MENU are selected b y using the

mouse. Eac h of the other t yp es of solids ha v e a similar unique men u. When

one of these items is selected, the top lev el ARB8 MENU disapp ears, to b e

replaced with the indicated sub ordinate men u. The top-lev el men u reapp ears

when either the “edit men u” item in the SOLID EDIT men u is selected, or the

“RETURN” item in the sub ordinate men u is selected.

The SOLID EDIT men u applies to all solids when in the SOL EDIT state.

The items in the SOLID EDIT men u are selected b y either using the mouse

or b y depressing the appropriate button on the button b o x. When an y of the

SOLID EDIT men u items are selected (eg, “Rotate”, “T ranslate”, “Scale”), the

solid-sp ecific men u disapp ears. Th top-lev el solid-sp ecific men u reapp ears when

the “edit men u” item in the SOLID EDIT men u is selected.

The p [p ar ams] command is used to mak e precise c hanges, where the n umeric

v alue of the parameter b eing edited is kno w. V alues for all parameters in the

ARB8 and SOLID EDIT men us can b e sp ecified b y using the p command, or

b y p oin ting and clic king with the mouse.

11.1.1 T ranslate Op eration

mged> Sele ct the “T r anslate” entry in the solid e dit menu

mged> p 0 0 0

mged>

P oin t 1 of the primitiv e is mo v ed to p oin t 0 0 0, as sho wn in Figure 11.4.

The translate solid op eration is selected b y either pic king “T ranslate” on

the solid edit men u with the mouse, b y depressing the solid edit button on the

button b o x, or b y en tering the pr ess se d command. P arameters to the translate

solid op eration are of the form p a b c where a , b , and c are the new co ordinates

  SOL EDIT
  ARB MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU

==>
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                1

                                                2

                                                      3

                                                      4
                                5

                                6

                                      7

                                      8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.3: An ARB8 in Solid Edit State

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                           2

                                                3

                                                4
                           5

                           6

                                7

                                8

                 ** SOLID -- arb8:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 2.0000, 0.0000)
                  3 (0.0000, 2.0000, 2.0000)
                  4 (0.0000, 0.0000, 2.0000)
                  5 (-2.0000, 0.0000, 0.0000)
                  6 (-2.0000, 2.0000, 0.0000)
                  7 (-2.0000, 2.0000, 2.0000)
                  8 (-2.0000, 0.0000, 2.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.4: T ranslating ARB8 P oin t 1 to the Origin

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum
                                                1

                                                    2

                                                        3

                                                    4

                                5

                                    6

                                        7

                                    8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 0.4142, 0.4142)
                  3 (1.0000, -1.0000, 1.8284)
                  4 (1.0000, -2.4142, 0.4142)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 0.4142, 0.4142)
                  7 (-1.0000, -1.0000, 1.8284)
                  8 (-1.0000, -2.4142, 0.4142)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.5: Solid Edit Rotation of 45 Degrees ab out X

of p oin t 1 in the solid. The other p oin ts are transferred to k eep the same p osition

relativ e to p oin t 1. The general form of the new co ordinates for p oin t is

x ’ = x + a - x

y ’ = y + b - y

Z ’ = Z + c - Z

The command

mged> p 1 -1 -1

mged>

can b e used to restore the primitiv e to the original p osition.

11.1.2 Rotate Op eration

The rotate op eration is initiated b y either selecting Rotate on the men u screen with the mouse, b y depressing the Solid Rotate button on the button

b o x, or b y en tering the pr ess sr ot command on the k eyb oard.

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 45 0 0

mged>

The parameter p command is used to mak e precise rotation c hanges. The

command is en tered in the form p a b c where a , b , and c are the angles (in

degrees) of rotation ab out the x, y , and z axes resp ectiv ely . P oin t 1, the v ertex,

remains fixed, and the solid is rotated ab out this p oin t. A p ositiv e angle of

rotation is coun ter-clo c kwise when view ed in the p ositiv e direction along an

axis.

The order of rotation is not comm utativ e. Rotation tak es place ab out the

Z axis, Y axis, and X axis in that order. Figure 11.5 sho ws the rotation of 45

degrees ab out the X axis.

The v alues en tered after the p are absolute - the rotations are applied to the

primitiv e as it existed when solid rotation w as first selected. Th us en tering p 0

0 0 will undo an y rotations p erformed since solid rotation w as b egun.

mged> p 0 45 0

mged>

Figure 11.6 displa ys the solid after it has b een rotated ab out the Y axis.

mged> p 0 0 45

mged>

Figure 11.7 displa ys the solid after it has b een rotated ab out the Z axis.

mged> p 0 0 0

mged>

This restores the original orien tation of the solid.

11.1.3 Scale Op eration

mged> Sele ct the “Sc ale” entry in the solid e dit menu

mged> p 2

mged>

Figure 11.8 corresp onds to the view that is sho wn on the displa y . The scale

op eration ma y b e initiated b y either selecting the Scale en try on the men u with

the mouse, b y depressing the Solid Scale button, or b y en tering pr ess ssc ale on

the k eyb oard. The parameter command p n is used to en ter a precise scale

factors, where n is the scale factor. The co ordinates of p oin t 1 remain the same.

The distances from p oin t 1 to the other p oin ts are m ultiplied b y the scale v alue

n . The general equations for the transformation from p oin t p to p’ are

x’[i] = x[i] + n (x[i] - x[1] )

y’[i] = y[i] + n (y[i] - y[1] ) i != 1

z’[i] = z[i] + n (z[i] - z[1] )

The size of the primitiv e ma y b e c hanged b y depressing the mouse at differen t

p ositions. When the mouse is clic k ed, the edited primitiv e is scaled ab out p oin t

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum
                                                1

                                                2

                                                                3

                                                                4

                                         5

                                         6

                                                        7

                                                        8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (2.4142, 1.0000, 0.4142)
                  4 (2.4142, -1.0000, 0.4142)
                  5 (-0.4142, -1.0000, 0.4142)
                  6 (-0.4142, 1.0000, 0.4142)
                  7 (1.0000, 1.0000, 1.8284)
                  8 (1.0000, -1.0000, 1.8284)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.6: Solid Edit Rotation of 45 Degrees ab out Y

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum
                                                1

                                     2

                                          3

                                                      4

                                     5

                         6

                               7

                                          8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (-0.4142, 0.4142, -1.0000)
                  3 (-0.4142, 0.4142, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-0.4142, -2.4142, -1.0000)
                  6 (-1.8284, -1.0000, -1.0000)
                  7 (-1.8284, -1.0000, 1.0000)
                  8 (-0.4142, -2.4142, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.7: Solid Edit Rotation of 45 Degrees ab out Z

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

==>

                                                1

                                                2

                                                           3

                                                           4

                5

                6

                           7

                           8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 3.0000, -1.0000)
                  3 (1.0000, 3.0000, 3.0000)
                  4 (1.0000, -1.0000, 3.0000)
                  5 (-3.0000, -1.0000, -1.0000)
                  6 (-3.0000, 3.0000, -1.0000)
                  7 (-3.0000, 3.0000, 3.0000)
                  8 (-3.0000, -1.0000, 3.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.8: ARB8 Scale Increased b y 2X

  SOL EDIT
  ARB8 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14
  move edge 15

==>
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize

                                              1

                                                2

                                                      3

                                                      4

                              5

                                6

                                      7

                                      8

                 ** SOLID -- arb8:
                  1 (1.0000, -2.0000, -2.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -2.0000, -2.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.9: ARB8 Edge 15 Mo v ed Through (9, -2, -2)

1 (the k ey p oin t) b y an amoun t prop ortional to the distance the mouse is from

the cen ter of the screen. If the mouse is ab o v e the cen ter of the screen, the edited

primitiv e will b ecome larger. If the mouse is b elo w the cen ter, the primitiv e will

b ecome smaller.

The v alue of n en tered is applied to the primitiv e as it existed when the solid

scale state w as en tered.

En tering p 1 will return the primitiv e to the size it had when the solid scale

op eration first started.

mged> p 1

mged>

  SOL EDIT
  ARB8 EDGES
  move edge 12

==>
  move edge 23
  move edge 34
  move edge 14
  move edge 15
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize

                                                      1

                                                      2

                                                      3

                                                      4
                                5

                                6

                                      7

                                      8

                 ** SOLID -- arb8:
                  1 (2.0000, -1.0000, -2.0000)
                  2 (2.0000, 1.0000, -2.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.10: ARB8 Edge 12 Mo v ed Through (2, 5, -2)

  SOL EDIT
  ARB8 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14

==>
  move edge 15
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize

                                                        1

                                                2

                                                      3

                                                              4

                                5

                                6

                                      7

                                      8

                 ** SOLID -- arb8:
                  1 (2.0000, -2.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (2.0000, -2.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.11: ARB8 Edge 14 Mo v ed Through (2, -2, 7)

11.1.4 Mo ving Edges

The mo v e edge command p ermits the mo ving of a line or edge so that the line

passes through the selected p oin t.

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “move e dges” entry in the ARB menu

mged> Sele ct the “move e dge 15” entry in the ARB8 e dges menu

mged> p 9 -2 -2

mged>

The edge 15 is mo v ed so that it passes through the p oin t (9, -2, -2). The

co ordinates of the new p oin ts 1 and 5 are the in tersection of the new edge with

the planes 234 and 678. Since b oth the old edge and new edge 15 are parallel

to the X axis, the X co ordinate of the p oin t giv en b y the p command has no

meaning. The X co ordinates for p oin ts 1 and 5 are not c hanged. See Figure

11.9.

mged> p 9 -1 -1

mged>

This restores the original shap e. The c hoice of “9” for the X co ordinate w as

arbitrary .

mged> Sele ct the “move e dge 12” entry in the ARB8 e dges menu

mged> p 2 5 -2

mged>

The edge 12 is parallel to the Y axis. This command mo v es the p oin ts 1

and 2 so that their X and Z co ordinates are 2 and -2. See Figure 11.10. The Y

co ordinates are not c hanged.

T o restore the view, en ter:

mged> p 1 5 -1

mged>

The c hoice of “5” for the Y co ordinate w as arbitrary .

mged> Sele ct the “move e dge 14” entry in the ARB8 e dges menu

mged> p 2 -2 7

mged>

The edge 14 is parallel to the Z axis. This command mo v es the p oin ts 1

and 4 so that their X and Y co ordinates are 2 and -2. See Figure 11.11. The Z

co ordinates are not c hanged.

mged> p 1 -1 7

mged>

This restores the original shap e. The c hoice of “7” for the Z co ordinate w as

arbitrary .

11.1.5 Extrude Command

The extrude command is used to mo v e the opp osite surface a distance from

the sp ecified surface or plate. This command can only b e used when an ARB

  SOL EDIT
  ARB8 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14

==>
  move edge 15
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize

                                                1

                                                2

                                                              3

                                                              4

                                5

                                6

                                              7

                                              8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 4.0000)
                  4 (1.0000, -1.0000, 4.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 4.0000)
                  8 (-1.0000, -1.0000, 4.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.12: ARB8 Rear F ace Extruded 5 Units in -Z

  SOL EDIT
  ARB8 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14

==>
  move edge 15
  move edge 26
  move edge 56
  move edge 67
  move edge 78
  move edge 58
  move edge 37
  move edge 48
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize

                                                1

                                                2

                                        3

                                        4

                                5

                                6

                        7

                        8

                 ** SOLID -- arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, -4.0000)
                  4 (1.0000, -1.0000, -4.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, -4.0000)
                  8 (-1.0000, -1.0000, -4.0000)

 cent=(0.000, 0.000, 0.000), sz=10.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb8

Figure 11.13: ARB8 Rear F ace Extruded 3 Units in +Z solid is in solid edit state.

mged> extrude 1265 5

mged>

In Figure 11.12, the plane opp osite surface whose p oin ts are 1, 2, 6, and 5 is

mo v ed to a distance of 5 in the p ositiv e Z direction from plane 1265. Note that

the p oin ts w ere selected coun ter-clo c kwise when view ed in the p ositiv e direction

along the Z axis.

mged> extrude 1562 3

mged>

In Figure 11.13, the plane opp osite surface 1562 is mo v ed to a distance of

3 in the negativ e Z direction from 1562. Note that the p oin ts w ere selected

clo c kwise when view ed in the p ositiv e direction along the Z axis.

mged> extrude 1265 2

mged>

This restores the original shap e of this solid.

T o return con trol to the VIEWING state, select the “REJECT Edit” item

on the button men u, press the “reject” button on the button b o x, or en ter the

command pr ess r eje ct on the k eyb oard. Then, en ter

mged> d arb8

mged>

to drop the ARB8 from view.

11.2 Solid Edit: A Fiv e-Sided P olyhedron

This tutorial illustrates the application of the SOL EDIT state to the ARB5

solid. In this tutorial, the view is mo dified b y using the rotation knobs so that

all sides can b e seen.

mged> size 6

mged> in arb5 arb5

Enter X, Y, Z for point 1: 0 0 0

Enter X, Y, Z for point 2: 0 0 1

Enter X, Y, Z for point 3: 0 1 1

Enter X, Y, Z for point 4: 0 1 0

Enter X, Y, Z for point 5: -1 .5 .5

mged>

Figure 11.14 is the displa y of arb5 in the VIEWING state that is seen when

the solid is first created. In this view, the Z axis is p erp endicular to the viewing

screen.

mged> Twist R OTY knob clo ckwise and r estor e

mged> Twist R OTX knob c ounter-clo ckwise and r estor e

mged>

These actions generate a view sho wn in Figure 11.15 that sho ws all sides.

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.14: T op View of an ARB5

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.15: A Rotated View of the ARB5

  SOL EDIT
  ARB MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                              2

                                               3

                                           4
                               5

                 ** SOLID -- arb5:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 0.0000, 1.0000)
                  3 (0.0000, 1.0000, 1.0000)
                  4 (0.0000, 1.0000, 0.0000)
                  5 (-1.0000, 0.5000, 0.5000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.16: The ARB5 in Solid Edit State

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum 1

                                    2

                                    3

                                 4
                     5

                 ** SOLID -- arb5:
                  1 (-1.0000, -1.0000, 1.0000)
                  2 (-1.0000, -1.0000, 2.0000)
                  3 (-1.0000, 0.0000, 2.0000)
                  4 (-1.0000, 0.0000, 1.0000)
                  5 (-2.0000, -0.5000, 1.5000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.17: T ranslating an ARB5

mged> Sele ct the “Solid Il lum” entry in the button menu

mged> Move the mouse out of the menu ar e a

mged> Click the mouse to enter SOL EDIT state

mged>

These actions will place MGED in the SOL EDIT state as sho wn in Figure

11.16.

11.2.1 T ranslate Op eration

mged> Sele ct the “T r anslate” entry in the solid e dit menu

mged> p -1 -1 1

mged>

This command cause p oin t 1 to b e mo v ed to co ordinates (-1, -1, 1) and the

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                             2

                                                3

                                              4

                                5

                 ** SOLID -- arb5:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, -0.7071, 0.7071)
                  3 (0.0000, 0.0000, 1.4142)
                  4 (0.0000, 0.7071, 0.7071)
                  5 (-1.0000, 0.0000, 0.7071)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.18: ARB5 Solid Edit Rotation ab out X

other p oin ts are mo v ed so that they k eep the same relativ e p osition to p oin t 1.

See Figure 11.17.

En ter this command to restore the solid to it’s original lo cation:

mged> p 0 0 0

mged>

11.2.2 Rotate Op eration

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 45 0 0

mged>

Figure 11.18 sho ws a rotation of 45 degrees ab out an axis parallel to the X

axis. The rotate command is en tered in the form p a b c where a , b , and c are

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale

==>
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                                  2

                                                   3

                                            4

                   5

                 ** SOLID -- arb5:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 0.0000, 2.0000)
                  3 (0.0000, 2.0000, 2.0000)
                  4 (0.0000, 2.0000, 0.0000)
                  5 (-2.0000, 1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.19: ARB5 Scale Increased b y 2X

the angles (in degrees) of rotation ab out the x, y , and z axes and in tersect at

p oin t 1. All rotation tak es place ab out p oin t 1.

mged> p 0 0 0

mged>

This restores the original orien tation of the solid.

11.2.3 Scale Op eration

mged> Sele ct the “Sc ale” entry in the solid e dit menu

mged> p 2

mged>

Figure 11.19 sho ws the c hange in the primitiv e. P oin t 1 remains the same

and the distances of the other p oin ts from p oin t 1 is m ultiplied b y 2.

  SOL EDIT
  ARB5 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14

==>
  move edge 15
  move edge 25
  move edge 35
  move edge 45
  move point 5
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                            1

                                              2

                                               3

                                                             4

                               5

                 ** SOLID -- arb5:
                  1 (1.0000, -0.5000, 1.0000)
                  2 (0.0000, 0.0000, 1.0000)
                  3 (0.0000, 1.0000, 1.0000)
                  4 (1.0000, 1.5000, 1.0000)
                  5 (-1.0000, 0.5000, 0.5000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.20: ARB5 Edge 14 Mo v ed Through (1, 1, 1)

En tering p 1 will return the primitiv e to the size it had when the solid scale

op eration first started.

mged> p 1

mged>

11.2.4 Mo v e Edge Command

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “move e dges” entry in the ARB menu

mged> Sele ct the “move e dge 14” entry in the ARB8 e dges menu

mged> p 1 1 1

mged>

The edge 14 is mo v ed so that it mo v es through the p oin t (1, 1, 1). Note that

  SOL EDIT
  ARB5 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14
  move edge 15
  move edge 25
  move edge 35
  move edge 45
  move point 5

==>
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                              2

                                               3

                                           4

                          5

                 ** SOLID -- arb5:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 0.0000, 1.0000)
                  3 (0.0000, 1.0000, 1.0000)
                  4 (0.0000, 1.0000, 0.0000)
                  5 (-1.5000, 1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.21: ARB5 P oin t 5 Mo v ed to (-1.5, 1, 1)

  SOL EDIT
  ARB5 EDGES
  move edge 12
  move edge 23
  move edge 34
  move edge 14
  move edge 15
  move edge 25
  move edge 35
  move edge 45

==>
  move point 5
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                                              2

                                               3

                                            4

                       5

                 ** SOLID -- arb5:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (0.0000, 0.0000, 1.0000)
                  3 (0.0000, 1.0000, 1.0000)
                  4 (0.0000, 1.7500, 0.2500)
                  5 (-1.7500, 0.8750, 1.1250)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.22: ARB5 Edge 45 Mo v ed Through (-1.5 1 1)

  SOL EDIT
  ARB5 EDGES
  move edge 12

==>
  move edge 23
  move edge 34
  move edge 14
  move edge 15
  move edge 25
  move edge 35
  move edge 45
  move point 5
  RETURN
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                                   1

                                                                              2
                                               3

                                           4
                               5

                 ** SOLID -- arb5:
                  1 (2.0000, 1.0000, -1.0000)
                  2 (2.0000, 1.0000, 2.0000)
                  3 (0.0000, 1.0000, 1.0000)
                  4 (0.0000, 1.0000, 0.0000)
                  5 (-1.0000, 0.5000, 0.5000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /arb5

Figure 11.23: ARB5 Edge 12 Mo v ed Through (2, 1, 2) this p oin t is the mid-p oin t b et w een p oin ts 1 and 4. See Figure 11.20.

mged> p 0 2 0

mged>

This restores the original shap e.

mged> Sele ct the “move p oint 5” entry in the ARB5 e dges menu

mged> p -1.5 1 1

mged>

The p oin t 5 is mo v ed to lo cation -1.5, 1, 1. See Figure 11.21.

mged> p -1 .5 .5

mged>

will restore the original shap e.

mged> Sele ct the “move e dge 45” entry in the ARB5 e dges menu

mged> p -1.5 1 1

mged>

In Figure 11.22, the edge 45 is mo v ed so that it passes through the p oin t

(-1.5, 1, 1). Note that this p oin t lies b et w een the p oin ts 4 and 5.

mged> p -1 .5 .5

mged>

This restores the original shap e.

mged> Sele ct the “move e dge 12” entry in the ARB5 e dges menu

mged> p 2 1 2

mged>

In Figure 11.23, the edge 12 is mo v ed so that it passes through the p oin t (2,

1, 2). Note that the co ordinates corresp ond to p oin t 2.

The mo v emen t of the edges ma y yield unpredictable results when the edges

are not parallel to one of the axes.

T o return con trol to the VIEWING state, select the “REJECT Edit” item

on the button men u, press the “reject” button on the button b o x, or en ter the

command pr ess r eje ct on the k eyb oard. Then, en ter

mged> d arb5

mged>

to drop the ARB5 from view.

11.3 Solid Edit: Alter a Cylinder

This tutorial illustrates the application of the SOL EDIT state to cylinder

solids.

mged> size 12

mged> in cyl r c c

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of height (H) vector: 2 0 0

Enter radius: 1 mged>

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.24: T op View of a Cylinder

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.25: A Rotated View of the Cylinder

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A
                                          B

                                                          C
                                                        D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.26: A Cylinder in Solid Edit State

Figure 11.24 is the displa y of the cylinder solid when view ed from the top.

Since the Z axis is p erp endicular to the viewing screen, a view of all sides cannot

b e seen.

mged> Twist R OTY knob clo ckwise and r estor e

mged> Twist R OTX knob c ounter-clo ckwise and r estor e

mged>

These actions generate a view, Figure 11.25, that sho ws all sides.

mged> Sele ct the “Solid Il lum” entry in the button menu

mged> Move the mouse out of the menu ar e a

mged> Click the mouse to enter SOL EDIT state

mged>

Figure 11.26 is the view that displa ys the men u for the SOL EDIT state.

The p oin t V is at the origin (0,0,0) in this example and is in the middle of the

circle that con tains p oin ts A and B. H is the p oin t of the cen ter of the circle

that con tains p oin ts C and D. The co ordinates of H are the co ordinates of the

v ector from V to H and represen t the relativ e p osition of H to V. Mag is the

magnitude of these v ectors and is represen ted b y the form ula

Mag = sqrt( x + y + z )

“H dir cos” are the direction cosines of the v ector H whic h is p erp endicular

to plane of the p oin ts A, B, and V. The co ordinates of A are the co ordinates

of the v ector from V through A. Mag is the magnitude of the v ectors from V

to A. The co ordinates of B are the co ordinates of the v ectors from V through

B. Mag is the magnitude of the v ector from V to B. The v alues for c and d are

the magnitudes of the v ectors from the tip of v ector H to the p oin ts C and D

resp ectiv ely . “A x B dir cos” represen ts the direction cosines of the v ector “A

x B”.

11.3.1 T ranslate Op eration

mged> Sele ct the “T r anslate” entry in the solid e dit menu

mged> p 1 1 1

mged>

The lo cation of the v ertex p oin t V is mo v ed to (1, 1, 1). The lo cations of

the other p oin ts relativ e to V remains the same. See Figure 11.27.

Mo v e the mouse an ywhere on the screen (outside the men u area), and clic k.

Notice that the cylinder is mo v ed so that V is placed at this lo cation, and the

co ordinates of the other p oin ts remain the same relativ e to V.

mged> p 0 0 0

mged>

This restores the solid to the original lo cation.

11.3.2 Rotate Op eration

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                  A
                                                B

                                                                C
                                                              D

                 ** SOLID -- cyl:
                  V (1.0000, 1.0000, 1.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.27: T ranslating Cylinder V ertex to (1, 1, 1)

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           A

                                          B

                                                         C

                                                        D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 1.0000, 0.0000) Mag=1.000000
                  B (0.0000, 0.0000, 1.0000) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.28: Solid Edit Rotation of 45 Degrees ab out X

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                        A
                                              B

                                                   C
                                                         D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (1.4142, 0.0000, -1.4142) Mag=2.000000
                  H dir cos=(45.0, 90.0, 135.0), rot=90.0, fb=-45.0
                  A (-0.5000, 0.7071, -0.5000) Mag=1.000000
                  B (0.5000, 0.7071, 0.5000) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(45.0, 90.0, 135.0), rot=90.0, fb=-45.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.29: Solid Edit Rotation of 45 Degrees ab out Y

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                        A
                                       B

                                                  C
                                                 D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (1.4142, 1.4142, 0.0000) Mag=2.000000
                  H dir cos=(45.0, 45.0, 90.0), rot=45.0, fb=0.0
                  A (-0.5000, 0.5000, -0.7071) Mag=1.000000
                  B (-0.5000, 0.5000, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(45.0, 45.0, 90.0), rot=45.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.30: Solid Edit Rotation of 45 Degrees ab out Z mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 45 0 0

mged>

When viewing in the p ositiv e X direction, the cylinder is rotated coun ter-

clo c kwise 45 degrees ab out an axis through p oin t V parallel to the x axis. See

Figure 11.28.

mged> p 0 45 0

mged>

When viewing in the p ositiv e Y direction, the cylinder is rotated coun ter-

clo c kwise 45 degrees ab out an axis through p oin t V parallel to the Y axis. See

Figure 11.29.

mged> p 0 0 45

mged>

When viewing in the p ositiv e Z direction, the cylinder is rotated coun ter-

clo c kwise 45 degrees ab out an axis through p oin t V parallel to the Z axis. See

Figure 11.30.

The command

mged> p 0 0 0

mged>

will restore the cylinder to the original orien tation.

11.3.3 Scale Op eration

mged> Sele ct the “Sc ale” entry in the solid e dit menu

mged> p 1.5

mged>

The p oin t V remains fixed, the distance H b et w een the t w o end-plate ellipses

is m ultiplied b y 1.5. See Figure 11.31.

The command

mged> p 1

mged>

restores the original scale.

11.3.4 Scale H Command

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “sc ale H” entry in the TGC menu

mged> p 1

mged>

The magnitude of the v ector H is reduced from 2 to 1. See Figure 11.32.

The command

mged> p 2

mged>

will restore the original shap e.

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale

==>
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                            A

                                          B

                                                                 C

                                                               D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (3.0000, 0.0000, 0.0000) Mag=3.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 1.0607, -1.0607) Mag=1.500000
                  B (0.0000, 1.0607, 1.0607) Mag=1.500000
                  c = 1.500000, d = 1.500000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.31: Cylinder Scale Increased b y 1.5X

  SOL EDIT
  TGC MENU
  scale H

==>
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A
                                          B

                                                   C
                                                 D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (1.0000, 0.0000, 0.0000) Mag=1.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.32: Cylinder Scale H V ector

  SOL EDIT
  TGC MENU
  scale H
  scale A

==>
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                             A

                                          B

                                                          C
                                                        D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 1.4142, -1.4142) Mag=2.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.33: Cylinder Scale A V ector

11.3.5 Scale A Command

mged> Sele ct the “sc ale A” entry in the TGC menu

mged> p 2

mged>

The magnitude of the v ector through p oin t A is increased to 2, ie, the length

of the axis of the ellipse through p oin t A is set equal to p. See Figure 11.33.

The command

mged> p 1

mged>

will restore the original shap e.

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B

==>
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A

                                         B
                                                          C
                                                        D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 1.4142, 1.4142) Mag=2.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.34: Cylinder Scale B V ector

11.3.6 Scale B Command

mged> Sele ct the “sc ale B” entry in the TGC menu

mged> p 2

mged>

The magnitude of the v ector through p oin t B is increased to 2, ie, the length

of the axis of the ellipse through p oin t B is set equal to p. See Figure 11.34.

The command

mged> p 1

mged>

will restore the original shap e.

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c

==>
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A
                                          B

                                                           C

                                                        D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 2.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.35: Cylinder Scale C V ector

11.3.7 Scale C Command

mged> Sele ct the “sc ale C” entry in the TGC menu

mged> p 2

mged>

The magnitude of the v ector through p oin t c is increased to the v alue of p.

The length of the axis of the ellipse through p oin t c is set equal to the v alue of

p. See Figure 11.35. The command

mged> p 1

mged>

will restore the original shap e.

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d

==>
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A
                                          B

                                                          C

                                                       D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (2.0000, 0.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 2.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.36: Cylinder Scale D V ector

11.3.8 Scale D Command

mged> Sele ct the “sc ale D” entry in the TGC menu

mged> p 2

mged>

The magnitude of the v ector through p oin t D is c hanged to the v alue of p.

The length of the axis of the ellipse through p oin t D is set equal to the v alue of

p. See Figure 11.36. The command

mged> p 1

mged>

will restore the original shap e.

The scale H, A, B, C, and D commands pro vide for setting the magnitude

equal to the v alue en tered b y the p command. The solid edit scale op eration

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H

==>
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                            A
                                          B

                                                                 C
                                                               D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (3.0000, 0.0000, 0.0000) Mag=3.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B (0.0000, 0.7071, 0.7071) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(0.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.37: Cylinder Mo v e End of H

pro vides for m ultiplying all the v ectors b y the v alue en tered b y the p command.

11.3.9 Mo v e End H Command

mged> Sele ct the “move end H” entry in the TGC menu

mged> p 3

mged>

The length of the v ector H is c hanged to the v alue of p. See Figure 11.37.

The command

mged> p 2

mged>

will restore the original shap e.

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)

==>
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum

                                           A

                                            B

                                                                C

                                                                 D

                 ** SOLID -- cyl:
                  V (0.0000, 0.0000, 0.0000)
                  H (3.0000, 0.0000, 0.0000) Mag=3.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (0.0000, -1.0000, 0.0000) Mag=1.000000
                  B (0.0000, 0.0000, -1.0000) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=12.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /cyl

Figure 11.38: Cylinder Mo v e End of H & Rotate

11.3.10 Mo v e End H (rt) Command

mged> Sele ct the “move end H(rt)” entry in the TGC menu

mged> p 3

mged>

This command is similar to the “mo v e end H” command except the v ector

through p oin t A is rotated so its direction is in the -Y direction. See Figure

11.38. The command

mged> p 2

mged>

will restore the original shap e, but not the original orien tation.

T o return con trol to the VIEWING state, select the “REJECT Edit” item

on the button men u, press the “reject” button on the button b o x, or en ter the

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.39: T op View of an Ellipsoid

command pr ess r eje ct on the k eyb oard. Then, en ter

mged> d cyl

mged>

to drop the cylinder from view.

11.4 Solid Edit: Alter Ellipsoid

This tutorial illustrates the application of the SOL EDIT state to the ellip-

soid primitiv e.

mged> press reset mged> size 6

mged> in el l el lg

Enter X, Y, Z of vertex: 0 0 0

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                         A

                                          B
                                            C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500066
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500066
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.40: An Ellipsoid in Solid Edit State

Enter X, Y, Z of vector A: 1 0 0

Enter X, Y, Z of vector B: 0 .3536 -0.3536

Enter X, Y, Z of vector C: 0 .3536 0.3536

mged>

Figure 11.39 is the displa y of the primitiv e in the viewing state. Since the Z

axis is p erp endicular to the viewing screen, a view of all sides cannot b e seen.

mged> Twist R OTY knob clo ckwise and r estor e

mged> Twist R OTX knob c ounter-clo ckwise and r estor e

mged>

These actions generate a view that sho ws all sides.

mged> Sele ct the “Solid Il lum” entry in the button menu

mged> Move the mouse out of the menu ar e a

mged> Click the mouse to enter SOL EDIT state

mged>

The displa y will b e c hanged from the VIEWING MODE through the SOL

PICK to the SOL EDIT state. Figure 11.40 is the view that is displa y ed.

The co ordinates of the p oin ts A, B, C, are giv en b y the pro duct of the

magnitude of the v ector and the cosine of X, Y, and Z direction cosines. In the

displa y , the co ordinates are:

A = (1, 0, 0)

B = (0, 0.3536, -0.3536)

C = (0, 0.3536, 0.3536)

or

A = ( 1* cos 0, 1* cos 90, 1* cos 90 )

B = (.5* cos 90, .5* cos 45, -.5* cos 45 )

C = (.5* cos 90, .5* cos 45, .5* cos 45 )

11.4.1 T ranslate Op eration

mged> Sele ct the “T r anslate” entry in the solid e dit menu

mged> p -1 1 1

mged>

The k ey p oin t V is mo v ed to (-1, 1, 1) and the ellipsoid main tains its relativ e

p osition to V. See Figure 11.41.

While in the SOL EDIT state, the solid ma y b e translated b y using the

mouse. These c hanges are not n umerically exact, but they can b e useful to

visually p osition a solid with resp ect to other solids. Mo v e the mouse to a

p osition outside the men u area on the screen. Clic k the mouse. The cen ter

p oin t (V) of the ellipsoid will b e translated to that p oin t. Note that only the

v alue of the co ordinates of V are c hanged. The command

mged> p 0 0 0

mged>

will restore the original p osition.

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                               A

                                B
                                  C

                 ** SOLID -- ell:
                  V (-1.0000, 1.0000, 1.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500066
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500066
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.41: T ranslating Ellipsoid to (-1, 1, 1)

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                         A

                                           B

                                             C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.5001, 0.0000) Mag=0.500066
                  B dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  C (0.0000, 0.0000, 0.5001) Mag=0.500066
                  C dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=90.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.42: Solid Edit Rotation of 45 Degrees ab out X

11.4.2 Rotate Op eration

The rotate op eration is initiated b y either selecting Rotate on the men u

screen with the mouse, b y depressing the Solid Rotate button on the button

b o x, or b y en tering the pr ess sr ot command on the k eyb oard.

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 45 0 0

mged>

Figure 11.42 sho ws the rotation of the ellipsoid ab out its X axis. The angle

of rotation is coun ter-clo c kwise when view ed in the p ositiv e X direction. The

direction cosines of v ectors VB and V C are c hanged b y 45 .

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 0 45 0

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                  A

                                       B
                                               C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (0.7071, 0.0000, -0.7071) Mag=1.000000
                  A dir cos=(45.0, 90.0, 135.0), rot=90.0, fb=-45.0
                  B (-0.2500, 0.3536, -0.2500) Mag=0.500066
                  B dir cos=(120.0, 45.0, 120.0), rot=125.3, fb=-30.0
                  C (0.2500, 0.3536, 0.2500) Mag=0.500066
                  C dir cos=(60.0, 45.0, 60.0), rot=54.7, fb=30.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.43: Solid Edit Rotation of 45 Degrees ab out Y

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                     A

                                      B
                                         C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (0.7071, 0.7071, 0.0000) Mag=1.000000
                  A dir cos=(45.0, 45.0, 90.0), rot=45.0, fb=0.0
                  B (-0.2500, 0.2500, -0.3536) Mag=0.500066
                  B dir cos=(120.0, 60.0, 135.0), rot=135.0, fb=-45.0
                  C (-0.2500, 0.2500, 0.3536) Mag=0.500066
                  C dir cos=(120.0, 60.0, 45.0), rot=135.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.44: Solid Edit Rotation of 45 Degrees ab out Z mged>

Figure 11.43 sho ws the rotation of the ellipsoid ab out its Y axis. The angle

of rotation is coun ter-clo c kwise when view ed in the p ositiv e Y direction. The

rotation is made from the original view, and the restoration of the view is not

necessary .

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 0 0 45

mged>

Figure 11.44 sho ws the rotation of the ellipsoid ab out its Z axis. The axis

of rotation is coun ter-clo c kwise when view ed in the p ositiv e Z direction. The

command

mged> p 0 0 0

mged>

restores the original orien tation of the solid.

11.4.3 Scale Op eration

mged> Sele ct the “Sc ale” entry in the solid e dit menu

mged> p .5

mged>

P oin t V is not c hanged, but the distance from V to the surface of the ellipsoid

is m ultiplied b y 0.5, b ecause the magnitude of the v ectors are m ultiplied b y the

v alue of 0.5. See Figure 11.45.

Mo v e the mouse to a p osition outside the men u area and ab o v e the X axis,

and clic k the mouse. Notice that the size of the ellipsoid has gro wn, ie, the

magnitude of the v ectors ha v e increased. Mo v e the mouse to a p osition b elo w the

X axis, and clic k the mouse. Notice that the size of the ellipsoid has increased.

The command

mged> p 1

mged>

will restore the original scale.

NOTE: The use of the scale op eration from the Solid Edit men u will result

in the v alues of all the v ectors b eing m ultiplied b y the v alue of the scale. Use

of the scale op eraton from the Ellipsoid men u with a particular v ector A, B, or

C c hanges the magnitude of that v ector to the v alue of the scale.

11.4.4 Scale A Command

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “sc ale A” entry in the el lipsoid menu

mged> p 1.5

mged>

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale

==>
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                  A

                                          B
                                            C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (0.5000, 0.0000, 0.0000) Mag=0.500000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.1768, -0.1768) Mag=0.250033
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.1768, 0.1768) Mag=0.250033
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.45: Ellipsoid Scale Decreased

  SOL EDIT
  ELLIPSOID MENU
  scale A

==>
  scale B
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                                A

                                          B
                                            C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.5000, 0.0000, 0.0000) Mag=1.500000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500066
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500066
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.46: Ellipsoid Scale A V ector

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B

==>
  scale C
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                         A

                                       B

                                            C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 1.0607, -1.0607) Mag=1.500000
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500066
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.47: Ellipsoid Scale B V ector

The magnitude of the v ector to p oin t A is set equal to the v alue of p (eg

1.5). The comp onen ts of the v ector are (1.5, 0, 0) since the v ector w as parallel

to the X axis. See Figure 11.46. The command

mged> Sele ct the “sc ale A” entry in the TGC menu

mged> p 1

mged>

will restore the original shap e.

11.4.5 Scale B Command

mged> Sele ct the “sc ale B” entry in the El lipsoid menu

mged> p 1.5

mged>

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C

==>
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                         A

                                          B

                                               C

                 ** SOLID -- ell:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500000
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 1.0607, 1.0607) Mag=1.500000
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /ell

Figure 11.48: Ellipsoid Scale C V ector

The magnitude of the v ector to p oin t B is set equal to the v alue of p (eg 1.5).

The co ordinates of the v ector are the pro duct of p and the direction cosines of

B. See Figure 11.47. The command

mged> p 0.5

mged>

will restore the original shap e.

11.4.6 Scale C Command

mged> Sele ct the “sc ale C” entry in the El lipsoid menu

mged> p 1.5

mged>

The magnitude of the v ector to p oin t C is set equal to the v alue of p (ie, 1.5).

The co ordinates of the v ector are the pro duct of p and the direction cosines of

C. See Figure 11.48. The command

mged> p 0.5

mged>

will restore the original shap e.

T o return con trol to the VIEWING state, select the “REJECT Edit” item

on the button men u, press the “reject” button on the button b o x, or en ter the

command pr ess r eje ct on the k eyb oard. Then, en ter

mged> d el l

mged>

to drop the ellipsoid from view.

11.5 Solid Edit: Alter T orus

This tutorial illustrates the application of the SOL EDIT state to the torus

solid.

mged> size 6

mged> in tor tor

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of normal vector: 0 1 0

Enter radius 1: 1

Enter radius 2: 0.2

mged>

Figure 11.49 is the displa y of the torus solid in viewing state. Since the

Z-axis is p erp endicular to the viewing screen, a view of all sides cannot b e seen.

mged> Twist R OTY knob clo ckwise and r estor e

mged> Twist R OTX knob c ounter-clo ckwise and r estor e

mged>

These actions generate a view of the torus that sho ws all sides, as sho wn in

Figure 11.50.

mged> Sele ct the “Solid Il lum” entry in the button menu

mged> Move the mouse out of the menu ar e a

mged> Click the mouse to enter SOL EDIT state

mged>

The torus is a ring whose cross-section is a circle. The distance from the

v ertex to the cen ter of the cross-section is r1 and r2 is the radius of the circular

cross section.

Let the p oin ts I and O b e the in tersection of the line x=-z and the torus.

Then,

I = (-(r2-r1) cos 45, 0, (r2-r1) cos 45 )

O = (-(r2+r1) cos 45, 0, (r2+r1) cos 45 )

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 11.49: T op View of a T orus

  SOL EDIT
  TORUS MENU
  scale radius 1
  scale radius 2
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                      I

                                    O

                                     H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.50: The T orus in Solid Edit State

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum
                                   I

                                 O

                                  H

                 ** SOLID -- tor:
                  V (-0.5000, -1.0000, 0.5000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.51: T ranslating a T orus

11.5.1 T ranslate Op eration

mged> Sele ct the “T r anslate” entry in the solid e dit menu

mged> p -.5 -1 .5

mged>

The v ertex V of the torus is mo v ed to (-.5, -1, .5). See figure 11.51. The

co ordinates of the other p oin ts remain the same, relativ e to the v ertex. The

command

mged> p 0 0 0

mged>

will restore the original p osition.

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                      I
                                   O

                                     H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 0.7071, 0.7071)
                  N dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0
                  I (-0.5657, -0.4000, 0.4000)
                  O (-0.8485, -0.6000, 0.6000)
                  H (0.0000, 0.1414, 0.1414)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.52: T orus Solid Edit Rotation ab out X

11.5.2 Rotate Op eration

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 45 0 0

mged>

The torus is rotated 45 degrees coun ter-clo c kwise ab out the p ositiv e X axis.

The co ordinates of the p oin ts I and H are transformed using the follo wing ma-

trix:

[x’] [1 0 0 ] [x]

[y’]=[0 .7071 -.7071] [y]

[z’] [0 .7071 .7071] [z]

See Figure 11.52.

mged> p 0 45 0

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                               I

                                                 O

                                                H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (0.0000, 0.0000, 0.8000)
                  O (0.0000, 0.0000, 1.2000)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.53: T orus Solid Edit Rotation ab out Y

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                         I
                                        O

                                      H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.000000, r2=0.200000
                  N (-0.7071, 0.7071, 0.0000)
                  N dir cos=(135.0, 45.0, 90.0), rot=135.0, fb=0.0
                  I (-0.4000, -0.4000, 0.5657)
                  O (-0.6000, -0.6000, 0.8485)
                  H (-0.1414, 0.1414, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.54: T orus Solid Edit Rotation ab out Z

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale

==>
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                    I

                                O

                                  H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.500000, r2=0.300000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.8485, 0.0000, 0.8485)
                  O (-1.2728, 0.0000, 1.2728)
                  H (0.0000, 0.3000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.55: T orus Scale Increased

mged>

The torus is rotated 45 degrees coun ter-clo c kwise ab out the p ositiv e Y axis.

See Figure 11.53.

mged> p 0 0 45

mged>

The torus is rotated 45 degrees coun ter-clo c kwise ab out the p ositiv e Z axis.

See Figure 11.54. The original orien tation is restored b y en tering

mged> p 0 0 0

mged>

11.5.3 Scale Op eration

mged> Sele ct the “Sc ale” entry in the solid e dit menu

  SOL EDIT
  TORUS MENU
  scale radius 1

==>
  scale radius 2
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                   I

                                 O

                                  H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.500000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.9192, 0.0000, 0.9192)
                  O (-1.2021, 0.0000, 1.2021)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.56: Scale T orus Radius 1

mged> p 1.5

mged>

The v ertex remains the same and all distances from the v ertex are m ultiplied

b y 1.5, the v alue en tered with p. See Figure 11.55. T o return to the original

scale, en ter

mged> p 1

mged>

11.5.4 Scale Radius 1 Command

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “sc ale r adius 1” entry in the TOR US menu

mged> p 1.5

  SOL EDIT
  TORUS MENU
  scale radius 1
  scale radius 2

==>
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                        I

                                  O

                                     H

                 ** SOLID -- tor:
                  V (0.0000, 0.0000, 0.0000)
                  r1=1.000000, r2=0.500000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.3536, 0.0000, 0.3536)
                  O (-1.0607, 0.0000, 1.0607)
                  H (0.0000, 0.5000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=6.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /tor

Figure 11.57: Scale T orus Radius 2

mged>

The distance from the v ertex to the cen ter of the cross-section of the ring

is set equal to the v alues giv en with p , eg, 1.5. See Figure 11.56. The original

scale can b e restored with

mged> p 1

mged>

11.5.5 Scale Radius 2 Command

mged> Sele ct the “e dit menu” entry in the solid e dit menu

mged> Sele ct the “sc ale r adius 2” entry in the TOR US menu

mged> p 0.5

mged>

The distance from the cen ter of the cross-section of the ring is set equal to

the v alue giv en with p , eg 0.5. This v alue m ust remain less than the v alue for

r1. See Figure 11.57. The command

mged> p 0.2

mged>

will restore the original shap e.

T o return con trol to the VIEWING state, select the “REJECT Edit” item

on the button men u, press the “reject” button on the button b o x, or en ter the

command pr ess r eje ct on the k eyb oard. Then, en ter

mged> d tor

mged>

to drop the torus from view.

Chapter 12

TUTORIALS ON

OBJECT EDITING

12.1 Ob ject Editing a Six-Sided P olyhedron

This tutorial illustrates the application of the OBJ EDIT state to the “arb8”

primitiv e. The editing of the arb8 illustrates the absolute mo v emen t of the

p oin ts.

mged> e arb8

vectorized in 0 seconds

mged> size 8

mged>

Sele ct the BUTTON MENU if not alr e ady displaye d.

Sele ct the Ob ject Illum menu entry.

Move the mouse away fr om the menu ar e a and sele ct twic e.

These op erations select an ob ject for editing. Con trol is passed through the

OBJ PICK and OBJ P A TH states to the OBJ EDIT state. The displa y

should lo ok similar to Figure 12.1.

12.1.1 Scale Op eration

mged> sc ale 0.5

mged>

As alw a ys, the selected op eration op erates with resp ect to the k ey v ertex –

p oin t 1 remains the same, and the distances from p oin t 1 to the other p oin ts

are m ultiplied b y the scale factor. See Figure 12.2. What will happ en if another

scale 0.5 command is giv en? The scale op erator is an absolute op erator. It

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

                                                      1

                                                      23

                                                      4

                                5

                                67

                                8

                 ** PATH --  /arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -1.0000, 1.0000)
                  5 (-1.0000, -1.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -1.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

Figure 12.1: “arb8” Ob ject Edit; T op View

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

                                                      1

                                                      23

                                                      4

                                           5

                                           67

                                           8

                 ** PATH --  /arb8:
                  1 (1.0000, -1.0000, -1.0000)
                  2 (1.0000, 0.0000, -1.0000)
                  3 (1.0000, 0.0000, 0.0000)
                  4 (1.0000, -1.0000, 0.0000)
                  5 (0.0000, -1.0000, -1.0000)
                  6 (0.0000, 0.0000, -1.0000)
                  7 (0.0000, 0.0000, 0.0000)
                  8 (0.0000, -1.0000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

Figure 12.2: “arb8” Ob ject Edit; Scaled b y 0.5

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move

==>
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                1

                                                23

                                                4

                           5

                           67

                           8

                 ** PATH --  /arb8:
                  1 (0.5000, -2.0000, 1.5000)
                  2 (0.5000, 0.0000, 1.5000)
                  3 (0.5000, 0.0000, 3.5000)
                  4 (0.5000, -2.0000, 3.5000)
                  5 (-1.5000, -2.0000, 1.5000)
                  6 (-1.5000, 0.0000, 1.5000)
                  7 (-1.5000, 0.0000, 3.5000)
                  8 (-1.5000, -2.0000, 3.5000)

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

Figure 12.3: “arb8” Ob ject Edit; T ranslated to (0.5, -2, 1.5)

sets the scale factor asso ciated with a particular transformation matrix. It do es

not m ultiply the curren t transformation matrix scale factor b y the new scale

factor.

12.1.2 X, Y, and XY Mo v e Op eration

mged> sc ale 1

mged> tr anslate .5 -2 1.5

mged>

Sele ct the X mo v e menu entry.

The first t w o commands undo the effects of the previous scale op eration, and

translate the k ey p oin t to (0.5, -2, 1.5). The co ordinates of the other p oin ts are

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move

==>
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                   1

                                                                  2

                                                                  3

                                                   4

                                                                  5

                                                                                 6

                                                                                 7

                                                                  8

                 ** PATH --  /arb8:
                  1 (-1.2903, -0.2097, 1.5000)
                  2 (-1.2903, 1.7903, 1.5000)
                  3 (-1.2903, 1.7903, 3.5000)
                  4 (-1.2903, -0.2097, 3.5000)
                  5 (-3.2903, -0.2097, 1.5000)
                  6 (-3.2903, 1.7903, 1.5000)
                  7 (-3.2903, 1.7903, 3.5000)
                  8 (-3.2903, -0.2097, 3.5000)

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

Figure 12.4: XY Mo v e

c hanged accordingly; preserving their distances relativ e to p oin t 1 (see Figure

12.3). The last op eration ab o v e placed MGED in to a state where the k ey p oin t

of the ob ject will trac k the X comp onen t of successiv e selects, but not the Y

comp onen t. Note that on some displa ys p oin t 1 ma y not b e directly visible. It

is actually b ehind p oin t 4. W atc h the area listing the information concerning

“arb8” as selections are made.

Do sever al sele cts while moving the cursor slow ly in a cir cle.

Observ e that only the X axis information c hanges. Similarly , the Y mo v e

trac ks only c hanges in the Y axis, and XY mo v e trac ks c hanges in b oth axes.

mged> pr ess 45,45

mged>

Do sever al mor e sele cts while moving the cursor slow ly in a cir cle.

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move

==>
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           1

                              2

                                             3
                                                          4

                                   5

                      6

                                     7
                                                   8

                 ** PATH --  /arb8:
                  1 (0.0000, 0.0000, 0.0000)
                  2 (-1.2247, 0.2537, 1.5607)
                  3 (0.1895, -0.4535, 2.7854)
                  4 (1.4142, -0.7071, 1.2247)
                  5 (-0.7071, -1.8536, -0.2537)
                  6 (-1.9319, -1.5999, 1.3070)
                  7 (-0.5176, -2.3070, 2.5318)
                  8 (0.7071, -2.5607, 0.9711)

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/arb8

Figure 12.5: “arb8” Rotated b y (30, 45, 60)

This time, mo ving p oin t 1 mo difies the mo del x and y axes (observ e the

c hanges in the list of v ertices). If Y mo v e is selected, all three sets of axes are

mo dified. These op erators w ork in screen space, not mo del space, so using them

with an oblique view mo v es the mo del in more than one axis (Figure 12.4 for

example)..

12.1.3 Rotate Op eration

mged> pr ess r eset

mged> tr anslate 0 0 0

mged> r otobj 30 45 60

mged>

The primitiv e is rotated 60, 45, and 30 ab out the z, y , and x axes in that

order as sho wn in Figure 12.5. Note that the co ordinates of the p oin ts are

c hanged when scaling, translation, and rotation are p erformed.

mged> pr ess r eset

mged> d arb8

mged>

If an ob ject whic h is b eing edited is deleted from view, MGED transitions

bac k in to the VIEWING state.

12.2 Ob ject Editing an Ellipsoid

mged> e el lg

mged>

Sele ct the 45,45 button menu entry.

Sele ct the Ob ject Illum button menu entry.

Move the cursor outside the menu ar e a and sele ct twic e.

Con trol is again passed from the OBJ PICK state through the OBJ P A TH

state to the OBJ EDIT state. When editing a cylinder, ellipsoid, or torus, the

co ordinates of the primitiv es are set relativ e to the cen ter of the primitiv e, and

are not c hanged b y an y translation of the primitiv e. Figure 12.6 represen ts the

displa y .

12.2.1 Scale Op eration

mged> sc ale 2

mged>

The magnitudes of the v ectors from the cen ter V to the p oin ts A, B, and C

are m ultiplied b y the scale factor 2. The lo cation of the cen ter V is unc hanged.

See Figure 12.7.

12.2.2 Mo v e Op erations

mged> sc ale 1

mged>

Sele ct the XY mo v e buttom menu entry.

Move the cursor to some lo c ation away fr om the menu ar e a and sele ct.

The as with the arb8 in the previous section, the ellipsoid is mo v ed in the

mo del space plane parallel to the plane of the screen so the k ey p oin t (v ertex V)

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

                                   A B

                                              C

                 ** PATH --  /ellg:
                  V (0.0000, 0.0000, 0.0000)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500000
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500000
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/ellg

Figure 12.6: Ob ject Edit; Ellipse view ed from 45,45 preset

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

==>

                            A

                                                B

                                                C

                 ** PATH --  /ellg:
                  V (0.0000, 0.0000, 0.0000)
                  A (2.0000, 0.0000, 0.0000) Mag=2.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.7071, -0.7071) Mag=1.000000
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.7071, 0.7071) Mag=1.000000
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/ellg

Figure 12.7: Ob ject Edit; Ellipse scaled up b y 2

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move

==>
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                                   A B

                                                             C

                 ** PATH --  /ellg:
                  V (-0.0225, 2.0528, -1.4356)
                  A (1.0000, 0.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (0.0000, 0.3536, -0.3536) Mag=0.500000
                  B dir cos=(90.0, 45.0, 135.0), rot=90.0, fb=-45.0
                  C (0.0000, 0.3536, 0.3536) Mag=0.500000
                  C dir cos=(90.0, 45.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/ellg

Figure 12.8: Ob ject Edit; Ellipse T ranslated is “placed at” the p oin t corresp onding to the cursor lo cation. Note that there is

no explicit con trol o v er the lo cation of the p oin t with resp ect to screen Z (depth

in the viewing cub e); the selected p oin t has the same screen Z as the original

p oin t. The screen should lo ok similar to Figure 12.8.

mged> d el lg

mged>

12.3 Ob ject P ath and Ob ject Edit

This section illustrates the use of the OBJ P A TH state to select the n um b er

of ob jects that are affected b y one edit command. In the previous sections the

user w as sho wn ho w to manipulate only one primitiv e. A group of primitiv es

ma y also b e edited as a single en tit y . This section sho ws ho w an en tire group

ma y b e edited without addressing eac h individual primitiv e.

MGED generally has sev eral w a ys to ac hiev e a particular result. In this

section, k eyb oard commands are used instead of the con trol buttons and the

displa y men u. The creation and sa ving of sp ecial primitiv es is illustrated.

In the database, the original primitiv es are cen tered around the origin.

Copies of these primitiv es will b e made, translated a w a y from the origin and

sa v ed for future editing.

12.3.1 Organize the Primitiv es and Groups

mged> cp arb8 arb8.s

mged> cp el lg el lg.s

mged> cp tgc tgc.s

mged> cp tor tor.s

mged>

Figure 12.9 sho ws the four primitiv es; arb8.s, ellg.s, tgc.s, and tor.s. One

con v en tion frequen tly used b y exp erienced mo delers is to tac k an iden tifying

suffix on the names of the v arious primitiv es and ob jects. Often, a “.s” suffix

denotes a solid , a “.r” denotes a r e gion and a “.g” denotes a gr oup (note that

this is a differen t “.g” from the “.g” suffix used with filenames.).

mged> size 16

mged> se d arb8.s

mged> pr ess sxy

mged> p 3 -3 1

mged> pr ess ac c ept

mged>

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=8.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Primitive Objects

Figure 12.9: Stac k ed Primativ es

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Primitive Objects

Figure 12.10: Primativ es After T ranslation

Sev eral things happ ened in the ab o v e sequence. The net result is that the

solid arb8.s w as “unstac k ed” using a Solid Edit so it is more visible. The same

sequence of op erations will b e p erformed with the other ob jects to mo v e them

to other lo cations.

mged> se d el lg.s

mged> pr ess sxy

mged> p -3 3 1

mged> pr ess ac c ept

mged> se d tgc.s

mged> pr ess sxy

mged> p -3 -3 1

mged> pr ess ac c ept

mged> se d tor.s
mged> pr ess sxy

mged> p 3 3 1

mged> pr ess ac c ept

mged>

The screen should no w lo ok lik e Figure 12.10. The next step is to group the

primitiv es

mged> g a.g tgc.s arb8.s

mged> g b.g el lg.s tor.s

mged> g c.g a.g b.g

mged> B c.g

vectorized in 0 sec

mged> tr e e c.g

| c.g_____________| a.g_____________| tgc.s

| arb8.s

| b.g_____________| ellg.s

| tor.s

mged>

The gr oup op erator ( g ) generates an ob ject, named b y the first argumen t,

whic h is the union of all ob jects named in succeeding argumen ts. Therefore,

the ob ject “a.g” is comp osed of the union of “tgc.s” and “arb8.s”. Lik ewise, the

ob ject “c.g” is the union of “a.g” and “b.g”. The next command in the ab o v e

sequence is called the blast command. It is effectiv ely a zap ( Z ) follo w ed b y an

e dit ( e ).

The final command is the tr e e command. It is in tended to giv e the user some

idea of the hierarc hical structure of an ob ject. It presen ts a tree laid on it’s side.

The ro ot is at the left, and the lea v es are at the righ t. A v ertical bar denotes a

connection at a giv en lev el, with the pro viso that a v ertical bar ha ving a line of

underscores coming in from the left represen ts the start of a particular subtree

when read from top do wn (“ellg.s” and “arb8.s” do not ha v e a common paren t).

mged> pr ess oil l

mged>

Move the cursor up and down the scr e en until the primitive “tor.s” is il lumi-

nate d, then sele ct

Selecting the solid “tor.s” transitions MGED in to the OBJ P A TH state,

and establishes “tor.s” as the reference solid for an y future editing op erations.

Note that the name “tor.s” is sho wn in the upp er left corner of the displa y , and

on the second status line at the b ottom of the displa y (Figure 12.11).

The OBJ P A TH state has little meaning unless there is more than one

path or group in the displa y . One of the follo wing paths ma y b e selected:

c.g/b.g/ MA TRIX /tor.s

  OBJ PATH
  c.g
  b.g
  [MATRIX]
  tor.s
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.g/b.g/__MATRIX__/tor.s

Figure 12.11: Ob ject P ath With “tor.s” as Reference Solid

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                             I

                                              O
                                              H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (3.0000, 3.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.g/b.g/__MATRIX__/tor.s

Figure 12.12: Ob ject Edit With “tor.s” as Reference Solid

c.g/ MA TRIX /b.g/tor.s

MA TRIX /c.g/b.g/tor.s

Although the torus primitiv e has b een selected as the reference solid, the

p osition of MA TRIX determines the exten t of the effects of the edit. The

first c hoice affects only the torus. The second c hoice affects ev erything under

the group “b.g” (the torus and ellipsoid). The third c hoice affects all of the

primitiv es. Remem b er though, that in all cases, what is b eing edited is the

Homogeneous T ransformation Matrix (though t of as the arc connecting ob jects),

not the underlying solid.

12.3.2 Editing One Primitiv e

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                             I

                                              O
                                              H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (1.0000, 1.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.g/b.g/__MATRIX__/tor.s

Figure 12.13: Ob ject Edit Affecting T orus Only

Move the cursor up and down until /c.g/b.g/ MATRIX /tor.s app e ars in the

b ottom status line, then sele ct.

Figure 12.12 is the new displa y . Note that the torus is illuminated. The

OBJ EDIT state has b een reac hed.

mged> tr anslate 1 1 1

mged>

The k ey p oin t of the torus is mo v ed to 1, 1, 1. The other primitiv es are not

mo v ed. See Figure 12.13.

mged> pr ess r eje ct

mged>

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                             I

                                              O
                                              H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (3.0000, 3.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.g/__MATRIX__/b.g/tor.s

Figure 12.14: T orus and Ellipsoid Selected for Ob ject Edit

12.3.3 Editing a Group of Tw o Primitiv es

mged> pr ess oil l

mged>

Move the cursor up and down the scr e en until the primitive “tor.s” is il lumi-

nate d, then sele ct.

Move the cursor up and down until /c.g/ MATRIX /b.g/tor.s app e ars in the

b ottom status line, then sele ct.

Con trol has again b een passed to the OBJ EDIT state. Notice that b oth the

torus and ellipsoid are illuminated (Figure 12.14. Although only the parameters

for the torus will b e c hanged in the displa y , the ellipsoid in group “b.g” will b e

affected b y the edit.

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                      I

                                       O
                                       H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (3.0000, 1.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.g/__MATRIX__/b.g/tor.s

Figure 12.15: T orus and Ellipsoid T ranslated b y (3, 1, 1)

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                             I

                                              O
                                              H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (3.0000, 3.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/c.g/b.g/tor.s

Figure 12.16: All Primitiv es Selected for Ob ject Edit

mged> tr anslate 3 1 1

mged>

The k ey p oin t of the torus is mo v ed to 3, 1, 1. The ellipsoid is mo v ed b y the

same amoun t. See Figure 12.15.

mged> pr ess r eje ct

mged>

12.3.4 Editing Tw o Groups of F our Primitiv es

mged> pr ess oil l

mged>

  OBJ EDIT
  *OBJ EDIT*
  Scale
  X move
  Y move
  XY move
  Rotate
  Scale X
  Scale Y
  Scale Z
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                         I

                                          O
                                           H

                 ** PATH --  /c.g/b.g/tor.s:
                  V (3.0000, 2.0000, 1.0000)
                  r1=1.000000, r2=0.200000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.5657, 0.0000, 0.5657)
                  O (-0.8485, 0.0000, 0.8485)
                  H (0.0000, 0.2000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=16.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /__MATRIX__/c.g/b.g/tor.s

Figure 12.17: All Primitiv es T ranslated b y (3, 2, 1)

Move the cursor up and down the scr e en until the primitive “tor.s” is il lumi-

nate d, then sele ct.

Move the cursor up and down until / MATRIX /c.g/b.g/tor.s app e ars in the

b ottom status line, then sele ct.

Con trol has again b een passed to the OBJ EDIT state. Notice that all of

the primitiv es are illuminated (Figure 12.16). Although only the parameters

for the torus will b e c hanged in the displa y , the ellipsoid in group “b.g” will b e

affected b y the edit.

mged> tr anslate 3 2 1

mged>

The k ey p oin t of the torus is mo v ed to 3, 2, 1. All other primitiv es are mo v ed b y the same amoun t. See Figure 12.17.

mged> pr ess r eje ct

mged>

Con trol has no w returned to the VIEWING state.

Chapter 13

BUILDING A SET OF

COORDINA TE AXES

MGED do es not displa y a set of XYZ co-ordinate axes on the screen. When

y ou are in the 35,25 (isometric) viewing state the axes are p ositioned as in

Figure 13.1. This database can b e found in cad/db/axis.g.

If y ou w ould lik e a set of co ordinate axes to assist in mo del building, the

easiest thing to do is to construct three axes using ”rcc” cylinder primitiv es via

the ”in” command;

mged> in x r c c 0 0 0 50 0 0 1

mged> in y r c c 0 0 0 0 100 0 1

mged> in z r c c 0 0 0 0 0 150 1

mged>

with the short leg as the ”x” axis, next longer leg the ”y” axis and longest

leg the ”z” axis, as in Figure 13.2. No w, at an y stage through construction of

the mo del, the ’solid’ or ’ob ject illuminate’ mo de can b e used to iden tify whic h

axis cylinder is going where; they will ha v e the solid names of ”x”, ”y”, and

”z”. The name of the solid will also b e displa y ed in the top left hand corner of

the graphics windo w and at the b ottom of this windo w.

Before going on to create a mo del, construct the three axes cylinders with

the ”in” commands men tioned ab o v e. Select the ”button men u” in the upp er

left corner of the graphics windo w to enable the button men u, and select 35, 25

from this men u. Y our axis will b e displa y ed as sho wn in Figure 13.2.

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=30.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 X,Y,Z Coordinate Axis

222 CHAPTER 13. BUILDING A SET OF COORDINA TE AXES

Figure 13.1: The Mo del Axes View ed from 35,25

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=300.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 RMIT axis demo

Figure 13.2: Example Axes View ed form 35,25

Chapter 14

BUILDING A TIN

W OODSMAN

The purp ose of this tutorial is to demonstrate ho w to build a mo del using

a few basic primitiv es. The mo del to b e constructed is a tin w o o dsman. The

four primitiv es used in the construction of the tin w o o dsman are an ARB8,

a cylinder, an ellipsoid, and a torus. These four primitiv es will b e duplicated

sev eral times, and eac h cop y will b e mo dified using solid editing, to obtain the

required shap es. The finished v ersion of this database can b e found in the

BRL-CAD P ac k age file “db/w o o dsman.g”.

14.1 Create Primitiv es

$ mge d wo o dsman.g

BRL-CAD Release 3.0 Graphics Editor (MGED) Compilation 82

Thu Sep 22 08:08:39 EDT 1988

mikel@video.br:/cad/.mged.4d2

woodsman.g: No such file or directory

Create new database (y|n)[n]? y

attach (nu|tek|tek4109|ps|plot|sgi)[nu]? sgi

ATTACHING sgi (SGI 4d)

Untitled MGED Database (units=mm)

mged> size 20

mged> title A Tin Wo o dsman

mged> in solid8 rpp

Enter XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX: -1 1 -1 1 -1 1

mged> in torus tor

Enter X, Y, Z of vertex: 0 0 0

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

14.1. CREA TE PRIMITIVES 225

Figure 14.1: W o o dsMan Primitiv es

Enter X, Y, Z of normal vector: 0 1 0

Enter radius 1: 1

Enter radius 2: 0.2

mged> in el lipsoid el lg

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of vector A: 1 0 0

Enter X, Y, Z of vector B: 0 0.5 0

Enter X, Y, Z of vector C: 0 0 0.5

mged> in cylinder r c c

Enter X, Y, Z of vertex: 0 0 0

Enter X, Y, Z of height (H) vector: 2 0 0

Enter radius: 1

mged>

A t this p oin t, the screen should lo ok lik e Figure 14.1.

14.2 Cop y Primitiv es and Set Up for Edit

Although eigh t copies of the ellipsoid and t w o copies of the cylinder shall b e

used in the final solid, few er copies are made initially since there is replication

in the editing of these primitiv es.

mged> cp el lipsoid e.2

mged> cp el lipsoid e.6

mged> cp cylinder c.1

mged> cp solid8 s.1

mged> cp torus t.1

mged> Z

mged> e e.* c.1 t.1 s.1

vectorized in 0 sec

mged>

14.3 Create F unnel Hat

The solid “cylinder” has a heigh t v ector (“H”) whic h is 2mm long. This will

b e used to go o d adv an tage, to mak e the Tin W o o dsman’s funnel hat, with the

b o wl of the funnel b eing 2mm high, and the tub e of the funnel b eing 2mm long.

The tub e of the funnel will p oin t straigh t up the +Y axis.

mged> se d c.1

mged> Sele ct the “R otate” entry in the solid e dit menu

mged> p 0 45 90

mged>

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate

==>
  Translate
  Scale
  (BUTTON MENU)

                                       A B

                                       C D

                 ** SOLID -- c.1:
                  V (0.0000, 0.0000, 0.0000)
                  H (0.0000, 2.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (-1.0000, 0.0000, 0.0000) Mag=1.000000
                  B (0.0000, 0.0000, 1.0000) Mag=1.000000
                  c = 1.000000, d = 1.000000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.1

Figure 14.2: F unnel Bo wl Cylinder After Rotation

  SOL EDIT
  TGC MENU
  scale H
  scale A
  scale B
  scale c
  scale d
  scale A,B
  scale C,D

==>
  scale A,B,C,D
  rotate H
  rotate AxB
  move end H(rt)
  move end H
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  (BUTTON MENU)

                                       A B

                                           CD

                 ** SOLID -- c.1:
                  V (0.0000, 0.0000, 0.0000)
                  H (0.0000, 2.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (-1.0000, 0.0000, 0.0000) Mag=1.000000
                  B (0.0000, 0.0000, 1.0000) Mag=1.000000
                  c = 0.100000, d = 0.100000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.1

Figure 14.3: F unnel Bo wl Cylinder After End Scaling

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

Figure 14.4: F unnel Bo wl Cylinder After Mo ving

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           AB

                                           CD

                 ** SOLID -- c.2:
                  V (0.0000, 4.2000, 0.0000)
                  H (0.0000, 2.0000, 0.0000) Mag=2.000000
                  H dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  A (-0.1000, 0.0000, 0.0000) Mag=0.100000
                  B (0.0000, 0.0000, 0.1000) Mag=0.100000
                  c = 0.100000, d = 0.100000
                  AxB dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /c.2

Figure 14.5: F unnel T ub e Scaled and P ositioned

This places the cylinder so that the lines BD and A C are at the outer ends

of the cylinder. See Figure 14.2.

Next, the cylinder is shap ed to lo ok lik e the top of a funnel. The v ectors c

and d are scaled.

Sele ct the “e dit menu” entry in the solid e dit menu

Sele ct the “sc ale c” entry in the TGC menu

mged> p .1

Sele ct the “sc ale d” entry in the TGC menu

mged> p .1

mged>

Figure 14.3 is the new shap e of the cone. Note ho w the on-screen displa y

records the new lengths of the “c” and “d” v ectors. This cone m ust b e mo v ed

to the planned lo cations for the top of the head.

Sele ct the “T r anslate” entry in the solid e dit menu

mged> p 0 2.2 0

Sele ct the “A CCEPT Edit” entry in the button menu

mged>

The b ottom of the hat is no w prop erly shap ed and p ositioned. The new

v ersion of the solid “c.1” has b een sa v ed in the mo del database. The editor

returns to the viewing state. See Figure 14.4.

A cop y of the sa v ed “c.1” cone is made. A b ypro duct of the cp command

is to displa y the new solid, as if the cp c.1 c.2 command had b een immediately

follo w ed b y an e c.2 command. This new solid will b e edited to mak e the nec k

of the funnel, whic h is the top of the hat. The “c.2” cop y of the cone m ust b e

scaled do wn to b ecome a tub e and the tub e m ust b e placed on top of the cone

“c.1”.

mged> cp c.1 c.2

mged> se d c.2

Sele ct “sc ale A,B” in the TGC menu

mged> p 0.1

Sele ct “T r anslate” in the Solid Edit menu

mged> p 0 4.2 0

Sele ct “A CCEPT Edit” in the Button menu

mged>

Figure 14.5 is the new shap e of the funnel tub e. The w o o dsman’s hat is

comprised of solids c.1 and c.2.

14.4 Building the Head

The head of our Tin W o o dsman is p erfectly spherical, and will b e lo cated at

co ordinates (0, 2, 0). While it w ould b e p ossible to duplicate the ellipsoid

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

Figure 14.6: Head Sphere

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                        IOH

                 ** SOLID -- t.1:
                  V (0.0000, 1.0000, 0.0000)
                  r1=1.000000, r2=0.100000
                  N (0.0000, 1.0000, 0.0000)
                  N dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  I (-0.6364, 0.0000, 0.6364)
                  O (-0.7778, 0.0000, 0.7778)
                  H (0.0000, 0.1000, 0.0000)

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /t.1

Figure 14.7: The W o o dsman’s Collar

solid created ab o v e, and mo difiy it to pro duce the desired sphere, since all the

parameters of the head sphere are kno wn, it is more economical simply to use

the in command to construct it directly . Figure 14.6 sho ws the results of this

op eration.

mged> in e.1

Enter solid type: sph

Enter X, Y, Z of vertex: 0 2 0

Enter radius: 1

mged>

  SOL EDIT
  ARB MENU
  move edges
  move faces
  rotate faces
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                               1

                                               23

                                               4

                                       5

                                       67

                                       8

                 ** SOLID -- s.1:
                  1 (1.0000, -2.0000, -1.0000)
                  2 (1.0000, 1.0000, -1.0000)
                  3 (1.0000, 1.0000, 1.0000)
                  4 (1.0000, -2.0000, 1.0000)
                  5 (-1.0000, -2.0000, -1.0000)
                  6 (-1.0000, 1.0000, -1.0000)
                  7 (-1.0000, 1.0000, 1.0000)
                  8 (-1.0000, -2.0000, 1.0000)

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /s.1

Figure 14.8: The W o o dsman’s Bo dy

14.5 Building the Collar

The torus (primitiv e t.1) is used to build a collar b et w een the head and the

b o dy . The ring of the collar is scaled to 0.1 of its original size, and rep ositioned

at the base of the head. The results of this step are sho wn in Figure 14.7.

mged> se d t.1

Sele ct “sc ale r adius 2” in the TOR US menu

mged> p 0.1

Sele ct “T r anslate” in the Solid Edit menu

mged> p 0 1 0

Sele ct “A CCEPT Edit” in the Button menu

mged>

  SOL EDIT
  ELLIPSOID MENU
  scale A
  scale B
  scale C

==>
  scale A,B,C
  *SOLID EDIT*
  edit menu
  Rotate
  Translate
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

                                           A

                                          B C

                 ** SOLID -- e.2:
                  V (0.0000, 0.0000, 0.0000)
                  A (0.0000, 1.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (-0.1768, 0.0000, 0.1768) Mag=0.250000
                  B dir cos=(135.0, 90.0, 45.0), rot=-90.0, fb=45.0
                  C (0.1768, 0.0000, 0.1768) Mag=0.250000
                  C dir cos=(45.0, 90.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /e.2

14.6. BUILDING THE BOD Y 235

Figure 14.9: An Upp er Arm Protot yp e

14.6 Building the Bo dy

The ARB8 (primitiv e s.1) is used to build the b o dy . The original heigh t of s.1 is

only 2mm; the required length of the b o dy is 3mm, so the extrusion command

is used to adjust the p osition of the lo w er (-Y) face of the solid. The result is

sho wn in Figure 14.8.

mged> se d s.1

mged> extrude 2367 3

Sele ct “A CCEPT Edit” in the Button menu

mged>

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

Figure 14.10: The W o o dsman’s Arms

14.7 Building the Arms

The ellipsoid primitiv e (e.2) is used to build the upp er and lo w er parts of the

left and righ t arms. The original solid “e.2” is orien ted with the ma jor axis of

the ellipse orien ted along the X axis. The arms need to ha v e the ma jor axis

orien ted along the Y axis, so first the solid is rotated. A more graceful arm

is obtained b y decreasing the length of the B and C v ectors, and the resulting

upp er arm solid can b e seen in Figure 14.9.

mged> se d e.2

Sele ct “R otate” in the Solid Edit menu

mged> p 0 45 90

Sele ct “e dit menu” in the Solid Edit menu

Sele ct “sc ale B” in the ELLIPSOID menu

mged> p 0.25

Sele ct “sc ale C” in the ELLIPSOID menu

mged> p 0.25

mged>

This e.2 solid will no w b e mo v ed in to final p osition as the upp er left arm.

Then it will b e duplicated three times to mak e the rest of the arm parts. Finally ,

eac h new arm part will b e translated in to the prop er p osition, as seen in Figure

14.10.

Sele ct “T r anslate” in the Solid Edit menu

mged> p -1.3 0 0

Sele ct “A CCEPT Edit” in the Button menu – This is the upp er left arm

mged> cp e.2 e.3

mged> cp e.2 e.4

mged> cp e.2 e.5

mged> se d e.3

Sele ct “T r anslate” in the Solid Edit menu

mged> p -1.3 -2 0

Sele ct “A CCEPT Edit” in the Button menu – This is the lower left arm

mged> se d e.4

Sele ct “T r anslate” in the Solid Edit menu

mged> p 1.3 0 0

Sele ct “A CCEPT Edit” in the Button menu – This is the upp er right arm

mged> se d e.5

Sele ct “T r anslate” in the Solid Edit menu

mged> p 1.3 -2 0

Sele ct “A CCEPT Edit” in the Button menu – This is the lower right arm

mged>

  SOL EDIT
  *SOLID EDIT*
  edit menu
  Rotate
  Translate

==>
  Scale
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum A

                                       B C

                 ** SOLID -- e.6:
                  V (-0.5000, -3.0000, 0.0000)
                  A (0.0000, 1.0000, 0.0000) Mag=1.000000
                  A dir cos=(90.0, 90.0, 90.0), rot=90.0, fb=0.0
                  B (-0.3536, 0.0000, 0.3536) Mag=0.500000
                  B dir cos=(135.0, 90.0, 45.0), rot=-90.0, fb=45.0
                  C (0.3536, 0.0000, 0.3536) Mag=0.500000
                  C dir cos=(45.0, 90.0, 45.0), rot=90.0, fb=45.0

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Path: /e.6

Figure 14.11: The First Leg

  VIEWING
  BUTTON MENU
  REJECT Edit
  ACCEPT Edit
  35,25
  Top
  Right
  Front
  45,45
  Restore View
  Save View
  Ang/Dist Curs
  Reset Viewsize
  Solid Illum
  Object Illum

 cent=(0.000, 0.000, 0.000), sz=20.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

Figure 14.12: The Tin W o o dsman

14.8 Building the Legs

The ellipsoid primitiv e (e.6) is used as a protot yp e to build the upp er and lo w er

parts of b oth legs from. The primitiv e e.6 is scaled, rotated, and translated in to

p osition as the upp er left leg, as seen in Figure 14.11. Then, copies are made

and translated to the remaining p ositions, just lik e the arms w ere.

mged> se d e.6

Sele ct “R otate” in the Solid Edit menu

mged> p 0 45 90

Sele ct “T r anslate” in the Solid Edit menu

mged> p -0.5 -3 0

Sele ct “A CCEPT Edit” in the Button menu – This is the upp er left le g

mged> cp e.6 e.7

mged> cp e.6 e.8

mged> cp e.6 e.9

mged> se d e.7

Sele ct “T r anslate” in the Solid Edit menu

mged> p -0.5 -5 0

Sele ct “A CCEPT Edit” in the Button menu – This is the lower left le g

mged> se d e.8

Sele ct “T r anslate” in the Solid Edit menu

mged> p 0.5 -3 0

Sele ct “A CCEPT Edit” in the Button menu – This is the upp er right le g

mged> se d e.9

Sele ct “T r anslate” in the Solid Edit menu

mged> p 0.5 -5 0

Sele ct “A CCEPT Edit” in the Button menu – This is the lower right le g

Figure 14.12 is the view on the screen, the Tin W o o dsman. T ak e a momen t

to use the rotation knobs to view the mo del from v arious angles.

14.9 Building Regions

So far, this example has concen trated on describing the basic shap es in v olv ed

in making the Tin W o o dsman, without concern for establishing a prop er hier-

arc hical structure. T o illustrate this p oin t, the v arious solids will b e group ed

b y purp ose and comp osition. First, a region will b e constructed to con tain the

torso, and the color of “cadet blue” will b e assigned:

mged> r torso.r u s.1

Defaulting item number to 1001

Creating region id=1000, air=0, los=100, GIFTmaterial=1

mged> mater torso.r

Material =

Material? (CR to skip) plastic

Param =

Parameter string? (CR to skip) [RETURN]

Color = (No color specified)

Color R G B (0..255)? (CR to skip) 95 159 159

Inherit = 0: lower nodes (towards leaves) override

Inheritance (0|1)? (CR to skip) [RETURN]

mged>

Second, a region will b e constructed to con tain the collar, whic h will b e

colored red:

mged> r c ol lar.r u t.1

Defaulting item number to 1003

Creating region id=1002, air=0, los=100, GIFTmaterial=1

mged> mater c ol lar.r

Material =

Material? (CR to skip) plastic

Param =

Parameter string? (CR to skip) [RETURN]

Color = (No color specified)

Color R G B (0..255)? (CR to skip) 255 127 0

Inherit = 0: lower nodes (towards leaves) override

Inheritance (0|1)? (CR to skip) [RETURN]

mged>

Third, a region will b e constructed to con tain all the lim bs, and a flesh color

will b e assigned. Ev en though none of the lim bs touc h eac h other, note ho w they

are com bined with the UNION op eration, to create a single ob ject of uniform

comp osition and color.

mged> r limbs.r u e.2 u e.3 u e.4 u e.5 u e.6 u e.7 u e.8 u e.9

Defaulting item number to 1001

Creating region id=1000, air=0, los=100, GIFTmaterial=1

mged> mater limbs.r

Material =

Material? (CR to skip) plastic

Param =

Parameter string? (CR to skip) [RETURN]

Color = 0 0 0

Color R G B (0..255)? (CR to skip) 255 200 160

Inherit = 0: lower nodes (towards leaves) override

Inheritance (0|1)? (CR to skip) [RETURN]

mged>

Next, the funnel needs to b e placed in a region. F or the sak e of simplicit y , the

funnel will b e solid, rather than ha ving a hollo w cen ter. Note that the in terior

of the funnel o v erlaps with the top of the W o o dsman’s head. The funnel can b e

made “form fitting” b y subtracting out the o v erlap zone:

mged> r funnel.r u c.1 - e.1 u c.2 - e.1

Defaulting item number to 1004

Creating region id=1003, air=0, los=100, GIFTmaterial=1

mged> mater funnel.r

Material =

Material? (CR to skip) plastic

Param =

Parameter string? (CR to skip) sh=100

Color = (No color specified)

Color R G B (0..255)? (CR to skip) 35 107 142

Inherit = 0: lower nodes (towards leaves) override

Inheritance (0|1)? (CR to skip) mged> l funnel.r

funnel.r (len 4) REGION id=1003 (air=0, los=100, GIFTmater=1) --

Material ’plastic’ ’sh=100’

Color 35 107 142

u c.1

- e.1

u c.2

- e.1

mged>

Note ho w the b o olean expression w as written. The concept that w e need to

express here is the com bination of all the funnel parts, min us the p ortion of the

head that o v erlaps with the inside of the funnel. The natural w a y to write this

is

(c.1 union c.2) - e.1

but note that there are no grouping op erations p ermitted in the r command.

F urthermore, for historic reasons, union op erations bind more lo osely than in ter-

section and subtraction, ie, there are implied groups b et w een union op erations.

Th us, the expression ab o v e needs to b e rewritten as the the form ula:

(c.1 - e.1) union (c.2 - e.1)

whic h with the binding precedence can b e expressed as:

c.1 - e.1 union c.2 - e.1

whic h is what w as en tered in the sequence ab o v e. T o see the effect that this

command had on the shap e of “funnel.r”, run these commands, the effect of

whic h is sho wn in Figure 14.13:

mged> Z

mged> E funnel.r

vectorized in 1 sec

mged>

These regions should b e group ed together in to a group, for con v enience in

referencing. This can b e done with these commands:

  VIEWING
  (BUTTON MENU)

 cent=(0.047, 3.505, 0.384), sz=5.063 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 A Tin Woodsman

Figure 14.13: Ev aluation of F unnel Hat Region mged> g man.g c ol lar.r funnel.r limbs.r torso.r

mged> Z

mged> e man.g

vectorized in 1 sec

mged>

The grouping g command com bined the regions, the Zap command Z cleared

the screen, and the edit e man.g command drew the whole ob ject. As an

exercise, run the database structure prin ting command tr e e man.g to obtain a

simple depiction of the tree structure that has b een created. F or the final step

of this example, the mo del will b e ra y-traced. Run the command:

mged> rt -s128

rt -s50 -M -s128 woodsman.g man.g

db title: A Tin Woodsman

Buffering single scanlines

initial dynamic memory use=35152.

Interpreting command stream in old format

GETTREE: 0.01 CPU secs in 1 elapsed secs (1%)

...................Frame 0...................

PREP: 0.01 CPU secs in 0.01 elapsed secs (100%)

shooting at 13 solids in 4 regions

model X(-2,2), Y(-6,7), Z(-2,2)

Beam radius=0.078125 mm, divergance=0 mm/1mm

SHOT: 3.73 CPU secs in 6 elapsed secs (62.1667%)

Additional dynamic memory used=29728. bytes

3515 solid/ray intersections: 1005 hits + 2510 miss

pruned 28.6%: 13647 model RPP, 8197 dups, 10740 RPP

Frame 0: 16384 pixels in 3.73 sec = 4392.49 pixels/sec

Frame 0: 16384 rays in 3.73 sec = 4392.49 rays/sec (RTFM)

Press RETURN to reattach

[RETURN]

mged>

Chapter 15

BUILDING A R OBOT

ARM

The mo del sho wn in Figure 15.1 will b e describ ed in a step b y step instruc-

tions on ho w to build and displa y this mo del.

This is the MGED input file:

in btm box 0 0 0 0 -90 0 40 0 0 0 0 6

in btm1 box 0 -90 0 0 -61.549 0 40 0 0 0 0 6

in rad rcc 20 -150 0 0 0 6 8

in cyl rcc 20 -45 6 0 0 30 20

in cyl1 rcc 20 -45 0 0 0 36 15.5

in cyl2 rcc 20 -45 0 0 0 36 12.5

in hole rcc 8 -8 0 0 0 6 3

in hole1 rcc 32 -8 0 0 0 6 3

cp hole1 hole2

in gus raw 21.5 -25.3 6 0 0 30 0 25.3 0 -3 0 0

in cnr box 0 0 0 6 6 0 6 0 0 0 0 6

in cnr1 box 34 0 0 0 -6 0 6 0 0 0 0 6

cp cnr cnr2

cp cnr1 cnr3

in rad1 rcc 6 -6 0 0 0 6 6

in rad2 rcc 34 -6 0 0 0 6 6

in head rcc 20 -45 36 0 0 30 18

in shaft rcc 20 -45 36 0 0 -50 12.5

in han rcc 20 -45 51 0 120 0 6

in ball sph 20 75 51 15

in cut box 20 -45 0 0 50 0 25 0 0 0 0 40

in squ box 12 -53 -14 0 16 0 16 0 0 0 0 -30

r handle u squ u shaft u han - ball

  VIEWING
  (BUTTON MENU)

 cent=(0.000, 0.000, 0.000), sz=342.000 MILLIMETERS, ang=(0.00, 0.00, 0.00)
 Untitled MGED Database

Figure 15.1: The RMIT Rob ot Arm r knob u ball

r cor u cnr2 + rad1

r cor1 u cnr3 + rad2

in hole4 rcc 20 -150 0 0 0 6 3

cp hole2 hole3

r base u btm u btm1 - hole2 - hole3 - hole4 u rad - hole4

g all base handle knob

size 300

e all

This is the MGED dialog:

mged mark

BRL Graphics Editor (MGED) Version 2.31

                                                                        Sat Oct 17 20:33:05 PDT 1987

                                                                        mg\@godzilla:/usr/staff/mg/brlcad/mged

mark: No such file or directory

Crete new database (y/n)[n]? y

attach (nu|tek|plot|ir) [nu]? nu

ATTACHING nu (Null Display)

Untitled MGED Database (units=mm)

mged> in btm box 0 0 0 0 -90 0 40 0 0 0 0 6

mged> in btm1 box

Enter X, Y, Z of vertex: 0 -90 0

Enter X, Y, Z of vector H: 0 -61.549 0

Enter X, Y, Z of vector W: 50 0 0 40 0 0

Enter X, Y, Z of vector D: 0 0 6

mged> in rad rcc 20 -150 0 0 0 6 8

mged> in cyl rcc

Enter X, Y, Z of vertex: 20 -45 6

Enter X, Y, Z of height (H) vector: 0 0 30

Enter radius: 20

mged> in cyl1 rcc 20 -45 0 0 0 36 15.5

mged> in cyl2 rcc 20 -45 0 0 0 36 12.5

mged> in hole rcc 8 -8 0 0 0 6 3

mged> in hl ole 1 rcc 2 32 -8 0 0 0 6 2 3

mged> cp hole1 hole2

mged> in gus raw

Enter X, Y, Z of vertex: 21.5 -25.3 6

Enter X, Y, Z of vector H: 0 0 30

Enter X, Y, Z of vector W: 0 25.3 6

Enter X, Y, Z of vector D: -3 0 0

mged> in cnr box 0 0 0 06 6 0 6 0 0 0 0 6

mged> incnr1 box 34 0 0 0 -6 0 6 0 0 0 0 6
incnr1: no such command, type ? for help

mged> in cnr1 box 34 0 0 0 -6 0 6 0 0 0 0 6

mged> cp cnf r cnr2

mged> in cp cnr1 cnr3

mged> in rad1 rcc 6 -6 0 0 0 6 6

mged> in rad2 rcc 34 -6 0 0 0 6 6

mged> in shaft rcc 20 -45 36 0 0 30 18

mged> in shaft rcc 20 -45 36 0 0 -50 12.5

mged> in han rcc 20 -45 51 0 120 0 6

mged> in ball sph

Enter X, Y, Z of vertex: 20 75 51

Enter radius: 15

mged> in cut box 20 -45 0 0 50 0 25 0 0 0 040

Enter Z: 03 NOTE: error again

mged> killall cut

mged> in cut box 20 -45 0 0 50 0 25 0 0 0 0 40

mged> in squ box 12 -53 -14 0 16 0 16 0 0 0 0- -30

mged> r handle + squ shaft u han u ball

Defaulting item number to 1001

Creating region id=1000, air=0, los=100, GIFT material=1

mged> r knob + ball

Defaulting item number to 1002

Creating region id=1001, air=0, los=100, GIFT material=1

mged> r cor + cnr2 + rad1

Defaulting item number to 1003

Creating region id=1002, air=0, los=100, GIFT material=1

mged> r cor1 + cnr3 + rad2

Defaulting item number to 1004

Creating region id=1003, air=0, los=100, GIFT material=1

mged> mater knob plastic

Was

Parameter string? n

Override material color (y/n)[n]? y

R G B (0..255)? 255 0 0 NOTE: This is color RED

mged> mater handle plastic

mged> Was

Parameter string? n

Override material color (y/n)[n]? y

R G B (0..255)? 219 147 112 NOTE: This is color TAN

mged> r base + btm u btm1 u gus cyl - cyl1 m1 - hole2 -hole3 -hole4 u rad-

hole4

mged> error in number of args! NOTE: Typing errors

mged> r base + btm u btm1 - hole2 - hole3 - hole4 u rad - hole4

Defaulting item number to 1005

Creating region id=1004, air=0, los=100, GIFTmaterial=1

dir_lookup: could not find "hole3"

skipping hole3

dir_lookup: could not find "hole4"

skipping hole4

dir_lookup: could not find "hole4"

skipping hole4

mged> t

ball cnr3 gus knob/

base/ cor/ han rad

btm cor1/ handle rad1

btm1 cut head rad2

cnr cyl hole shaft

cnr1 cyl1 hole1 squ

cnr2 cyl2 hole2

mged> in hole 4 rcc 20 -150 0 0 0 6 3

mged> cp hole2 hole3

mged> killall base NOTE: Redo "base" region

mged> r base + btm u btm1 - hole2 - hole3 - hole4 u rad - hole4

Defaulting item number to 1006

Creating region id=1005, air=0, los=100, GIFTmaterial=1

mged> g all base handle knob

mged> tree all

| all_________________| base_________| btm

| btm1

| hole2

| hole 3

| hole4

| rad

| hole4

| handle______________| squ

| shaft

| han

| ball

| knob________________| ball

| handle_______________| squ

| shaft

| han

| ball

| knob_________________| ball

mged> l base

base (len 9) REGION id=1005 (air=0, los=100, GIFTmater=1)--

                                   + btm

                                   u btm1

                                     - hole2

                                     - hole3

                                     - hole4

                                     u rad

                                     - hole4

                                     u handle

                                     u knob

mged> l gus

gus: ARB8 (ARB6)

1 (21.5000, -25.3000, 6.0000)

2 (21.5000, 0.0000, 6.0000)

3 (21.5000, 0.0000, 6.0000)

4 (21.5000, -25.3000, 36.0000)

5 (18.5000, -25.3000, 6.0000)

6 (18.5000, 0.0000, 6.0000)

7 (18.5000, 0.0000, 6.0000)

8 (18.5000, -25.3000, 36.0000)

mged> l ball

ball: ELL

V (20.0000, 75.0000, 51.0000)

A (15.0000, 0.0000, 0.0000) Mag=15.000000

A dir cos=(0.0, 90.0, 90.0), rot=0.0, fb=0.0

B (0.0000, 15.0000, 0.0000) Mag=15.000000

B dir cos=(90.0, 0.0, 90.0) rot=90.0, fb=0.0

C (0.0000, 0.0000, 15.0000) Mag=15.000000

C dir cos=(90.0, 90.0, 0.0) rot=90.0, fb=90.0

mged> l knob

knob (len 1) REGION id=1001 (air=0, los=100, GIFTmater=1)--

Material "plastic"

Color 255 0 0

                                     + ball

mged> l handle

handle (len 4) REGION id=1000 (air=0, los=100, GIFT MATER=1)--

Material "plastic" "n

Color 219 147 112

                                     + squ

                                     u shaft

                                     u han

                                     u ball

mged> canter-0-75 0

mged> size 300

mged> tops

all/ cor1/ cyl2 hole1

cnr cut gus
cnr1 cyl head

cor/ cyl1 hole

mged> analyze cyl

cyl: TGC

V (20.0000, -45.0000, 6.0000)

H (0.0000, 0.0000, 30.0000) Mag=30.000000

H dir cos=(90.0, 90.0, 0.0), rot=90.0, fb=90.0

A (-17.5032, -9.6767, 0.0000) Mag=20.000000

B (9.6767,-17.5032, 0.0000) Mag=20.000002

c=20.000000, d=20.000002

AxB dir cos=(90.0, 90.0, 0.0), rot=90.0,fb=90.0

Surface Areas: base(AxB)=1256.6371

                                                                        top(CxD)=1256.6371 side=3769.9114

Total Surface Area=6283.1855

                                                                                                            Volume=37699.1132 (0.0100 gal)

mged> q

Chapter 16

R T MA TERIAL TYPE,

PR OPER TIES, and

COLOR

First the solids m ust b e formed in to a ”region”, eg:

r b al l u torus u tub e-hole

T o c hange material t yp e, prop erties and color use the ”mater” command:

                                                                                                         mged> mater b ase

Material =

Material? (CR to skip) plastic

Param =

Parameter string? (CR to skip) sh=10 d l=0.2 sp=0.8 r e=0.75

Color = (No color specified)

Color R G B (0..255)? (CR to skip) 112 219 147

Inherit = 0: lower nodes (towards leaves) override

Inheritance (0|1)? (CR to skip) 0

mged>

F or the v alues in P arameter String for material “Plastic”, y ou can en ter suc h

things as: ”shin yness (sh)”, ”sp ecular ligh ting fraction (sp)”, ”diffuse ligh ting

fraction (di)”, ”transmission fraction (tr)”, ”reflection fraction (re)”, and ”re-

fractiv e index (ri)”. Tw o form ulas m ust hold to k eep the material “ph ysical”:

sp + di=1.0, and tr + re=1.0.

Suggested v alues for these prop erties are listed b elo w:

sh=10, dl=0.2, sp=0.8, re=0.75

NOTE: Not all of these fields need to b e input, y ou can use the system

defaults for the rest.

T o displa y ob jects in differen t colors on the screen, eac h ob ject m ust b e a

region with its o wn material prop erties and colors. All regions m ust b e displa y ed

on screen b efore a ra y tracing can b e p erformed (region ob jects can ha v e cutouts

to displa y other parts).

R G B COLOR

112 219 147 aquamarine

50 204 153 med aquamarine

0 0 0 blac k

0 0 255 blue

95 159 159 cadet blue

66 66 111 corn flo w er blue

107 35 142 dk slate blue

191 216 216 ligh t blue

143 143 188 ligh t steel blue

50 50 204 medium blue

127 0 255 medium slate blue

47 47 79 midnigh t blue

35 35 142 na vy blue

50 153 204 sky blue

0 127 255 slate blue

35 107 142 steel blue

255 127 0 coral

0 255 255 cy an

142 35 35 firebric k

204 127 50 gold

219 219 112 golden ro d

234 234 173 med goldenro d

0 255 0 green

47 79 47 dark green

79 79 47 dk oliv e green

35 142 35 forest green

50 204 50 lime green

107 142 35 med forest green

66 111 66 medium sea green

127 255 0 med spring green

143 188 143 pale green

35 142 107 sea green

0 255 127 spring green

153 204 50 y ello w green

47 79 79 dk slate grey

84 84 84 dim grey

168 168 168 ligh t grey

254 CHAPTER 16. R T MA TERIAL TYPE, PR OPER TIES, AND COLOR

R G B COLOR

159 159 95 khaki

255 0 255 magen ta

142 35 107 maro on

204 50 50 orange

219 112 219 orc hid

153 50 204 dark orc hid

147 112 219 medium orc hid

188 143 143 pink

234 173 234 plum

255 0 0 red

79 47 47 indian red

219 112 147 medium violet

255 0 127 orange red

204 50 153 violet red

111 66 66 salmon

142 107 35 sienna

219 147 112 tan

216 191 216 thistle

173 234 234 turquoise

112 147 219 dk turquoise

112 219 219 med turquoise

79 47 79 violet

159 95 159 blue violet

216 216 191 wheat

252 252 252 white

255 255 0 y ello w

147 219 112 green y ello w

material t yp es are: plastic mirror glass texture

Shin yness (ie: sh=16)

Refractiv e index for: cro wn glass = 1.52 Flin t glass = 1.65 Ro c k salt = 1.54

W ater = 1.33 Diamond = 2.42

T ransmission fraction for a mirror: re=1.0 (tr=0)

Chapter 17

RA YTRA CING YOUR

CREA TION

Once y ou ha v e finished creating all y our solids, p ositioned them in their correct

relationships to eac h other, formed all y our regions (forming y our finished ob-

ject), created groups (if required), y ou can no w do a ra y- tracing of the view

displa y ed on the screen.

Note! If y ou w an t to displa y solids or ob jects (collection of solids regioned

together) of differen t colors, eac h of the solids or ob jects m ust b e separate regions

so y ou can giv e them a sp ecific color.

The ra ytracing command is

rt [-s#]

This command pro duces a color shaded image of the solids or ob jects on the

displa y . This color shaded image will app ear on a frame buffer displa y . The

resolution of the image (n um b er of ra ys) is equal to ”#” from the ”-s” option. If

the ”-s” option is absen t, 50x50 ra y solution will b e used (v ery course ra ytrace).

The higher the ”-s” option the b etter the ra ytracing, but it tak es longer to

displa y . Recommended optim un v alue of ”-s” option for picture qualit y and

sp eed of displa y is 256!. Some examples follo w:

rt -s128

rt

rt -s256

When the rt command is giv en the text and graphic windo w will app ear,

then the frame buffer starts to app ear (the picture windo w). The first scaned

displa y will b e what w as previously stored in it, it will then o v er write it with

y our picture; sometimes t w o buffer scans are displa y ed b efore y ours.

The default bac kground color is blue with steel grey colored solids and ob-

jects. The terminal will b eep when the scanned picture is finished; press return

256 CHAPTER 17. RA YTRA CING YOUR CREA TION

to get bac k to the ”text and graphic” windo w.

With the blue bac kground it is sometimes hard to visualize the ra ytraced

picture; t w o things y ou can do to impro v e the situation is: (a) Mak e separate

regions for all solids and ob jects, so that y ou can assign a sp ecific color to eac h

region; this can b e a time consuming task if y ou ha v e a lot of solids and ob jects.

(b) Construct as a separate region, three thin flat plates to form t w o w alls with

a b ottom, as sho wn b elo w; using ”mak e name arb8”, then solid editing this

arb8, using mo v e faces to the required thic kness, then use command ”cp” (cop y

command) to mak e t w o more copies whic h y ou can rotate to their resp ectiv e

relationships, then translate all three in to the correct p ositions relativ e to eac h

other and the solids and ob jects y ou are displa ying.

The adv an tage of doing this is to giv e the ligh t source something to reflect

off, giving bac k ligh ting; impro ving con trast considerably . With the three plates

formed in to their o wn region y ou can delete them from the screen with the ”d”

command, rotate y our creation then re-displa y y our plates (w alls) with the ”e”

command to do another rt, the w alls need to b e deleted from the displa y when

y ou rotate y our ob jects, otherwise ev erything will rotate together.

Figure

A b on us of ha ving constructed these three w alls is that y ou can quic kly

c hange the material t yp e to ”mirror” so that y ou can get reflections of the three

hidden faces.

Chapter 18

CONCLUSIONS

MGED p erforms t w o basic functions: viewing and editing. The standard view-

ing capabilities of zo oming, slewing, slicing, and rotation are a v ailable. Lik ewise,

all the standard editing features are also a v ailable. The user easily tra v erses the

hierarc hical data structure, applying the editing functions of rotation, transla-

tion, and scaling to an y p osition in the hierarc h y . The hierarc hical structure

can b e mo dified and regroup ed and regions created and mo dified. Sp ecific pa-

rameter editing can also b e applied to the solids to pro duce an y shap e solid

desired.

F or sev eral decades, the pro duction and mo dification of geometric mo dels

suitable for sophisticated engineering analysis has b een a slo w, lab or-in tensiv e

pro cedure. In an effort to impro v e the resp onse time of geometric mo dels,

the Ballistic Researc h Lab oratory (BRL) has dev elop ed an in teractiv e mo del

editor for their com binatorial solid geometry mo deling system (The BRL-CAD

P ac k age). The user in terface to the geometry of these mo dels is a program

called the Multi-device Graphics Editor (MGED) that is designed to replace

the traditional man ual metho d for pro ducing and mo difying mo del databases.

Using MGED, the geometric mo dels are in teractiv ely view ed, mo dified, and

constructed with immediate visual feedbac k at eac h step. When desired, the

MGED editor can b e op erated without the need for explicit n umerical input and

op ens a new dimension in the mo del building pro cess. MGED has made great

gains in reducing the b ottlenec k in the creation of high resolution geometric

mo dels.

Bibliograph y

[BR75] L. W. Bain Jr. and M.M. Reisinger. The GIFT Co de User Man-

ual; V olume I, Intr o duction and Input R e quir ements (U) . T ec hnical

Rep ort BRL Rep ort No. 1802, AD #B0060371, U.S. Arm y Ballistic

Researc h Lab oratory , APG, MD, July 1975.

[Dei84] P . H. Deitz. Mo dern computer-aided to ols for high-resolution

w eap ons system engineering. DoD Man ufacturing T ec hnology Ad-

visory Group MT A G-84 Conference, Seattle W A, No v em b er 1984.

[KBR79] G. G. Kuehl, L. W. Bain Jr., and M. M. Reisinger. The GIFT

Co de User Manual; V olume II, The Output Options (U) . T ec hni-

cal Rep ort ARBRL-TR-02189, AD #A078364, U.S. Arm y Ballistic

Researc h Lab oratory , APG, MD, Septem b er 1979.

[Muu87] M. J. Muuss. Understanding the preparation and analysis of solid

mo dels. In D. F. Rogers and R. A. Earnsha w, editors, T e chniques for

Computer Gr aphics , Springer-V erlag, 1987.

[RJLK78] D. M. Ritc hie, S. C. Johnson, M. E. Lesk, and B. W. Kernighan.

The c programming language. The Bel l System T e chnic al Journal ,

57(6):1991–2019, 1978.

[R T78] D. M. Ritc hie and K. Thompson. The unix time-sharing system. The

Bel l System T e chnic al Journal , 57(6):1905–1929, 1978.

[WM80] E. P . W ea v er and M. J. Muuss. In teractiv e construction of com-geom

targets. In Pr o c e e dings of the BRL Spring T e chnic al Confer enc e , U.S.

Arm y Ballistic Researc h Lab oratory , APG, MD, 1980.