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ABSTRACT

T his th e s is  determ ines a n a ly tic a lly  th e  degree to  which an e le c tr ic  

range su rface  u n i t 's  s tru c tu ra l in te g r ity  would change i f  i t s  d e lta  

shaped support  was replaced  w ith  a  Y shaped design. I t  develops a  new Y 

shaped suppor t  to  f i t  th e  u n i t 's  sheathed h e a te r, and to  r e s t  in  th e  

same trim  rin g  as th e  d e lta  support, m inimizing th e  m ateria l requ ired . 

The new support and th e  d e lta  design were modeled and analyzed using 

f in ite  elem ent analyses (FEA). The analyses conpare th e  su p p o rt's  

responses to  s ta t ic  loads. The s ta t ic  loads applied  rep resen t a load 

te s t  which has h is to r ic a lly  been used to  compare re la tiv e  stren g th  of 

su rface u n it supports.

T his th e s is  could have been conpleted using tra d itio n a l design 

engineering and laborato ry  evaluation  methods ( i . e . , designing p a rts , 

bu ild ing  sanples, and running th e  load t e s t ) . I t  was performed as an 

a n a ly tic  study to  show th a t design engineering p ro d u ctiv ity  can be 

increased through th e  use o f "Mechanical Computer Aided Engineering" 

(MCAE). The re s u lts  o f th e  analyses were in  good agreement w ith the  

re s u lts  o f th e  physical load t e s t  th a t  was modeled.

i i i
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CHAPTER I  

INIRGDUCFEGN

THESIS

GE Appliances (GEA) uses re la tiv e ly  expensive "d e lta"  shaped 
R 2

seap o rts f a r  th e  Calrod su rface u n its  ("burners") th ey  produce fa r  

cocking cn th e  e le c tr ic  ranges they  m anufacture. T heir com petitors use 

sim ple "Y" shaped supports f a r  th e ir  su rface  u n its , which use le s s  

m ate ria l ( f a ir ly  expensive s ta in le s s  s te e l)  and fewer p ieces to  con­

s tru c t. T his pu ts GEA a t  a  c o st disadvantage. But, in  o rder to  

m aintain high q u a lity  standards, GEA has s e t  s t r ength requirem ents fa r  

th e i r  su rface  u n its  which has caused them to  re ta in  th e  more expensive 

support designs.

T his th e s is  develops and analyzes a  s in p le  "Y" shaped support fo r 

one o f GEA's Calrod Surface U nits. This design i s  to  rep lace  th e  

"d e lta"  shaped support th a t GEA cu rrent ly  u ses, w ithout any m odification  

o f th e  h eatin g  elem ent. The new design i s  to  perform  accep tab ly  from a 

s tru c tu ra l standpo in t, and to  req u ire  le s s  m ate ria l than  th e  cu rre n t 

design. Thus, th e  in te n t o f th e  new support design i s  m ate ria l c o st 

p ro d u c tiv ity , provided th e  pay back period  on th e  to o lin g  and 

im plem entation co sts  a re  acceptable.

2 . Calrod i s  a  re g is te re d  tradem ark o f th e  General E le c tric  Oonpany.
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Figure l .  shows th e  cu rren t "d elta" support design , which w ill be 

re fe rre d  to  a s th e  "old" support design. Figure 2. shows th e  "Y" 

support design , which w ill be re fe rre d  to  a s  th e  "new" support design.

The ocnplete su rface  u n it assembly has sev era l s tru c tu ra l req u ire ­

m ents. B ut, s in ce  only th e  support i s  being changed, i t s  response to  

s ta t ic  loading i s  a l l  th a t  was analyzed, The u n its  must pass a  t e s t  

under a  tw en ty -five pound (25 lb s) s ta t i c  load . T his t e s t  i s  conducted 

w ith  w eighted concave and convex p o ts f u l l  o f b o ilin g  w ater, to  sim ulate 

a  " l i f e  tim e" o f use by an av id  "hone canner". These p o ts c re a te  

therm al v a ria tio n s  in  th e  u n i t 's  h ea te r c o il and can cause d is to r tio n  o f 

th e  c o il . But, s in ce  th e  p o sitio n s  o f th e  " tin e s"  used to  c ris p  th e  

supports to  th e  c o ils  were no t changed, th is  e f fe c t was no t analyzed.

The m ate ria l used f a r  th e  supports i s  a  s ta in le s s  s te e l  a llo y . I t s  

p ro p e rtie s  do n o t vary  s ig n ific a n tly  w ith in  th e  range o f operating  

tem peratures, and th e  su p p o rts ' tem peratures a re  reasonably uniform  

during th is  t e s t .  T herefore, no therm al expansion o r therm al loading 

was modeled. The FEA perf ormed was a  s ta t ic  loading w ith  a uniform  f l a t  

p la te  load  o f 25 lb s  c o p ie d  to  th e  supports w ith  "gap" elem ents. Both 

th e  new and o ld  sup p o rt designs were modeled fo r  comparison o f th e  

re s u ltin g  s tre s se s . Several versions o f th e  b a sic  models were crea ted  

w ith  v arious mesh s iz e s  and sin p ly  loaded to  determ ine an optimum mesh 

s iz e  fo r  th e  f in a l  analyses.
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gQEffiBBE

Three o f th e  MCAE softw are packages av a ila b le  to  GE Appliance (GEA)
1M 3 TH 4

enployees in  L o u isv ille , KY, a re : SDRC IDEAS MCAE system
R 5(so lid  modeling and engineering analy ses); ANSYS f in i te  elem ent

TM 6
an a ly sis  (FEA) programs ; and CAIMA DEM Ocnputer Aided Design 

(CAD). They were used f a r  th e  design o f th e  new su rface  u n it support, 

and an a ly sis  o f th e  re la tiv e  s t r engt h  o f th e  two supports.

I f  a  design p ro je c t i s  lim ited  to  one o r two o f th e  major design 

functions o f: physical layou t; product i l lu s tr a tio n ;  CAD drawing 

c re a tio n ; FEA analyses; num erical contr o l  (NC) to o l p a th  c re a tio n ; o r 

mold f i l l i n g  analyses, i t  may be most economical to  u t i l iz e  sp e c ific  

softw are d ire c tly . But, in  cases (such as th is  one) were sev era l o f 

th ese  functions a re  requ ired , th e  c rea tio n  o f a  ccmnon d a ta  base which 

can be used in  each o f th ese  a reas can save tim e, and prevent e rro rs  

caused by th e  c rea tio n s o f d u p lica te  geom etric models.

SERC's I-DEAS softw are i s  a  "oocplete" Mechanical Ocmputer-Aided 

Engineering (MCAE) system. I t  c o n sis ts  o f a  s e t  o f in teg ra ted  

"fam ilies" o f programs which access one d a ta  base th a t  th e  u se r c re a te s  

in te ra c tiv e ly  through use o f graphics computer te rm in a ls. The I-DEAS 

system uses S o lids Modeling to  c re a te  "so lid s"  w ith  th e  dim ensional, 

m a te ria l, and physical prope rt ie s  o f th e  o b jec ts  being modeled, which

3. SERC i s  a  se rv ice  tradem ark o f S tru c tu ra l Dynamics Research Corp.

4. I-DEAS i s  a  tradem ark o f S tru c tu ra l Dynamics Research Corp.

5 . ANSYS i s  a  reg is te re d  tradem ark o f Swanson A nalysis, Inc.

6 . CAIMA DEM i s  a  tradem ark o f Calma Ocnpany, a  wholly owned subsid iary  
o f th e  General E le c tric  Ocnpany.
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a re  f a r  use w ith  th e  Engineering Analyses a v a ila b le  w ith in  I-DEAS, o r in  

ex te rn a l softw are packages, such a s  ANSYS. Thus, I-DEAS softw are was 

used ex tensively  f a r  th is  th e s is .

Because o f i t s  c a p a b ilitie s  f a r  so lv ing  ocnplex (e .g ., nonlinear) 

problem s, ANSYS f in i te  elem ent an a ly sis  programs  have been used f a r  th e  

m ajo rity  o f th e  FEA work dene by GEA. Because o f th e  c a p a b ilitie s  ANSYS 

o ffe rs  beyond th a t o f I-DEAS Engineering A nalysis Family ( e .g ., i t s  

g re a te r number o f elem ent types and n o n -lin ear c a p a b ilitie s )  I-DEAS i s  

most o ften  used as a  prepr ocessor  o f th e  FEA d a ta  to  prepare models fa r  

tra n s fe r  to  ANSYS, and f a r  p o st processing o f th e  r e s u lts  from ANSYS 

so lu tio n  runs. These methods were used f a r  th is  th e s is .

The CAD package av a ilab le  in  I-DEAS, CRAFTING, u t i l iz e s  th e  th re e  

dimensioned (3D) geometry from th e  I-DEAS so lid  models f a r  th e  c rea tio n  

o f two dim ensional (2D) CAD draw ings. Thus, i f  th e  c re a tio n  o f CAD 

drawings i s  th e  only engineering function  to  be perf ormed f a r  a  p a rticu ­

l a r  p ro je c t, a  f u l l  3D CAD package may be more app ro p ria te . T his, 

coupled w ith  GEA's CAD D epartm ent's use o f calma softw are, requ ired  

Calma DEM GAD softw are to  be th e  f in a l CAD package used to  c re a te  th e  

production drawings f a r  th e  new su rface  u n it support. But, i t  i s  

p o ss ib le  to  tra n s fe r  th e  3D d a ta  from I-DEAS to  Calma f a r  th e  c rea tio n  

o f DEM 3D CAD drawings; and th is  c a p a b ility  was used.

In  cases where a  p ro je c t has a  t ig h t  schedule, o r Where an ex te rn a l 

su p p lie r w ill be developing th e  produ c t and production draw ings, o r 

where 2D engineering "sketches" a re  a l l  th a t  i s  needed ( e .g ., f a r  use by 

m akers), CRAFTING i s  an ex ce llen t to o l f a r  th e  jo b . A lso, CRAFTING can 

be used w ithout an expensive CAD w orkstation. I t  can be accessed v ia  

term in a ls and PCS which have graphics c a p a b ilitie s , and a  mouse o r
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ta b le t  type  inpu t devices. There a re  lim ita tio n s  on sane o f th e  fan c ie r

I-DEAS fe a tu re s  th a t  can be used, bu t alm ost any PC w ith a  graphics

d isp lay  and a  mouse can access GEA's in s ta lla tio n s  o f I-DEAS CRAFTING 
7

using  T ektronix em ulation softw are. In  fa c t, w ith th e  Personal
8Oonputer Systems A rch itectu re  (PCSA) network o f DEC softw are modules

th a t  GEA has in s ta lle d , anyone on th a t system should be ab le  to  800688
9I-DEAS and ANSYS using  th e  EMLHEEX Tektronix em ulator re s id en t on 

th e  network. Thus, CRAFTING was used f a r  th is  th e s is .

The I-DEAS system i s  av a ilab le  f a r  both "mainframe" ccnputer 

system s, and f a r  personal ccnputers (PCs) and se lf-co n ta in ed  worksta­

tio n s . A t GEA, I-DEAS i s  av a ilab le  on s e le c t processors on th e  "AP35"
10and "API" VAX nodes and w orkstations. Seme in s ta lla tio n s  do no t 

include a l l  o f th e  I-DEAS program fam ilies, and th u s guidance from GEA's 

computer system s personnel may be required  to  lo ca te  sp e c ific  functions.

The I-DEAS system i s  menu driven . The version  (Rev. 4.1) th a t  was 

used has a  sc ro llin g  menu system. Some I-DEAS packages a re  av a ilab le  

f a r  PQb and w orkstations which overlay th e  menus in  d isp lay  windows. In  

e ith e r  case , th ese  menus do no t impeded th e  speed a t  which th e  esqperi- 

enced u se r can process inform ation. Because, a s w ell a s picking th e  

d esired  function  from th e  menus, ex tensive s tr in g s  o f mnemonic acronyms

7 . Tektronix i s  a  re g is te re d  tradem ark o f T ektronix, Inc .

8 . DEC i s  a  tradem ark o f D ig ita l Equipment Corp.

9 . EMU-TEK i s  a  tradem ark o f FTG Data Systems.

10. VAX i s  a  tradem ark o f D ig ita l Equipment carp .
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can be inpu t in  s in g le  keyboard e n tr ie s . Ih is  bypasses a l l  in term ediate 

menus, and th u s function  lik e  a ocnmand, ra th e r than  a menu, d riven  

system.

Ih e  ANSYS f in i te  elem ent softw are i s  a  conmand lin e  driven  system. 

ANSYS model d a ta  bases can be crea ted  in te ra c tiv e ly  during an ANSYS 

preprocessing  sessio n , o r through th e  use o f f i l e  e d ito rs  to  c re a te  

in p u t f i l e s .  ANSYS d a ta  i s  s to red  in  m ultip le  f i le s ,  some a re  in  b inary  

coded which can no t be read  o r ed ited , and some a re  in  ASCII form at 

which can be read  and e d ited . I-DEAS was used as th e  prim ary FEA 

preprocessor. Ih e  ANSYS inpu t f i le s  (ASCII) were w ritte n  ou t from 

I-DEAS, e d ited , and then  tra n sfe rre d  in to  ANSYS. Once th e  geometry and 

an a ly sis  d a ta  was in  ANSYS, ANSYS's preprocessing was used to  v e rify  

th a t  th e  models were constructed  a s  d esired . ANSYS was used in te ra c ­

tiv e ly  to  w rite  o u t inp u t f i le s  fo r  th e  ANSYS so lu tio n s program. Ih e  

ANSYS so lu tio n  program was run in  batch mode, some po et processing was 

be done in  ANSYS, and then  d a ta  was tra n s fe r  bade to  I-DEAS f a r  f in a l 

d isp lay  o f th e  re s u lts .

I-DEAS i s  capable perform ing Computer-Aided M anufacturing (CAM) 

fu nctio ns. I t  can be used to  generated NtMERICALjDONTOQL (NC) to o l 

pa ths f a r  use in  programing m anufacturing machines, and to  produce 

pro to types w ith  la s e r  and stereolythography equipment. But, fo r  th is  

th e s is , a  su p p lie r 's  la s e r  equipment was used to  produce pro to type 

p a r ts . A lso, GEA's Model Shop generates i t s  NC to o l pa ths w ith  th e  

Calma softw are. So, th ese  functions were no t used, and w ill n o t be 

d iscussed . Likewise, some o f I-DEAS o th er softw are Fam ilies contain ing  

p la s tic s  molding, mold flow and cooling analyses, and TEST_DAIA_ANALYSIS 

functions were n o t used in  th is  th e s is , and w ill no t be d iscussed .
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Both I-DEAS and ANSYS provide ex ce llen t co lo r g raph ics, adding th e  

co nstru ctio n  o f models, and performance o f analyses. F u ll advantage was 

taken o f th ese  c a p a b ilitie s  f a r  th is  th e s is . I t  allowed various co lo rs 

to  be used to  d is tin g u ish  th e  d iffe re n t p a rts , m ate ria ls , nodes, 

elem ents, and loads, e tc . But, because o f th e  d if f ic u lt ie s  presented in  

ex p lica tin g  co lo r i l lu s tr a tio n s , a l l  fig u res  th a t  appear in  th is  th e s is  

a re  presented  in  b lack  and w hite. They have been annotated to  convey 

th e  inform ation th a t  i s  provided by th ese  programs' o o lar g raph ics.

To a s s is t  GEA's engineers, and hopefully  o th ers, in  th e  ap p lica tio n  

o f th ese  MCAE to o ls  fo r fu tu re  p ro je c ts , appendices were w ritte n  

d escrib in g  th e  I-DEAS and ANSYS ccnmands used f a r  th is  th e s is . But, 

softw are (I-DEAS and ANSYS in  p a rtic u la r) i s  in  a  s ta te  o f constan t 

evo lu tion , and th u s sp e c ific  commands and fe a tu re s  w ill vary from one 

v ersion  and in s ta lla tio n  to  sm other. I-DEAS VERSION 4 .1  and ANSYS 

v ersio n  4 .3  were av a ila b le  to  th e  author a t  th e  s t a r t  o f th is  th e s is , 

and were used. But, h igher rev is io n s  had become av a ilab le  by th e  tim e 

th is  th e s is  was fin ish ed , and o th er w ill became av a ilab le  in  th e  fu tu re . 

The au tho r recommends u se rs tak e  advantages o f th e ir  advancements. 

T herefore, th e  au thor has attem pted to  lim it th is  w ork's appendices to  

th e  d iscussio n  o f b asic  ccnrands th a t , in  g en era l, a re  expected to  

appear in  a l l  rev is io n s o f th is  softw are, due to  th e ir  use in  th e  b asic  

methodology follow ed in  th e  ap p lica tio n  o f th ese  to o ls . Thus, although 

sp e c ific  ^"»n>inrig w ill change, th ese  appendices should help  o th ers know 

what b a sic  functions a re  a v a ila b le  and what they  a re  capable, which 

w ill h e lp  them search  w ith in  h igher rev is io n s o f I-DEAS and ANSYS to  

lo ca te  and use improved versio ns o f th ese  ccnmands. The sp e c ific s  o f 

th ese  ccnmands can e a s ily  be explored when using  I-DEAS and ANSYS.
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CHAPTER I I

I-DEAS

PTCROCPCTICN

Ih e  I-DEAS system i s  based cn cons t r uctin g  so lid  models o f  th e  

p hysical p a rts  th a t  a re  being designed and analyzed. S o lids a re  

ccnp lete  3D rep resen ta tio n s o f those p a rts . The models w ill g en era lly  

be viewed o r  represen ted  on th e  graphics d isp lay  screen  in  w ire frame 

form. They can a lso  be displayed as shaded images o r a s  w ire frames 

w ith  th e  re a r  p o rtio n s hidden from view. These d isp lay  op tions allow  

th e  so lid s  to  be seen a s  i f  they  were physical p a rts . Both o f th ese  

d isp lay  op tions w ill be discussed la te r  in  th is  te x t . But, no m atter 

how th e  so lid s  a re  d isp layed, th e  models w ill con tain  complete p a r t 

inform ation. They no t only contain  geom etric dim ensions, lik e  any w ire 

frame 3D CAD model, th ey  a lso  contain  a l l  o f th e  m ateria l pro p e rtie s  o f 

a  tru e  physical p a r t. Although th e  m ateria l propert ie s , such as 

d en sity , a re  n o t always inp u t in  th e  e a rly  modeling phases, th ey  do 

e x is t, even i f  they  a re  l e f t  a s th e  system s' d e fa u lt va lu es. The 

s o lid s ' w eights and cen ters o f g rav ity  e tc . can be ca lcu la ted  by I-DEAS 

i f  d esired . A lso, once m ultip le  p a rts  a re  defined , system s o f p a rts  can 

be assembled, and th e ir  in te rac tio n s  and in te rfe ren ces can be analyzed.
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I-DEAS provides sev era l methods far c re a tin g  so lid s . They can be 

constructed  w ith  b asic  so lid s , re fe rre d  to  a s  "p rim itiv es" , which 

include cy lin d ers , cones, and spheres. The u se r can a lso  c re a te  unique 

so lid s , and so lid  " to o ls” by extruding o r revolv ing  p ro f ile s  o f th e  

d esired  p a rts  in  space. Both p rim itiv es and u se r c rea ted  so lid s  can be 

jo ined  w ith  and c u t from one another to  cons tru c t  more complex so lid s .

I-DEAS H flm t CREKT1CK

To c re a te  th e  so lid  models requ ired  f a r  th is  th e s is , I-DEAS was 

used on GE A ppliance's computer system, and a  d a ta  base, o r s e t  o f 

"model f i le s "  was crea ted . The methods used, and d e sc rip tio n s o f th e  

I-DEAS commands applied  a re  presented in  Appendix V II. Once th ese  step s 

were taken , geom etric e n ti t ie s  and th e  so lid  models were c rea ted . The 

follow  fou r chap ters a re  devoted to  th e  e n ti t ie s  th a t  were crea ted  f a r  

th is  th e s is  in  th e  design o f th e  new su rface  u n it support, and f a r  th e  

an a ly sis  o f o ld  and new support designs.
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CHAPTER I I I

W3RKING GEXXfSIHY

iwroaxjcncw
The ocnstructlo n  o f u se r created  so lid s  can be done by extruding  o r 

revolv ing  p ro f ile s  o f th e  d esired  p a rt in  space. These p ro f ile s  a re  2D 

o u tlin e s  o f th e  c ro ss sec tio n  o f th e  so lid  being constructed , which can 

include h o les. These P ro file s  can be constructed  d ire c tly  through th e  

c rea tio n  o f P ro file  P o in ts, and connecting then  w ith P ro file  curves.

But, most o ften  i t  i s  necessary to  c re a te  a  layout o f th e  p a r ts  being 

designed, o r to  rough ou t th e  design in  2D, in  o rder to  be ab le  to  

c re a te  th ese  p ro f ile s . In  I-DEAS th is  i s  done through th e  c re a tio n  o f 

"working se ts"  o r "w ire fram es".

({hlWK'IWV CREATION

I-DEAS provides commands f a r  th e  c rea tio n  o f: POINTS, UNES,

CIRCLES, ARCS, FILLETS, SPLINES, e n tit ie s  FTCMOBJECTs; and f a r  th e  

sp e c ific a tio n  o f d e fa u lts  fo r  th ese  e n ti t ie s . Each command con tains 

m u ltip le  options f a r  use in  construction  o f th ese  e n ti t ie s .
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The menus provided fa r  s e ttin g  d e fa u lts  allow s th e  u se r to  specify  

th e  way new e n ti t ie s  w ill be labeled , th e ir  c o lo r, th e  lin e  s ty le  used, 

and th e  symbol used to  d isp lay  p o in ts . These op tions a re  p a rtic u la rly  

u se fu l in  d iffe re n tia tin g  between e n ti t ie s . Far exanple, th e  use o f 

co lo r to  d if fe re n tia te  between various p o in ts and curves w ith in  a  

working s e t  can be very h e lp fu l. O ften i t  i s  d e s irab le  to  c re a te  th e  

geometry f a r  sev era l P ro file s  o f sep ara te  p a rts  in  a  s in g le  Working S et. 

Applying a  d iffe re n t co lo r to  each p a rt o r p r o f i le 's  geometry can make 

cu rso r p icking  o f th e ir  curves e a s ie r in  th e  nex t op era tion , which i s  

th e  c rea tio n  o f 2D P ro file s . Once e n ti t ie s  a re  c rea ted  th e ir  a ttr ib u te s  

can be changed, w ithout th e  need fo r rec rea tin g  them, by using  M3DIFY 

ccnmands.

The working geometry e n tity  c rea tio n  ccnmands provide fe a tu re s  

found in  many GAD packages. But, un lik e  a  CAD packages ( e .g ., I-DEAS 

DRAFTING Fam ily), only geometry  i s  represen ted  so lid  modeling, and 

dimensions can n o t be d isplayed. But, e n ti t ie s  and dim ensions can be 

v e rif ie d  through th e  use o f «nmwwte presented  in  th e  LEST menus.

WORKING SEES

Several WCRKDGSETs were created  fo r th is  th e s is . FIGURES 3. 

through 7 . show seme o f th ese  s e ts . FIGURE 3. shows th e  lay ou t o f th e  

cen te r lin e  o f th e  su rface u n i t 's  heating  c o il . FIGURES 4 . and 5. show 

th e  o ld  and new c o il support layouts c reated  over th e  h eatin g  c o il 

layou t.
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SDRC I-DEflS 4.1: Object Modeling 10-DEC-90 22:36:46
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UNITS : INUIEU : TOP DISPLAY : No stored OPTIONTask: WORKING SET Uorkset: 5 1 -COIL LAYOUTProfile: No current PROFILE exists_ _ _ _ _ _ _ _ _ Skin: No current SKIN GROUP exist

L *

FIGURE 3. - CENTER LINE OF THE SURFACE UNIT'S HEATING COIL
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SDRC I-DEflS 4 . t: Object Modeling 9-DEC-90 22:14:50
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UNITS : IN
UIEU : TOP DISPLAY : No stored OPTIONTask: UORKING SET Uorkset: 1-OLD SUPPORT LAYOUTProfile: No current PROFILE exists Skin: No current SKIN GROUP exist

FIGURE 4. - OLD COIL SUPPORT LAYOUT
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SDRC I-DEflS 4.1: Object Modeling 9-DEC-90 22:32:59
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UNITS : IN
UIEU : TOP DISPLAY : No stored OPTIONTask: WORKING SET (Jorkset: 2-NEU SUPPORT LAYOUTProfile: No current PROFILE exists_ _ _ _ _ _ _ _ _ Skin: No current SKIN GROUP exist

L j .

FIGURE 5. - NEW COIL SUPPORT LAYOUT
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These vrarking_sets were c rea ted  w ithout th e  need to  re c re a te  th e  

h eating  c o il  f a r  each o f th e  o th er lay ou ts. The "CDIL IAYOUT" WCRKING -  

SET was sto red . Then, i t  was copied in to  "NEW SUPPORT IAYOUT" and "OLD 

SUPPORT IAYOUT*1 WQREONS_SEXs. Gnoe th is  was dene, and th e  new s e ts  were 

in d iv id u a lly  made a c tiv e , and then  th e  CREATE raimvmdB were used to  

c re a te  th e  geometry f a r  th e  supports. T his could have been done by 

c re a tin g  each o f th e  support layou ts w ithout th e  c o i l 's  geometry, and 

then  i t  oould have been added to  them w ith an APPEND ccnmand.

Several o th er WCKKING_SErs were c rea ted . Ocnplete to p  views o f th e  

supports were c rea ted . T his allowed p ro f ile s  to  be c rea ted  fo r  each o f 

th e  ind iv id u al p ieces o f th e  suppor t s ,  which were used to  extrude th e ir  

b asic  shapes. The ocnplete process i s  explained in  th e  follow ing 

chap ters. FIGURE 6. showB WRKXNGJSEr which was c rea ted  fo r th e  new 

support design.

Figure 7 . shows th e  layou t o f a  p a ir  o f t in e s  used to  a tta c h  th e  

supports to  th e  h eatin g  c o il . They were added in to  th e  to p  edge o f th e  

supports by c re a tin g  p ro f ile s  o f th ese  tin e s , ex truding  them in to  

so lid s , p o sitio n in g  then  on th e  b asic  supports, and then  using  a BOOLEAN 

JOIN operation .
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SDRC I-OEflS 4.1: Object Modeling 10-DEC-90 23:24:15
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UNITS : IN
UIEU : TOP DISPLAY : No stored OPTIONTask: UORKING SET Uorkset: 2G-NEU COIL^SUPPORTProfile: No current PROFILE exists Skin: No current SKIN GROUP exist

FIGURE 6. - NEW SUPPORT'S WORKING SET
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SDRC I-DEflS 4.1: Object Modeling 11-DEC-90 21:55:07
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UNITS : IN
UIEU : SIDE DISPLAY : No stored OPTIONTask: UORKING SET Uorkset: 16-TINESProfile: No current PROFILE exists_ _ _ _ _ _ _ _ _ Skin: No current SKIN GROUP exist

^ 1  +

L

FIGURE 7. - ATTACHMENT TINES WORKING SET
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CHAPTER IV 

OBJECT PROFILES

I-DEAS S o lid  Modeling was used to  const r u c t 2D c ro ss se c tio n a l 

o u tlin e s  o f th e  so lid s , c a lle d  "p ro file s" . P ro file s  can be used in  th e  

c re a tio n  o f so lid  models along w ith EXIRUDE, REVOLVE, o r SKIN commands 

in  o b jec t modeling. These p ro f ile s  can include holes f a r  th e  c rea tio n  

o f hollow  so lid s , o r so lid s  th a t rep resen t sh eet m etal p a rts , e tc . The 

use o f p ro f ile s  in  th e  c rea tio n  o f th e  so lid s  i s  explained in  Chapter V.

A p ro f ile  can con tain  up to  100 connected curves th a t l i e  in  one 2D 

p lane. Each curve w ill be given a d iffe re n t la b e l which can be d is ­

played and lis te d . These lab e ls  w ill be d iffe re n t than  th e  lab e ls  o f 

any corresponding working s e t  curve, and a re  independent o f th e  curve 

typ e. The GREATE_FRDFILE ocnmand i s  used to  c re a te  " p ro file  po in ts" 

through which th e  I-DEAS program then  f i t s  curves to  c re a te  a  p ro f ile . 

The p ro f ile  p o in ts can be crea ted  by se le c tin g  working s e t  p o in ts  o r by 

d ire c t c re a tio n  w ith  op tions presented w ith in  th e  c re a te  ocnmand.
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The p ro f ile  p o in ts  ( lik e  th e  p ro f ile  carves) w ill each be given 

unique la b e ls  which a re  independent o f th e  working s e t 's  p o in ts . P ro file  

p o in ts  can be m odified and d e le ted  w ithout e ffe c tin g  any working s e t  

p o in ts  used to  c re a te  then . The AUIOjCHAINING ocnmand i s  used to  c re a te  

a  p ro f ile  through th e  se le c tio n  o f working s e t  curves th a t  a re  connected 

end-to-end in  a  closed  loop.

I f  th e  CRERTE_PRDFII£ oonmand i s  used to  cons t ru c t a  p ro f ile , th e  

screen cu rso r i s  used to  p ick  working geometry  p o in ts . The cu rso r w ill 

remain a c tiv e  u n til  th e  u se r types a  nC  (CLOSE), "D" (DOME), o r "$" 

(ABORT). The u se r f i r s t  p icks a  p o in t a t  th e  end o f th e  i n i t i a l  curve. 

Then enough ad d itio n a l p o in ts  a re  se lec ted  to  define  th e  curve. One 

a d d itio n a l p o in t i s  requ ired  to  define  a  lin e ; two ad d itio n a l p o in ts  

d efin e  an a rc ; and th re e  to  tw enty-four ad d itio n a l p o in ts  d efin e  a  

sp lin e . Once th e  curve i s  su ff ic ie n tly  defined , th e  "F" key i s  de­

pressed  o r th e  menu i s  used to  s e le c t FIT, and I-DEAS then  f i t s  a  

p ro f ile  curve to  th e  newly crea ted  p ro f ile  p o in ts . This i s  repeated  f a r  

each o f th e  curves needed to  c re a te  a  closed  p ro f ile . The la s t  p o in t in  

each curve au tom atically  becomes th e  f i r s t  p o in t f a r  th e  nex t. The 

p ro f ile  can be c losed  e ith e r  by picking th e  f i r s t  p ro f ile  p o in t c rea ted  

a s th e  l a s t  p o in t in  th e  f in a l curve, o r by p ressin g  "C  o r se le c tin g  

CLOSE to  complete th e  f in a l curve.

Closed p ro f ile s  a re  requ ired  f a r  use in  c rea tin g  so lid s . But, th e  

CREATE_PRQFIIE can be stopped w ith th e  re tu rn  key o r  th e  DONE command, 

leaving  th e  p ro f ile  open. An open p ro f ile  can be added to  w ith  th e  

OREATE_H<DFllJE oonmand, connect ing new curves to  th e  l a s t  curve c rea ted .
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AUTO CHAINING OCMttND

The Aino_CHAINING command tak es advantage o f th e  curves th a t  were 

c rea ted  in  th e  WORKING_SEr ta sk . I t  w ill a u ta n a tic a lly  c re a te  a s may 

p ro f ile s  (up to  a  maximum o f ten) in  a  given plane th a t w ill fo ra  closed 

loops o f u se r se lec ted  curves.

A fter AHTOjCHAINING i s  in it ia te d , th is  ocmnand w ill p rompt  th e  u ser 

to  s e le c t th e  curves frc n  which th e  search  f a r  loops should be lim ited . 

The screen cu rso r can be used to  s e le c t only those  curve th a t a re  

d esired  (in  any o rd e r). Or, SCREEN_AREAs can be used to  s e le c t groups 

o f curves.

I f  th e  la te r  op tion  i s  used, sev era l closed p ro f ile s  may re s u lt. 

T his i s  n o t a  problem. I t  w ill ju s t  req u ire  th a t  they  a l l  be sto red . 

Then th e  u se r w ill need to  determ ine which a re  to  be used, and th e  

o th e rs  can be d e le ted  w ith  th e  MANAGE menu's DELETE commands. I f  th e  

number o f lin e s  and curves in  th e  d esired  p ro file (s )  a re  known, th is  can 

be s im p lified  by using  th e  LIST BOUNDARY ALL command to  review a l l  th e  

p ro f ile s  th a t  were c rea ted .

Qnoe e l l  of th e  curves th a t a re  to  be considered in  th e  c rea tio n  o f 

th e  p ro f ile (s )  have be se lec ted , a  <REIURN> o r DONE (D) i s  in p u t. Then 

I-DEAS w ill ask fo r  th e  se lec tio n  o f a curve to  s t a r t  th e  p ro f ile ( s ) .

I f  a  lin e  i s  se lec te d , I-DEAS w ill ask fo r another curve which connects 

to  th e  l a s t  curve, so th a t  i t  can determ ine th e  p lane in  which th e  

p ro f ile (s )  l i e .  When th is  i s  completed, I-DEAS w ill au tom atically  

c re a te  a l l  p ro f ile s  th a t  can be const ructed  w ith  th e  se lec ted  curves 

th a t  l i e  in  th is  p lane. The to ta l  number o f p ro f ile s  w ill be displayed, 

and th e  u se r w ill be p rompted to  name each p ro f ile  created  and sto red .
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TORKj PLANE cruhtahcw

In  I-DEAS Rev. 4 .1 , i f  p ro file (s )  do no t l i e  on th e  ac tiv e  

"WOK^PIANE", I-DEAS w ill au tom atically  p o sitio n  th e  p ro f ile  (s) on th e  

WQRK_FLANE. A lso, i f  th e  u se r c re a te s  a  custom W3RK_FLANE, which i s  in  

th e  same p lane a s  th e  d esired  p ro f ile ( s ) ' ,  bu t th a t  i s  no t on th e  one of 

th e  g lo b al XI, XZ, o r YZ p lanes, th e  re su ltin g  p ro file (s )  may no t be 

o rien ted  on to p  o f th e  working s e t 's  curves. In  e ith e r  case , th e  

re s u ltin g  p ro f ile  (s) may need to  be o rien ted  on th e  VKRK_FLANE before 

they  a re  use to  c re a te  so lid s  in  th e  OBJECTJ3D ta sk ; o r they  may be used 

as i s ,  and th e  so lid s  c reated  may need to  be o rien ted  before they  a re  

used in  constru c tio n  o f a  la rg e r a b je c t. This i s  e sp ec ia lly  tru e  about 

p ro f ile s  used to  c re a te  so lid s  w ith th e  REVOLVE oonmand.

EXAMPTE PBOFTTJS

The f i r s t  exanple o f one o f th e  p ro f ile s  crea ted  fo r  th is  th e s is  i s  

shown in  FIGURE 8. T his p ro f ile  was created  w ith a  WCRK_PIANE which 

l ie s  on th e  g lo b al XZ p lane. The g lobal system 's axes t r ia d  i s  d is ­

played in  th e  lower r ig h t corner o f th e  view p a r t. The WGRK_FLANE's 

t r ia d  i s  d isp layed  in  th e  lower r ig h t com er o f i t s  o u tlin e . This 

exanple shows th a t  a  p ro f ile  c reated  on a  VCRKJPIANE th a t l i e s  an a 

globed p lane w ill be p lace  on to p  o f th e  curves used to  c re a te  i t .

The second example, shown in  FIGURE 9, i s  o f a  p ro f ile  c reated  fo r 

th e  re a r  le g  o f th e  new support th a t  extends in to  th e  negative Y h a lf  o f 

th e  g lo b al 3D space. This shows th a t  w ith th e  WQRK_FLANE s t i l l  lay ing  

on th e  g lobal XZ p lane, th e  re su ltin g  p ro f ile  i s  n o t positioned  on th e  

geometry used to  c re a te  i t .  I t  i s  c o rre c t. But, th e  so lid  th a t was 

crea ted  through th e  ex tru sio n  o f th is  p ro f ile  requ ired  o rien ta tio n .
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DATABASE: VIEW : Task: Prof iIs:

SDRC I-DEAS 4,1: Object Modeling
NEU SURFACE UNIT SUPPORT DESIGN JEFFREY A. KERN SUPT ISO (nodIf led?PROFILEi-profile:

10-JAM-91 21:28:46
UNITS : IN DISPLAY : No stored OPTION Uorkset: 34-SWLE NEU SUPPORT (nodi Skin: No current SKIN GROUP exist

FIGURE 8 .  - FIRST SAMPLE 2D PROFILE M
*■
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SDRC I-DEAS 4.1 Object Mode Itrig
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UIEU : SUPT ISO (modified)Task: PROFILE Profile: 2-PR0FILE2

10-JAN-91 21:48:37
UNITS : IN OISPLAY : No Stored OPTION Uorkset: 34-SUf>LE NEU SUPPORT (modi Skin: Ha current SKIN 6S0UP exist

P3

FIGURE 9. - SECOND SAMPLE PROFILE |S»VSl
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CHAFFER V 

SOLED MODEL CREATION

The methods f a r  constructing  so lid s  were id e n tif ie d  in  Chapter 2 

as: c rea tio n  o f b asic  so lid s , o r "p rim itives" (blocks, canes, cy lin d ers, 

spheres, and tu b es); c rea tio n  o f u se r defined  so lid s  through th e  ex tru ­

sion  and revo lu tio n  o f 2D p ro f ile s ; and th e  com bination o f th ese  sub­

p a rts  w ith jo in in g  and c u ttin g  operations. These methods a re  described 

in  Appendix V III, and th e  so lid s  th a t  were c rea ted  f a r  th is  p ro je c t w ill 

be d iscussed a re  discussed in  th is  chap ter.

SURFACE UNIT SUPPORT SCUD M3QELS

Solid  models were created  fa r  each o f th e  p ieces o f th e  o ld  support 

and new support designs. P ro file s  were c rea ted  o f th e  s id e  views o f 

each s tra ig h t sec tio n  of th e  suppor t  p ieces, and o f th e  to p  views o f 

th e ir  bends. These p ro f ile s  were extruded to  c re a te  p a rts  o f each 

support p iece . Then th e  p a rts  where JOINed to  farm th e  complete p ieces. 

The tin e s , which a re  used to  crimp th e  supports to  th e  heat e r , where 

crea ted  a s standard so lid s . They where then  o rien ted  a t  th e  proper 

p o sitio n s on th e  support p ieces, and CDF from th e  b asic  supports, and 

then  JOINed to  them.
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Figures 10. through 13. show th e  so lid s  crea ted  o f th e  f a r  p iece 

p a r ts  th a t  make up th e  o ld  support design. Figure 21. shews th e  old  

support assembly. I t  was created  by o rien tin g  th e  th re e  p ieces properly  

in  3D space, and then JOINing than  to g e th er. This was done to  produce a 

ocnplete  assembly which could be used fo r th e  development o f a  f in i te  

elem ent an a ly sis  (FEA) model f a r  s tru c tu ra l an a ly sis  o f th e  o ld  design.

A system  assembly could a lso  have been created  o f th is  assembly to  

analyze i s  assembly and m echanical p ro p e rtie s , as w ill be d iscussed  in  

th e  chap ter on SYSTEM ASSEMBLY.

Figures 14. and 15. show th e  so lid s  th a t  were c rea ted  fo r th e  new 

support design, and Figure 16. shews them assembled.
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SDRC I-DEAS 4.1: Object Modeling
DATABASE: NEU SURFACE UNIT SUPPORT DESI6N • JEFFREY A. KERN VIEU : 4, 4, 4, 15 Task: OBJECT

10-MAR-91 11:41:33
UNITS : IN DISPLAY : none, none, none, none Bin: 2-8INCHObject: 16-SUP COIL 8' PBB1 (nodifi

FIGURE 10. - OLD SUPPORT'S PART 1 SOLID
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SDRC I-DEAS 4.1: Object Modeling 10-MAR-91 10:58:29
DATABASE: NEU SURFACE UNIT SUPPORT 0ESI6N - JEFFREY fl. KERH UNITS : 1)1UIEU : 4, I, 4, 15 DISPLAY : nans, nan#, non*, non*Task: OBJECT Blm 2-8INCH

O b j e c t :  13 -S U P  C O I L  8 * P B B S  ( n o J I T I

FIGURE 11 . - OLD SUPPORT'S PART 2 SOLID
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SDRC I-DEAS 4.1: Object Modeling
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UIEU ; 4, !, 4, IS Taski OBJECT Ob feet: IS-SUP COIL 8* P803 (nodlff

10-MAR-91 11:32:24
UNITS ! IN DISPLAY : non*, nans, nona, nan* Bln: 2-8INCH

FIGURE 12 . - OLD SUPPORT’S PART 3 SOLID O
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SDRC I-DEAS 4,1; Object Modeling
DATABASEi NEU SUBFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN UIEU ! 4, 8, 5, IS Task: OBJECTObioct: 6-OLD SUPPORT DESIGN_______________________

18-FEB-91 22:40:12
UNITS : IN DISPLAY : none, none, none, none Bin: 2-8INCH

E __ X

r r

U
J

e ^ T - r

L &

FIGURE 13 . - OLD SUPPORT ASSEMBLY'S SOLID
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SDRC I-DEAS 4.1
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN UIEU : 4, t .  4, 15 Task: OBJECT Object: 24-HEU SUPPORT FBCHT Cod If

O b j e c t  Mode  1 i n g
JEFFREY A. KERN

11-MAR-91 08:12:00
UNITS : IN DISPLAY : non*, non*, nan*, nan*

Bln: 2-8INCH

L

©

V  J

n. r\ n i\ .C  ° 1'  J

L
FIGURE 14. - NEW SUPPORT'S FRONT PART SOLID
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SDRC I-DEAS 4.1: Object Modeling 11-MAR-91 08:20:23
DATABASE: HEU SURFACE UltET SUPPORT 0ESI6N - JEFFREY A. KERK UMTS : litUIEU : 4, 8, 5, 15 DISPLAY : non*, nano, non*, non*Task: OBJECT Bln: 2-8MCH

DB . i e c t :  e s - r t t w  s u p r u w r  k e r b  c w o o  i n

FIGURE 15 . - NEW SUPPORT'S REAR PART SOLID
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SDRC I-DEAS 4.1: Object Modeling 11-MAR-91 08:47:55
DATABASE: NEU SURFACE UtllT SUPPORT DESIGN - JEFFREY A. KERN UNIT'S : INUIEU : 4, 8, 5, t5 DISPLAY : non*, non*, nona, non*Tasks OBJECT Bins 2-81NCH

t m . i e c t :  e 7 - n t u  5U f p u h t  d e s i g n  m o o t

III

FIGURE 16 . - NEW SUPPORT’S ASSEMBLY SOLID



www.manaraa.com

CHAPTER VI 

ASSEMBLY MODELING

Chapter V diflrnqqeri th e  so lid  models created  fo r  th is  th e s is . In  

th a t d iscu ssio n , sev era l o b jec ts were combined, using  th e  JOIN command, 

to  farm la rg e r o b jec ts . For th is  th e s is , each o f th e  su rface u n it 

suppor t s 7 in d iv idu a l p ieces were jo ined  in to  complete support assem blies 

in  th is  manner. Thus, th e  su rface  u n it supports can now be tre a te d  as 

s in g le  o b jec ts , th e re fo re , th ese  so lid  models rep resen t th e  complete 

support assem blies7 w eight, m ateria l volume, and cen ter o f g rav ity , e tc .

But, in  general, when a system i s  being designed th e  lo g ic a l 

progression  i s  to  f i r s t  design ind iv idual components, then  combine th e  

components in to  subassem blies, and f in a lly , combine th e  subassem blies 

in to  complete system assem blies, and in v estig a te  th e ir  p ro p e rtie s . This 

i s  th e  methodology app lied  in  th e  s tru c tu re  o f th e  I-DEAS S olid  Modeling 

fam ily o f pr ogram modules. The previous chapters in  th is  te x t have 

covered th e  use o f I-DEAS S o lid  M odeling's O bject Modeling to  c re a te  

ind iv idu al components, a s so lid  models. Appendix IX i s  devoted to  th e  

d esc rip tio n  o f work done w ith I-DEAS O bject M odeling's Assembly Model­

ing commands. With th ese  commands, th e  ind iv idual p iece o f th e  surface 

u n it supports, and complete h ea te r assem blies were assembled as th a t 

would be i f  they  were n o t need a s  combined o b jec ts fo r th e  FEA analyses.
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SURFACE UNIT SYSTEM AfiCTMHT.TKB

System assem blies were c re a te  f a r  th e  su rface  u n it assem blies, 

using  th e  o ld  and new support assem blies. Tables 1. and 2 . show th e  

h ierarchy  l is t in g  fa r  th ese  system assem blies.

TABLE 1. -  SYSTEM ASSEMBLY HIERARCHY FOR THE OLD SURFACE UNIT ASM

System: 11-GLD SURFACE UNIT ASM, B inl 

: . .  .29-System: OLD SUPPORT ASM, B inl 

: 4-INI

: 26-SUP COIL 8" P001, B inl

: : 5-INI

: 27-SUP COIL 8" P002, B inl

: : 6-INI

: 28-SUP COIL 8" P003, B inl

: 7-INI

: ___ 8-CLIP GROUNDING, B inl

3-GROUND CLIP

: ___ 9-OOIL ASM 8" P .I . ,  B inl

2-GOIL ASM
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TABLE 2 . -  SYSTEM ASSEMBLY HIERARCHY FOR THE NEW SURFACE UNIT ASM

System: 21-NEW SURFACE UNIT ASM, B inl 

: . .  .24-System: NEW SUPPORT ASM, B inl 

: 2-INI

: :...22-NEW SUPPORT FRONT, B inl

: : 3-INI

: : . .  .23-NEW SUPPORT REAR, B inl

: : 4-INI

: 25-TRIM CENTER 8", B inl

: 5-INI

: ___ 9-COIL ASM 8" P .I . ,  B inl

: 6-HEATING COIL

: ___8-CUP GROUNDING, B inl

7—INI

Figure 17. shows th e  o ld  su rface  u n it assembly th a t  was created  

w ith th e  system assembly h ierarchy  l is te d  on T able. 4. The new surface 

u n it assembly was constructed  w ith th e  h ierarchy  l is te d  in  Table 5. I t  

i s  d isp layed in  Figure 18.

Figure 19. shows an exanple o f an exploded view created  w ith th e  

ORIENT commands. I t  d isp lay s th e  new su rface  u n it assembly exploded 

along th e  Z -axis.
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SDRC I-DEAS 4.1
DATABASEi NEU SURFACE UNIT SUPPORT 0ESI6N - JEFFREY A. UIEU : SU ASM ISO Taak: HIERARCHY Systsa: t1-OLD SURFACE UNIT ASM

S y s t e m  A s s e m b l y
KERN

16-MAR-91 08:35:41
DISPLAY Bin; 1-tWinConsonant: No atoroJ CONPOHENT

UNITS ■ IN No stored OPTION

FIGURE A1?. - SYSTEM ASSEMBLY OF THE OLD SURFACE UNIT ASSEMBLY
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SDRC I-DEAS 4.1: System Assembly
OATARASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN VIEU ; SU ASM ISO Task: HIERARCHYat-ItEU SURFACE UNIT ASH

16-MAR-91 0 8 : 4 8 : 1 8
OISPLAY 

■ i n :  1 - m i H  
C d M m a n i !  H o  i t a n <  C O W d H E N T

UNITS i IN No stored OPTION

FIGURE 18 . - SYSTEM ASSEMBLY OF THE NEW SURFACE UNIT ASSEMBLY
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SDRC I-DEAS 4.1
DATABASE. flEU SUBFACE UftIT SUPPORT DESIGN • JEFFREY A VIEU : SU ASH ISO (nodifled)Took: HIERARCHY Saston; gt-HEU SURFACE UHIT ASH t»o______________

S y s t e m  A s s e m b l y  
kern

20-MAR-91 08:43:00
OISPLAY Bin; 1-MHIB Conponont: Ho storod COMPONENT

UNITS i IN No stored OPTION

FIGURE 19'. - EXPLODED VIEW OF THE NEW SURFACE UNIT ASSEMBLY
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CHAPTER VII 

SOLID MDDEL DISPLAY

m n m m c w

Appendix VII d iscusses th e  I-DEAS View cGnmands. With th e  use o f 

those functions th e  author was ab le  to  custom ize th e  d isp lay  o f e n ti t ie s  

created  w ith th e  I-DEAS system fo r viewing an a  te rm in a l's  graphics 

d isp lay  screen . But, I-DEAS o ffe rs  even g re a te r f le x ib i l i ty  in  th e  ways 

in  which e n ti t ie s  can be displayed v ia  th e  commands th a t  a re  presented 

in  th e  DISPIAYJDPTICNS and DISPLAY_AnREBUTES (o r Surface Appearance) 

menus th a t sure located  in  each Task o f th e  softw are.

DISPLAY OPTIONS OCWANDS

Appendix X contains d iscussions covering th e  d isp lay  commands th a t 

were used fo r  th is  th e s is . There a re  fo u r m ajor d isp lay  types th a t can 

be produced in  I-DEAS, which a re  c a lle d : LINE, HIDDEN LINE, BOUNDARY,

and SHADED d isp lay s. Each a re  d iscussed  in  Appendix X. Figure 20. 

shows a  cube displayed using one o f each o f th ese  d isp lay  types in  i t s  

four view ports. The most ccnplex o f th e  four d isp lay  types i s  shaded 

images. Among th e  many options described  in  Appendix X fo r  shaded 

images, one o f th e  most in te re s tin g  th e  d isp lay  of so lid  models th a t 

appear to  be tran s lu c en t. F igure 21. shows th e  use o f TRANSLUCENCY.
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SDRC I-DEAS 4.1: Object Modeling 7-JUN-91 12:56:21
DATABASE: NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A. KERN VIEU : 9, 9, 9, 9 Task: OBJECT Objscti Ho gtorad OBJECT

DISPLAY Bin: 2-8INCH
UNITS i IN IB, II, 12, 13

FIGURE 20 DISPLAY OPTIONS: LINE, HIDDEN, BOUNDARY G SHADED *■k>
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SDRC I-DEAS 4.1
DATABASEi NEU SURFACE UNIT SUPPORT DESIGN - JEFFREY A UIEU : ISO (notified)Task: OBJECT Obioct: 2-BALLS

O b j e c t  Mode  1 i n g
KERR DISPLAY

19-JUN-91 21:39:02
UNITS i IN : SHADED A TRANSPARENT (Modified) Bln: 1-miN

FIGURE 2-t . - SHADED IMAGES WITH TRANSLUCENCY
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CHAPTER V III

2D CAD DRAWINGS

I-DEAS provides a  softw are Family w ith in  th e  main program ca lled  

DRAFTING. As introduced in  CHAPTER 1, DRAFTING can u t i l iz e  th e  3D 

geometry from so lid  models f a r  th e  c rea tio n  o f 2D CAD draw ings. I t  can 

a lso  be used to  c re a te  d ra ftin g  s ty le  drawings d ire c tly , in  th e  same 

manner a s  w ith  any good 2D CAD package.

DRAWING OF THE NEW SURFACE UNIT SUPPORT

In  g en era l, a t  GEA a  Designer in  th e  CAD departm ent i s  assigned to  

c re a te  th e  production drawings f a r  products and ocnpanents manufactured 

by GEA. But, in  cases where p a rts  a re  sourced from ou tsid e  su p p lie rs , 

th e  su p p lie rs  a re  u su a lly  responsib le  f a r  producing th e  d e ta ile d  draw­

in g s. In  th ese  in stan ces, GEA w ill u su a lly  then  tak e  th e  su p p lie rs ' 

drawings, and a f te r  they  have been approved, they  w ill be duplicated  on 

a GEA drawing form at and re leased  fa r  production. Ih ese  drawings may 

only d isp lay  th e  dimensions th a t  a re  c r i t ic a l  to  th e  p a rts  visage and 

q u a lity  cont r o l .
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Four drawings were created  fa r  th is  th e s is  using  I-DEAS DRAFTING. 

This was done because th e  p a rts  were being subm itted to  ou tsid e  supp li­

e rs  fo r quo tatio n . This requ ired  "sketches" o f th e  two p ieces o f th e  

support, far th e  cen ter trim s, and fo r th e  ccnplete  support assembly. 

Because th e  p a rts  had been com pletely designed using th e  I-DEAS Solid  

Modeling system , i t  was decided th a t i t  would be easy to  qu ick ly  d e ta il 

th e  so lid  models on f u l l  drawing form ats to  provided th ese  "sketches".

In  p a ra lle l, th e  geometry from th e  so lid s  were tra n s fe rre d  to  th e  CAD 

departm ent (as d iscussed in  th e  next chapter) fo r  d e ta ilin g  o f ac tu a l 

production drawings, so  th a t  GEA's Calrod H eater M anufacturing O peration 

could a lso  prepare quo tations fo r  th e ir  manufacture w ith in  GEA.

Figures 22. through 25. d isp lay  th e  I-DEAS DRAFTING drawing o r 

"sketches" th a t  were crea ted .
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FIGURE 22 . - I-DEAS DRAFTING SKETCH OF THE NEW SUPPORT ASSEMBLY
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NOTES:
1. MATERIAL*.050 IffiJTHC. STAIN’ ST. 37A33C3.
2. FINISH -NONE
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CHAPTER IX

PRODUCTION (CALMA) DRAWINGS

Chapter V III d iscussed th e  prelim inary  engineering drawings fo r the  

new surface u n it supports th a t were produced w ith  IJDEAS DRAFTING. But, 

i t  i s  a lso  p o ssib le  to  tra n s fe r  so lid  m odels' geometry from I-DEAS Solid 

Modeling to  o th er CAD softw are packages fo r  d e ta ilin g . At GEA, produc­

tio n  drawings a re  created  using Calma DCM CAD softw are by th e  CAD 

D epartm ent's D esigners. T herefore, in  cases where GEA engineers have 

designed p a rts  using  I-DEAS Solid  Modeling, i t  can be advantageous to  

tra n s fe r  th e  geometry from I-DEAS to  Calma. T his allow s a  CAD Designer 

to  b rin g  th e  en g in eer's  p a rt geometry in to  Calma drawings. The Designer 

can then  ccop lete  any unfin ished  designing, and then  d e ta il  production 

drawings o f th e  p a rts  tra n s fe rre d . The operations requ ired  to  tra n s fe r  

so lid  m odels' geometry to  Calma a re  d iscussed in  Appendix XI.

DRAWING OF THE NEW SURFACE UNIT SUPPORT

The geometry from th e  new su rface  u n it su p p o rt's  so lid  models were 

tra n s fe rre d  to  Calma. Then GEA'S CAD Department created  four d e ta ile d  

production drawings fo r th is  work using  Calma DCM and tran sfe rred  

geometry. F igures 26. through 29. d isp lay  th ese  Calma drawings.
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CHAPTER X

I-DEAS FEA PREPROCESSING

IMnPCOCTICN

The prim ary purpose fa r  th is  th e s is  was to  determ ine th e  re la tiv e  

s t r ength o f th e  new su rface  u n it support compared to  th e  o ld  support, 

throucpi th e  a p p lica tio n  o f f in i te  elem ent analyses. The analyses 

p erf ormed were s ta t ic  loads app lied  to  FEA models o f th e  supports, 

sim ulating  a  standard  "load te s t"  which GEA has h is to r ic a lly  used to  

ocnpare th e  re la tiv e  s tr e ngths  o f su rface u n it supports.

GEA's standard  su rface  u n it load t e s t  su b jec ts  u n its  to  c y c lic  

a p p lica tio n  o f e le c tr ic a l  o f power, w hile loaded s ta tic a l ly  w ith  tw enty- 

f iv e  pound (25 lb s) p o ts o f w ater. The e le c tr ic a l power (260 v o lts ) i s  

cycled 60 m inutes on and 20 m inutes o ff , fo r 1000 on hours w ith  one p o t, 

and then  fo r  an a d d itio n a l 1000 hours w ith a  second p o t. One p o t has a  

concave bottom and th e  o th er has a  convex bottom. The s ta t ic  loads a re  

comprised o f th e  p o ts ' and w a te r 's  w eights p lu s enough lead  and s te e l 

w eights added to  y ie ld  th e  to ta l  25 pounds.

The load t e s t  was designed to  sim ulate a  " l i f e  tim e" o f use by an 

av id  "home carm er". The use o f su rface u n its  fo r canning i s  th e  •♦worst 

case" a p p lica tio n  o f th e  u n its , involving heavy s ta t ic  loads, which i s  

condoned by GEA. The use o f su rface  (and oven) h ea te rs  w ithout loads 

f a r  space h eatin g  o f a  room i s  w orst fo r th e  heating  c o ils , and u sers
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a re  warned n o t to  do th is  in  th e  Use & Care in s tru c tio n s  included in  th e  

e le c tr ic  ranges so ld  by GEA.

Die p o ts consumers use in  th e  p rep aratio n  o f canned f r u i ts ,  n ea ts , 

and vegetab les o ften  have corrugated bottoms which rake poor co n tact 

w ith th e  su rface u n i ts ' heating  c o ils . T his c re a te s  thermal v a ria tio n s  

in  th e  u n i t 's  h e a te r c o il and can cause distortion o f th e  c o il . T his, 

combined w ith  th e  fa c t th a t  few household cooking u te n s ils  have tru ly  

f l a t  bottom s, i s  th e  reason f a r  th e  use o f concave and convex p o ts 

during fo r  th e  load t e s t .  But, sin ce  th e  p o sitio n s  o f th e  new su p p o rt's  

" tin e s"  (used to  c rin p  th e  supports to  th e  c o ils ) a re  th e  w«na as th e  

o ld  su p p o rt's , th is  e f fe c t was n o t analyzed. Thus, th e  fined  FEA 

analyses were perform ed w ith  uniform ly loaded f l a t  p la te s . These p la te s  

were coupled to  th e  su p p o rts ' models w ith  gap elem ents, which tra n s ­

fe rre d  th e  p la te  loads to  th e  supports  in  th e  same way th a t u te n s ils ' 

weicpits a re  tra n s fe rre d  to  su rface  u n it supports through th e  heating  

c o ils , which make p o in t co n tacts w ith  th e  supports.

A lso, th e  m ateria l used fo r th e  supports i s  s ta in le s s  s te e l . The 

a llo y 's  p ro p e rtie s  do n o t vary  s ig n if ic a n tly  w ith in  th e  range o f operat­

ing  ten p e ra tu res , and th e  su p p o rts ' tem peratures a re  reasonably uniform 

during th is  t e s t .  T herefore, no therm al loading was modeled.

FEA models were constructed  f a r  both support designs using I-DEAS' 

Engineering A nalysis Family. T his i s  rilflnissed in  th is  chap ter. Once 

models were constructed , they  were tra n s fe rre d  to  ANSYS fo r  f in a l 

preprocessing , and fo r  FEA so lu tio n s , a s described  in  Chapter XI.

Several f in i te  elem ent mesh s iz e s  were app lied  to  th e  models under 

sim ple s ta t ic  loading to  optim ize th e  number o f elem ents used versus th e  

s iz e  o f th e  model f i l e s ,  computation tim es, and accuracy o f th e  re s u lts .
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T his i s  dioniigfrari in  Chapter X II. S inple experim ents Mare performed cn 

sample supports o f both designs to  v e rify  th e  accuracy o f th e  FEA 

re s u lts , a s d e ta ile d  in  Chapter X III. F in a lly , FEA was used to  sim ulate 

th e  load t e s t ,  a s  d iscussed in  Chapter XIV; and th e  ocnplete p ro je c ts ' 

r e s u lts  were summarized in  Chapter XV.

I-DEAS FINITE ttjhtvt Mmr.VfiTfi

I-DEAS Preprocessing was used f a r  bu ild ing  FEA models o f th e  new 

and o ld  supports based on th e  so lid  models produced of them in  I-DEAS 

S o lid  Modeling, O bject Modeling Module. A lso, I-DEAS P ost Processing 

Module was used fo r  d isp lay  o f th e  model so lu tio n s which were run w ith  

ANSYS programs .

The I-DEAS Engineering A nalysis f in i te  elem ents Model Solution 

Module was n o t used to  produce th e  so lu tio n s to  th e  s ta t i c  analyses 

perform ed. ANSYS was used in stead , because o f i t s  ex tensive power in  

so lv ing  oaqolex problems, and because ANSYS i s  th e  prim ary FEA to o l used 

by GEA to  perform  f in i te  elem ent analyses. But, I-DEAS Engineering 

A nalysis Model S olution i s  capable o f so lv ing  lin e a r  s ta t ic ,  dynamic, 

h ea t tra n s fe r , fa rced  response , and p o te n tia l flow  FEA models.

T herefore, although th e  I-DEAS Model Solu tions Module was no t used fo r 

th is  th e s is , and w ill n o t be discussed fu rth e r, in  th e  absence o f ANSYS, 

o r in  cases which can be handled w ith I-DEAS' some what 1 i mi ted  elem ent 

lib ra ry  and so lu tio n  typ es, i t  could be used to  so lve many FEA models.

TYPE OF FEA MODELS AND ANALYSES TO EE OONSIRDCTED AND PERFCPMED

Before th e  f in i te  elem ent models were constructed  fo r  th is  th e s is , 

i t  was necessary to  decide what type o f FEA models and what type o f
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f in i te  elem ents would be b est su ited  f a r  th e  analyses th a t were to  be 

performed. Far th is  th e s is , "sh e ll"  FEA models were used. T heir f in i te  

elem ent meshes (planes o f nodes and elem ents) were placed a t  th e  cen ter 

lin e s  o f th e  m aterial th ick ness, o r "web", o f each p iece  o f th e  su rface 

u n it supports. S hell models req u ire  th e  ap p lica tio n  o f "area" elem ents, 

which a re  p lanner, and contain  inform ation about th e  th ickness o f th e  

elem ents ( i . e . ,  th e  th ickness o f th e  sup p o rts).

Far th is  th e s is , only s ta t i c  analyses were performed. The sp e c if i­

ca tio n  o f th e  an a ly sis type, done in  ANSYS w ith  th e  "KAN" ccnmand, i s  

d iscussed in  Appendix X III.

Because I-DEAS was used f a r  p re /p o st processing, th e  an a ly sis type 

d id  n o t need to  be sp ec ified  in  I-DEAS when th e  models were const r ucted. 

But, th e  an a ly sis  type d id  need to  be kep t in  mind when th e  elem ent 

types were determ ined.

Far th is  th e s is , QUAERHAXERAL SHELL elem ents were se lec ted  a s  th e  

element type which were b e s t su ite d  f a r  th e  analyses to  be performed. 

These were se lec ted  because they  a re  AREA 3D elem ents which can be used 

to  analyze th e  s tre s se s , s tra in s , and displacem ents which re s u lt  from 

bending o f a  f l a t  o b jec ts  caused by in -p lane  loading. In  I-DEAS, in  

o rder to  sp ecify  QUADRILATERAL SHELL elem ents, th e  THIN_SHE£Ii element 

fam ily 's , LINEAR elem ent o rder, QUADRILATERAL element topology was 

estab lish ed  as th e  d e fa u lt elem ent type fa r  th e  su rface  u n it supports.

MESH AREAS

The models c rea ted  f a r  th is  th e s is  were cons t r ucted through auto­

m atic meshing o f FREE_MESH a reas .
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Sane d if f ic u lty  was encountered w ith f a ta l  e rro rs  in  th e  so lu tio n s 

o f th e  i n i t i a l  models created . These e rro rs  were labeled  a s  "POSITIVE 

PIVOTS", T his would generally  in d ica te  th a t  th e  models were improperl y 

constrained , re su ltin g  in  th e ir  attem pting to  tra n s la te  o r ro ta te  in  

fre e  body motion through space.

A fter many changes were t r ie d  in  attem pting to  e lim in a te  th ese

e rro rs , w asting coun tless hours o f an a ly sis  tim e, i t  was ^anm niairtri th a t

th e  ac tu a l cause f a r  th e  e rro rs  was elem ents w ith  in te r io r  ang les th a t
o

were no t c lo se  enough to  90 . These where c rea ted  by th e  autom atic 

meshing o f mesh a reas which spanned th e  e n tire  s tr a ig h t len g th  o f each 

p iece o f th e  su rface  u n it supports; including  th e ir  ends, which have 

0.106" s tep s a t  th e  bottom (to  r e s t  in  th e  su rface  u n it trim  rin g s  on 

th e  e le c tr ic  range to p s ). once th is  was determ ined, th e  mesh a re a s  were 

subdivided to  c re a te  separa te  mesh areas f a r  th e  0.500" and 0.394" wide 

sectio n s o f th e  supports, and in  th e  a reas o f th e  support p ieoes th a t  

a re  overlapped by o th er p ieces (which i s  d isp layed  la te r  in  th is  

ch ap te r). This forced  th e  autom atic mesh generato r to  c re a te  re g u la rly  

shaped elem ents, and aided in  th e  merging o f "welded" nodes (which i s  

described la te r  in  th is  ch ap ter). T his re su lte d  in  th e  e lim in a tio n  o f 

th e  e rro rs .

This emphasizes th e  care  th a t  must be exercised  in  "planning th e  

mesh areas to  prevent th e  c rea tio n  o f overly  d is to r te d  elem ents", a s 

mentioned above. I-DEAS autom atic mesh generato r i s  very  u se fu l fo r  

meshing FEA models, bu t i t  c a n 't  prevent th e  u se r from specify in g  mesh 

areas which w ill r e s u lt  in  models which can no t be p roperly  so lved .
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GEXJMhTMf DEFINITION

Sinoe mesh a reas a re  constructed  through th e  se le c tio n  o f c losed - 

loops of geom etric curves, i t  was necessary to  d efin e  th e  geometry from 

which th ese  curves were se lec te d . Ih e  geometry  o f th e  I-DEAS so lid  

models were to o  ocnplex far d ire c t use in  th e  co nstru ction  o f FEA 

models. The s o lid s ' earn ers th a t  were rounded to  rep resen t th e  physical 

p a rts , were n o t rounded in  th e  FEA models. A lso, in  co n struction  o f th e  

sh e ll FEA models, mesh a reas were needed on web o f th e  p a rts  assembled 

in  th e  so lid  models, ra th e r th a t  on th e  m odels' e x te rio r  su rfaces.

T herefore, two b asic  working s e ts  were constructed  fo r  use in  th is  

th e s is . One f a r  th e  new support and one fo r th e  o ld  support, including 

th e  geometry f a r  a  p la te  f a r  use in  loading each. I-DEAS Engineering 

A nalysis' ocnmands were used to  c re a te  working s e ts  from th e  so lid  

models th a t  were c rea ted  o f th e  e n tire  supports (see Chapter v  and 

Appendix X III). F igures 30. and 31. show th e  working s e ts  th a t  re su lte d  

from th ese  o p era tio n s.

Once th e se  i n i t i a l  working s e ts  were c rea ted , p o in ts  were crea ted ,

by in te rp o la tio n  halfway between e x is tin g  p a irs  o f p o in ts , f a r  th e  end

p o in ts  o f th e  mesh a reas needed a t  th e  web o f each support p iece . A ll

th e  new p o in ts  c rea ted  were made a  d if fe re n t co lo r than  those I-DEAS

generated from th e  so lid s . In  th is  p rocess, th e  tin e s , used to  c rin p

th e  supports to  th e  heating  c o ils , were e lim inated . This was done based

on an assumption th a t  th e  tin e s  would have a  n e g lig ib le  e ffe c t on th e

s tr e ngth  o f th e  supports. S im ila rly , th e  ho les th a t  were designed in to

th e  new support and s l i t  r ib s  th a t  e x is t in  th e  o ld  support, fo r  th e

attachm ent o f th e ir  c en te r trim s, ware ignored when th eses  working s e ts
o

were re fin e d . A lso, th e  rounded earn ers were squared o ff  to  90 angles.
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A fter th e  p o in ts  had been c rea ted  a t  th e  web o f each suppor t  p iece, 

lin e s  were created  connecting them. These lin e s  were even tually  se­

lec te d  when th e  boundaries o f th e  mesh area  were c rea ted . A d iffe re n t 

co lo r was used f a r  each p iece on th e  supports ( i . e . , th re e  co lo rs fo r 

th e  o ld  support and two co lo rs fo r  th e  new support ) , to  a id  in  separa­

tio n  o f th e  ind iv idual p ieces in  la te r  s tep s in  preprocessing o f th e  FEA 

models.

A fter th e  lin e s  were created , th e  gecmetry fo r  th e  web o f each 

support p iece  was ccnp lete. The su p p o rts' e x te rio r geometry (from th e ir  

so lid  models) was d e le ted  from th e ir  working s e ts . Then, each p ie c e 's  

web geometry was tra n s la te d  so th a t each p iece  touches th e  ad jo in ing  th e  

p iece  i t  i s  welded to  in  th e  assembly o f th e  suppo rt s .  T his allowed th e  

p ieces to  be "welded11 to g eth er in  th e  FEA models by combining overlap­

ping nodes a t  th e  weld p o in ts , which i s  describe fu rth e r , la te r  in  th is  

chap ter.

The next item  needed in  each o f th ese  working s e ts  was th e  p la te  

w ith  which th e  su p p o rts' FEA models were loaded. These p la te s  were 

constructed  by c re a tin g  p o in ts  (using a  new ao lar) above th e  ends o f th e  

supports, th e  cen te r o f th e  new support, and in te rse c tio n  o f th e  o ld  

su p p o rt's  d e lta  sec tio n  supports. These p o in ts  were then  connected w ith 

lin e s . Next, th e  perim eter o f th e  p la te s  was constructed  by c rea tin g  

one continuous c ir c le  around th e ir  perim eters through th e  th re e  p o in ts 

above th e  ends o f th e  supports. Then th re e  a rc s were c rea ted  which span 

between th e  lin e s  above th e  su p po rts ' leg s , and th e  ccnp lete  c irc le s  

were then  d e le ted . This completed th e  construction  o f th e  geometry 

needed fo r  th e  su p p o rts ' and p la te s ' FEA models. These a re  d isplayed in  

F igures 32. and 33.
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PHYSICAL AND MATERIAL EEPPERTIES TABLES

Before th e  mesh areas and f in i te  elem ents could be c rea ted , Mate­

r i a l  and Physical p ro p e rtie s  ta b le s  needed to  be constructed  fo r th e  

supports and th e  loading p la te s . This involved th e  sp e c ific a tio n  o f th e  

d esired  p ro p e rtie s  fo r th e  su pp o rts' s ta in le s s  s te e l , and o f a  m ateria l 

fo r  th e  loading p la te s . I t  was decided th a t an aluminum a llo y , ty p i­

c a lly  used f a r  household k itchen  cooking u te n s ils , and more sp e c ific a lly  

fo r th e  load t e s t 's  p o ts , would be used fa r  th ese  analyses.

Both th e  supp o rts' s ta in le s s  s te e l and load p la te s ' aluminum 

m ate ria ls  were sp ec ified  a s  ISOTROPIC. Then two m ateria l p ro p e rtie s  

ta b le s  were c rea ted , cne fo r th e  supports and one fo r  th e  load p la te s . 

The m ateria l p ro p e rtie s  used fa r  th ese  analyses were taken from th e

m ateria l p ro p e rtie s  tab u la ted  in  th e  M aterials Engineering, M aterials
_  11 se ie c to r.j ,99fl.

The su rface  u n it supports a re  made w ith  a  s ta in le s s  s te e l a llo y . A 

m ateria l p ro p e rtie s  ta b le  was created  to  s to re  th e  p ro p e rtie s  f a r  th is  

m a te rie l. The CREATE command was used to  specify  th a t  th is  m ateria l i s  

ISOTROPIC, and i t  was named "STAINLESS STEEL AHOY". The p ro p e rtie s  

used were: 28B06 p s i, fo r i t s  modulus o f e la s t ic i ty ;  and 0 .29 , fo r  i t s  

F o isso n 's r a t io .

The m ateria l se lec ted  fo r  th e  load p la te s  was aluminum, a llo y  3003.

T his was chosen based on i t s  ty p ic a l use f a r  cooking u te n s ils , a s l is te d
12in  th e  M aterials S e lec to r. A m ateria l p ro p e rtie s  ta b le  was crea ted  

to  s to re  th e  p ro p e rtie s  f a r  th is  m ateria l. The CREATE command was used

11. M aterials S e lec to r. M aterials Engineering magazine, Penton 
P ublish ing , In c ., December, 1989, p . 48.

12. I b id .. p . 78.
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to  sp ecify  th a t  th is  mater-ini i s  ISOTROPIC, and i t  was named "ALLMINIM

AT j o y  3003". T h e  p r o p e r t i e s  u s e d  w e r e :  10E06 p s i ,  f a r  i t s  m o d u lu s  o f

e la s t ic i ty ;  and 0.334, f a r  i t s  F o isso n 's r a t io .

A fter th e  m ate ria ls  ta b le s  were c rea ted , th e  p hysical p ro p e rtie s

ta b le s  needed to  be c rea ted . For th e  s h e ll elem ents th a t  were applied

in  th is  th e s is , th e  only physical property  th a t  th e  elem ents requ ired

was th e i r  th ickn ess. The FHYSICAL_PRDPERnES, CREATE ocnmand was used

to  c re a te  two physical p ro p e rtie s  ta b le s , one o f th e  supports and one

fa r  th e  load p la te . The supports7 ta b le  was named "SU SUPT THICKNESS",
s t

and th e i r  th ickness was sp e c ified  a s 0.050" w ith  th e  "1 value fa r

th ick ness". The load p la te s ' ta b le  was named "LOAD PLATE THICKNESS",
s t

and 0.100" was sp ec ified  fa r  th e  "1 value f a r  th ick n ess".

CREATION OF THE MESH AREA

Once th e  m ate ria l p ro p e rtie s  were defined , th e  MESH_GENERATI0N 

T ask 's commands were used to  c re a te  th e  mesh a reas a t  th e  support
s

p ie c e s ' webs. A ll o f th e  mesh a reas f a r  an in d iv id u a l support p iece  

were c rea ted , using  a  d if fe re n t co lo r f a r  each p iece  o f th e  supports. 

T his aided in  th e  sep ara tio n  o f th e  support p ieces during  la te r  stag es 

on th e  analyses.

When th e  mesh a reas were c rea ted , care  was taken  th a t  th e  loops of 

curves se lec ted  were always made in  a co n sis ten t d ire c tio n  o f ro ta tio n  

around th e  mesh a re a s ' boundaries. "Counter clockwise" ro ta tio n s  were 

used. Although th is  d ire c tio n  depended on th e  way th e  m odels' geometry 

was being viewed, i t  was th e  consistency  th a t  was impo rta n t. This 

e ffe c ts  th e  d ire c tio n  o f th e  p o s itiv e  normal su rface  v ecto r which th e  

program d efin es f a r  each elem ent. The normal v ec to r determ ines which
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s id e s  o f th e  elem ents a re  considered th e  top  and bottom su rfaces. This 

i s  im portant f a r  th e  support, m odels' elem ents, because i t  e ffe c ts  th e  

p o s itiv e  and negative signs placed on th e  s tre s se s  and s tra in s  th a t a re  

computed in  th e  so lu tio n  o f th e  FEA models under load. I t  a lso  e ffe c ts  

th e  s id e  and d ire c tio n  o f th e  su rface loads which were applied  to  th e  

p la te s ' elem ents during th e  sim ulation o f th e  load te s ts  (Chapter XIV).

F igures 34. and 35. d isp lay  th e  mesh areas th a t were c reated  fa r  

th e  tem porary ETA models o f th e  o ld  and new su rface u n it supports.

MULTIPLE FEA M3DELS

Once th e  su p p o rts ' and load p la te s ' mesh a reas had been added to  

th e  b a sic  ETA models, I-DEAS autom atic mesh generator was used to  

c re a te  th e  nodes and elem ents on th e  mesh a reas. Several mesh s iz e s  

( i . e . , sev era l s iz e s  o f elements) were applied  to  each model to  optim ize 

th e  mesh used fo r th e  load t e s t  sim ulation . T his i s  d iscussed in  

Chapter X II, and th e  load t e s t  sim ulation i s  discussed in  Chapter XIV.

In  o rd er to  c re a te  sev era l models from th e  same mesh a reas, th e  two 

tem porary models were copied in to  o th er (new) models.

In  o rder to  be ab le  to  d istin g u ish  th e  nodes and elem ents asso c i— 

a ted  w ith  each o f th e  sup po rts ' p ieces and th e  load p la te s  from each 

o th e r, d if fe re n t co lo rs were used fo r each p iece.

AUTCMRTIC MESH GENERATION

Having made a l l  o f th e  p reparations fa r  th e  autom atic generation  of 

th e  nodes and elem ents, th e  m odel's mesh a reas were meshed. The mesh 

a reas were se lec ted  by co lo r, meshing each p iece o f th e  model individu­

a lly . I-DEAS then  meshed th e  sp ec ified  mesh a reas.
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"WEEDINS" THE SUPPORT PIECES TOGETHER

The s h e ll FEA models o f th e  in d iv idual p ieces o f th e  su rface u n it 

supports could have been l e f t  separated  by one m ateria l th ickness ( i . e . , 

one h a lf  m aterial th ickness p e r p iece th e  each p a ir  o f overlapping weld 

jo in t ) . I f  th is  was done, p a irs  o f nodes on th e  jo in in g  p ieces could 

have been coupled to g e th er. This would have farced  nodes a t  th e  sup­

p o rts  physical welds to  tra n s la te  and ro ta te  to g e th er. This was in i­

t i a l l y  tr ie d . In  attem pting to  elim inate  th e  "p o sitiv e  p ivo t" e rro rs  

d iscussed  e a r l ie r  in  th is  chap ter, i t  was thought th a t seme tw istin g  of 

th e  loaded models was re su ltin g  fran  th is  type o f weld sim ulation . An 

assumption was then  made th a t th e  sh e ll models o f th e  in d iv id ual p ieces 

could be moved to g e th er ( i . e . ,  by 0.050"), and th e  p a irs  o f nodes a t  th e  

weld lo ca tio n s could be merged to  sim ulate th e  w elds, w ith  n eg lig ib le  

e ffe c ts  on th e  displacem ent and s tr e s s /s tr a in  so lu tio n s to  th e  models. 

This i s  why th e  mesh area  were moved to g e th er. T herefore, a t  th is  p o in t 

in  th e  FEA modeling th e  ''welded" nodes were merged.

F igures 36. and 37. show th e  nodes th a t  were "welded" fo r each of 

th e  su rface  u n it supports, a s described above. The number o f welds was 

id e n tic a l in  each o f th e  dup licated  models created  o f th e  two supports 

fo r th e  in v estig a tio n  o f various mesh s iz e s . A lso, th e  lo ca tio n  o f th e  

welds were m aintain a s c lo se ly  a s th e  mesh s iz e s  t r ie d  would allow .

TfflB TO ELff

Once th e  FEA models had been constr ucted, i t  was necessary to  

re s tra in  them so th a t they  could be loaded. The r e s tra in ts  needed to  

model th e  manner in  which th e  su rface  u n it supports would be re s tra in ed  

by th e  trim  rin g s  on a  range to p . These trim  rin g s  re s tra in  th e  surface
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u n it supports frcm moving in  th e  v e r tic a l, Z- d ire c tio n . They a lso  

prevent them from ro ta tin g , due to  th e  f r ic t io n  between th e  supports 

k n ife  lik e  edges and th e  trim  rin g s  supporting su rfaces. Therefore, 

sin ce  th e  supports were to  be loaded in  th e  v e r tic a l d ire c tio n  only, and 

because th e  trim  rin g s re s tra in  them from ro ta tin g , i t  was decided th a t 

th e  FEA m odel's nodes' d e fin itio n  and displacem ent coordinate systems 

should be converted frcm C artesian  to  c y lin d ric a l system s; allow ing th e  

su p p o rts ' r e s tra in ts  to  be c reated  in  Global C y lin d rica l coordinate 

d ire c tio n s .

A fter th e  nodes coordinate system s had been m odified, th e  supports 

r e s tra in ts  were c rea ted . For th e  su rface  u n it support s ,  i t  was decided 

th a t they  should be re s tra in ed  a t  th e  extreme ends o f th e  supports. In  

r e a lity , th e  supports a re  rounded a t  th e  ends, and th e  trim  rin g s  w ill 

make more than  p o in t con tact w ith  th e  bottom edges o f th e  su pp o rts' 

ends. But, th e  w orst case was modeled, and th is  was done c o n sis ten tly  

fo r  both support designs. T herefore, an "END RESTRAINTS" r e s tra in t  s e t  

was c reated  f a r  each o f th e  FEA models o f th e  supports. The r e s tra in ts  

in  th ese  s e ts  were placed a t  th e  support le g s ' end nodes on th e ir  bottom 

edge. The r e s tra in ts  were nodal displacem ents w ith  values o f zero in  

th e  ra d ia l and v e r tic a l c y lin d ric a l coordinate d ire c tio n s , and a l l  o ther 

tra n s la tio n s  and ro ta tio n s  were s e t  f re e . F igures 38. and 39. d isp lay  

th e  re s tra in e d  models.

LOADING OF THE FEA M3DEIS

A fter th e  m odels' were re s tra in e d , th e  nex t step  in  th e  I-DEAS 

preprocessing o f th e  su pports ' FEA models was th e  a p p lica tio n  o f s ta t ic  

loads. The support models were loaded w ith  NODAL_FQRCEs which to ta le d
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f if te e n  pounds (15 lb s) in  th e  negative v e r tic a l (Z) d ire c tio n , fo r th e  

FEA so lu tio n  runs th a t  were used to  determ ine what mesh s iz e  wculd be 

used in  th e  load t e s t  sim ulation. This i s  d iscussed in  Chapter X II.

The suppor t  models were loaded v ia  th e ir  connection to  th e  load p la te s  

w ith gap elem ents, f a r  th e  FEA sim ulation o f th e  load t e s t .  The p la te s  

were loaded w ith  elem ental FACE_FRESSUREs, which y ielded  a  n e t tw enty- 

f iv e  pound (25 lb s) v e r tic a l s ta t ic  load on th e  supports. T his i s  

d iscussed in  Chapter XV.

ANALYSIS CASE SETS

The next step  in  I-DEAS preprocessing o f th e  FEA models was th e  

c rea tio n  o f an a ly sis  case s e ts . For th is  th e s is , each case  s e t  c reated  

contained an "END RESTRAINTS" re s tra in  s e t , and one load s e t , which was 

e ith e r  named "CENTRAL 15# LOAD", "25# PLATE LOAD (.448944575 P S I)", o r 

"25# PLATE LOAD (.3432142 PS I)". The tw enty-five pound p la te  loads 

requ ired  d iffe re n t p ressu re  loads applied  to  th e  p la te s  fo r  th e  new and 

o ld  supports. T his was because th e  diam eters o f th e  p la te s  matched th e  

rad iu s o f c irc le s  th a t  circum scribed th e  p o in ts a t  th e  ends o f th e  

supports, and th e  new support was designed to  be s lic p itly  la rg e r than  

th e  o ld  support, to  b e tte r  f i l l  th e  trim  rin g s  in  which they  r e s t  on 

e le c tr ic  range to p s.

WAVE racwr opnrcrzATicN

In  an atbeopt to  reduce th e  computer memory req u ired  fo r  th e  

so lu tio n  o f th e  FEA models created  fo r th is  th e s is , th e  "w avefront s ize"  

was optim ized f a r  each model. The was done w ith I-DEAS' OPTIMIZEJWAVE- 

FPONT oomnand, which autom atically  optim izes th e  m odel's w avefront s iz e .
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To v e rify  th a t th is  has been executed properly , th e  CHECKJHAVEFKONT_SAT 

oomnand can be executed on each model.

TRANSFER OF THE MODELS TO ANSYS

Once th e  each FEA models was constructed , a  case s e t  was c reated  

fa r  each, and i t s  f ront wid th  was optim ized, i t  was tra n sfe rre d  to  ANSYS 

fa r  f in a l preprocessing, and subm itta l to  th e  ANSYS so lu tio n  program.

Far th is  th e s is , th e  ANSYS in p u t f i le s  were given th e  names:

N112, N116, N120, NPLATEG, 0112, 0116, 0120, and OPIATES. These names 

helped to  d istin g u ish  between th e  models th a t were c rea ted  o f th e  new 

and o ld  ( i . e . , e ith e r  N o r O) su rface  u n it support designs. The numbers 

in  th ese  names d istin g u ish ed  them base on th e ir  mesh s iz e  ( e .g ., 116 was 

fa r  th e  models w ith  a  1/16" mesh s iz e ) ; and th e  f i le s  w ith  PLATES in  

th e ir  names represented  th e  FEA modes contain ing  th e  load p la te  models 

coupled to  th e  su p po rts ' models w ith  gap elem ents.

Having w ritte n  ou t ANSYS inpu t f i l e s  to  th e  VAX computer d isk  

d irec to ry , th is  work was ready fa r  th e  nex t s te p , which was f i l e  ed itin g  

and ANSYS preprocessing. This i s  d iscussed in  th e  nex t chap ter.



www.manaraa.com

CHAPTER XI

ANSYS FEA PREPROCESSING

INIROOUCnCN

The proceeding chapter d iscussed th e  preprocessing  work th a t  was 

done in  I-DEAS to  produce FEA models o f th e  new and o ld  su rface  u n it 

supports. At th e  end o f Chapter X th e  models had been w ritte n  o u t frcm 

I-DEAS as "ANSYS PREP7 inpu t f i le s " .  In  th is  ch ap ter, ANSYS preprocess­

ing i s  d iscussed , and th e  step s taken to  make use o f th ese  f i l e s  i s  

described . A d e ta ile d  d iscussion  cn th e  use o f ANSYS preprocessing 

operations th a t  were used i s  provided in  Appendix X III.

Far th is  th e s is , th e  FEA models had a lready  been constructed , and 

preprocessed in  I-DEAS Engineering A nalysis; and a t  th is  stage  in  th e  

analyses, they  could have been tra n s fe rre d  in to  ANSYS fo r  f in a l PREPro- 

cessing  and so lu tio n . Before th is  was done, a l l  o f th e  ANSYS prepro­

cessing  procedures and oramands were reviewed (see Appendix X III) to  

determ ine what needed to  be p resen t in  th e  tra n s fe r  f i le s  w ritte n  by 

I-DEAS. This was done so th a t they  could be ed ited  befo re  being brought 

in to  ANSYS, to  in su re  th a t th e  d esired  re s u lts  would be accomplished.
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transfer of prep? inpot fiues fbcm i - ders

A fter th e  in p u t f i le s  were ed ited  to  make th e  changes needed to  

have th en  conform to  th e  s te p s  o u tlin ed  in  Appendix XXII, they  were 

ready to  be tra n s fe rre d  in to  ANSYS. This was done in  batch mode, w ith 

th e  a id  o f a  ccnmand f i l e  a s discussed in  Appendix X III.

FINAL ANSYS PREPROCESSING

Once th e  models had been tra n s fe rre d  in to  ANSYS, they  were in te r­

rogated  to  be su re  th a t  they  had been received  as d esired . This was 

aoocnplished w ith  use o f ANSYS' e n tity  l is t in g , g raph ical d isp lay  and 

p lo ttin g  ocnmands. Once th e  author was su re  th a t they  models were 

accep tab le , ANSYS A nalysis F ile s  were w ritte n  ou t f a r  batch so lu tio n  of 

th e  FEA m odels. See Appendix X III f a r  d e ta ils  on th e  operations per­

formed.

BATCH SODJITCN OF T H E  ANSYS ANaT.VSTS FTT.RB

The a n a ly sis  f i l e s  were subm itted to  ANSYS' so lu tio n  ro u tin e  in  th e  

batch  mode. When th e  ANSYS an a ly sis  so lu tio n  i s  ccnp lete , th e  re s u lts  

a re  a v a ila b le  in  ANSYS FTLEH2.DAT (or MX»EL_NAME. 12 when th e  batch 

cxanand f i l e  i s  u sed ). Once th is  f i l e  was obtained f a r  each o f th e  

models solved, th e  r e s u lts  were p o st processed in  ANSYS and then  tra n s­

fe rre d  in to  I-DEAS fa r  f in a l pos tp rocessing  and g raph ical d isp lay  of 

th e  r e s u lts . T his i s  d iscussed in  th e  next chap ter.
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CHAPTER m

POST PROCESSING OF THE FEA RESULTS

When th e  ANSYS FEA models had been solved, ANSYS prepr ocessing was 

used to  in i t ia l ly  in v estig a te  th e  re s u lts . A fter th e  re s u lts  had been 

reviewed to  be su re  they  looked appropr ia te , th e  d a ta  were tra n s fe rre d  

back in to  I-DEAS f a r  f in a l p o st processing and d isp lay  o f th e  re s u lts . 

T his la s t  s te p  was dene because o f th e  su p erio r graphics d isp lay  options 

p resen ted  by I-DEAS.

ANSYS FOOT PROCESSING O F  THE SOLUTION RESULTS

Once th e  an a ly sis f i le s  had been solved, and th e  r e s u lts  were 

av a ila b le  in  ANSYS FTTFT12 ( i . e . ,  M3DEL_NAME. F12) .  ANSYS' p o st process­

ing  ro u tin e  was used to  review and d isp lay  th e  re s u lts  g rap h ica lly . 

ANSYS' "P0CT1" p o st processor was used to  l i s t  and g rap h ica lly  d isp lay  

th e  analyses re s u lts .

FAILURE c r it e r io n  fo r  m i s  THESIS
13Far th is  th e s is  th e  fa ilu re  c r ite r io n  app lied  to  determ ining i f  

th e  new su rface u n it support would perform  acceptably in  oenparison to

13. A rthur P. B oresi, Omar M. S idebottan, Advanced Mechanics o f
M ateria ls. Fourth E d ition , John Wiley & Sons, NY, 1985, pp. 97 -  104.
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th e  o ld  support design was "Excessive Y ielding a t  Ordinary Tempera­

tu re s " , w ith  th e  y ie ld  c r ite r io n  o f th e  "maximum d is tr ib u tio n  energy 

th eo ry ". T his requ ired  th e  exam ination o f th e  maximum Von Hesus 

s tre s se s  re s u ltin g  frcm th e  loading o f th e  two su rface  u n it support 

designs.

RESUUTS REVIEWED

Far th is  th e s is , th e  nodes' maximum v e rtic a l displacem ents, and th e  

elem ents' maximum ocnponent, p rin c ip a l, and Von Hesus s tre s se s  where de­

s ire d , to  determ ine which mesh s iz e  was b e st su ited  fo r  th ese  analyses, 

and to  determ ine i f  th e  new su p p o rt's  s tren g th  i s  acceptably in  compari­

son to  th e  o ld  support design. In  each case, th e  d a ta  was so rted  to  

p lace  th e  maximum values o f th e  d esired  displacem ents and s tr e s s  a t  th e  

to p  o f each l is t in g . The s tre s s  d a ta  th a t were reviewed were th e  sh e ll 

e lem ents' m iddle (average) s tre sse s .

Although excessive y ie ld in g  was th e  c r ite r io n  used to  determ ine i f  

th e  new support design was acceptable, i t  was a lso  im portant to  examine 

th e  maximum d e fle c tio n  o f th e  new support in  c a p a riso n  to  th e  o ld  

support. I f  su rface  u n it supports d e fec t to o  much, even though th ey  

m ight no t y ie ld  excessively , th is  can lead  to  poor co n tac t w ith  cooking 

u te n s ils , which can e ffe c t heating  perform ance. When ANSYS read s th e  

a n a ly sis  r e s u lts  in to  memory fa r  p o st processing, th e  nodal d isp lace ­

ments a re  au tom atically  read . So, no d ec la ra tio n  needed to  be made 

p r io r  to  in it ia t in g  ANSYS' reading o f th e  re s u lts .

In  ad d itio n  to  p rin tin g  ou t th e  v e r tic a l displacem ents and 

s tre s s e s , th e  reac tio n  fo rces were a lso  p rin te d  ou t to  v e rify  th a t  th e ir  

to ta ls  were equal to  th e  loads applied  in  each an a ly sis  case so lved.
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I-DEAS POST pangRSSTMS OF TOF flOKTrrCM BBgTTfTfi

In  ad d itio n  to  using ANSYS to  process th e  an a ly sis  re s u lts , I-DEAS 

p o st processing was a lso  app lied , T his req u ired  th e  re s u lts  to  be 

tra n s fe rre d  back in to  I-DEAS. But, th is  allowed I-DEAS' superb co lo r 

graphics d isp lay  c a p a b ilitie s  to  be used. T his req u ired  th e  use o f 

I-DEAS Data Loader softw are, a s d iscussed in  Appendix XIV.

ANALYSES' RESULTS

The ANSYS and I-DEAS p o st p rocessing  procedures o u tlin ed  in  th is  

chap ter (see Appendix XIV fo r  d e ta ile d  opera tions performed) were used 

fo r  th is  th e s is . The p lo ts  and re s u lts  re p o rts  produced a re  d isplayed 

and discussed in  th e  next th re e  chap ters.
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CHAPTER X III 

FEA MESH SIZE 0FTIMIZA3TCN

3NIR0CPCT1CN

As was introduced in  Chapter X, th e  FEA models o f th e  o ld  and new 

su rface  u n it supports were loaded w ith  a  s ta t i c  f if te e n  pound fo rce , 

w ith various mesh s iz e s  applied  to  th e  models in  o rder to  determ ine th e  

b e st mesh s iz e  to  use when sim ulating th e  su rface  u n it load  t e s t .  The 

models were prepared in  I-DEAS as d iscussed in  ch ap ter 10. Then they  

were tra n s fe rre d  to  ANSYS fo r  f in a l preprocessing and so lu tio n , a s  de­

scrib ed  in  Chapter XI. The re s u lts  were then  p o st processed w ith  ANSYS, 

a s described in  Chapter XU.

The supports a re  1/2 inch wide. I t  was d e sirab le  to  choose element 

s iz e s  th a t  would span th is  w idth w ith  a  whole number o f elem ents, in  

o rder to  use autom atic mesh generation  to  produce good square elem ents. 

T herefore, th e  new su rface  u n it su p p o rt's  b asic  FEA model (mesh a rea  

m odel), was meshed w ith  elem ents o f th e  follow ing s iz e s : 1 /8", 1/12", 

1/16", and 1/20".

Once th e  fou r meshed models o f th e  new support had been con­

s tru c te d , each was loaded w ith a  f if te e n  pound (15 lb s) s ta t i c  load, 

under th e  a id  constan t conditions dinnnwwi in  Chapter X. F igure 40.



www.manaraa.com

(MVS 4 .M  
JUN M  ISM 

IliHlSi
nun Kuwin
XU —1 
W —1 
ZU •< 
DM T-S.1S7  

W —0.9CT174
v  -e.w
(ML “45

FIGURE 4 0 NEW SUPPORT WTIH CENTRAL FIFTEEN POUND STATIC LOAD



www.manaraa.com

86

shows one of  th e  FEA. models o f th e  new support w ith  th e  f if te e n  pound 

f a r  so lu tio n  in  batch runs. The re s u lts  a re  l is te d  in  Table 3.

TABLE 3 .

FEA MESH SIZE TRIAL RESULTS

MESH SIZE 

(INCH)

examenis

PER WIDTH

MAX. VERTICAL DISPLACEMENT 

(INCH)

1/8 (.1250) 4 0.0403

1/12 (.0833) 6 0.0459

1/16 (.0625) 8 0.0505

1/20 (.0500) 10 0.0502

MESH SIZE pPTJCTTfU

I t  was known frcm FEA theory  th a t th e  f in e r  th e  FEA mesh, th e  

c lo se r th e  re s u lts  should be to  r e a lity . But, f in e r  meshes y ie ld  la rg e r 

FEA models ( i . e . , g re a te r numbers o f nodes and elem ents), which w ill 

req u ire  more d isk  sto rage space, and longer computation tim es f a r  

so lu tio n . In  ad d itio n , a t  some p o in t, th e  com putational e rro rs  in tro ­

duced w ith  la rg e r FEA m atrices w ill cause th e  re s u lts  to  herone le s s
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r e a l is t ic .  Therefore, based on th e  r e s u lts  o f th i s  study , i t  was 

decided th a t  1/16" should be used as th e  mesh s iz e  fo r  th e  load t e s t  

sim ulations.

VERIPTCftTICK OF MESH SIZE FOR OLD SUPPORT

To be su re  th a t  th ese  same re s u lts  would ho ld  tru e  f a r  th e  FEA 

model o f th e  o ld  support ,  th e  b asic  model f a r  th e  o ld  suppo rt  was meshed 

using  1/12" and 1/16" mesh s iz e s . These two models were loaded w ith a  

c e n tra l f if te e n  pounds (15 lbs) load, app lied  w ith  th re e  f iv e  pound 

s ta t i c  loads through nodes a t  th e  s p l i t  between each welded se c tio n  o f 

th e  support. This i s  d isplayed in  Figure 41.

These two FEA models y ie ld  so lu tio n  w ith  iwnrimum v e r tic a l d isp lace­

ments o f 0.0212" and 0.0224" resp ec tiv e ly . T herefore, i t  was decided 

th a t  1/16" elem ents would be acceptable fo r  th e  o ld  su p p o rts ' load  t e s t  

sim ulation  a lso .
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CHAPTER XIV 

PHYSICAL MODEL VERIFICATION

PTCBPWCnSff

The FEA models th a t  had been constructed  and used to  determ ine th e  

optimum mesh s iz e  eeemed to  y ie ld  reasonable r e s u lts . But, a s w ith any 

FEA analyses, i t  was advisable to  prepare sim ple physical experim ents to  

v e rify  th a t th e  m odel's were y ie ld in g  re s u lts  th a t  were r e a l is t ic  o f th e  

displacem ents th a t ac tu a l su rface  u n it supports o f th ese  designs would 

experience w ith  th is  type o f s t a t i c  loading. T herefore, sample supports 

were cons t ru cted , and te s te d  a s  o u tlin ed  in  th is  chap ter.

TEST SEIUP

In  o rder to  d u p lica te  th e  f if te e n  pound s ta t i c  loads th a t were 

app lied  to  th e  FEA models o f th e  su rface  u n it supports, d iscussed  in  

Chapter X III, sim ple bench to p  te s ts  were setup  and conducted. Three 

la rg e  round headed, s tra ig h t b lade, wood screws were d riven  in to  th e  top  

o f a  hardwood work bench, w ith th e ir  s lo ts  aligned  w ith  th e  leg s o f th e  

su rface  u n it supports (see F igures 42. and 4 3 .) . These were placed a t  

th e  ends o f th e  supports. But, they  could n o t be p laced  a t  th e  extreme 

a id s o f th e  supports ex actly  lik e  th e  FEA m odels' supports, and s t i l l  

expect th e  supports to  be loaded w ithout fa ll in g  between th e  screw s. 

T herefore, th e  re s u lts  o f th e  physical t e s ts  were expected to  y ie ld
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FIGURE 43.. -  NEW SUPPORT'S VERIFICATION TEST SETUP
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s lig h tly  sm aller displacem ents then  th e  FEA models, due to  th e  screws 

support  o f th e  su rface  u n it supports a t  p o in ts  a  l i t t l e  c lo se r to  th e  

cen ter o f th e  suppor t s .

For th e  o ld  su rface  u n it support, th ree  ho les were d r i lle d  through 

th e  work bench d ire c tly  under th e  p o in ts  on th e  suppor t  where i t s  

in d iv id u a l p ieces s tra ig h t sec tio n s end and th e  r a d ii  begin th e  bends 

in to  th e  d e lta  shaped p o rtio n  o f th e  s upport  (see Figure 4 2 .) . For th e  

new su rface u n it support, one ho le  was d r ille d  through th e  work bench a t  

th e  cen ter o f th e  su p p o rt's  "Y" (see Figure 4 3 .) . "Piano" w ires were 

run through th ese  ho les to  load th e  supports. Loops were made a t  th e  

to p  ends o f th e  w ires, and shaped to  p u ll s tra ig h t down on th e  to p  o f 

th e  su rface  u n it suppor t s .  The bottom ends o f th e  w ires were attached  

to  th e  cap o f a  p la s tic  g a llo n  b o ttle , and th e  b o ttle  was f i l le d  w ith 

w eight and screwed onto  th e  cap to  load th e  supports (see F igure 44.) *

A d ia l lin e a r  gauge w ith  a  gooseneck support and m agnetic base was 

used to  measure th e  su p p o rts ' displacem ents when placed under s ta t ic  

load. The d ia l gauge can be seen in  F igures 42. and 43. The magnetic 

base was a ttached  to  a  heavy f l a t  s te e l  p la te  and placed on th e  to p  of 

th e  work bench. The gooseneck was ad justed , and locked in to  p o sitio n  

over th e  supports a t  th e  p o in t a t  which th e  d e fle c tio n s  were measured. 

The o ld  su p p o rts ' d e fle c tio n s  were measured a t  a  p o in t a t  th e  cen te r o f 

th e  re a r  se c tio n  o f th e  d e lta  p o rtio n  o f th e  supports between th e ir  re a r  

leg s . The new su p p o rts ' d e fle c tio n s  were measured a t  th e  aen ter o f th e  

su p p o rts ' "Y".
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TESTS PEHPCBMED

Two samples o f each su rface  u n it support design were te s te d  to  be 

su re  th a t  th e re  was nothing unusual about th e  sam ples' re s u lts  ( e .g ., a  

support w ith  weak w elds, e tc .) .  Each support was loaded s ta t ic a l ly  w ith 

th e  w eight f i l l e d  b o ttle  once w ith  each o f th e  follow ing loads: 5, 10,

15, 20, and 25 pounds. The b o ttle  was loaded by removing i t  from th e  

cap, f i l l in g  i t  w ith  w eights u n t il  i t  weighed fiv e  pounds. Then th e  

b o ttle  was screwed onto th e  cap, and then  g en tly  allowed to  hang on th e  

w ire(s) a ttached  to  th e  suppor t  being te s te d . A fter th e  d e fle c tio n  was 

recorded, and s u ff ic ie n t tim e had passed to  be su re  th a t th e  support was 

no t y ie ld in g  under th e  app lied  load , th e  b o ttle  was removed. This 

process was repeated  w ith  th e  nex t heav ier weight u n til  a l l  f iv e  loads 

had been app lied  to  each o f th e  fo u r supports te s te d .

TEST RESQUES

Table 4 . l i s t s  th e  r e s u lts  o f th e  te s ts  th a t were perform ed. Fran 

th ese , i t  was noted th a t  th e  FEA m odels' r e s u lts  were indeed in  lin e  

w ith  r e a li ty . The te s ts  ind icated  th a t th e  o ld  support  would d e fle c t 

approxim ately 0.010" under a  f if te e n  pound load, compared to  .0224" as 

ind icated  by th e  FEA model. The new support design d e flec ted  approxi­

m ately 0.045" when loaded w ith  f if te e n  pounds, w hile i t s  FEA model 

d e flec ted  .0505".

These t e s t  in d ic a te  th a t  th e  FEA model s  a re  to o  " s o f t" . But, th e  

physical samples were n o t supported a t  th e ir  extreme ends. A lso, th e ir  

tim+w ia Iw were no t ex ac tly  0.050" th ic k . The o ld  supports were 0.054" 

th ic k , and th e  new supports were 0.047” th ic k . The FEA m odel's 

th icknesses were changed and reso lved , re su ltin g  in  th e  o ld  support
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TABLE 4. 

VERIFICATION TEST RESULTS

LOAD (IBS)

NEW SUPPORT 

SAMPLE #1 : SAMPLE #2

OLD SUPPORT 

SAMPLE #1 : SAMPLE #2

5 0.013 0.012 0.002 0.002

10 0.030 0.028 0.007 0.007

15 0.044 0.046 0.009 0.010

20 YIELD YIELD 0.013 0.012

25 YIELD YIELD 0.016 0.015

* •

m odel's d e fle c tio n  being reduced to  0.0178", and th e  new support m odel's 

d e fle c tio n  was increased  to  0.0596". The new su p p o rt's  samples were 

made including s t r ength ening r ib s  a t  th e  "Y", and th e  produc t ion sup­

p o rts  were made w ith  production stanping  d ie s . These d e ta ils  would a lso  

co n trib u te  to  th e  p h y sical p a r ts  being s t i f f e r  than  th e  FEA models.
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In  ad d itio n  to  th e  d iffe ren ces between p hysical p a rts  and th e  FEA 

models, th e  FEA re s u lts  were to  be used to  oonpare th e  re la tiv e  s tren g th 

o f th e  new support  design to  th e  o ld  design, and n o t s t r i c t ly  f a r  th e ir  

raw num erical re s u lts . Ih e  s tre s se s  p red ic ted  by FEA models th a t 

d e fle c t s lig h tly  more than  th e  ac tu a l supports would be h igher than  

r e a l i ty , and th u s would y ie ld  more conservative conclusions on th e  new 

su p p o rt's  s t r ength  in  comparison w ith to  th e  o ld  support design. 

T herefore, th e  FEA models were judged to  be acceptable fo r  use in  

perform ing th e  load t e s t  sim ulation discussed in  th e  next chap ter.



www.manaraa.com

CHAPTER XV 

FEA ANALYSIS OF PLATE LOADING

nmywencw
As was introduced in  Chapters I  and X, th e  prim ary f in i te  elem ent 

analyses th a t  were performed f a r  th is  th e s is  were designed to  sim ulate a 

standard  "su rface  u n it load te s t"  th a t  GEA has tra d itio n a lly  used to  

t e s t  d if fe re n t s uppor t  and heating  c o il designs f a r  s tru c tu ra l in teg ­

r i ty .  In  Chapter X th e  construction  o f th e  FEA models o f th e  new and 

old  su rface  u n it supports was discussed* A lso, th e  c rea tio n  o f f l a t  

"load p la te s"  above th ese  suppor t s  was d iscussed . The p la te s  were 

sp e c ified  a s  0.100" th ic k , and constructed  o f aluminum a llo y  3003. The 

f in a l  s te p s  needed in  th e  preprocessing o f th e  two p la te  loaded support 

models was th e  connection o f th e  load p la te s  to  th e  supports w ith  gap 

elem ents, and th e  p ressu re  loading o f th e  p la te s . These step s a re  

d iscussed in  th is  chap ter, once th ese  step s were ccnpleted , th e  remain­

d er o f Chapters X through XI were follow ed in  applying I-DEAS Engineer­

ing  A nalysis and ANSYS fa r  prepr ocessing, ANSYS fo r  model so lu tio n , and 

then  ANSYS and I-DEAS f a r  p o st processing o f th e  r e s u lts .

C TTJrw u nm cap BrjegMT TYPE

The load p la te s  were connected to  th e  su rface  u n it support models 

using  "GAP" f in i te  elem ents. The reason fa r  using gap elem ents was so
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th a t  when th e  p ressu re  app lied  to  th e  p la te s  caused th en  to  d e fle c t 

downward ag a in st th e  supports, th e  supports could move down away frcn  

th e  p la te s , i f  th e  loads tra n s fe rre d  to  th e  o u te r co n tact p o in ts  caused 

th e  supports to  be d e flec ted  a  g re a te r d istan ce  a t  th e ir  c en te r nodes 

th e  p la te s  cen ter nodes. I f  th e  p la te s  had been coupled to  th e  sup­

p o rts , o r connected to  then  w ith  r ig id  sp ar type elem ents, ra th e r  than  

using  gap elem ents, th e  p la te s  m ight have cons t ra ined  th e  supports from 

moving away from them. That would be n o t accu ra te ly  model th e  co n tact 

between a c tu a l cooking u te n s ils  and su rface  u n i ts ' h ea tin g  c o ils .

ANSYS provides sev era l gap type elem ents. I-DEAS' gap elem ent type 

i s  re fe rre d  to  as a  STIFF52 elem ent in  ANSYS, which ANSYS r» n «  a  

"three-dim ensional in te rfac e"  elem ent. These could have been used here , 

by they  a re  more complex th an  was d esired . These elem ents do rep resen t 

two su rfaces which may m aintain o r break co n tac t during a  m odel's 

so lu tio n , which was d esired . But, they  a re  a lso  capable o f modeling two 

su rfaces which may s lid e  r e la tiv e  to  each o th er during th e  so lu tio n  o f 

th e  models, tak in g  in to  account Coulomb f r ic t io n  between them. Although 

in  r e a lity , th e re  i s  f r ic tio n  between cooking u te n s ils  and heating  

u n its ' c o ils , th e  e ffe c t th a t  th is  would have on th e  su p p o rts ' d e flec ­

tio n s  and s tre sse s  i s  nwBmwd to  be n e g lig ib le  fo r  th e se  analyses. This 

seems to  be a  f a i r  assunpticn  given th a t  th e i r  o v e ra ll d e fle c tio n s  a re  

re la tiv e ly  sm all, and th e  range o f a c tu a l f r ic t io n  c o e ffic ie n ts  la rg e , 

th e  sm allest being q u it sm all. Because o f  th is ,  a  le s s  complex gap 

elem ent type was d esired . A ll th a t  was req u ired  was an elem ent type 

th a t  would tra n s fe r  no fo rce  to  th e  supports when th e  gap between them 

opened up, and th a t  would tra n s fe r  fo rce  to  th e  supports when th e  p la te  

and th e  gap elem ents were in  co n tac t.
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A search  o f ANSYS elem ent lib ra ry  ind icated  th a t  th e  d esired  e le ­

ment type was STIFF10, c a lle d  "ocEpressicn-cnly spar" elem ents. These 

elem ents can a c tu a lly  be used fear two purposes depending on th e  s e ttin g  

o f i t s  keycp t(3 ). I f  th is  i s  s e t  to  1, a s was done f a r  th is  th e s is , th e  

elem ents a re  com pression-only spar (gap) elem ents. But, i f  keyopt(3) = 

0 ( i t s  d e fa u lt) , they  a c t a s  tension-on ly  sp a rs, o r a s  "cab les", 

"ropes" o r  "chains". In  cases where th is  i s  app lied , th ese  elem ents 

w ill only tran sm it u n iax ia l fo rces when they  a re  placed in  ten sio n .

But, f a r  th is  th e s is  (w ith keyopt(3) = l ) , th ese  elem ents could only 

tra n s fe r  fo rces to  th e  supports when they  were placed in  conpression.

CONNECTION OF THE LOAD ELATES TO THE SUPPORTS

In  I-DEAS gap elem ents a re  c rea ted  in  th e  MX)EL_EREPARATICN Task by 

s e ttin g  th e  DEFault ELEMENT TYPE_OF_ELEMENT to  GAP. I-DEAS pronpts th e  

u se r to  sp ecify  whether th e  gap elem ents a re  to  be N3DE_TO_NODE o r 

NODEJTOJ3R0OND. For th is  th e s is  NCDE_TO_NODE gap elem ents were app lied . 

A fter th is  d e fa u lt type was se tu p , th e  ELEMENTS CREATE ocnmand was used 

to  p ick  th e  nodes th a t  were d esired  a t  th e  ends o f each gap. Note th a t  

th e  nodes had to  be d isp layed in  o rder to  p ick  them a s  VISIBLE on th e  

g raphics screen .

The gap elem ents were placed a t  th e  nodes a t  th e  p o in ts  th e  su rface  

u n its 7 h e a te r c o ils  c ro ss th e  suppor t s .  Id e n tif ic a tio n  o f th e se  nodes 

was a s s is te d  by making th e  working s e t  contain ing  th e  a rc s rep resen tin g  

th e  h e a te r c o ils  v is ib le  p r io r  to  executing th e  ELEMENT CREATE ocmnand. 

F igures 45 and 46 d isp lay  th e  suppor t  and load p la te  models connected 

w ith  th e  gap elem ents (which a re  a re  symbolized lik e  c a p a c ito rs ).
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OCKRBCCTCN OF gftP BT3WPWP SPFgT FT C aSPIOW  IN ANSYS

Because I-DEAS created  SHFF52 gap elem ents during th e  preprocess­

ing o f th e  models, before they  were tra n s fe rre d  in to  ANSYS, th e  tra n s fe r  

f i l e s  were ed ited  to  change th ese  elem ents from type 52 to  type 10.

Once th e  models had been w ritte n  ou t from I-DEAS, e d ited , and read  

onto ANSYS fa r  f in a l prepr ocessing, th e  ANSYS o n -lin e  h e lp  was used to  

review  th e  documentation f a r  th ese  elem ents. T his was accessed by 

typ ing :

STIFF, 10 <REIURN>.

T his in d icated  th a t  th ese  elem ents have two ap p licab le  read  p ro p e rtie s , 

a re a , and gap p er u n it leng th ; and one app licab le  m ateria l p roperty , EX. 

Far th is  th e s is , th e  gap elem ents were intended to  be very s t i f f ,  and 

sm all. T herefore, th e  read constan ts d ec la ra tio n  lin e  f a r  th e  gap 

elem ents was changed to  read :

R, 3, .049, 0 .0 .

T his sp e c ifie s  gap elem ents w ith th e  c ro ss se c tio n a l a rea  o f a  1/4” 

diam eter cy lin d er, and in i t ia l ly  closed  ( i . e . , no i n i t i a l  gaps). The 

m ate ria l propert ie s  o f th e  gap elem ents were changed to  read:

EX, 3, 0.28E+08.

T his made th e  gap elem ents rep resen t s ta in le s s  s te e l  cy lin d ers standing  

on to p  o f th e  support s .

APPLICATION OF PRESSURE TP  THE IPAD ELATES

These analyses req u ired  th e  ap p lica tio n  o f a  uniform  p ressu re  to  

th e  to p  faces o f th e  load p la te s ' elem ents, w ith  a  p ressu re  value (in  

PSI) th a t would y ie ld  a  v e rtic a l fa rc e  pushing down on th e  p la te s  w ith  a 

to ta l  o f tw enty-five pounds o f fo rce . In  o rder to  determ ine th e  appro-
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p r ia te  p ressu re  value f a r  each su p p o rts ' load p la te s  (which have s lig h t­

ly  d if fe re n t d iam eters), th e  working s e t 's  curves were v is ib le .

Once th e  curves were v is ib le , th e  r a d ii  o f th e  two load p la te s  were 

measure w ith  th e  GEDMEIR¥_DEFINITTCN Tasks LIST ENTITY ocmnand. This 

allow ed th e  author to  determ ine th a t  th e  o ld  su p p o rt's  load p la te  has a  

4.176299" rad iu s , and th e  new su p p o rt's  load p la te  has a  4.210161" 

rad iu s .

Once th e  load p la te s ' r a d ii  were known, th e  face  p ressure  f a r  each 

p la te  was ca lcu la ted  a s  follow s:
2

f a r  th e  o ld  support : FP »  (25 lb s) /  ( P i x  (4.176299 in) )

«  0.456254297 PSI;

and,

fo r  th e  new support: IP  «  (25 lb s) /  ( P i x (4.210161 in )2) .

-  0.448944575 PSI.

The ctanandfl needed to  apply th ese  p ressu res to  th e  load p la te s  a re  

lo ca ted  in  I-DEAS Prepr ocessing M odule's ANALYSISjCASES Task. The 

STRtXTURALJXftDS menu was used to  c re a te  a  load s e t  named "25/ PIATE 

LOAD (.456254297 PSI)" fo r  th e  o ld  su p p o rt's  model, and a  load s e t  named 

"25/ PLATE LOAD (.448944575 PSI)" f a r  th e  new su p p o rt's  model. Then th e  

FACE_PRESSURE ccnmand was used to  access th e  «-mm»Tria needed to  apply 

th e  d esired  p ressu res. I t s  DEEaults sub-menu was used to  specify  th e  

PRESSURE f a r  each load p la te , and a co lo r fo r th e  d isp lay  o f th e  pres­

su re s.

A fter th e  d e fa u lt p ressu re  and co lo r values had been se tu p , th e  

FACEJFRESSURE CREATE ocmnand was used to  apply th e  constan t p ressu re  

values to  th e  upper face  o f each elem ent o f th e  load p la te s . F igures 47 

and 48 show th e  p ressu res as they  appear in  th e  I-DEAS d isp lay .
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TRANSFER OF TOE MODELS EBOM I-PEftS TO ANSYS

Once th e  load p la te 's  had been connected to  th e  supports, and 

p ressu re  loaded, th e  procedures discussed in  Chapters X and XI were 

follow ed in  tra n s fe rrin g  th e  models to  ANSYS. Once in  ANSYS, th e  f in a l 

prepr ocessing was completed.

raOCEEURE FOR ITERATIVE SQUJTICKS16

Because gap elem ents were used in  th ese  analyses, th e  so lu tio n  of 

th e  p la te  loaded FEA models requ ired  ite ra tiv e  so lu tio n s . The gap 

elem ents a re  " b ilin e a r elem ents". That i s ,  they  have two d if fe re n t 

s tif fn e s s  va lu es, one being zero , depending upon th e  r e la tiv e  d isp lace­

ment o f th e  support and p la te s ' elem ents. These elem ents have two 

d iffe re n t s ta tu s  cond itions, open o r clo sed . T his req u ire s  th e  

program to  s t a r t  w ith  th e  gap elem ents in  th e  c losed  p o sitio n  (as 

sp e c ifie d ), and then  so lve th e  model f a r  th e  f i r s t  i te ra tio n . I f  a t  th e  

end o f th a t  ite ra tio n  th e  s ta tu s  o f any o f th e  gaps have changed, a  

convergent so lu tio n  has no t been obtained. In  th is  case , th e  model must 

be solved f a r  a  second ite ra tio n , s ta r tin g  w ith th e  s ta tu s  o f th e  gaps 

from th e  end o f th e  f i r s t  i te ra tio n . This i te r a t iv e  procedure must be 

repeated  u n t i l  th e  s ta tu s  o f a l l  o f th e  gap elem ents i s  th e  same a t  th e  

end o f an ite ra tio n  as they  were a t  th e  beginning o f th a t  ite ra tio n .

16. G abriel J .  DeSalvo, Ph.D ., Robert W. Gorman, ANSYS Engineer­
ing Analvs.jp ffyfffcPffl Tteer/ s  Manual. Swanson A nalysis Systems, In c ., 
Houston, Pennsylvania, 1987, 2 .30 .1  -  2 .30 .2 .
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SDRC I-DEAS 4. t : Pre-'Post Processing
OfrrainsEi neu surface unit support desion - Jeffrey a . kern UIEU ! FEA ISOTask: Analysis Cases Nodal: 17-OCO SUPT U/ |/I6' MESH I PLATE LOAD

1-JUL-91 20:47:35
UNITS s IN 

DISPLAY : No s t o r e d  OPTION
Associated Uarksst: tS-UORKING SETfS

FIGURE 47. - OLD SUPPORT’S LOAD PLATE WITH PRESSURES APPLIED
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DATABASEi UIEU : Task: Nodal;

SDRC I-DEAS 4,1
NEU SURFACE UNIT SUPPORT OESISN - JEFFREY A. 
FEA ISOhadel PreparationO-NEUSUPTU/J/lfi* MESH ft PLATE LOAD

Pre/Post Processing
K ERN

1 -JUL-91 2 0 : 3 4 : 5 2
UNITS t IN 

DISPLAY ! No s t o r e d  OPTION

Associated Uorksst: 14-UORKING SETt4

I

FIGURE 4-8 . - NEW SUPPORT * S LOAD PLATE WITH PRESSURE APPLIED
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In  o rder to  have ANSYS perform  an ite ra tiv e  so lu tio n  f a r  a model, 

th e  ITER ocmnand must be executed before w ritin g  ou t an an a ly sis  f i l e  

w ith  th e  AFWRTTE command. The form at fo r th is  command is :

ITER, NITfER, NERTNT, NPOST.

NITEER i s  th e  number o f ite ra tio n s  th a t  a re  to  be performed p e r load 

s te p  during model so lu tio n . NFRENT defines th e  p r in t frequency, which 

determ ines which i te r a tio n s ' a re  p rin te d . I f  th is  i s  s e t  to  1, every 

ite ra tio n  i s  p rin te d , i f  s e t  to  2 , every o th e r, e tc . NPOST, lik e  

NPRENT, determ ines which ite ra tio n s  a re  w ritte n  onto so lu tio n  FHE12.

I f  th e  u se r knows th a t a m odel's so lu tio n  should converge w ith in  a 

sp ec ified  number o f ite ra tio n s , he can e n te r a  p o s itiv e  number f a r  

NITTER. Far exanple, i f  th e  u se r knows (possib ly  from previous so lu­

tio n s  o f th e  same model under o th er load conditions) th a t  i f  a  conver­

gen t so lu tio n  i s  n o t reach w ith in  10 ite ra tio n s , th e re  must be a  problem 

w ith  th e  model. Then, by using 10 f a r  NITTER, he can lim it th e  amount 

o f computation tim e th a t might be wasted in  having ANSYS attem pt to  

so lve a  non-oonvergent  model. The model w ill be ite ra te d  te n  tim es, and 

th e  u se r w ill  have to  in te rro g a te  th e  p rin te d  o r p o st processing d a ta  to  

determ ine i f  convergence had been reached before th e  te n th  ite ra tio n .

Note th a t  i f  convergence has n o t been reached in  th e  sp ec ified

number o f ite ra tio n s , th e  ite ra tiv e  so lu tio n  can be re s ta r te d  a t  th e
17

p o in t i t  was l e f t  o f f . But, only i f  ETLE3 o r M3DEL_NAME.F03 ( e .g ., 

N116.F03) i f  th e  batch  ocmnand f i l e  was used to  access ANSYS fa r  so lv ing  

th e  FEA models, rem ains in  th e  u se rs d isk  d ire c to ry . T herefore, i f  an 

i te ra tiv e  so lu tio n  i s  being run , i t  may be in  th e  u se rs b e s t in te re s t  to

17. Ib id ., 2.23.
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sp ecify  th a t  a l l  f i le s  except th e  nodal and so lu tio n  f i le s  should n o t be 

d e le ted  a t  th e  end o f th e  batch so lu tio n  run , so th a t FHE3 w ill  be 

a v a ila b le  fo r  a  r e s ta r t .  Hie flHSYff fftrinw prlm  A nalysis System U ser's  

Manual, page 2.23 should be consulted i f  a  r e s ta r t  i s  d esired .

ANSYS provides a  sp ec ia l fea tu re  to  a s s is t  th e  u se r in  specify ing  

th e  number o f ite ra tio n s , which i t  c a lls  th e  nonlinear convergence 

c r i te r ia .  Hie u se r may e n te r a  negative value f a r  NITTER. Then, when 

th e  i te r a tiv e  so lu tio n  i s  run, a  maximum o f | NITTER| ite ra tio n s  w ill be 

performed f a r  each load s te p . But, i f  th e  so lu tio n  converges before 

th is  maximum number o f ite ra tio n s , th e  ite ra tio n  process w ill be stop­

ped. At th a t  p o in t, ANSYS w ill perform a p a r t ia l  ite ra tio n , id e n tifie d  

a s  ite ra tio n  |NTFFER|, to  output th e  re s u lts . When th is  op tion  i s  used, 

a l l  p o st d a ta  co n tro ls d e fa u lt to  | NITTER | .

ANSYS a lso  makes i t  easy f a r  th e  u ser to  specify  th e  converged 

ite ra tio n  when re tr ie v in g  th e  re s u lts  in to  FOST1 f a r  p o st p rocessing .

The SET ocmnand dlBnissarl in  Chapter XU, which i s  used to  e x tra c t th e  

requested  re s u lts  from th e  so lu tio n  f i l e  and s to re  them in  memory f a r  

p o st processing , can be used w ith  0 en tered  fa r  ITER. This cause ANSYS 

to  au tom atically  lo ca te  th e  l a s t  ite ra tio n  in  th e  re s u lts  f i l e  f a r  th e  

load s te p  sp ec ified  and s to re  th a t i te r a t io n 's  in  memory f a r  p o st 

p rocessing . Far exanple, i f  NITTER i s  en tered  as -10, and th e  conver­

gen t so lu tio n  was reached a t  ite ra tio n  6, by a lte rin g :

SET, 1, 0

in  POST1, th e  re s u lts  from th e  s ix th  ite ra tio n  w ill be re trie v e d .
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PLATE LORD ANALYSIS RESUHTS

The ite ra tiv e  so lu tio n s to  th e  p la te  loaded models w ith  gap e le ­

ments connecting th e  load p la te s  to  th e  supports both converged in  le s s  

than  te n  ite ra tio n s . The o ld  support req u ired  s ix  ite ra tio n s  before th e  

gaps' s ta tu s  ( i . e . , stay in g  closed  o r open) remained unchanged from th e  

s t a r t  to  th e  f in is h  o f th e  ite ra tio n . The re s u lts  o f th ese  analyses 

d e fin ite ly  show th a t  gap elem ents, ra th e r  than  r ig id  lin k s , were needed 

between th e  p la te s  and th e  supports. The f in a l s ta tu s  o f th e  gap 

elem ents was checked in  ANSYS p o st processing by en terin g :

S1KESS,GAPS,10,6 <RETURN>,

SET <REHlRN>f 

ESEL,TYPE,2 <RETORN>,

FRSTR,GAPS <RETURN>.

The s ta tu s  o f th e  STTFF10 gap elem ents i s  1 when they  a re  in  

compression, and 2 when th ey  a re  open. The o ld  support had only 7 o f 

i t s  21 gap elem ents closed  and th e  new support had only 6 o f  i t s  18 gap 

elem ents closed when th ese  models were solved.

The maximum v e r tic a l d e fle c tio n  ca lcu la ted  fo r  th e  supports were 

0.012" fo r  th e  o ld  support and 0.015" fo r  th e  new support. F igures 49 

and 50 show th e  displacem ent p lo ts  o f th e  supports under th ese  loading 

cond itions. The SCAIE_OF_DISTCRnCN fa c to r in  th ese  p lo ts  i s  10:1. 

T herefore, th e  displacem ents shown a re  te n  tim es th e  a c tu a l d isp lace­

ments, w ith th e  su p p o rt's  (1/2" wide) to  sc a le .

For th e  o ld  support under th e se  loading co n d itio n s, th e  FEA m odel's 

so lu tio n  y ielded : a  maximum Maximum P rin c ip a l s tr e s s  (SIG1) o f

3,360 p s i;  a  minimum Minimum p rin c ip a l s tr e s s  (SIG3) o f -  7,049 p s i;  and 

a maximum Von Mises equ ivalen t s tr e s s  o f 8,076 p s i.
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SDRC I-DEAS 4.1: Pre/Post Processing
OATABRSE: FEA RESULTS FROM PLATE LOADING OF OLO 0SUPPORT - J.A.KEEN UIEU : SIDETask: Post Processing Node 1: 1-FE_M0DEL1______________________________ ____________

5 - JUL-91 10:38:13
UNITS : IN DISPLAY : No atorsd OPTION

Associated Uorksot: 1-U0RKIH6_SETI
OLD SUPT \A' GAPPED PLATE LOAOLOADCASE:1DISPLACEMENT - MAG MIN: 3.65E-04 MAX: 2.e3E-02

J. A.KERN

L
FIGURE 49 . - OLD SUPPORT'S DISPLACEMENTS UNDER 25 LBS PLATE LOAD

110



www.manaraa.com

SDRC I-DEAS 4.1: Pre/Post Processing
DATABASE: FEA RESULTS OF PLATE LORO ON NEU SUPPORT - J.fl.KERN UIEU : SIDETask: Past Processing nods I: 1-FE.MODEL1

5-JUL-91 10:02:19
UNITS : IN DISPLAY : No stor.d OPTION

Hssoclatsd Uorkset; 1-U0BKIB6_SETt

LOADCASE:1 DISPLACEMENT MAS MIN:
NEU SUPT U' GAPPED PLATE LOAD - J.A.KERN 

5.06E-05 MAX: 1.80E-0E

L
FIGURE 50. - NEW SUPPORT'S DISPLACEMENTS UNDER 25 LBS PLATE LOAD
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Far th e  net/ support under th ese  loading cond itions, th e  FEA m odel's 

so lu tio n  y ie lded : a  mnviiwim Maximum P rin c ip a l s tre s s  (SIG1) o f

3,976 p s i;  a  minimum Minimum P rin c ip a l s tr e s s  (SIG3) o f -  7,110 p s i;  and 

a maximum Von Mises equ ivalen t s tre s s  o f 8,147 p s i.

P rin c ip a l s tr e s s  re p o rts  front I-DEAS p o st processing session s a re  

l is te d  in  Appendix VU. Figures 51 and 52 show s tre s s  contour p lo ts  o f 

th e  Von Mises s tre s s  values ca lcu la ted  a t  th e  s h e ll e lem ent's m iddle 

su rface  fo r each o f th e  two support designs.
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SDRC I-DEAS 4.1; Pre-'Post Processing
DATABASEi FEA RESULTS FROft PLATE LQAOINS OF OLD DSUPPORT - J . A.KERN UIEU : 1, 2, 3Task: Past Processing Ilodal: I -FE MODEL 1

5-JUL-91 00:42:55
UNITS > IN 

DISPLAY • n o n e , n o n e , n o n e

A w c i o U d  Lfark— t; 1-U0BKIB6 SETt
OLD S U P T  U '  G A P P E D  P L A T E  L OAD -  J . A . K E R N  

L O A D C A S E : 1
F RAME  OF R E F : G L O BA L  S H E L L  S U R F A C E : M I D D L E
S T R E S S  -  UON M I S E S  M I N :  2 . 2 G E * B B  MAX:  8 . 0 8 E * 0 3

1 . 1 G E * 0 3 6 . 9 2 E + 0 3

L E U E L S : 6  D E L T A :  1 . 1 5 E + 8 3

I fUTE U N  • J.A.IEH 
pn.i A

t . i s c » u

LEUEISi S OELTD: t.tS E fl

U,MFT IP CAFFES PLATE LIM - J.A.KEB 
s s -  d r f t f f i S i t . ,  l s « 1  I'm ?™

t . I K r U

UW.S;* BILIA: I.ISI
FIGURE 51. - OLD SUPPORT'S VON MISES STRESS CONTOURS
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SDRC I-DEAS 4.1: Pre-'Post Processing
DATABASE: FEA RESULTS OF PLATE LOAD ON NEU SUPPORT - J.A.KERN UIEU : 1, 1, tTask: Past Processing Hodsli 1-FE.H0DEL1

4-JUL-91 14:49:51
UNITS s IN DISPLAY : none, none, none

Associotsd Uorkseti 1 -U0BICIR6_SET1

M f f i
u.strr w ttma rum loos - j .h.ie h

NEU S U P T  LJ/ G AP P E O P L A T E  LOAD -  J . A . K E R N  
L O A D C A S E : 1
FRAME OF R E F : GLOBAL S H E L L  S U R F A C E : MI D DL E
S T R E S S  -  UQN M I S E S  M I N :  5 . 0 3 E + 0 0  MAX:  8 . 1 5 E + 0 3

.17E43

V tm a  PISTE U M  - J.fl.KEH

n iri vm ™ **

6 . 9 8 E + 0 31 . 1 7 E + 0 3

LEUELS:G DELTA: 1.1GE+03 1.17c*»3

FIGURE 52. - NEW SUPPORT'S VON MISES STRESS CONTOURS
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CHAPTER XVI 

SUMARY AND OCNCXUSICNS

Based on th e  re s u lts  o f th e  p la te  loaded FEA m odel's so lu tio n s , i t  

appears th a t  th e  new "Y" shaped support design should function  accept­

ab ly , from a  streng th  standpoin t alone. The new su p p o rt's  maximum 

Maximum P rin c ip a l s tre s s  i s  approxim ately 18.3% h igher than  th e  o ld  

su p p o rt's . T his i s  w ell below th e  y ie ld  s tre s s  f a r  th e  su rface  u n it 

su p p o rt's  m a te ria l, which i s  55 k s i. A dd itionally , th e  maximum s tre sse s  

ca lcu la ted  by th ese  models a re  concentrated a t  th e  s te p s  in  th e  ends o f 

th e  supports and a t  th e  p o in t co n tacts between th e  load p la te s  and th e  

supports. T herefore, i f  th e  s te p s  had been rounded, and i f  th e  con tact 

a reas between th e  p la te s  and supports were increased , th e  maximum 

s tre s se s  would be even lower.

A lso, th e  maximum v e r tic a l displacem ent o f th e  new support was 

ca lcu la ted  to  be 0.015", and th e  samples te s te d  (see Chapter XIV) d id  

n o t y ie ld  u n til  they  had been d isp laced  a t  le a s t  0.045". T herefore, th e  

new su p p o rt's  should no t have a  s t r ength  problem.

There a re  o th er th in g s th a t  GEA should consider in  deciding i f  th e  

new design should be used. Par one th in g , sim ple beam equations were 

used to  c a lc u la te  th e  d e fle c tio n s o f th e  new support design , using 

standard  mechanics o f m ate ria ls  th e o rie s . T his y ie lded  maximum d e fle c -
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t ic n  o f 0.009" when subjected  to  a  f if te e n  pound c e n tra l load . But, 

under th e  same load, th e  sh e ll FEA model d e flec ted  0.050" (see  Chapter 

X III); and th e  sample supports d e flec ted  0.045" (see Chapter XIV).

In  order to  in v estig a te  these  d iffe ren ces, th e  nodes in  th e  FEA 

model along th e  lin e  between th e  top  and bottom tangen t p o in ts  o f th e  

support p ie c e s ' cen ter bends (where th e  overlapping m a te ria ls  f i r s t  make 

contact) were merged to  sim ulate more ocnplete w elding o f th e  two p ieces 

o f th e  new support. This v a ria tio n  o f th e  new support d e s ig n 's  s h e ll 

FEA model was then  solved under th e  same c e n tra l f if te e n  pound v e r tic a l 

load. The re su ltin g  maximum d e flec tio n  was 0.0095". T his in d ic a te s  

th a t  th e  q u a lity  o f th e  welds i s  very im portant. I f  th e  p ieces o f th e  

new su rface  u n it support could be welded to g eth er com pletely in  th e  

overlapping a rea , th e  su p p o rt's  mnvliwim d e fle c tio n  could be reduced by 

a  fa c to r o f f iv e .

Another th in g  th a t  GEA should consider i s  th a t  th e  new design w ill 

have a  d iffe re n t dynamic response than  th e  o ld  design . This may e ffe c t 

th e  sounds produced when su rface u n its  a re  ex cited  by v ib ra tio n s  o r 

im pact. Therefore, due to  th e  e ffe c ts  th a t "noisy" o r "<£ieep sounding11 

su rface  u n its  have on custom ers, GEA m ight want to  extend th is  work to  

include modal analyses.
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APPENDIX I

I-DEAS QUICK REFERENCES

KEY COWAND MEM3NIC

<F1> AUTOSCALE AU

<F2> CRAW ER

<F3> GLOBAL_DISPIAY GD

<F4> ZOCM m

<F5> MAGNIFY 141.4% MO 1.414

<F6> MAQtLFY 70.7% MS 0.707

<F7> RCTEATE_ABOUT_SCREEN RS

<F8> REDISPLAY REDI

AC <OCNTRDI> N/A

AC C STOP DISPLAY N/A

AC O OUTPUT CN/OFF N/A

AC Q RESTART DIALOG N/A

AC S STOP DIALOG N/A

AC T SYSTEM STATUS N/A

AC X CANCEL INPUT N/A

AC Y BREAK OUT N/A

_________OCMAND'S RESULTS

SCALES ENTITIES TO FTTJ. VIEWPCRT 

DISPLAYS DRAWING W/ CURRENT VIEW 

DISPLAYS DRAWING W/ GLOBAL DISPLAY 

USER PICKS DIAGONALS FOR ZOCH IN 

SCALES VIEW UP BY 41.4%

SCALES VIEW DOWN BY 29.3%

ROTATE ENTITIES ABOUT SCREENS AXES 

ERASES AND REDRAWS W/ CURRENT VIEW 

DEPRESS *C TOGETHER WITH "KEY" 

STOPS TRANSMISSION OF GRAPHICS 

TOGGLES OUTPUT CN & OFF 

RESTARTS STOPPED TEXT TRANSMISSION 

STOPS (HOIDS) TEXT TRANSMISSION 

DISPLAYS COMPUTER SYSTEM'S STATUS 

CANCELS INPUTS NOT RECEIVED BY CPU 

LAST RESORT BREAK OUT OF I-DEAS
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APPENDIX I I

ANSYS QUICK REFERENCES

GCMMAND ROUTINE

PREP7

OCMBND'R WEsnrms

AFYJRITE ANALYSIS FILE WRITE & DATA CHECK

/B AIL DISPLAY GRAPHICS & TEXT TOGETHER

DOCU AIL ON-LINE DOCUMENTATION ON MXUIE

DOCXJ,ALL AIL ON-LINE DOCU' ON MDDUIE W/ FORMATS

DOCU, /CSMD AIL MODUXL'S " /"  GCM4ANDS ON-LINE DOCU

DOCU, NAME AIL ON-LINE DOCU' ON OCM4AND NAMED

DOCU,GRPH PREP7 LIST OF GRAPHICS OCNIROL OCWANDS

/EOF AIL EXIT ROUTINE WITHOUT SAVING WORK

FINI AIL FINISH ROUTINE AND SAVE WORK

/G AIL GRAPHICS ONLY (DIALOG OFF)

/INPUT, FILE, EXT AIL READ NAMED INPUT FTTJ1 (FILE. EXT)

/INT BEGIN SETS ANSYS FOR INTERACTIVE USE

MODU AIL LISTING OF MODULES IN ROUTINE

/OUTFUT, FILE, EXT AIL WRITE CUIFUr TO FILE (FUJE.EXT)

/POST1 BEGIN PLACES USER IN POST1 MODULE

/PREP7 BEGIN PLACES USER IN PREP7 MDOUIE

FROC FREP7 PREPROCESSING, STEP-BY-STEP

EROC,# FREP7 INFO' ON STEP # IN PROCEDURE
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OCtMAND ROUTINE    OCWAND'S RESULTS

SAVE ALL SAVE CURRENT WORK FOR RESUME

SEAT AH. DISPLAYS STATUS OF CURRENT MODULE

/T ALL DISPLAY FULL SCREEN TEXT (DIALOG)

KEY 

<F1>

AC <OONIRDL>

AC O

AC P STOP DISPLAY 

AC Q RESTART DIALOG 

AC S STOP DIALOG 

AC T SYSTEM STKIUS 

AC X CANCEL INPUT 

AC Y BREAK OUT AIL

________ OCWAND'S RESULTS

RECALLS LAST COMMAND FOR REUSE 

DEPRESS AC TOGETHER WITH "KEY" 

TOGGLES OUTPUT ON & OFF 

STOPS TRANSMISSION OF GRAPHICS 

RESTARTS STOPPED TEXT TRANSMISSION 

STOPS (HOLDS) TEXT TRANSMISSION 

DISPLAYS COMPUTER SYSTEM'S STKIUS 

CANCELS INPUTS NOT RECEIVED BY CPU 

LAST RESORT BREAK CUT OF I-DEAS

ANSYS CONTROL OOMANDS

 OCIMAND  BXZQN&

RECALL LAST OOHtAND ALL

AEL

OUTPUT ON/OFF AIL

AIL 

AIL 

ALL 

AIL 

AIL
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APPENDIX H I  

UNIVERSAL FTTfS

In  ad d itio n  to  th e  providing use o f IGES form atted f i le s  fo r  th e  

tra n s fe r  o f d a ta  in to  and ou t o f I-DEAS, I-DEAS a lso  provides i t s  own 

tra n s fe r  f i l e  form at, c a l l  U niversal F ile s . These f i l e s  a re  used fa r  

th e  tra n s fe r  o f d a ta  from one I-DEAS fam ily to  ano ther. For example, 

from S olid  Modeling to  D rafting , o r from S olid  Modeling to  Engineering 

A nalysis. U niversal f i l e s  can a lso  be used to : tra n s fe r  e n ti t ie s  from 

one I-DEAS model f i l e  to  another; arch ive oonplete model f i l e  d a ta  

bases; o r to  s to re  ind iv idual so lid  models fo r  use in  o th er model f i le s ,  

u n iv ersa l f i le s  a re  upwardly ocnpatib le  w ith  h igher rev is io n s  in  I-DEAS 

softw are than  ju s t  th e  rev is io n  used to  c reated  th e  e n ti t ie s  ( e .g ., 

I-DEAS 4 .1  U niversal f i le s  can be read  in to  I-DEAS V). T his make 

U niversal f i le s  id e a l fo r  c rea tin g  permanent f i le s  fo r  arch iv ing  model 

f i l e s ,  o r f a r  c rea tin g  p a rts  lib ra r ie s  o f so lid  m odels, e tc .

The dim ensional d a ta  sto red  in  I-DEAS model f i l e s  i s  always sto red  

in  SI u n its . I f  th e  u se r sp e c ifie s  another u n it system  (e .g ., IN ), th e  

e n t i t ie s ' u n its  a re  converted to  th e  sp ec ified  u n its  system fo r d isp lay , 

c a lc u la tio n s , e tc . In  o rder to  m aintain th e  h ig h est accuracy o f th e
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d a ta  involved, before u n iv ersa l f i le s  a re  w ritten  o u t, th e  a c tiv e  u n it 

system should be s e t  to  S I. This w ill prevent th e  d a ta  fra n  being 

converted from SI to  another system fa r  sto rage in  th e  U niversal f i l e .

U niversal f i le s  a re  more "compac t11 in  s iz e  th an  model f i l e s .  One 

Universed f i l e  can contain  a l l  o f th e  o rig in a l ( i . e . ,  non-standard) 

e n ti t ie s  fra n  one Family o f d a ta  w ith in  a  model f i l e  ( i . e . ,  MDDEL.FUE.- 

.MF1 and MDDEL-FILE.MF2 fa r  Solid  Modeling a r  Engineering A nalysis), and 

i t s  s iz e  w ill be le s s  than  th e  to ta l  o f th e  model f i l e s .  T his i s  

p a r t ia l ly  due to  th e  fa c t th a t  th e  U niversal f i le s  w ritte n  ou t o f a 

model f i l e  w ill no t contained any o f th e  e n ti t ie s  th a t  have been saved 

in  I-DEAS "sa fe ty  n e ts” . That i s ,  "QID#" e n ti t ie s  th a t  have been saved 

in  th e  model f i le s ,  due to  th e ir  p o ssib le  d estru c tio n  o r lo s s  w hile th a t 

e n tity  ty p e 's  QU3_STACK_UNSTH in  s e t  g re a te r than  zero , w ill no t be 

w ritte n  in to  a  U niversal f i l e .  As introduced in  Chapter I I ,  i t  i s  th is  

"conpact" q u a lity  o f th e  U niversal f i le s  which th e  author has used " to  

'd e f la te ' th e  s iz e  o f th e  [model] f i le s ,  to  th e  minimum s iz e  needed".

When th e  s iz e  o f th e  d a ta  base fo r th is  th e s is  g o t to o  la rg e , i t  

caused problem s, including lack  o f fre e  d isk  space and long tim e periods 

requ ired  to  re tr ie v e  and s to re  th e  model f i le s .  Thus, by: 1) d e le tin g  

a l l  unneeded e n ti t ie s  from th e  e x is tin g  model f i le s ;  2) w ritin g  c u t a  

u n iv ersa l f i l e  containing a l l  o f th e  e n ti t ie s  in  S o lid  Modeling;

3) reading th e  u n iv ersa l f i l e  in to  a  new (empty) model f i l e  d a ta  base; 

and 4) d e le tin g  th e  o rig in a l model f i le s ,  th e  model f i le s  could be 

compressed to  th e  minimum s iz e  p o ssib le .

U niversal f i l e s  can be used to  read  and w rite  e n ti t ie s  in to  and ou t 

o f a  model f i l e  w ith  use o f th e  MANAGE, READ/WRITE, UNIVERSAL oonnands 

located  in  any o f I-DEAS so lid  M odeling's Tasks.
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The WRITE UNIVERSAL f i l e  canaand w ill p ranp t th e  u se r f a r  a  

U niversal F ile  name, and then  fo r  confirm ation th a t  a  new f i l e  i s  to  be 

w ritte n , o r th a t  an e x is tin g  f i l e  i s  to  be over w ritte n . The program 

w ill th en  ask th e  u se r to  s e le c t which e n ti t ie s  a re  to  be w ritte n , fran  

those used in  th e  a c tiv e  program Family. In  S o lid  Modeling th ese  

choices include: ML, MLJ0BJECT_M3DELING, ALL_SYSTEM_ASSEMBL5f, 

VIEWS_3D, DISPLAY OPTTCNS, IAYOUTS, UGHFJ90URCES, COLORS, WORKING_SErS, 

FROFHES, EKENJj ROUPS, OBJECTS, OCMFCNENTS, and SYSTEMS. I f  th e  u ser 

s e le c ts  any o th er than  "ALL", th e  u se r w ill be fu rth e r proopted f a r  

se le c tio n  of th e  sp e c ific  e n ti t ie s  to  be w ritte n .

The author w rote ou t U niversal f i l e s  contain ing  ALL e n ti t ie s  fran  

Solid  modeling, and then  read  them in to  new model f i le s ,  sev era l tim es 

during th e  com pletion o f th is  th e s is . T his allowed th e  d ata  b a se 's  s iz e  

to  be compressed. But, once Engineering A nalysis was used, th e  a b il i ty  

to  compress th e  model f i le s  in  th is  way became le s s  su ccessfu l. When th e  

d a ta  fra n  two d if fe re n t I-DEAS Fam ilies ( e .g ., S o lid  Modeling and 

Engineering A nalysis) were w ritte n  o u t to  sep ara te  U niversal f i le s ,  and 

then  read  in to  a  d a ta  base, sane e n ti t ie s  were dup licated  ( e .g .,

WCRKINGjSETfe). T his d id  no t always y ie ld  a  n e t red uction  in  d isk  space 

requ ired  to  s ta re  th e  model f i le s .
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APPENDIX IV

ANSYS INTERACTIVE OGMMAND FH £

Die follow ing i s  a  l is t in g  o f th e  command f i l e  used to  c a l l  up 

ANSYS fa r  in te ra c tiv e  use f a r  th is  p ro je c t (see Chapter X I):

$!*** ANSYS_INnR. OCM **

$!*** DESCRIPTION ANSYS INTERACTIVE OCMftND ETLE **

$!*** PURPOSE.............. DEFINES LOGICAL NAMES PGR ANSYS LEVEL 4.3A, **

$1*** ACCESSES DIE PROGRAM PCR INTERACTIVE USE **

§!*** AND mgr UNNEEDED FUES **

$!*** CREATED BY ER. MIKE DAY, UNIVERSITY OF LOUISVILLE, 1988 **

$ !* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$!*** DESCRIPTION OF PROMPTS ***

$! 1. ENTER MODEL_NAME:

$! F ile s  w ill be sp ec ified  a s  MDDEL_NAME.Ehn, where nn i s  th e  f i l e

$1 number (fran  02 to  40).

$1 2. ENTER /INT TO BEGIN RUNNING ANSYS 

$1 Die ANSYS program needs to  know th a t  i t  i s  to  be ran

$! in te ra c tiv e ly . E ith e r /INT o r /INT,NO (the  NO stands

$1 f a r  no beginning clainter) i s  app ro p ria te .
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$1 3 . DELETE ALL FILES EXCEPT 12-POST & 16-IM P: Y/N/P? (Y)

$1 Only FHE12 (R esults f a r  Post-Proaessing) and FHE16 (Model Data

$! f a r  Pre-Prooessing) norm ally need to  be saved. B ite rin g  Y w ill

$! d e le te  a l l  f i l e s  MODEL_NAME. F*, excluding 12 & 16; en te rin g  N

$1 w ill r e s u lt  in  a l l  f i l e s  being saved. O ttering  P w ill proBp t

$! f a r  f i le s  to  d e le te .

$1******************************************************************** 

$1*** INITIALIZE ***

$ SET NOON

$ ON OCNUttLY THEN GOOD FINISH

$ ESC[0,7] = %D27

$ PAGE[0,7] -  %D12

$ WRITE SYS$CUIFUr ESCtM%l 0"+ESCt"LZ" 1 CLEARS SCREEN

$.********************************************************************

$!*** ASSIGN LOGICAL NAMES TO FTTJS FROM ANSYS DISK ***

$ ASSIGN/NOLOG ANSYS$DISK: [ANSYS4. 3A]ANSJEDENT. DAT ANSJDENT

$ ASSIGN/NOLOG AN5YS$DISK: [ANSYS4. 3A]DIBXU. 43A ANS_DIDOCU43A

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

$1*** ASSIGN MODEL NAME TO FTIES ***

$ WRITE SYS$OUIPUT "************************************

$ WRITE SYS$OUIPOT "*** ANSYS 4.3A: INTERACTIVE MODE ***

$ WRITE SYS$OUIPUT "************************************

$ WRITE SYS$OUEPOT ■"

$ MODEL:

$ INQUIRE NAME "-----> ENTER MDGELNAME"

$ IF  NAME .E)QS. "" THEN GOTO MODEL

$ 1 =  2
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$ ASSIGJJDOGP:

$ IF  I  .IIT. 10 THEN ASSIOf/OBHyCDE/NOLOG 'NRME'.FO'I' F IIE O 'I'

$ IF  I  .GE. 10 THEN ASSXSf/USERJMQOE/NQDOG 'NAM E'.F'I' F IL E 'I'

$ SKEP_ASSIGN:

$  1 * 1 + 1
$ IF  I  .OT. 40 THEN GOTO FUN_ANSYS

$ GOTO ASSIOMIOOP

$.******************************************************************** 

$!*** HUN ANSYS ***

$ RUN_ANSYS:

$ WRITE SYS$CUIPUr ""

$ WRITE SYS$OUTPUT "-----> ENTER /INT TO BEGIN RUNNING ANSYS"

$ DEFINE/USEiyCDE SYS$INPOT SYS$OCMJRND

$ RUN ANSYS$DISK: [ANSYS4. 3A]ANSYS43A. EXE

$ !* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$1*** DEXETE gBTMryinn FILES ***

$ DIRECTORY/SIZE 'NBME'.F*

$ WRITE SYS$OUTFUT ""

$ INQUIRE OK " > DELETE All. FILES EXCEPT 12-POST & 16-PREP: Y/N/P? (Y)"

$ IF  OK .EQS. "" THEN OK -  "Y"

$ IF  OK THEN GOTO DELETE_FII£S

$ IF  OK .EQS. "P" THEN GOTO DHETE_PRCMPT

$ GOTO FINISH

$ rvRT jgpp: FHES:

$ DELETE , NftME/ .F*;*/EXC3JUDE!=(*.F12/ *.F16)

$ GOTO FINISH
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$ DEE£TE_FKMPT:

$ DELETE/OGNFIFM 'NBME'.F*;*

§1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$!*** EXIT ***

$ FINISH:

$ WRITE SYS$OUTPOT ESC+"LZ" 1 CLEAR SCREEN

$ WRITE SYS$OUIFUr ESCfPAGE 1 CLEAR GRAPHICS

$ WRITE SYS$GUTPUT ""

$ WRITE SYS$OUTPUT "A******************************************"

$ WRITE SYS$CUTPOT "*** END OF ANSYS 4.3A: INTERACTIVE NODE ***"

$ WRITE SYS$OUIFUr *********************************************

$ WRITE SYS$OUIFUT ESC*"*!!" 1 CODE ANSI

$ EXIT
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ANSYS BATCH GCXMVND F II£

The follow ing i s  a l is t in g  o f th e  ocmnand f i l s  used to  c a l l  q? 

ANSYS f a r  batch use f a r  th is  p ro je c t (see Chapter X I):

$ !* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$1*** ANSYS_BATCH.OCM ***

$!*** DESCRIPTION.. . .  ANSYS BATCH CXXMAND FIIE ***

$!*** PURPOSE.............. DEFINES LOGICAL NAMES PGR ANSYS LEVEL 4.3A, ***

$!*** CREATES BATCH CXM4AND FILE, AND SUBMITS ***

$!*** JOB TO BATCH QUEUE ***

$1*** CREATED BY DR. MIKE DAY, UNIVERSITY OF LOUISVILLE, 1988 ***

$ !* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$!*** DESCRIPTION OF PROMPTS ***

$1 1. ENTER MX)EL_NAME:

$! F ile s  w ill be sp e c ified  a s  MDDEL_NAME.Fhn, where rm i s  th e  f i l e  

$1 number (fran  02 to  40). The f i l e  M3DEL_NAME.DAT w ill be used as 

$1 inpu t fa r  th e  ANSYS run . I f  MDOELNAME.DAT does n o t e x is t, i t  

$! i s  th a t MODEL_NAME.F27 has already  been c rea ted , and a

$1 MODELJOME.DAT f i l e  i s  w ritte n  (/INPUT, 27 FINISH /EOF).

$1 2. SELECT NODE: 2 /3 /4 /5 /6  (3)
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$1 Use Node 3 i f  i t  i s  no t to o  crowded. I t  i s  a  VAX 8700 and i s

$! about 2x fa s te r  than  nodes 5 and 6 (VAX 3 1 0 0 's).

$! 3 . SYSOHN SHQKF<15MIN MEDIUMdHR I£NG>1HR 

$1 SELECT BATCH QUEUE: SYS/SHOOT/MEDHJM/I£NG (SYS)

$! These tim e lim its  a re  fo r Node 3; th e  lim its  fo r  nodes 5 and 6

$1 a re  (15 min, 1 h r, 4 h r, and no l im it) .

$1 4 . INTER TIME TO RUN JOB: NOW/TONIGHT (NON)

$1 Normally th e  job  i s  ran  NOW. I f  th e  jo b  i s  la rg e  and i s  n o t

$i to  be checked on u n ti l  tomorrow, run  i t  TONIGHT ( i t  w ill s t a r t

$1 autom atically  a t  midnight) when nobody i s  u sing  th e  c o q a ite rs .

$! 5 . DELETE ALL FUES EXCEPT 12-FOST & 16-PREP: Y/N? (Y)

$! Only FHE12 (R esults f a r  Post-Processing) and FTTE16 (Model Data

$! f a r  Pre-Processing) norm ally need to  be saved, filte rin g  Y w ill

$! d e le te  a l l  f i l e s  MQQEL_NAME.F*, excluding 12 16 & 19; en te rin g  N

$1 w ill r e s u lt  in  a l l  f i l e s  being saved.

$! *** NOTE ***

$! The symbols PI th ru  P5 (corresponding to  th e  5 prcnpts) can be

$1 defined when accessing th is  ocmnand p rocess. As an exanple:

$1 §ANSYS_BATCH MODEL 3 SYS NOW Y

$ 1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$!*** INITIALIZE ***

$ SET NOON

$ CN OCNTROL_Y THEN GOTO FINISH

$ ESC[0,7] *  %D27

$ WRITE SYS$OUIPUT ESCH-"%iO"+ESC+"LZ,,+ESC4-"%! 1" ! CLEARS SCREEN

$ * * * * * * * * * * * * * * * * 1
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$1*** ASSIGN MODEL NAME FOR INPUT FUES ***

$ WRITE SXS$OUEFUT "******************************"

$ WRITE SYSSOUIPUT "*** ANSYS 4.3A: BATCH MODE ***"

$ WRITE SYS$CXTOOT ********************************

$ WRITE SYS$OUEPUT ""

$ MODEL:

$ NAME -  FI

$ IF  NAME .BQS. "" THEN INQUIRE NAME "---- > ENTER MODEL_NAMEn

$ IF  NAME .BQS. "" THEN GOTO MODEL

$ WRITE SYS$OUTPUT " *** "NAME'.DAT WILL BE USED FOR INPUT”

$ IF  F$SEARCH(NAMBf".DAT") .NES. "" THEN GOTO GET_NODE

$ WRITE S¥S$OUTPUT 11 *** "NAME'.DAT WAS CREATED

$ OPEN/WRITE MDDELDAT 'NAME' .DAT

$ WRITE MODELDAT "C*** STANDARD INPUT FILE FOR BATCH ***”

$ WRITE MODELDAT n/INFUr,27"

$ WRITE MODELDAT "FINISH"

$ WRITE MDDELDAT "/EDF"

$ CLOSE MODELDAT

$ 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$1*** SELECT NODE TO RUN BATCH JOB ***

$ GET_NOOE:

$ NODE = P2

$ IF  NODE .NES. THEN GOTO SET_NODE

$ WRITE SYS$OUEPUT ""

$ SHOW QUEXJE/AIL AP35V3*BATCH

$ WRITE SYS$OUTPUr ""

$ INQUIRE NODE "---- > SELECT NODE: 1 /2 /3 /4 /5  (3)"
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$ IF  NODE .EQS. "" THEN NODE -  "3"

$ SETJWDE:

$ QUE = "QUEXJE>=AP35V1'-fN0DE

$.********************************************************************

$!*** SELECT QUEUE TO RUN BATCH JOB ***

$ GETjQUE:

$ Q = P3

$ IF  Q .NES. "" THEN GOTO SET_QUE

$ write sY S$ounur ""

$ WRITE SYS$OUIFUT "SYSOHN SHGRP<15MIN MEDIUfclHR IONOIHR"

$ INQUIRE Q "-----> SEtflCT BATCH QUEUE: SYS/SHORT/MEDIlM/IflNG (SYS)"

$ IF  Q .EQS. "» THEN Q «= "SYS"

$ SETJQUE:

$ QUE = QUE+n_H+Q "̂$BATCH"

$1*** SELECT TIME TO RUN BATCH JOB ***

$ GET_TTME:

$ WRITE SYS$OOTPOT «"

$ WHEN = P4

$ IF  WHEN .NES. "" THEN GOTO SETJUME

$ INQUIRE WHEN "----> ENTER TIME TO FUN JOB: NOW/TONIGHT (NOW)"

$ SET_TTME:

$ IF  WHEN THEN TIME -  "AFIHfe>TCM3RR0W»

$ IF .NOT. WHEN THEN TIME = "AFTE3%=TOOAY"

$!*** CHECK FOR DEU3TIGN OF FILES ***

$ WRITE SYS$OUH>OT ""
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$ DEL = PS

$ IF  DEL .NES. "" THEN GOTO CREftTEjOCM

$ INQUIRE DEL "DELETE ALL FITES EXCEPT 12-POST, 16-PREP &

19-ERRGRS: (Y) /N?"

$ IF  DEL .EQS. "" THEN PEL = "Y"

$ J * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

$!*** CREATE BATCH OCMOND FILE ***

$ CREATEjDCM:

$ DEFDIR -  F$ENVIRCNMENr (DEFAULT")

$ OPEN/WRITE OCH 'NAME' .OGM

$ WRITE CXM "$ SET NOVERIFY"

$ WRITE OCH "$ SHOW TIME"

$ WRITE OOH "$ SET NOON"

$ WRITE CCM "$ SET MESSAGE/NOFACILIlY/NOIDENnCFIGATTGN/NOSEVEKITY"

$ WRITE OCH "$ ASSIGN/NQLOG ANSYS$DISK: [ANSYS4. 3A]ANS_3DENT. DAT

ANSJLDENT"

$ WRITE OCH "$ ASSIGN/NQLOG ANSYS$DISK: tANSYS4.3A]DIDOCU.43A

ANSJHDOCU43A"

$ WRITE OCH "$ SET DEFAULT '  'DEFDIR'"

$ WRITE OCH "$ ASSIGN/USER_MODE "NAME'.DAT FCR005"

$ WRITE OCH "$ ASSIGN/USERJGDE "NAME'.US FCR006"

$ 1  = 2

$ ASSIGN_LOOP:

$ IF  I .IT . 10 THEN WRITE OCM "$ ASSIQI/NQLOG "N A M E '.F0"I'

F im o " i '"

$ IF  I.GE.10 THEN WRITE OCH "$ ASSIGN/NODOG "N A M E '.F"I' F H E " I '”

$ 1 = 1 + 1
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$ IF  I .I E .40 THEN GOTO ASSXNJJOOP

$ ASSIGN_SCRATCH:

$ IF  .NOT. DEL THEN GOTO HUN_ANSYS

$ WRITE OCH "$ DEASSI®! FHE021'

$ WRITE OCH "$ DEASSIGN FILE03"

$ WRITE OCH n$ DEASSIGN FHE11"

$ WRITE OCH "$ DEASSIGN FHE30"

$ WRITE OCH "$ ASSIGN SYS$SCEATCH:FUE02' 'P3D' '  'USER' .DAT FTLE02*'

$ WRITE OCH "$ ASSIGN SYS$SCRATCH: FILE03'  'P ID ''  'USER'. DAT FILE03"

$ WRITE OCH "$ ASSIGN SYS$SCEATCH:FII£11"PID' "USER' .DAT IHE11"

$ WRITE OCH "$ ASSIGN SYS$SCRA3,CH:FH£30/ 'P ID ' '  'USER' .DAT FTTE30"

$ HUN_ANSYS:

$ WRITE OCH n$ RUN ANSYS$DISK: [ANSYS4. 3A] ANSYS43A. EXE"

$ WRITE OCH "$ TYPE FIIE19n

$1*** DELETE jy ,n<n fttrr ***

$ IF  .NOT. DEL THEN GOTO SUEMITJOB

$ WRITE OCH "$ DELETE/LOG SYS$SCRATCH:FTLE%%' 'P ID ''  'USER' .DAT;*”

$ WRITE OCH "$ DELETE/LOG ' #NAME'.F*;*/EXCLUDED(*.F12,*.F16,*.F19)"

$!******************************************************************** 

$1*** SUEMIT ANSYS JOB TO BATCH ***

$ SQEHITJOB:

$ CLOSE OCH

$ IOGETLE = DEFDIR+NAMEH-". LOG"

$ LOG = 'T*»RINrEjyiOGJFTI£=' '  IOGETLE'"

$ SUEHnyNOTIFY/'nME'/'LOG'/'QGE' 'NAME'.OCH



www.manaraa.com

133

$1*** EXIT ***

$ FINISH:

$ WRITE SYS$GUHUr ""

$ WRITE SVS$OttHOT "*************************************"

$ WRITE SYS$OUTPUT •'*** END OF ANSYS 4.3A: BATCH MODE ***"

$ WRITE SYS$OOTHIT "*************************************»

$ IF  F$LOGICAL("MODEIDAT") .NES.*"1 THEN CLOSE MDDELDAT

$ IF F$LOGICAL(,'OCM") .NES."" THEN CLOSE OCM

$ EXIT
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APPENDIX VI 

ELATE LOAD STRESS RESULTS

SDRC I-DEAS 4 .1 : P re/P ost Processing 4-JUL-91

OLD SUPT W/ GAPPED PLATE LOAD -  J.A.KERN

Group ID : SUPPORT'S NODES & ELEMENTS

A nalysis D ataset : 7 -  LOAD 1, STRESS7

Report Type : Oorxtour U nits :

D ataset Type : S tre ss Load S et :

Frame o f Reference: Global Data Component :

Surface Type : Middle

Max P rin  Mid P rin  Min P rin  Max Shear Von Mises

730 253 48 50 50

Maximum 3.848E+03 2.353E+01 1.042E+03 4.406E+03 8.076E+03

713 210 50 1 1

Minimum -2.596E+03 -2.368E+01 -7.049EHJ3 O.OOOE+OO O.OOOE+OO

Average 1.641EKJ2 1.818E-03 -1.700EJ+02 1.670E+02 3 .315E+02

02:32:56

IN

1

Max P rin

134
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SCRC I-DEAS 4 .1 : P re/P ost Processing 4-DUL-91

NEW SUPT W/ GAFFED PLATE LOAD -  J.A.KEEN

Group ID : SUPPORT'S ELEMENTS

A nalysis D ataset : 7 -  LOAD 1,

Report Type : Contour

D ataset Type : S tre ss

frame o f Referencae: Global

Surface Type : Middle

Max P rin  Mid P rin  

411 230

Maximum 3.976Ef03 1.298E+02

35 347

Minimum -3.022E+03 -3.446E+02

STRESS7

U nits :

Load S et : 

Data Ocnponent:

Min P rin  Max Shear Von Mises

6 23 23

1.149E+03 4.445E+03 8.147E+03

23 15 15

-7.110EH03 9.754E-01 5.028E+00

01:22:10

IN

1

Mid P rin

Average 6.663E+02 -1.044E+00 -6.927E+02 6.795E+02 1.357E+03
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APPENDIX VH 

GENERAL ACCESS TO AMD USE OF I-DEAS

ENTERING I-DEAS

At GEA, I-DEAS I s  av a ilab le  cn various VAXs and w orkstations in  th e  

VAX C lu ster. To access I-DEAS, th e  u se r must f i r s t  log  onto an appro­

p r ia te  VAX. I-DEAS may no t be in s ta lle d  on a l l  VAXs, and some in s ta l la ­

tio n s  o f th e  softw are nery no t con tain  a l l  o f th e  I-DEAS Fam ilies ( e .g ., 

DRAFTING). E ntering:

NHEREIS IDEAS <RETURN>, 

a t  th e  VAX system prcnpt  w ill d isp lay  a  l is t in g  o f th e  VAXs on which 

I-DEAS i s  a v a ila b le . This w ill n o t show which I-DEAS Fam ilies a re  

p resen t. That must be learned through use, o r by co n su lting  w ith  th e  

VAX system s' I-DEAS softw are support personnel.

Cnee logged onto th e  appropria te  VAX en terin g :

IDEAS <RETURN>, 

a t  th e  VAX system prcnp t  w ill c a l l  up th e  program.

136
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I-DEAS VERSION

When m u ltip le  v ersion s o f th e  I-DEAS program a re  a v a ila b le  on th e  

GEA VAX cxaputer network, th e  f i r s t  prcnpt  th e  u se r must respond to  i s  

to  sp e c if y  which v ersio n  o f th e  softw are i s  d esired . T his i s  u su a lly  

requested  w ith  a  p rcnpting  question  th a t  l i s t  th e  version s th a t  a re  

a v a ila b le  ( e .g ., 4 .1 , 5 .0 , e tc .) .  One o f th e  versions i s  u su a lly  a 

d e fa u lt fo r th i s  question , and can be se lec ted  by en te rin g  a  <Ketum>.

TERMINAL TOPE

The u se r must sp ecify  th e  term inal type th a t  i s  to  be used. I t  i s  

assumed th a t anyone using  th is  te x t  a s a  handbook has access to  an 

app ropria te  g raph ics term inal (a t GEA, e ith e r  a  T ektronix, Calma, 

L exidata, o r DEC term inal o r  w orkstation, o r a  personal computer w ith  

EMLHTEK) fo r  use w ith  I-DEAS and ANSYS, and i s  fa m ilia r w ith i t s  setup  

and u se . D iscussion o f th is  type o f inform ation i s  o u tsid e  th e  scope o f 

th is  work. Some coranents appear in  th is  te x t  on th e  use o f various 

types o f Tektronix term in a ls, because o f th a t  hardw are's av a ilab le  to  

GEA's engineers and th e  a u th o r 's  fa m ilia rity  w ith  i t .  O ther equipment 

may work eq u ally  w ell.

The term inal ty pe  en tered  i s  a  code th a t  u su a lly  rep resen ts th e  

p h ysical term inal being used. I f  a  <REIURN> i s  en tered  w ithout a  code, 

a l is t in g  o f a v a ila b le  codes w ill be d isp layed. Or, i f  a  p a r t ia l  code 

i s  en te red , a  l is t in g  o f codes fo r  th a t  fam ily o f term in als w ill r e s u lt . 

T his allow s th e  u se r to  s e le c t th e  appropria te  code fo r  th e  term inal and 

mouse o r  ta b le t  being used.

A t GEA, th e  u se r w ill lik e ly  be using  a T ektronix, calma, o r 

L exidata term inal w ith  one o f th e  follow ing codes: T4105, T4107, T4205,
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T4207, T4129, o r one o f th ese  w ill  an A o r B su ffix  fo r  a  ta b le t  o r 

mouse; CDS80X; o r ISVEMA, re sp ec tiv e ly . When a  T ektronix term in a l i s  

used, sev era l lower le v e l m odels' codes may be used in  p lace  o f  a  h igher 

le v e l u n i t 's  te rm in a ls code. For example, th e  codes T4105 o r T4107 can 

be used on a  T ektronix 4207 o r 4129 term in a ls, which have a  ta b le t  o r 

mouse a ttach ed . This e ffe c ts  th e  type o f menus and mouse o r ta b le t  

p ickab le codes th a t w ill appear on th e  graphics d isp lay .

DRAFTING i s  th e  only I-DEAS Family which req u ire s  th e  use o f a  

mouse o r  ta b le t  (even though th e  Tektronix term in al may have a  joy  pad, 

th a t  works in  a l l  o th er I-DEAS F am ilies). But, i f  o th er I-DEAS program 

Fam ilies w ill be used before en tering  DRAFTING, a  non-mouse code can be 

used, and th e  u se r w ill  be promp ted to  change th e  code when en terin g  

DRAFTING. T herefore, i f  So lid  Modeling i s  to  be use f i r s t ,  T4107 might 

be used, and th en  sw itched to  T4207A when en te rin g  DRAFTING. Experience 

has shown th a t  using th e  codes which allow  mouse o r  ta b le t  "picking" o f 

menu e n tr ie s  f rom th e  screen can make th e  system response tim e slow er in  

some in s ta lla tio n  ( e .g ., a t  low baud ra te s , o r when using  em ulators) 

than  i f  I-DEAS i s  only locking fo r  keyboard e n tr ie s . A lso, screen  

p ick ing  o f menu se le c tio n  i s  more ted iou s than  keyboard e n tr ie s  o f th e  

menus' mnemonic codes, and i s  seldom used. The p icking  o f graphic item s 

w ill s t i l l  function  a s  requ ired , and can be done w ith  th e  joy  pad, 

cu rso r keys, o r mouse depending upon th e  device o r em ulator being used.

I f  a  personal computer (PC) i s  being vised w ith  EMD-TEK Tektronix 

term inal em ulation, th is  sw itching o f codes may g re a tly  e f fe c t th e  

response tim e. T ektronix term inals operate w ith  two d if fe re n t proces­

so rs a t  th e  same tim e. One co n tro ls  th e  sc ro llin g  "d ialog" ( te x t) , and 

th e  o th e r co n tro ls  th e  graphics d isp lay . EMD-TEK works s im ila rly , using
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th e  PC 's main processor and i t  graphics c o n tro lle r . The u se r can sw itch 

th e  te x t  an alone (<Alt>L), and th e  PC 's (higher speed) processor w ill 

co n tro l th e  d isp lay  speed. But, when th e  graphics a re  d isplayed 

(<Alt>F), th e  te x t  and graphics a re  co n tro lled  by th e  graphics card , 

which g en era lly  has a  slow er d isp lay  speed , lh u s, th e  u se r can speed up 

th e  response  tim e by togg ling  between th ese  "Limited" and "Fine" d isp lay  

modes. But, i f  th e  T4207A code i s  used, and I-DEAS i s  constan tly  

locking f a r  screen p icks fran  a  mouse, only th e  (slower) Fine d isp lay  

mode can be used. Whereas, un less CRAFTING i s  being used, th e  T4107 

code w ill  allow  th e  u ser to  tog g le  between Fine and Limited d isp lay  

modes. In  any case, when EMKTEX i s  used, togg ling  between th ese  two 

d isp lay  inodes, and tu rn in g  th e  d ia lo g  on and o ff  (<Alt>D) w ill e ffe c t 

th e  system 's speed and i t s  d isp lay  co lo rs (again due to  th e  cannon use 

o f th e  graph ics c o n tro lle r) . Experim entation w ith  th ese  op tions w ill 

iaprove u s e r 's  productive use o f th is  em ulator.

MODEL FILE

The nex t I-DEAS inpu t req u ired  a f te r  th e  term inal type i s  th e  mode l  

f i l e  name. I-DEAS s to re s  a l l  o f th e  model inform ation in  model f i le s .  

These f i le s  a re  named NAME.MF1, NAME.MF2, e tc .,  th e  number o f f i l e s  

c rea ted  depends on th e  version  o f I-DEAS being used. When prcnprted by 

I-DEAS, th e  u se r types in  th e  s in g le  word name fo r  th e  d a ta  base f i le s  

th a t  a re  to  be used. The f i l e  name can e ith e r  be th a t o f an e x is tin g  

s e t  o f f i l e s  o r a  new name f a r  which new f i le s  w ill be c rea ted . I f  th e  

name en tered  i s  no t found in  th e  VAX subdirectory  through which th e  u se r 

en tered  I-DEAS, I-DEAS w ill ask i f  i t  i s  CK to  c re a te  a new f i l e .  This 

g ives th e  u se r a  chance to  say no, and retype th e  d esired  name, o r to
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leave I-DEAS and move to  th e  subdirectory  contain ing  th e  model f i le s  

d esired .

During an I-DEAS session  a l l  changes w ill be made in  "scratch" 

f i le s  which I-DEAS c re a te s  when th e  system  i s  en te red . I n i t ia l ly ,  th ese  

a re  copies o f th e  e x is tin g  f i le s ,  i f  an e x is tin g  database i s  being used. 

These sc ra tch  f i l e s  w ill have names lik e  IDEASDtDl.MFI. The u se r should 

issu e  a  SAVE ccnmand frequen tly  during an I-DEAS sessio n , to  save any 

work th a t has been done. This copies th e  sc ra tc h  f i l e  over th e  se lec ted  

model f i le s  (or a  new model f i l e  name i f  d e s ire d ). By saving f re ­

quently , th e  u ser w ill preven t th e  acc id en ta l lo ss  o f any d esired  

inform ation and work done. This w ill a lso  allow  th e  u se r to  experim ent 

w ith oomnands which may re s u lt  in  undesired changes to  th e  model and 

so lid s . I f  an undesired r e s u lt  occurs, and i f  th e  o rig in a l e n tity  does 

n o t remain in  th e  sto red  inform ation, th e  sc ra tch  f i l e  can be abandoned, 

and th e  permanent f i le s  can be reloaded w ith  th e  NEW_FILE ccnmand.

W ithin I-DEAS, STORE ocirmandfl a re  used to  s to re  e n ti t ie s  in  th e  

sc ra tch  model f i l e s .  The sto red  item s a re  n o t a c tu a lly  saved in  th e  

permanent model f i le s  u n til  th e  SAVE command i s  used. I t  i s  very 

im portant f a r  th e  u ser to  use th e  SAVE ccnmand freq u en tly  when working 

in  I-DEAS. This w ill prevent th e  lo ss  o f tim e and e f fo r t  in  th e  event 

th a t  th e  I-DEAS session  i s  c u t sh o rt by u se r o r by system  e rro rs .

I-DEAS can s to re  e n ti t ie s , th a t have no t been s to red  w ith  a  SIQre 

command, a s OUD1, G9D2, e tc . , before they  a re  destroyed by th e  execution 

o f an I-DEAS ccnmand. This allow s th e  u se r to  recover th ese  "old" 

e n ti t ie s , even though they  were n o t s to red  by th e  u se r. The number o f 

o ld  e n ti t ie s  s to red  i s  determ ined by th e  "QU)_STACX_HEIGHr" sp ec ified  by 

th e  u se r in  th e  M3DEL FILE menu. The d e fa u lt h e i^ it  i s  one. Because  o f
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th e  sto rag e  o f "old" e n ti t ie s  and o th er I-DEAS inform ation in  th e  

sc ra tch  model f i le s ,  some undesized space i s  added to  th e  permanent 

f i l e s  when a  SAVE i s  issued . A lso, when item s a re  in te n tio n a lly  d e le ted  

from th e  s to red  d ire c to rie s  w ith in  I-DEAS, th e  s iz e  o f th e  sc ra tc h  (and 

in  tu rn  permanent) f i le s  w ill  no t be reduced. The r e s u lt  i s  th a t  th e  

permanent f i le s  w ill be la rg e r than  i s  a c tu a lly  necessary, o r u se fu l. 

T his i s  only a  problem i f  th e  model f i le s  beoone very la rg e , which w ill 

e a s ily  occur when a  la rg e  d a ta  base i s  c rea ted , and when d isk  space 

becomes lim ited . I t  i s  a  l i t t l e  lik e  working in sid e  o f a  balloon  which 

s tre tc h e s  w ith each move. The only way th a t  th e  au thor has found to  

"d e fla te "  th e  s iz e  o f th e  f i le s ,  to  th e  minimum s iz e  needed, involves 

th e  operations documented in  Appendix XU.

I f  a  new model f i l e  i s  being c reated , I-DEAS w ill prompt th e  u se r 

fo r  a  d esc rip tio n  o f th e  model f i l e .  This w ill appear a t  th e  to p  o f th e  

I-DEAS m onitor screen , and on any p r in ts  made o f th e  screen . This 

d e sc rip tio n  can be changed from w ith in  I-DEAS by se le c tin g  th e  MX)EL_- 

FILE menu and then  th e  DESCRIPriCN ccnmand. The u se r w ill a lso  be 

prompted to  s e le c t th e  d esired  system o f u n its  to  be used in  th e  model 

f i l e .  T his determ ines th e  u n its  o f leng th , fo rce , a re a , tem perature, 

e tc . For th is  th e s is , th e  BRITTSH_GRAV_(MDD) (mnemonic, IN) u n its  

system was used. T his can be change from w ith in  I-DEAS' MDDEL_FHE 

menu.

OPERATION HOPE

Following th e  se le c tio n  o r c rea tio n  o f a  model f i l e ,  I-DEAS prompts 

th e  u se r to  s e le c t th e  operation  mode. This i s  e ith e r  NCGMALjOPERAXIGN 

o r IH3GRAM_FIU2_GP!ERA!riGN mode. The H*OGRAM_FILE mode w ill  c re a te  a
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program f i l e  con tain ing  a l l  o f th e  oramandfl th e  u se r e n te rs  during th e  

I-DEAS sessio n . The NORMAL mode w ill execute a l l  en tered  ocnmands 

w ithout c re a tin g  a  f i l e .  The program f i l e  i s  in  ASCII form at which can 

be e d ited . Each lin e  o f th e  f i l e  con tains a s tr in g  o f I-DEAS ccnmand 

mnemonics th a t  were en tered  during th e  sessio n . T his f i l e  can be used 

to  document th e  work done in  I-DEAS. I t  can a lso  be c a lle d  up and run 

in  a  subsequent I-DEAS sessio n  by executing: MDDEL_FHJ3, FKX3RAM_FII£/

RUN. I f  th is  i s  done, th e  previous sessio n  w ill be reru n  on th e  graphic 

screen . T his can be u se fu l f a r  p resen ting  demonst r a tio n s  o f th e  I-DEAS 

system , o r to  p resen t th e  model which has been c rea ted . I t  can a lso  be 

used to  reco n stru c t a  se ss io n 's  work which may have been lo s t  due to  an 

in c o rre c t e x it  f rom I-DEAS, such a s: e x itin g  w ithout saving th e

re s u lts ;  a  system  "crash"; o r being tim ed ou t due to  in a c tiv ity . When 

th is  i s  done, th e  end o f th e  f i l e  should be ed ited  to  remove any e rro rs  

th a t  may have caused th e  crash  o r e x it, and once th e  f i l e  i s  run , th e  

SAVE ccnmand should be used before continuing.

I-DEAS MENU STRUCTURE

I-DEAS i s  d iv ided  in to  lo g ic a l se c tio n s. Each o f th ese  sec tio n s 

a re  in terconnected  through th e ir  menus, which a re  b u i l t  in  a  ro o t lik e  

fash io n . A fte r th e  mode o f operation  i s  se lec te d , th e  u se r e n te rs  th e  

menu system  a t  th e  to p  o f th is  ro o t. Then a  "Family" o f th e  system i s  

se lec te d , e ith e r  S o lid  Modeling, Engineering A nalysis, System Dynamics, 

D rafting , Numerical C ontrol, o r T est Data A nalysis. The nex t le v e l down 

th e  ro o t system  con tains th e  Fam ily 's "Modules". The nex t le v e l in  th e  

ro o t system  con ta in s "Tasks". Each Task con tains groups o f re la te d  

ocnmands and o p tions menus. F in a lly , each sub-menu in  a  ta sk  con tains
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ocnmands, which in  tu rn  con tain  fu rth e r sub-menus th a t  a re  presented  

during th e  execution o f th e  commands.

U nlike th e  se le c tio n  o f Fam ilies and Modules, a  d e fa u lt Task i s  

en tered  follow ing th e  se le c tio n  o f a  Module. I f  a  s in g le  Module i s  

sp e c ified  a t  th e  Module se le c tio n  le v e l, i t s  d e fa u lt Task w ill be 

en tered . Ih e  u se r would need to  inpu t:

/TA <REIURN>,

i f  another Task i s  d esired . This w ill y ie ld  a  menu from which th e  

d esired  TASK can be se lec ted . I f ,  th e  mnemonic i s  known f a r  th e  d esired  

Task, th a t  TASK can be reached by typing:

/TA tMEMQNIC <KETUBN>, 

o r back a t  th e  Module se lec tio n ,

MXfULE-WEMONIC TASK-MNEMONIC <RE2URN>, 

can be en tered  to  override th e  MODULE'S d e fa u lt ta sk .

In  I-DEAS, a  " /"  moves th e  u se r up to  th e  to p  le v e l in  th e  a c tiv e  

ta s k 's  branch o f th e  I-DEAS menus' ro o t system . E ntering a  " I"  moves 

th e  u se r up one le v e l in  th e  ro o t system , o r back one prccpt  when 

executing an I-DEAS ccnmand. These can a lso  be used in  a  ocnmand 

s tr in g , lik e  "/TA W", to  s t a r t  th e  d esired  ccnmand s tr in g  a t  th e  to p  

le v e l o f th e  ro o t system . E ntering a  "$" in  response to  any prccpt  when 

executing an I-DEAS ccnmand w ill cancel th a t ccnmand.

GDJBAÎ .yiENU AND VIEW MENU OPTIONS

I-DEAS assig n s d e fa u lt values f a r  each d isp lay  ccnmand param eter. 

But, to  o b tain  optimum views o f any e n tity  in  I-DEAS (e .g ., so lid s , 

p ro f ile s , working geometry, e tc .) ,  th e  commands in  th e  VIEW menu and th e  

view ocnmands in  th e  GLOBAL_MENU (GM <REHJRN>) should be understood.
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The GDOBALMENU con tains a  l i s t  o f ocnmands th a t a re  av a ilab le  a t  

any p o s itio n  w ith in  th e  I-DEAS menu s tru c tu re . The ocnmands can be 

keyed in  d ire c tly , c r

GM <RETUBN>

can be en tered  to  d isp lay  th e  g lobal menu. On sane term inals, th e  

mnemonics f a r  th e  g lobal crnrnands a re  a lso  displayed along th e  r ig h t 

s id e  o f th e  d isp lay , and can be picked w ith th e  graphics cu rso r.

Several o f th e  g lobal d isp lay  ooiraands a re  programmed in to  th e  

term inal function  keys by I-DEAS upon en terin g  I-DEAS. These aemmanda 

a re  shown in  TABLE 5.

TABLE 5.

FUNCTION KEY VIEWING GCMANDS

KEY METONIC OOWAND

FI AD A utoscale

F2 DR Draw

F3 GD Global_Display

F4 ZM Zocm

F5 M3 1.414 Magnify 141.4%

F6 MS 0.707 Magnify 70.7%

F7 RS Rotate_About_Screen

F8 REDI Redinplay
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Die ADTOSCALE anmanrts causes th e  d isp lay  to  be erased , and th e  

a c tiv e  e n ti t ie s  to  be redrawn using a  m agnification th a t  w ill allow  a l l  

o f th an  to  be d isp layed. This i s  most o ften  used to  back ou t o f a 

zoomed in  p o sitio n , allow ing th e  u se r to  see th e  e n tire  d isp lay .

The transm ission  o f th e  g raph ical inform ation to  th e  screen  can be 

stopped before i t  i s  oompleted by depressing

<CCNIKQL> C

sim ultaneously. This can save a  g re a t deed o f tim e spen t w aiting  f a r  

th e  ccnp lete  d isp lay  o f an undesired view (which i s  o ften  obvious long 

before transm ission  i s  com plete), e sp ec ia lly  i f  a  low baud r a te  communi­

ca tio n s lin e  i s  being used. A ll subsequent view commands ( e .g ., zoom) 

w ill work ex actly  a s i f  th e  d isp lay  had no t been in te rru p te d .

The ERAW ccnmand causes th e  graphics to  be erased , and th e  d isp lay  

to  be drawn using th e  a c tiv e  view param eters ( e .g ., m agnification , 

ro ta tio n s , eye lo ca tio n , e tc .) .  I f  no changes have been made to  th e  

view sin ce  th e  l a s t  redraw, only th e  banner inform ation w ill be updated. 

I f  changes have to  been made to  th e  e n ti t ie s , b u t th e  view has n o t been 

changed, th is  ccnmand w ill work lik e  a “re fre sh "  o pera tio n . But, i f  th e  

changes a re  no t reoognized by th e  term inal being used, and a  re fre sh  i s  

d esired  ( i . e . , no view change i s  d esired , bu t th e  screen  needs to  be 

updated), th e  use o f th e  Redisplay ccnmand (key F8), o r

MS 1 <RE3URN> 

w ill y ie ld  th e  d esired  re s u lts .

The GDC®AL_DISPLAY ocnmand can be used anywhere in  th e  I-DEAS menu 

s tru c tu re  to  execute any type o f DISPIAYjOPTICN (e .g ., HHXEN_IJNE, 

SHADEE»_IMAGE, e tc .)  th e  user has SET_AS_GLOBAL in  th e  DISP£A3f_QPTIGNS 

menu. This allow s th e  more complex DISPLAY_QPTTONS to  be setup  and then
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executed a t  any tim e, a s  e a s ily  as th e  s iu p le  DRAW ccnmand. Die use o f 

th ese  more ocnplex DISPIAY_QPTICNS a re  discussed in  th e  chap ter e n title d  

SOLID MODEL DISPLAY.

The ZOCH ccnmand allow s a  se lec ted  area  of th e  d isp lay  to  be 

enlarged f a r  enhanced viewing, o r to  ob tain  c le a r  sh o ts a t  o b jec ts  w hile 

executing "picking1' ocnmands. Once th e  ZOCM ccnmand has been issued , 

th e  u se r i s  pronpted to  p ick  th e  two diagonal corners ( i . e . , u p p e r-le ft 

and lo w er-rig h t, o r lo w e r-le ft and upper-righ t) o f th e  rec tan g u lar 

d isp lay  a rea  th a t  i s  to  f i l l  th e  graphics screen .

The MAGNIFY ccnmand i s  used to  en large o r reduce th e  s iz e  o f th e  

view d isp layed  around th e  cen ter o f th e  screen . The amount o f en large­

ment o r reduction  i s  en tered  a s  a  fra c tio n  o f th e  e x is tin g  screen  s iz e . 

For exanple, M3 0.75 w ill reduce th e  d isp layed view by 75%, re su ltin g  in  

a  d isp lay  o f a  la rg e r amount o f th e  to ta l  a c tiv e  e n ti t ie s . Or, M3 1.50 

w ill en large th e  displayed view by 50%, re su ltin g  in  a d isp lay  o f a  

sm aller amount o f th e  to ta l  a c tiv e  e n ti t ie s . I-DEAS programs two p re se t 

m agnifications in to  function  keys F5 and F6, bu t th e  u se r can manually 

type in  any m agnification d esired  w ith th e  MAGNIFY ccnmand.

The RDTATE_ABCXir_SCREEN ccnmand i s  used to  ro ta te  th e  view p a r t 

about th e  graphics sc re e n 's  h o rizo n ta l and v e r tic a l axes. This ccnmand 

i s  s im ila r to  th e  R0IATE_ABCUr_MDDEL ccnmand in  th e  VIEW menu, except i t  

u ses th e  graph ics sc re e n 's  axes ra th e r  than  th e  g lobal 3D axes f a r  th e  

ro ta tio n  o f th e  view p o in t.

REDISPLAY "refresh es” th e  graphics d isp lay . Thus, th e  view i s  no t 

changed. But, th e  screen i s  erased and then  redrawn.
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Each ta sk  in  I-DEAS' S o lid  Modeling and Engineering A nalysis 

con tain  a  VIEW menu which can be obtained by en terin g

/V <REHJRM>.

The VIEW menu con tains th e  ocnmands l is te d  in  TABLE 6.

TABLE 6.

I-DEAS' VIEW OCMffiNDS

MNEMONIC OCtMAND

CE CENTER

E EYE_DIRECnCN

P PERSPECTIVE

EM ICTATE_ABCX7r_M0DEL

SP SPEdAL_OPERATICNS

V VIEW_DIRECTICN

ID IDCATE_TARGET_&_EyE

PE RESET

IA IAYCUT

AP AFFEXJTEIM/IEWPCKTS

CU CURRENT_VIEW

SID STORE

MA MANAGE_VIEWS

STA STATUS

The CENTER ccnmand allow s th e  u se r to  s e le c t a  p o in t in  th e  cu rren t 

view to  be tra n s la te d  to  th e  cen ter o f th e  d isp lay  screen . The new
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cen te r p o in t can e ith e r  be picked from th e  screen  w ith th e  cu rso r; o r i t  

can be keyed in  a s a  fra c tio n  o f th e  screen , f a r  which th e  lower l e f t  

earn er o f th e  screen i s  0 ,0  and th e  upper r ig h t i s  1 ,1 .

By specify ing  an EYE_DIKBCTIGN, th e  u ser can key in  a  lo ca tio n  (in  

th e  m odel's coordinates) from which to  view th e  geometry when looking 

toward th e  cen te r o f th e  screen .

I-DEAS' can p resen t 3D o b jec ts  in  such a  way th a t  they  appear to  

have depth. The PERSPECTIVE ccnmand i s  used to  tu rn  th is  fe a tu re  on and 

o f f . I t  i s  a lso  used to  custom ize th e  appearance o f th e  p erspective  

view by s e ttin g  th e  viewing DISTANCE away from th e  o b jec t in  th e  a c tiv e  

u n it system , o r th e  FIELD_OF_VIEW in  degrees.

The RDTATE_ABGOr_MX)EL ccnmand i s  used to  ro ta te  th e  u s e r 's  view 

p o in t about th e  model axes.

SPECTMj_OPERATICNS p resen ts a  sub-menu o f view rYTnn»rvte th a t  a re  

used le s s  o ften . These allow  th e  u se r to  sp ecify  a  view Angle, o r  a  

vrEW_DIAMETER; to  p lace  a  3D p o in t from th e  model space a t  th e  cen te r o f 

th e  screen ; to  T ransla te  th e  geometry along th e  screen  axes; and to  

apply THICKNESS and VDUHE_CLIPPING.

Each o f th ese  ocnmands a re  described in  on-screen HELP, a s a re  a l l  

th e  I-DEAS ocnmands. HELP can be g e t got t en by en terin g :

/HE <REIURN>,

and then  se le c tin g  th e  kind o f h e lp  th a t i s  d e sired , which includes 

d e sc rip tio n s o f a l l  ocnmands in  th e  CURKQfT_MENU and in  th e  GL0BAL_MENU.

The VIEWJDIKECTION ccnmand can be used to  d efin e  v ecto rs f a r  th e  

l in e  o f s i t e  to  th e  geomet ry , and th e  d ire c tio n  o f v e r tic a l.

IDC3VTE_TARGEr_6t_EXE i s  u sefu l f a r  se le c tin g  a  p o in t from which to  

view th e  geometry and a  ta rg e t p o in t to  look a t .  This i s  dene in te ra c -
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t iv e ly  in  3D model space.

RESET w ill rep lace  any view param eters th e  u ser has m odified w ith 

th e ir  o rig in a l d e fa u lt values.

The IAYOOT ccnmand i s  used to  co n tro l th e  screen  form at, which can 

con ta in  m u ltip le  view ports. I-DEAS p resen ts a  menu o f p re se t layouts 

con tain ing  from one to  fo u r view ports th a t can be se lec ted , o r th e  u ser 

can c re a te  custom lay o u ts.

I f  m u ltip le  view ports a re  d isp layed, any subsequent ccnmand which 

e ffe c ts  th e  view may p rccp t th e  u se r to  specify  which view ports a re  to  

be e ffe c te d . But, i f  th e  u se r d e s ire s  a l l  subsequent commands to  e ffe c t 

se lec te d  view ports only, th e  AFFEX3XD_VIEHPCRrs ccnmand can be used.

Once a  view i s  c rea ted  and m odified to  th e  u s e r 's  s a tis fa c tio n , th e  

STORE ccnmand can be used to  s to re  th e  view fo r  la te r  use w ith  any 

a c tiv e  geometry. Ih is  fu tu re  use o f th e  sto red  view (s) i s  done w ith  th e  

CURRENT_VIEW ccnmand. The sto red  views and th e ir  names a re  managed w ith 

th e  in  th e  menu c a l l  up w ith th e  MANAGE_VIEWS ccnmand; and

STATUS generates a  l i s t  o f th e  cu rren t values o f th e  VIEW op tions.

MANAGE

N early a l l  ta sk s  w ith in  th e  I-DEAS S o lid  Modeling program 's modules 

con tain  a MANAGE menu, which can be reached by en terin g :

/MA <REIURN>.

These menus con ta in  cxrmands used to  manage th e  e n ti t ie s  crea ted  and 

manipiiwt-ftH in  th e  in d iv id u al ta sk s . They allow  th e  user to  DELETE, 

RENAME, OQPY, LIST, sp ecify  th e  QLD_STACK_UNG?IH, GET, STOKE, and l i s t  

DIRECTORIES o f th e  e n ti t ie s  crea ted  w ith in  each ta sk . In  ad d itio n , seme 

ta s k s ' MANAGE menus a lso  provide means fo r CLEANing, and APPENDing th e
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d a ta  sto red  in  th e  s e ts  c rea ted . O thers provide fo r th e  KEADing and 

WRITing o f e n ti t ie s  in to  and ou t o f I-DEAS fa r  use w ith  ex te rn a l 

programs ( e .g ., ANSYS and Calma).

Solid  models, and system assem blies can be s to red  in  u se r sp ec ified  

"b ins” . T his allow s th e  u ser to  separa te  th e  e n ti t ie s  crea ted  in to  

lo g ic a l groups to  a id  in  th e  management o f th e ir  sto rag e, m e  MANAGE 

menus in  th e  appropriate  ta sk s w ith in  th ese  modules provide BIN 

used to  DECLARE, DELETE, and RENAME b in s, and to  id e n tify  a  CURRENT 

(active) b in . Only those e n ti t ie s  contained in  th e  "current 11 b in  can be 

re trie v e d . But, i t  i s  p o ssib le  to  make a b in  cu rren t, g e t an o b jec t, 

and th en  make another b in  c u rren t, m is  w ill allow  th e  o b jec t to  be 

s to red  in  another b in , o r to  work w ith one o b jec t, along w ith  o b jec ts 

from another b in .

DISPLAY OPTIONS AND DISPLAY ftnKEBUTES

In  ad d itio n  to  th e  ocnmands presented in  th e  VIEW menus presen ted  

in  each o f th e  I-DEAS ta sk s , which e ffe c t th e  ways in  which th e  various 

e n t i t ie s  can be viewed, th e re  a re  many d iffe re n t op tions av a ila b le  f a r  

th e  type o f d isp lay s which can be viewed. These d isp lay  op tions a re  

obtained w ith  th e  ocnmands presented in  th e  DISPLAY_OPTTCNS and 

DISPLAY_AITIKLBUTES menus . These d isp lay  options a re  disniw sed in  

d e ta il  in  Appendix X.
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I-DEAS SOTiTD M3DEL CREATION OPERATIONS

CREATE MENU

The CREATE menu con tains th e  comnands need to  c re a te  both prim i­

tiv e s  and u ser defined  so lid s . The p rim itiv es (blocks, cones, cy lin ­

d e rs , spheres, and tubes) each have a  ccnmand l is te d  in  th is  menu.

These b asic  so lid s  a re  no t only u se fu l a s  p ieces w ith which to  b u ild  

la rg e r so lid  models. They a re  a lso  very u se fu l a s " to o ls"  fo r  cu ttin g  

o th er so lid s . They can be used lik e  d r i l l  b i ts , f i le s ,  and d ie s , e tc .

CREATION OF PRIMITIVES

The BLOCK ccnmand prompts th e  u se r fa r  th e  b lo ck 's  X, Y, and Z 

dim ensions, and i t s  c o lo r. The re su ltin g  block w ill be centered  a t  th e  

o rig in  o f th e  g lo b al 3D sp ac e .

The OCNE ccnmand asks fo r  th e  co n e 's bottom and to p  r a d i i ;  i t s  

h e ig h t and th e  number o f fa c e ts  used fo r  i t s  s id e s , whether i t  i s  GK to  

cap i t  w ith  tr ia n g le s , and f a r  i t s  c o lo r. The c an e 's  a x is  w ill be along 

th e  g lo bal Y -axis, w ith  i t s  bottom centered a t  th e  o rig in . I f  th e  to p  

o r bottom a re  capped w ith  tr ia n g le s , a  cen te r p o in t w ill r e s u lts , which 

may be u se fu l in  o rien tin g  o r  shaping th e  cone.

151
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The CYLINDER ocmnand prcnp ts th e  u se r f a r  th e  c y lin d e r 's  rad iu s , 

h e ig h t, and number o f fa c e ts , i f  i t  should be capped w ith tr ia n g le s , and 

f a r  i t s  co lo r. The c y lin d e r 's  a x is  w ill be th e  g lobal Y -axis, and i t s  

cen ter w ill be p lace  a t  th e  g lo bal o rig in .

The SPHERE ccnmand asks f a r  th e  sp h e re 's  rad iu s , th e  number o f 

fa c e ts  about th e  2 -ax is , th e  number o f fa c e ts  about th e  Y -axis, and fo r 

i t s  co lo r. The cen te r o f th e  s p h e r e  w ill be p lace  a t  th e  globed o rig in .

The TUBE ccnmand w ill p rcnp t th e  u se r f a r  th e  tu b e 's  inner and 

o u ter r a d i i , i t s  h e ig h t and number o f fa c e ts , and i t s  c o lo r. I t s  a x is  

w ill be th e  globed Y -axis, and i t  w ill be cen tered  about th e  o rig in .

In  each o f th ese  cases, th e  number o f fa c e ts  sp e c ified  w ill e ffe c t 

th e  way th e  o b jec t d isp layed only . Each o b jec t w ill a lso  have a  

"p rec ise  d e fin itio n "  which w ill c o n s is t o f p lan ar and ra tio n a l B -spline 

su rfaces.

CKEftTICN OF USER DEFINED SOUPS

In  ad d itio n  to  th e  oramanriB used to  c re a te  p rim itiv e s, O bject 

Modeling provides EXTRUDE, REVOLVE, SKIN, ETTJCT_TOQL_§ ocnmands.

EXTRUDE

The EXTRUDE ccnmand works lik e  a cookie c u tte r . I t  uses any 

p ro f ile  th a t  has been p rev iously  c rea ted  and draws i t  through space a 

sp ec ified  d istan ce  perpendicular to  th e  p r o f i le 's  p lane, tw is tin g  a s  i t  

goes i f  d esired , to  cu to u t an o b jec t.

The EXTRUDE ccnmand w ill  f i r s t  prccpt  th e  u se r f a r  th e  p ro f ile  to  

be used. Next i t  w ill ask  fo r  th e  ex tru sio n  d istan ce . Then i t  w ill  ask 

f a r  th e  to ta l  tw is t angle, w ith  a  d e fa u lt o f zero f a r  a  s tra ig h t p a r t.



www.manaraa.com

153

I f  a  non-zero tw is t angle i s  sp ec ified , i t  w ill ask f a r  th e  p o in t about 

which to  p iv o t th e  p ro f ile . The d e fa u lt i s  th e  p r o f i le 's  cen tro id .

EXTRUDE w ill then  ask f a r  th e  edge generation  op tion , which i s  

e ith e r  ABSaUJTE_DEVIATICN, a r  FERCBn,jOFjCHDro_raiGaH. These options 

c o n tro l how coarse o r f in e  I-DEAS w ill generate th e  approxim ate topology 

model which i s  d isp layed on th e  graphics screen using faceted  p lan ar 

su rface s. T his does n o t e ffe c t th e  p rec ise  geometry which i s  created  

w ith  ra tio n a l B -spline su rfaces. The number of fa c e ts  a re  generated 

based on th e  degree o f d ev ia tio n  between th e  tru e  curves and th e  fa c e ts ' 

lin e a r  edges o r chords. The d e fa u lt method used fo r face tin g  th e  model 

i s  th e  PE3̂ CENT_OF_C3*»D_LENC?IH option .

The PEBCEOTjDFjCH0R3_IIl«3IH method i s  independent o f th e  o b je c t's  

s c a le . I t  u ses a  r a t io  between th e  maximum d istan ce  from a  f a c e t 's  edge 

to  th e  tru e  curve and th e  leng th  o f th e  f a c e t 's  edge. T his causes a  

la rg e r  number o f fa c e ts  to  be c reated  in  a reas o f g re a t d e ta il , and le s s  

fa c e ts  a re  c rea ted  in  a reas o f low d e ta il . I f  th is  op tion  i s  used to  

co n tro l th e  fac e tin g , a  maximum percentage d ev ia tio n  must be en tered .

The d e fa u lt value i s  eleven percen t (11%). T his percentage w ill y ie ld  

s ix tee n  (16) fa c e ts  around a cy lin d er, which i s  a lso  th e  d e fa u lt fo r  a  

cy lin d er c rea ted  a s  a  p rim itiv e .

The ABS0U7TE_DEVIATICN option  uses a  fix ed  maximum d istan ce  (in  th e  

curre n t  u n its ) from th e  faceted  edges and th e  tru e  curves. T his method 

i s  reoonmend whan c rea tin g  so lid s  o f long slender o b jec ts  using th e  

sk inning  technique.

In  e ith e r  case (percentage o r absolute) h igher maximum dev ia tio n s 

y ie ld  fewer fa c e ts , and lower d ev ia tio n s y ie ld  mace fa c e ts .

The l a s t  two in p u ts requ ired  f a r  th e  EXTRUDE ccnmand a re  th e  number
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o f sec tio n s and th e  o b jec ts  c o lo r. The number o f sec tio n s se lec ted  w ill 

c re a te  d u p lica te s o f th e  p ro f ile . I f  th e  o b jec t i s  a  s tra ig h t so lid , 

one se c tio n  i s  a l l  th a t  i s  needed. I f  th e  p ro f ile  i s  being ro ta te d  

during th e  ex tru sio n , I-DEAS w ill s e le c t a  reasonable number o f d u p li­

c a te s  fo r  th e  d e fa u lt va lue .

Figure 53. d isp lay s an example o f a  2D p ro f ile  (shown w ith th e  "*" 

p o in ts) which was extruded to  c re a te  a  s tra ig h t so lid . The p ro f ile  was 

extruded 0 .05", th e  th ick ness o f th e  supports, w ithout tw istin g . The 

s o lid  has been tra n s la te d  away from th e  p ro f ile  fo r  b e tte r  i l lu s tr a tio n .

REVOLVE

The REVOLVE ccnmand i s  used to  c re a te  so lid s  by revolving a  2D 

p ro f ile  about th e  g lo bal Y -axis th ro u $ i a  sp ec ified  number o f degrees o f 

ro ta tio n . Because th is  operation  works around th e  Y -axis, th e  p ro f ile  

may req u ire  o rie n ta tio n  (in  th e  PRDFH£_2D task ) to  p lace  i t s  a x is  o f 

ro ta tio n  on th e  Y -axis. The p ro f ile  can no t c ro ss th e  Y -axis. But, i t  

can be located  away from th e  Y -axis, a s was done to  c re a te  each sec tio n  

o f th e  h eatin g  u n its ' h e a te r sheath , a s  w ill be shown la te r  in  th is  

chap ter. A so lid  o f rev o lu tio n  can be c rea ted  by revolv ing  a  p ro f ile  o f 

h a lf  o f th e  o b jec t about i t s  a x is  o f symmetry, ly ing  on th e  Y -axis. Far 

example, cy lin d ers and aones could be c reated  by ro ta tin g  rec tan g les and 

tr ia n g le s  about th e  Y -axis.

The REVOLVE command w ill f i r s t  prompt  th e  u se r fo r  th e  p ro f ile  to  

be used, th e  d e fa u lt i s  th e  c u rre n tly  a c tiv e  p ro f ile . I f  th e  p ro f ile  

crosses th e  Y -axis, th e  operation  w ill be term inated w ith an e rro r 

message s ta tin g  th a t  th is  i s  th e  case. Next REVOLVE w ill ask f a r  th e  

angle (in  degrees) through which to  ro ta te  th e  p ro f ile  about th e  Y -axis.
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O
I f  an angle le s s  th a t  360 i s  used, th e  program w ill cap th e  ends o f th e  

so lid s  w ith  p lanes bounded by d u p lica tes o f th e  2D p ro f ile .

Hie nex t op tions th a t  th e  REVOLVE ccnmand p resen ts a re : tra n s la ­

tio n  along th e  Y -axis; and change in  rad iu s. These can be used to  

c re a te  so lid s  o f such th in g s a s  sp rings and machine th read s. I f  e ith e r  

o f th ese  op tions i s  used, th e  changes a re  d is tr ib u te d  lin e a rly  over th e  

angle o f rev o lu tio n . I f  th e  p ro f ile  i s  located  away from th e  Y -axis, i t  

can s p i r a l  inward, toward th e  a x is , w ith  th e  change in  rad iu s option . 

But, th e  p ro f ile  can s t i l l  n o t c ro ss th e  Y -axis. Thus, before th e  

p rcnp t f a r  th ese  op tions i s  presented , I-DEAS w ill d isp lay  th e  "Minimum 

rad iu s change". T his value i s  u su a lly  a  negative number, and rep resen ts 

th e  la rg e s t negative change in  rad iu s th a t can be used w ithout crossing  

th e  Y -axis.

REVOLVE w ill th en  ask  f a r  th e  edge generation  op tion  (ABSaU7TE_-

DEVIATXGN, a r  FEXOVrrj3FjCHQHD_I£NGTH), which were diflcuflfiftri previously

along w ith  th e  EXTRUDE ccnmand.

The l a s t  two inp u ts req u ired  f a r  th e  REVOLVE ccnmand a re  th e  number

o f sec tio n s to  be c rea ted , and th e  o b je c t's  co lo r. The number se lec ted

w ill  c re a te  d u p lica te s o f th e  p ro f ile  a t  equal angular spacing through

th e  rev o lu tio n . The s o l id 's  faceted  rep resen ta tio n  w ill be ocupleted by

connecting each p o in t around th e  d u p lica te  p ro f ile s  to  those o f th e  next
o

w ith  chords. The d e fa u lt i s  s ix teen  (16) sec tio n s p er 360 o f revolu­

tio n , lik e  a  p rim itiv e  cy lin d er.

Several so lid s  were c reated  fo r th is  th e s is  using th e  REVOLVE 

ccnmand, in  combination w ith  th e  EXIRUDE and JOIN ccnmands. Figure 54. 

shows one exanple o f a  p a r t th e  was created  using  th e  REVOLVE ccnmand.

I t  i s  a  Oerrter Trim th a t  i s  designed to  be mounted onto th e  cen ter o f
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th e  new support by tw istin g  th e  th re e  ta b s  in to  ho les in  th e  leg s  o f th e  

support, and then  bending then  over. A b u l l 's  eye, o r d rap-in-a-bucket 

p a tte rn  i s  stamped in to  th ese  p a rts  f a r  a  replacem ent p a rts  ocnpany 

supplied  by 6E. Although i t  was no t analyzed p h y sica lly  o r s tru c tu r­

a lly , i t  d id  need to  be designed, and served as good ex erc ise  in  th e  use 

o f a  working s e t , p ro f ile , and so lid  rev o lu tio n  fo r  th e  c rea tio n  o f a  

unique p a r t.

F igure 55. d isp lay s th e  ocnplete model th a t was c rea ted  f a r  th e  

sheathed h eating  u n it to  which th e  o ld  and new su rface  u n it supports a re  

to  be a ttach ed . The u n i t 's  round sheath  i s  fanned in to  a  s ix  tu rn  

s c ro ll  shape, and then  fla tte n e d  in to  a  f l a t  to p  D shape, The shape i s  

n o t a c tu a lly  a  m athem atical s c ro ll, and i s  could no t be c rea ted  using 

th e  change in  rad iu s option  w ith in  th e  REVOLVE command. Each o f th e  

main sem icircu lar a rk s and th e  two end ark s o f th e  u n it have th e ir  own 

constan t r a d i i . T herefore, each o f th ese  segments were c rea ted  w ith th e  

command, and then  o rien ted  and JOINed to  co n stru ct th e  ccnp lete  u n it.

The jo in ts  o f each segment can be seen were th e ir  faceted  su rfaces 

m eet, p rim arily  along th e  g lobal YZ p lane.

SKIN

The SKIN ccnmand was n o t used in  th is  th e s is . But, i t  provides a  

very  unique method f a r  c rea tin g  so lid s , and i t s  use should be explored 

f a r  any p ro je c t req u irin g  th e  c rea tio n  o f nan-geom etric so lid s . 

B asica lly , th e  skinning method o f o b jec t c rea tio n  involves c rea tin g  

m u ltip le  2D p ro f ile s  th a t  a re  sec tio n s o f th e  o b jec t taken  from known 

d istan ces along th e  o b je c t's  main a x is , and then  using th e  I-DEAS 

program to  c re a te  faceted  su rfaces over th ese  sec tio n s to  c re a te  th e
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body. T his works nuch lik e  c rea tin g  a  model a irp lan e  w ith  wooden r ib s  

and tis s u e  paper stre tch ed  over th e  frame. This technique has been used 

by o th ers in  th e  c rea tio n  o f so lid  models o f bones th a t  have been 

sectioned  a t  measured d istan ces and d ig itiz e d  to  c re a te  th e  p ro f ile s , 

and o f body organs th a t have been sectioned w ith CAT scan and MRI 

equipment.

FT TT JgP TTWTfi

a b je c t Modeling provides two ocnmands fo r  th e  c re a tio n  o f f i l l e t s :  

HXE_FIIl£r_TOaL_0, and CX®NER_FIIXET_TOOL_0. These ocnmands, and a l l  

o th er I-DEAS ocnmands th a t  end w ith  an "0", a re  no t tracked  in  th e  

o b je c ts ' h is to ry  f i l e .  As th e ir  names in p ly , th e  ocnmands do n o t 

a c tu a lly  change th e  a b je c t f a r  which th e  f i l l e t s  a re  being c rea ted , b u t 

ra th e r , they  c re a te  " to o ls" . These to o ls  a re  sep ara te  s o lid s , s ta re d  in  

th e  a c tiv e  o b jec t b in , which can then  be cu t from o r added to  o th er 

so lid s . When p o ssib le , i t  i s  mare e f f ic ie n t to  f i l l e t  o b jec ts  when 

c re a tin g  th e  o b je c ts ' working s e ts  o f 2D p ro f ile s , e sp e c ia lly  in  th e  

case o f rounded com ers f a r  s tra ig h t sided  p a r ts ' edges.

The HXE_FTT J JT_T0aL_§ oamnand i s  used to  c re a te  to o ls  f a r  use in  

rounding o ff  th e  ou tsid e  edges, a r  fo r  jo in tin g  th e  in sid e  edges o f two 

ad jo in ing  su rfaces w ith a  rad iu s . The f i r s t  item s req u ired  by th e  

ECGE_FHl£rjroaL_e ccnmand a re  th e  se lec tio n  o f th e  s t a r t  and end p o in ts  

o f th e  boundary between th e  two su rfaces to  be rounded o f f . Then th e  

u se r i s  prompted to  inpu t th e  rad iu s o f th e  f i l l e t  a t  th e  s ta r tin g  

p o in t, follow ed by th e  rad iu s a t  th e  ending p o in t. I f  d e sired , th e  

r a d i i  a t  th e  two ends can be d iffe re n t, in  which case I-DEAS w ill vary  

th e  f i l l e t  to o l 's  rad iu s lin e a rly  from th e  s t a r t  to  th e  end. The
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d e fa u lt rad iu s f a r  th e  end p o in t i s  th e  rad iu s inpu t f a r  th e  s t a r t  

p o in t. I-DEAS next asks f a r  th e  leng th  o f th e  s id e  o f th e  f i l l e t  to o l 

which w ill extend perpendicular to  th e  f i l l e t  su rface a t  th e  tangent 

lin e  between th e  f i l l e t  and th e  o b je c t's  su rface  being f i l le te d . Next 

th e  u se r i s  asked f a r  th e  extension leng th  f a r  th e  f i r s t  end o f th e  

f i l l e t ,  follow ed by th e  extension o f th e  second end. The extension o f 

th e  ends o f th e  f i l l e t  to o l stay be req u ired  to  c u t th e  f u l l  leng th  o f a 

so lid  which has m ateria l to  be removed w ith  th e  to o l th a t  l ie s  beyond 

th e  ends o f th e  f i l l e t  edge shared by th e  two su rfaces to  be f i l le te d . 

The edge generation  op tion , and i t s  maximum d ev ia tio n  must be in p u t, a s  

were discussed along w ith  th e  EXUKJDE command. The f in a l inpu t requ ired  

f a r  th is  command i s  th e  name d esired  f a r  s ta rin g  th is  so lid  ( f i l l e t  

to o l) .

Two examples where crea ted  to  d isp lay  th e  use o f th e  EDGE_FXUET_- 

TOGLjB ccnmand. F igure 56. shows a  one inch square block which has had 

one ou tside  edge f i l le te d . T his fig u re  d isp lay s th e  o rig in a l block w ith 

th e  f i l l e t  to o l in  p o sitio n  on th e  block, and th e  re s u ltin g  f i l le te d  

o b jec t crea ted  by c u ttin g  th e  block w ith th e  f i l l e t  to o l. In  th is  

example th e  f i l l e t  rad iu s i s  constan t (0.25") along th e  e n tire  f i l l e t ;  

th e  f i l l e t  extension i s  0.050"; and th e  end extensions a re  zero . Figure 

57. shows a s tra ig h t sided  o b jec t which has an in sid e  edge th a t was 

f i l le te d . As in  th e  o u tsid e  f i l l e t  exanple, th e  f i l l e t  rad iu s  i s  

constan t and no end extension were req u ired  to  c u t th e  s tra ig h t sided 

o b jec t.

The OOKNER_FIIIJCTjroOL_e ccnmand i s  used to  c re a te  to o ls  f a r  use in  

rounding o ff  th e  o u tsid e  earn er, a r  f a r  jo in in g  to g eth er th e  in sid e  

earn er o f th re e  ad jo in ing  equal sized  curved faceted  su rfaces w ith  a
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sp h e rica l su rface . T his ocmnand i s  used to  round a  co rner fanned on th e  

ou tsid e  a r  in s id e  o f th re e  ad jo in ing  su rfaces which have p rev iously  been 

f i l le te d  w ith th e  Fni£rjTOQL_§ ocmnand. When th e  th re e  p a irs  o f 

ad jo in ing  s id e s a re  f i l le te d  successively  w ith  id e n tic a l r a d i i , which 

req u ire s  f i l l e t  extensions on th e  earner end o f th e  second and th ird  

f i l l e t  to o ls  equal in  leng th  to  th e  f i l l e t  rad iu s , a  p o in t w ill r e s u lt. 

I t  i s  th is  p o in t th a t i s  rounded w ith th e  OGHNER_Fnifir ocmnand. The 

f i r s t  inp u t requ ired  f a r  th is  ocmnand i s  th e  se le c tio n  o f th is  p o in t. 

Then th e  leng th  o f th e  f i l l e r  to o l 's  s id e  i s  requested , follow ed by th e  

edge generation  op tion , and i t s  maximum dev ia tion , th e  to o l 's  o o la r, and 

name fo r sto rag e .

Figure 58. shows an example o f how th e  GCftNER_FniErjroQL_@ ocmnand 

i s  used. The f iv e  block displayed show th e  step s req u ired  to  c re a te  th e  

f i l l e t  to o ls  and corner f i l l e t  to o l (ro ta ted  and move to  th e  upper l e f t  

fo r  d isp la y ), used to  c u t th e  block in  o rder to  round th e  one co rner.

T his i llu s tr a tio n  was made w ith th e  "FEATURE LINES" tu rned  on to  

show th e  edges o f th e  fa c e ts  c rea ted , and in  hidden lin e  form at.

T his exargple c le a rly  i l lu s tr a te s  how ted ious and tim e consuming 

f i l l e t in g  (rounding) th e  edges o f a  so lid  model w ith th e  oomwands 

provided in  I-DEAS 4 .1  can be. But, in  I-DEAS V, a  new OGNSIRJCT 

ocmnand "ROUND" i s  provided, which can be much e a s ie r  to  use when 

rounding th e  edges o f so lid s  w ith  a  constan t rad iu s . NO to o ls  a re  

c rea ted , and no c u ttin g  o r jo in in g  operations a re  req u ired . The u se r 

s irp ly  se le c ts  th e  edges th a t a re  to  be rounded, and th e  rad iu s to  be 

used, and I-DEAS V does th e  r e s t .  Figure 59. i l lu s t r a te s  th is .
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OBJECT BLANKING

An in p a rta n t fe a tu re  o f th e  O bject Modeling should be discussed i s  

o b jec t "BUNKING". Whether an o b jec t i s  made cu rren t by c rea tin g  i t ,  

o r by re tr ie v in g  i t  from a  sto rage b in , i t  w ill be v is ib le  (as long as 

i t  i s  w ith in  th e  view port and th e  d isp lay  o f o b jec ts i s  toggled ON).

But, i t  i s  p o ssib le  to  a lso  have non-active ob jec ts v is ib le  along w ith 

th e  c u rre n tly  a c tiv e  o b jec t. In  I-DEAS term inology, sto red  o b jec ts 

th a t a re  v is ib le  a re  "unblarikad".

Ih is  can be very  u se fu l. Because, th e  u ser may be ab le  to  more 

c le a r ly  see th e  e ffe c ts  o f changes th a t  have been made to  an o b jec t, i f  

various versio n s o f th e  o b jec t have been sto red . I t  can a lso  allow  th e  

u se r to  see th e  sp ec ia l re la tio n sh ip s  between o b jec ts when o rien tin g  th e  

c u rre n t o b je c t. A lso, th e  u ser can p ick  th e  end p o in ts on any fa c e t o f 

an unblanked o b je c t's  fa c e ts  when measuring d istan ces, o r when o rien tin g  

th e  cu rre n t o b jec t.

When I-DEAS i s  in i t i a l ly  en tered , th e  d e fa u lts  a re  s e t  such th a t 

th e  cu rre n t o b jec t i s  l e f t  unblanked when i t  i s  replaced w ith another 

o b jec t, e ith e r  by th e  c rea tio n  o f a  new one, o r by re tr ie v in g  a  sto red  

one. I f  th e  u se r d e s ire s  to  make ad d itio n a l o b jec ts ( th a t a re  sto red  in  

th e  cu rren t sto rag e  bin) v is ib le , th is  can be done w ith th e  LNHLANK_- 

STOREDjOBJECT ocmnand. I f  th e  u se r wishes to  make any "unblanked" 

o b jec ts  in v is ib le , th is  can be aoocnpliehed w ith th e  BUNK_STORED_OBJE)CT 

ocmnand. Ih is  ocmnand w ill  allow  th e  u se r to  p ick  th e  v is ib le  ob jec ts 

to  be blanked w ith th e  screen cu rso r, o r by en terin g  th e ir  LABELs; o r 

a l l  unblanked o b jec ts  can be blanked by en tering  a  "*". O bjects can be 

blanked and unblanked by specify ing  th e ir  Label names o f numbers. I f  

th e ir  la b e ls  a re  unknown, th e  u se r can request a  D irectory o f them.
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ocH snrencN  oomands

O bject Modeling provides ccmnands which can be used to  c u t, jo in , 

add, car in te rs e c t one o b jec t w ith  another, to  check cne o b jec t fo r  

in te rfe ren ce  w ith  another, and to  cu t one o b jec t w ith a  p lane, ih e  

operations a l l  function  by checking each fa c e t o f th e  so lid s  fo r 

in te rse c tio n  w ith th e  o th er fa c e ts . Ihe  ccrnnands used f a r  modifying 

o b jec ts , o r  c rea tin g  new o b jec ts c re a te  new fa c e ts  incorporating  th e  

lin e s  o f in te rse c tio n  found.

In  some cases fa c e ts  from th e  o rig in a l o b jec ts  a re  combined w ith 

new fa c e ts , and new o b jec ts a re  c reated . No new curves a re  ca lcu la ted . 

F ather, th e  "precise" ra tio n a l B -spline su rfaces from th e  o rig in a l 

o b jec t(s) a re  associated  w ith th e  new o b jec t(s) to  farm th e ir  new 

"p rec ise" geom etries. This can re s u lt in  fa c e t edges th a t  do n o t l i e  

ex ac tly  along th e  in te rse c tio n  o f th e  ra tio n a l B -spline su rfaces. But, 

i t  i s  only necessary to  correct  th ese  e rro rs  in  cases were th e  faceted  

rep resen ta tio n  d o e sn 't approximate th e  p rec ise  o b jec t c lo se ly  enough, 

such a s  when two o b jec ts o f v a s tly  d iffe re n t s iz e , o r w ith  l i t t l e  

in te rfe ren ce  have been operated on w ith th ese  boolean commands. In  

th ese  cases i t  may be necessary to  "re-syncronize" th e  p rec ise  and 

faceted  rep resen ta tio n s o f th e  o b jec t. This can be done w ith  th e  

EACET_REFTNE and MDVE_TO_FRBCISE commands. Some ccranands, such a s  

SUREACE_BOWIDAFy_DISFIAY and WRITE, IGES preform re-sy n crcn izaticn  

them selves.

I f  two o b je c t's  p rec ise  models overlap , bu t th e ir  fa c e ts  do no t 

in te r fe re , th e  boolean operations may no t fin d  any in te rse c tio n s . I f  

th is  occurs, th e  models can be re fin ed  to  a  h igher lev e l o f face tin g  

w ith  th e  FACET REFINE command.
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COT OBHftMP

Die COT octmand i s  used to  c u t one o b jec t w ith another. At le a s t 

one on th e  o b jec ts  m ist th e  sto red . Hie o th er can be th e  a c tiv e  o b jec t, 

which may no t have been s to red . Any volume o f th e  ob jec tin g  doing th e  

c u ttin g  which in te rs e c ts  th e  o b jec t being c u t w ill be removed from th e  

c u t o b jec t. I h is  can r e s u lt  in  breaking th e  cu t o b jec t in to  sev era l 

bodies. I f  th is  occurs, any undesired bodies can be elim inated w ith  th e  

BODY DELETE command.

Ih e  f i r s t  inp u t requ ired  fo r  th is  operation  i s  th e  se lec tio n  o f th e  

f i r s t  body ( i t  can c u t o r  do th e  c u ttin g ) . Hie d e fa u lt a b je c t i s  th e  

c u rre n tly  a c tiv e  o b jec t. H iis makes i t  p o ssib le  to  perform  successive 

boolean operations on o b jec ts w ithout s to rin g  th e  re s u lta n ts  from each 

s te p . Hie next input needed i s  th e  se le c tio n  o f th e  second a b je c t. Hie 

d e fa u lt f a r  th is  i s  a  name o f number o f a  s ta red  o b jec t. Far both th e  

f i r s t  and second o b jec ts , a  ? can be en tered  to  d isp lay  th e  d irec to ry  of 

th e  a c tiv e  o b jec t b in , from which th e  se le c tio n s  can be made. Another 

op tion  i s  to  p ick  any unblanked o b jec t which appears on th e  d isp lay  

screen . To use th is  op tion , a  V i s  en tered  to  s e le c t a  V isib le  o b jec t, 

and then  th e  screen  cu rso r i s  used to  p ick  a p o in t, face , su rface  o r 

body o f th e  o b jec t d esired . A fter th e  f i r s t  and second o b jec ts a re  

se lec te d , I-DEAS asks which o b jec t i s  to  a c t a s  th e  " c u tte r" , by 

se le c tin g  FIRSTjCOT_SEOCI®, o r  SEOOND_COT_FIRSr. I f  th e  u ser i s  using  a  

back up o f unstared  o b jec ts  ( i . e . , MANAGE, OID_STACK_LQJGTH g re a te r than 

zero) and th e  cu rren t o b jec t has no t been sto red , I-DEAS w ill s to re  i t  

a s GLD1 before proceeding, and then  complete th e  operation .

I f  th e  two o b je c t's  co lo rs were n o t th e  same, sane o f th e  fa c e ts  o f 

th e  new o b jec t w ill be o f each o f th ese  co lo rs . To change them a l l  to
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e re  c o lo r, o r to  change th e  o b jec ts co lo r e n tire ly , th e  CX}LDR_OF_OBJECT 

ocmnand can be used.

I f  th e  re su ltin g  o b jec t i s  what th e  u se r d esired , i t  should be 

STQred to  prevent i t s  lo ss , before any fu rth e r ac tio n  i s  taken . In  

f a c t, i f  th e  operation  was very complex and requ ired  long computing 

tim e, i t  i s  a  good idea to  SAVE th e  data base a f te r  th e  o b jec t i s  

s to red . Ih is  w ill prevent i t s  lo ss  in  th e  event th e  sc ra tc h  d a ta  base 

i s  lo s t , o r i f  th e  system i s  ex ited  w ithout having executed a  save.

JOIN OCWAND

Ih e  JOIN ocmnand i s  used to  combine two o b jec ts . Any overlapping 

bodies between th e  two o b jec ts w ill be combined in to  a  s in g le  volume.

I f  th e re  a re  any sep ara te , non-overlapping bodies involved, th ey  w ill 

remain a s  separa te  bodies re la te d  to  th e  new o b jec t c rea ted .

The f i r s t  two in p u ts required  fa r  th is  operation  a re  th e  se le c tio n  

o f th e  two o b jec ts to  be jo ined . Ihe  d e fa u lts  and options provided fa r  

th e se  se lec tio n s  a re  th e  same as were described fo r th e  COTjOBJECT 

ocmnand. th en , a s  was th e  case w ith th e  CUTOBJECT ocmnand, i f  th e  

c u rre n t o b jec t has no t been sto red , and th e  OID_STACK_LENGIH i s  g re a te r 

than  zero , I-DEAS w ill s to re  i t  a s QLD1, and then  occp lete  th e  jo in in g  

o pera tion . The screen w ill then  be c leared , and th e  re su ltin g  o b jec t 

w ill  be d isplayed, i f  d esired , th e  o b je c t's  co lo r and o rie n ta tio n  can 

be changed, any undesired bodies can be d e le ted , and then  i f  s a tis fa c ­

to ry , th e  o b jec t should be s ta red .

I f  two o b jec ts a re  to  be jo ined  by "welding" them a t  a  p lan ar 

boundary, they  should be o rien ted  to  touch ex ac tly , o r to  overlay  by 

more than  th e  POINT COINCIDENCE to le ran ce  (se t in  th e  MDDEL_FILE,
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TGUiRANCE menu) to  avoid problems which can a r is e  due to  com putational 

inaccuracy, ih ia  can e a s ily  be accomplished by o rien tin g  one o b jec t as 

d esired  and s ta r in g  i t .  Then, th e  second o b jec t can be made g o tten  and 

th e  f i r s t  o b jec t UNBLANKED (or l e f t  cn th e  workbench in  Rev. V). Next, 

th e  GRUNT, M3VET0 command can be used to  p ick  a  p o in t on th e  second 

o b je c t's  su rface  which i s  to  be jo ined  to  th e  f i r s t ,  and a  p o in t on th e  

f i r s t  o b je c t's  jo in in g  su rface . This w ill tra n s la te  th e  second o b jec t 

in to  exact con tact w ith  th e  f i r s t .  Then, i f  necessary, th e  second 

o b jec t can be ro ta te d  about th is  p o in t to  a lig n  th e  two p lanes to  th e  

jo in ed , using  th e  GRUNT, ROTATE ocmnand. F in a lly , i f  th e  second o b jec t 

i s  n o t intended to  be jo ined  a t  th is  p o in t, i f  convenient, th e  second 

o b jec t can be tra n s la te d  in  g lo b al, X, Y, Z, coord inates along th e  

jo in tin g  p lane, w ith  th e  GRUNT, TRANSLATE ocmnand. Or, i t  can be 

tra n s la te d  along a  u se r defined v ec to r, a  sp ec ified  d istan ce  through th e  

use o f th e  ORIENT, MJVE_ALCNG ocmnand. This command g iv es sev era l 

methods fo r  d efin ing  th e  vecto r, including keying in  DIRECTICNVAIXJES, 

and o f p icking  P03NT_TD_P0INr s t a r t  and end p o in ts fo r  th e  v ec to r.

These o rie n ta tio n  techniques a re  a lso  u se fu l when o rien tin g  one o b jec t 

which i s  to  be used to  c u t another.

INTERSECT OCMMAND

The 3NTERSE3CT ocmnand i s  used to  c re a te  a  new o b jec t which c o n sis ts  

o f th e  in te rse c tio n  o f two o b jec ts , which means th a t i t  w ill be made up 

o f any volume o f m ateria l th a t  i s  common  to  th e  two o b jec ts  being in te r ­

sected . T his operation , lik e  th e  CUT and JOIN commands, i s  ccnputed 

based cn th e  in te rfe ren ce  between th e  two o b je c ts ' fa c e ts , and n o t on 

th e  in te rse c tio n  o f th e ir  p rec ise  (ra tio n a l B -spline) models. Thus, i t
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nay be neoassar y to  Increase th e  o b je c ts ' faceted  model reso lu tio n s w ith 

th e  EACET_HEFTNE o perations, in  o rder to  y ie ld  th e  d esired  re s u lts . The 

inp u ts and p o st r e s u lt  operations described  f a r  th e  COT and JOIN 

ocnmands apply to  th is  ocmnand.

EtANqjCCT QCWftNP

The FlANEjCOT ocmnand i s  used to  c u t an o b jec t w ith  a  sp ec ified  3D 

p lane. The choices f a r  output a re : th e  volume o f th e  o b jec t cn th e  

POSmVE_SIDE o f th e  c u ttin g  p lane; th e  volume o f th e  o b jec t on 

NBGATTVE_SIDE o f th e  cu ttin g  p lane; o r th e  o b je c t's  CROSS_SECTICN. The 

two "sid es" o f th e  c u ttin g  plane a re  determined by th e  d ire c tio n  o f th e  

arrows which a re  d isp layed an th e  p o s itiv e  sid e  o f th e  c u ttin g  p lane.

The f i r s t  inpu t requ ired  i s  th e  sp e c ifica tio n  o f th e  c u ttin g  plane 

which i s  to  be used. Several options a re  presented fo r  th is  se lec tio n , 

which a re : COEFFICHNTS; THREEJPOXNT; POIOT_NOBMAL_VECrOR; DISTANCE_-

NOGMALVE&GR; XY_PIANE; YZ_PLANE; XZ_PLANE; SURFACE_PIANE_ (EXISTING) ; 

OFFSET_SUREACE_ (EXISTING); and USEJ/IEW_PIANE. I f  a  p lane has been 

defined  fo r a  p r io r  P1ANE_COT, i t s  COEFFIdHTTS w ill be th e  d e fa u lt 

values p resen ted  i f  th e  OOEFFIGDENT option  i s  se lec ted . I f  one o f th e  

g lo bal p lanes ( e .g ., XY_pane) i s  se lec ted , i t s  p o sitio n  along th e  normal 

ax is  (e .g ., th e  Z-axis) w ill be requested . I-DEAS 4 .1  req u ire s  th a t 

th is  be inpu t num erically, bu t g ives th e  option  to  MEASURE th e  lo ca tio n . 

This allow s th e  u se r to  use th e  MEASURE options (including th e  OOCKDI- 

NATES_OF_POINT) to  determ ine th e  value to  be used, and then  to  key i t  

in . I-DEAS V g ive an option  to  p ick  a  p o in t d ire c tly .

Once th e  p lane i s  defined , th e  u se r i s  pronpted fo r  th e  output 

d e sired . I f  e ith e r  s id e  i s  se lec ted , th e  program w ill c u t th e  o b jec t
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and c re a te  a  new cu rren t a b je c t co n sistin g  o f th e  so lid  volume(s) an 

th a t  s id e  o f th e  p lane. I f  aRDSS_SBCXEGN i s  se lec ted , th e  u se r w ill be 

prcapted to  in pu t a name o r number fa r  th e  c ro ss-sec tio n  to  be s ta re d  

under as a  p ro f ile . Ih e  p ro f ile  can then  be used as any o th er p ro f ile  

Which has been crea ted  in  th e  PROFILE ta sk .

Ih e  curves in  th e  c ro ss-sec tio n s ' p ro f ile s  w ill be ra tio n a l 

B -eplines, and n o t faceted  curves. Hie exactness o f th e  curves y ielded  

a re  determined by th e  to le ran ce  which i s  p re se t w ith th e  MOOEL_FH£, 

TOLERANCE, CRDSS_SECTICN ccnmand. Because o f th e  h igher degree o f 

p rec isio n , ccnpared to  th e  faceted  models, they  can be used to  measure 

clearances more accu ra te ly  than  th e  in te rfe ren ces check w ith  th e  

INTERFERENCE oonmand.

ORIENT MENU

O bject Modelin g  contains a  menu devoted to  ccnmands which can be 

used to  m anipulate th e  cu rren t o b jec t in  g lobal 3D space.

TRANSLATE i s  used to  move th e  o b jec t in  3D space by keying in  X, Y, 

and Z values in  th e  a c tiv e  u n it system. I f  th e  d esired  values a re  n o t 

known, a  MEASURE option  i s  presented w ith in  th e  TRANSLATE ccnmand. T his 

allow s th e  u se r to  measure th e  d ls ta ir a  between se lec ted  e n ti t ie s , and 

to  c a l l  up th e  coordinates o f se lec ted  p o in ts . Once th e  values a re  

known th e  u se r can key them in  and th e  so lid  w ill be move to  th e  new 

lo ca tio n .

M3VE_T0 i s  used to  p ick  a  po in t on th e  o b jec t to  be moved, and a  

p o in t in  space to  which th e  f i r s t  p o in t w ill be moved to . Once th ese  

p o in ts  have been picked, th e  so lid  w ill be tra n s la te d  in  space such th a t 

th ese  p o in t w ill co incide. Thus, i t  w ill "slid e"  to  th e  new lo ca tio n ,
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w ithout ro ta tio n .

Ih e  MDVE_ALGNG ccnmand perf orms  a tra n s la tio n  o f th e  o b jec t lik e  

th e  MOVEJTO ccnmand, except th e  tra n s la tio n  i s  based on a u se r defined 

vecto r in  3D space. This ccnmand p resen ts sev era l op tions fo r defin in g  

th is  v ec to r.

The ROTATE ocmnand i s  used to  p iv o t th e  cu rren t o b jec t about th e  

g lobal X, Y, and Z axes, p ivo ting  about a  se lec ted  p iv o t p o in t. The 

d e fa u lt p iv o t p o in t i s  th e  o rig in . Thus, th e  a c tiv e  o b jec t can be 

p ivoted about th e  o rig in  by typing:

/OR R <REHJRN> <RETURN>, 

follow ed by th e  d esired  ro ta tio n s  separated  w ith  coronas, a s :

X-FOLMTCN, Y-ROTATTCN, Z-RCTMTCN <REIURN>, 

in  degrees (e .g ., 10 ,0 ,30). I f  another p iv o t p o in t i s  d esired , ra th e r  

than  en te rin g  a  re tu rn  when pronpted f a r  th e  se le c tio n  o f th e  p iv o t 

p o in t, th e  u se r can use th e  ac tiv a ted  screen  cu rso r to  p ick  a  v is ib le  

p o in t. Or, a  se le c tio n  can be made from th e  menu presen ted  fo r  o th er 

o p tions, including: se le c tio n  o f a  p o in t's  LABEL; keying in  a  p o in t 

lo ca tio n  (KEY_IN_XYZ); se le c tin g  a  TRANSLATES p o in t; an op tion  to  

INTERPOLATE between two p o in ts ; se le c tin g  th e  o b je c t's  CEMEER_OF_GRAV- 

ITY; o r p icking  a  working s e t  o r p ro f ile  p o in t (POLNr_FRCM_2D).

The Pomr_PIVOT command i s  used to  ro ta te  an o b jec t about a  

se lec ted  p iv o t p o in t through th e  alignm ent o f two im plied lin e s . The 

ocmnand i s  based on th e  se le c tio n  o r sp e c ific a tio n  o f th re e  p o in ts . The 

op tions presented  f a r  defin ing  th ese  p o in ts  a re  th e  same a s  were 

discussed above f a r  th e  RCTATLCN ccnmand. The f i r s t  p o in t th a t  must be 

defined i s  th e  p iv o t p o in t. Next th e  "po in t to  ro ta te  from" i s  re ­

qu ired . These f i r s t  and second p o in ts d efin e  an in p lie d  lin e  which
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d efin es th e  o b je c t's  current  o rien ta tio n  in  space. Fin a lly  a  "po in t to  

ro ta te  to "  i s  req u ired . This p o in t and th e  p iv o t p o in t d efin e  and 

in p lie d  lin e  which d efin es th e  d esired  o rie n ta tio n  fo r th e  o b jec t. Then 

th e  program ro ta te s  th e  o b jec t about th e  p iv o t p o in t such th a t th e  

second in p lie d  lin e  a lig n s  w ith th e  f i r s t  im plied lin e .

The VBCTORJPIVOT w ill ro ta te  th e  cu rren t a b je c t about a  se lec ted  

p iv o t p o in t such th a t  two u se r defined v ecto rs a re  p a ra lle l. The u se r 

i s  prompted to  p ick  th e  p iv o t p o in t. Then th e  program req u ests th e  

d e fin itio n  o f th e  f i r s t  v ecto r. Several se lec tio n  methods a re  p re­

sen ted , w ith POINr_TO_POINr as th e  d e fa u lt. I f  i t  i s  used, th e  user 

p icks th e  s t a r t  p o in t f a r  th e  vecto r and then  p icks i t s  end p o in t.

F in a l th e  u se r i s  asked f a r  th e  d e fin itio n  o f th e  second v ec to r. Again 

th e  u se r can use th e  d e fa u lt POINrjIO_POINr vecto r d e fin itio n  method to  

p ick  th e  s t a r t  and end p o in t fo r th e  second vecto r. Once th e  in p u ts a re  

com plete, th e  program w ill ro ta te  th e  o b jec t about th e  p iv o t p o in t such 

th a t  th e  f i r s t  v ec to r i s  p a ra lle l w ith th e  second v ecto r and poin ted  in  

th e  same d ire c tio n .

The GRUNT command ABCUT_VBCTOR i s  u se fu l fo r  ro ta tin g  th e  ac tiv e  

s o lid  about an a x is  o th er than  those p a ra lle l to  th e  g lob al axes. The 

ccnmand leads th e  u se r through th e  d e fin itio n  o f th e  vecto r used fo r  th e  

a x is  o f ro ta tio n . F ir s t  th e  u ser i s  prompted to  s e le c t a  v ecto r d e fin i­

tio n  method, and to  d efin e  th e  v ecto r. The v ecto r need n o t be posi­

tio n ed  on th e  a x is  o f ro ta tio n . I t  only serves to  define i t s  o rien ta ­

tio n . A fter i t  i s  defined , th e  program w ill prompt th e  u se r to  defin e  a  

p o in t on th e  a x is  o f ro ta tio n  which w ill serve to  p o sitio n  th e  v ecto r. 

Then once th e  v e c to r 's  o rie n ta tio n  and p o sitio n  a re  defined , th e  program 

asks th e  u se r to  s e le c t between th e  E0IMTGN ANGLE and POINT TO POINT
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methods f a r  d efin in g  th e  amount o f ro ta tio n  d esired . If th e  R0TATICN_- 
ANGLE method i s  chosen th e  u ser w ill be asked fo r  th e  angle in  degrees. 

I f  th e  POINr_TO_POINr method i s  used, th e  program w ill ask fa r  

two p o in ts . Then i t  w ill d efin e  an imaginary lin e  from th e  p o in ts 

perpendicu lar to  th e  a x is  o f ro ta tio n , and then  i t  ro ta te s  th e  f i r s t  

lin e  and th e  o b jec t u n t il  i t  i s  p a ra lle l to  th e  second lin e .

The THREE_POINr_MEIHOO red e fin es th e  g lobal a x is  system about th e  

a c tiv e  o b jec t, to  in  tu rn  red efin e  th e  o rie n ta tio n  o f th e  o b jec t w ith 

re sp ec t to  th e  axes. The f i r s t  p o in t requ ired  i s  th e  new o rig in . The 

second p o in t i s  any p o in t which i s  to  l i e  on th e  X -axis. And, th e  th ird  

p o in t i s  any p o in t which i s  to  l i e  on th e  new XZ plane. Once th ese  

p o in ts  a re  defined , th e  axes w ill be redrawn in  th e  new o rie n ta tio n .

Each o f th e  e ig h t CRUNT commands w ill r e s u lt  in  th e  o b jec t 

au tom atically  being red isp layed  in  i t  new o rie n ta tio n , u n less th e  user 

has chosen to  tu rn  th is  fe a tu re  o ff . I f  th a t  i s  d esired , th e  u ser can 

inp u t MDDEL_FH£, USERJQfTERFACE_SHI7CHES, AUIO_ERAW, OFF.

INTERPOLATION

Many I-DEAS operations involving th e  sp e c ific a tio n  o f p o in ts  in  

space allow  th e  u se r th e  op tion  to  INTERPOLATE. This can be used q u ite  

c re a tiv e ly , and th u s deserves same d iscussion  h ere . When INTERPOLATE i s  

se lec te d  a s  an op tion  from w ith in  an I-DEAS command, th e  u se r i s  proopt­

ed to  p ick  two p o in ts  in  space, and then  to  key in  th e  percentage fo r 

in te rp o la tio n  between than . The percentage value i s  inpu t a s  a  whole 

number ( i . e . ,  10.5 f a r  10.5%, and no t 0 .105). The d e fa u lt value i s  

always 50.0 ( i . e . ,  50%). Once th e  percentage i s  keyed in , th e  program 

c a lc u la te s  a p o in t in  3D apace which i s  located  th a t percentage o f th e
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d istan ce  between th e  two end p o in ts , away from th e  f i r s t  p o in t se lec ted . 

I t  then  c a rp le te s  th e  ccnmand's operation  in  which interpolate was 

se lec ted  ( e .g ., c rea tin g  a  p o in t a t  th a t  lo ca tio n , o r  using  th a t  p o in t 

a s an end p o in t f a r  a  v ecto r being defined , e tc .) .

measurement OOWANDS

O bject Modeling provides th e  follow ing measurement conmands: 

POH7T_TO_POINr, POINr_TO_IJNE, POINT_TO_EEANE, THE^_PODir_AHC, ANGLE, 

and OOCRDINATES_OF_POINr. Die FOINT_TO ccomands a re  used to  p ick  p o in ts 

and lin e s , o r p lanes between which th e  program w ill c a lc u la te  th e  

d istan ce . Die IHREE_POINr_ARC rxrmginris allow s th e  u se r to  measure th e  

r a d i i  o f a rc s . Die ANGLE_MEASURE ccnmand allow s th e  u se r to  measure th e  

angle between two lin e s . I t  req u ests th e  se le c tio n  o f a  p o in t cn th e  

f i r s t  l in e , a  p o in t a t  th e  v ertex  o f th e  angle to  be m easures, and a 

th ird  p o in t th a t  l ie s  on th e  second lin e . Die program w ill then  

c a lc u la te  th e  angle between th e  two lin e s , in  th e  p lane o f th e  th re e  

p o in ts  se lec te d . F in a lly , th e  OOCRDINATE_OF_POINr ccnmand does what i t s  

name im plies. I t  l i s t s  tlie  coordinates o f an p o in t sp e c ified .

MODIFYING OBJECTS

O bject Modeling con tains nmrnnnds which can be used to  a l t e r  so lid s  

in  o rder to  produce new o b jec ts o r to  re f in e  o b jec ts  through th e  

movement o f th e ir  fa c e ts , and by re f le c tio n  o f th e  e x is tin g  fa c e ts .

Some o f th ese  cxiimands perform  operations which can n o t be tracked  in  

th e ir  o b jec ts  h is to r ie s . Diese end w ith  an O ther ocnmands in  th is

menu, those ending w ith  an remove seme o f th e  o b je c ts ' p rec ise  

su rfaces, and r e s u lt  in  th e  d e le tio n  o f th e ir  a b je c t h is to r ie s . Die
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rem aining commands changes a re  recorded in  th e  o b je c ts ' h is to r ie s .

Because  th ese  operations can d ra s tic a lly  a l te r  th e  o b jec ts , before 

they  a re  executed th e  program w ill determ ine i f  th e  e x is tin g  o b jec t has 

been sto re d . I f  i t  has n o t, and i f  th e  GUD_SIACK_LENGIH has been s e t  to  

a  value g re a te r than  zero , th e  program w ill s to re  th e  o b jec t a s GU)i 

before a lte r in g  i t .

Seme cau tion  must be taken  vhen using  th ese  contends. Because 

th e se  ocmnands increase  th e  number o f fa c e ts  contained in  th e  o b jec ts 

model, seme a t  a  r a te  o f two ra ise d  to  th e  ite ra tio n  se lec ted  p lu s one 

power ( i . e . ,  2A( i+ l) ) , th e  re s u lts  can e a s ily  g e t unwieldy. This can 

even r e s u lt  in  numbers exceeding th e  program 's allow able lim its . More 

fa c e ts  req u ire  more: tim e to  draw th e  fu lly  faceted  model on th e

d isp lay  screen ; d isk  space to  s to re ; and computation f a r  fu rth e r 

o pera tio ns, e tc . Thus, th e  low est number o f usable fa c e ts  fo r  th e  

d esired  re s u lts  ( e .g ., f a r  understandable d isp lay  o r fo r fu rth e r o b jec t 

c re a tio n , e tc .)  i s  d esired .

The EACET_REFINE_§ ccnmand, which was mentioned along w ith th e  

BOOLEAN commands, i s  used to  increase th e  number o f fa c e ts  in  th e  model 

by decreasing  th e  d ev ia tio n  between th e  fa c e ts ' edges and th e

o b je c t's  p rec ise  (ra tio n a l B -spline) su rfaces. T his does no t e f fe c t th e  

p rec ise  model. But, i t  can be h e lp fu l, o r even necessary, f a r  th e  

proper execution o f some o th er ccmnands which re ly  an th e  faceted  

models, such a s  th e  CUT and JOIN ccmnands. This ocmnand f i r s t  asks 

which o f th e  cu rren t o b je c t's  su rfaces a re  to  be re fin e d . The su rfaces 

can be se lec ted  by cu rso r p icking  o f VISIBLE su rfaces; by keying in  

th e i r  IABELS; o r they  can a l l  be re fin e d , by en te rin g  an "*". Once th e  

su rface(s) have been id e n tifie d , th e  u ser i s  prompted f a r  th e  method o f
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subdiv ision  th a t  i s  d esired ; e ith e r  ABSOU7TE_DEVIATION o r PHSCENT_OF_- 

EEGE_LENffIH. These a re  th e  same methods presented fo r th e  c rea tio n  o f 

o b jec ts , described e a r l ie r  in  th is  chapter along w ith th e  EXTRUDE 

ocmnand. I f  a  sm aller percentage o r abso lu te dev ia tion  value i s  applied  

than  was used to  c re a te  th e  o b jec t, a  f in e r  faceted  model w ill  r e s u lt .

I f  th e  same d ev ia tio n  i s  app lied , only a reas which were crea ted  a t  

in te rse c tio n s  w ith  COT and JOIN operations w ill be re fin e d . In  e ith e r  

case, th e  faceted  model y ielded  w ill more c lo se ly  approxim ate th e  

p rec ise  model. Once th e  dev ia tion  method and th e  maximum value have 

been in p u t, th e  program w ill ask fo r maximum number o f subdivision 

ite ra tio n s  th a t  a re  to  be perf ormed on each fa c e t asso c ia ted  w ith th e  

su rfaces being operated on. The d e fa u lt i s  2, and th e  maximum i s  5.

T his can be used to  prevent long processing tim es. F in a lly , a  p o in t 

convergence to le ran ce  i s  requested. This e ffe c ts  th e  d istan ces between 

th e  new fa c e ts ' corner p o in ts , and th e  m odel's p rec ise  su rfaces, w ith 

sm aller values re su ltin g  in  h igher p rec isio n .

The Surface S p lit ocmnand i s  used to  subdivide th e  fa c e ts  asso c i­

a ted  to  se lec ted  su rfaces on th e  o b jec t, y ie ld in g  a f in e r  faceted  model. 

I t  a lso  p laces a l l  o f th e  new fa c e ts ' corner p o in ts  w ith in  a  sp ec ified  

d istan ce  from th e  o b jec ts  p rec ise  su rfaces. This can be u se fu l f a r  

increasin g  th e  number o f p o in ts f a r  use w ith seme o f th e  o th er SHAPE 

o pera tio ns, and f a r  th e  TWEAK operations. The u ser i s  prompted to  

s e le c t th e  su rfaoes to  be m odified, w ith  th e  same options f a r  su rface 

se le c tio n  presented  in  th e  EACET_REFINE_§ oomnand. Next th e  u se r must 

inp u t th e  maximum number o f subdivision ite ra tio n s  d esired . T his can be 

from 1 to  5, which w ill re su ltin g  each edge o f th e  se lec ted  fa c e ts  being 

subdivided in to  2 ra ise d  to  th e  ite ra tio n s  power, new edges. The f in a l
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in p u t req u ired  i s  th e  p o in t convergence to le ran ce . I h is  w ill determ ine 

th e  allow able d istan ce  between th e  new corner p o in ts  and th e  o b je c t's  

p rec ise  su rfaces.

The H0VE_T0_FRBC1SE command can be used to  c lean  up o b jec ts  th a t 

have been c reated  through th e  use o f th e  CUT and JOIN op era tions. These 

o b jec ts  may have p o in ts th a t defin e  th e  in te rse c tio n s  th a t were used in  

th ese  operations which do no t l i e  on th e  o b je c t's  p rec ise  su rfaces; 

u n lik e  o b jec ts  developed w ith th e  CREATE commands, whose p o in ts  always 

l i e  on th e  ra tio n a l B -spline su rfaces which d efin e  th e  s o l id 's  p rec ise  

su rfaces. The u se r i s  ask to  s e le c t th e  p o in ts  th a t  a re  to  be m odified. 

TWo options a re  provided f a r  th is  se le c tio n : IMPRECTSE_POINrs, and

M X E O m rs. I-DEAS c a rr ie s  in te rn a l m arkers on each p o in t te l l in g  th e  

program whether they  l i e  w ith in  a  known d istan ce  to  th e  p rec ise  su r­

fac es . Thus, i t  i s  p o ssib le  f a r  th e  program to  modify only th ose  p o in ts 

which a re  no t w ith in  th e  convergence to le ran ce  value, o r a l l  p o in ts  can 

be reevaluated . Once th is  se le c tio n  i s  made, th e  u se r must inpu t th e  

convergence to le ran ce  th a t  i s  to  be app lied  to  th e  p o in ts  being moved.

The REFTjECT ocmnand i s  used to  c re a te  new so lid s , o r to  ccnp lete  

th e  c rea tio n  o f whole so lid s  by re f le c tin g  th e  e x is tin g  o b jec t across a 

p lane o f symmetry. T his allow s th e  u se r to  c re a te  sym m etrical so lid s  by 

c re a tin g  h a lf  o f th e  o b jec t, and then  re f le c tin g  th a t  h a lf  over th e  

p lane o f symmetry to  complete th e  p a r t. T his ocmnand can a lso  be used 

to  c re a te  a  new o b jec t which i s  a mi r ro r image o f th e  e x is tin g  o b jec t. 

Which allow s th e  u se r to  design a  " le f t  hand p a rt"  and then  r e f le c t  i t  

to  c re a te  a  matching " rig h t hand p a rt" , o r v isa -v e rsa . Tto provide th ese  

o p tions, th e  commands asks f a r  th e  d esired  ou tpu t, which can be e ith e r  

BCTH_SIDES, o r th e  REFLECTICN_ONLY. I t  then  asks fo r  th e  plane o f
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synmetry to  be vised. The op tions f a r  p lane sp e c ific a tio n  methods a re  

th e  same a s  were described  f a r  th e  CUT ocmnand.

The SCALE oaranand can be used to  sc a le  th e  o b jec t up o r down in  

each o f th e  th re e  g lo b al C artesian  d ire c tio n s . T his allow s th e  u se r to  

in crease  o f decrease th e  o b jec t s iz e . One example o f th e  use f a r  th is  

i s :  i f  an o b jec t was c rea ted  w ith th e  a c tiv e  u n it system s e t  to

m illim e te rs, when th e  u se r was en terin g  leng ths in  inches, he m ilh  

change th e  a c tiv e  u n its  to  inches, and th en  use th e  sca le  command to  

increase  th e  o b jec ts  s iz e  back up to  th e  appropria te  va lu es. Because 

th is  ocmnand allow  th e  u se r to  inpu t separa te  value f a r  th e  x ,Y , and Z 

sc a lin g  fa c to rs , i t  can be used to  d is to r t  th e  o b jec t a s w ell a s simply 

changing i t s  s iz e . The f i r s t  inpu t req u ire  by th e  SCALE ocmnand i s  th e  

sp e c ific a tio n  o f a  p o in t about which th e  o b jec t i s  to  be scaled . The 

se le c tio n  o f th is  p o in t can e ffe c t th e  re s u ltin g  o b je c t's  lo ca tio n  i s  

space. T his i s  because th e  o b je c t's  p o in t lo ca tio n s w ill be m u ltip lied  

by th e  sc a le  fa c to rs  en tered , w ith resp ec t to  th e  p o in t sp e c ified . But, 

th is  only means th a t  th e  re su ltin g  o b jec t may be tra n s la te d  in  space, 

which w ill  req u ire  some use o f th e  ORIENT, TRANSLATE ocmnand to  rep o si­

tio n  i t  a s  d e sired . The f in a l inp u ts requ ired  by th is  ocmnand a re  th e  

X,Y, and Z seeding fa c to rs  d esired .

The Surface WKRP_§ command can be used to  a l t e r  th e  contour o f an 

o b je c ts ' p rec ise  su rfaces e la s tic a lly . I t  allow s th e  u se r to  sp ecify  a  

p o in t on th e  in te r io r  o f one o f th e  o b je c t's  su rfaces ( i . e . , i t  can no t 

be a  p o in t on th e  edge o f a  surface) to  move in  space. Once a  p o in t i s  

sp e c ifie d , th e  u se r i s  asked fo r  th e  X, Y, and Z displacem ent d esired . 

T his i s  follow ed by a  promp t  f a r  th e  rad iu s o f in fluence w ith in  which 

th e  m odifications a re  to  be made. This i s  th e  rad iu s o f an imaginary
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sphere centered  a t  th e  p o in t sp ec ified . Any o f th e  p o in ts  cn th e  

su rface  contain ing  th e  p o in t th a t was sp ec ified , which l i e  in s id e  th is  

sphere can be d isp laced  by th is  operation . The d e fa u lt rad iu s i s  th e  

maximum value which w ill no t include any o f th is  su rfa c e 's  boundary 

p o in ts . The la s t  options presented by th is  ccnmand a re  f a r  th e  type o f 

shape th e  m odified su rface  i s  to  have. These a re  e ith e r  UNEAR,

OGNCAVE, o r CONVEX. The program w ill d isp lace  each o f th e  o b je c t's  

p o in ts  th a t  a re  contained in  th e  imaginary sphere o f in fluence by 

fra c tio n s  o f th e  displacem ent input f a r  th e  sp ec ified  p o in t, w ith  th e  

fra c tio n s  ranging from 1 to  0 depending on th e  p o in ts ' lo ca tio n s 

re la tiv e  to  th e  p o in t sp ec ified . Thus, i f  a  LINEAR shape i s  chosen, th e  

re su ltin g  su rface  w ill be co n ical. I f  CONVEX, o r CONCAVE a re  se lec te d , 

th e  u se r w ill be asked f a r  a  w eighting fa c to r, which w ill be used to  

co n tro l th e  tra n s itio n  o f th e  fra c tio n s  applied  fa r  each p o in t's  

displacem ent.

The operation  does no t add any new p o in ts , o r fa c e ts  to  th e  model. 

I t  can only d isp lace  those which already  e x is t. Thus th e  Surface SPLIT 

o r EACET_REFTNE commands may need to  be used to  generate  a  f in e r  faceted  

model f a r  warping.

The author has n o t used th is  operation  f a r  th is  th e s is , a r  any 

o th er p ro je c ts . But, i t  was experimented w ith fo r th is  w ritin g , and i t  

appears to  be very powerful f a r  use in  c rea tin g  conplex shapes and fin e  

d e ta ils . As an exanple, Figure 60. shows a  sphere which was m odified 

w ith th is  ccnmand to  impose a  concave "dent" in  i t s  su rface .
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O bject Modeling a lso  provides sev era l sp ec ia l o b jec t m odification 

cxmaand which p e rfam  sim ila r operations to  those discussed above. But, 

each o f th ese  ccmnands nay r e s u lt  in  a  lo ss  o f a sso c ia tio n  between th e  

faceted  models and th e  p rec ise  ra tio n a l B -spline models su rfaces. These 

sp ec ia l Surface and Facet m odification ccmnands a re : HEMD_*; BUMDj*; 

STRETCH_*; WARP_EACETS_*; THICKNESS_*; AND SURFACE_SCA££_*. The author 

has never found a  need, o r reason to  want to  modify an o b jec t in  any way 

th a t would destroy  i t s  p rec ise  su rface  d e fin itio n . Thus, w ithout any 

experience in  using  th ese  ccmnands, th e ir  operations w ill no t be 

discussed  here .

One sp ec ia l m odification ocmnand th a t  was used f a r  th is  th e s is  i s  

th e  BODY DELETE ocmnand. I t  was used to  d e le te  unwanted bodies from 

o b jec ts which included sev era l bodies th a t  were c reated  when o b jec ts  

were d iv ided  w ith  th e  GUT occroand.
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I-DEAS ASSEMBLE MODELING OPERATIONS

Ih e  Assesnbly Modeling provides ccmnands f a r  use in  th e  construction  

assem blies o f so lid  models, o rien tin g  th e  e n ti t ie s  used in  assem blies, 

adding a u x ilia ry  geometry and no tes to  th e  assem blies, and to  d isp lay  

and in te rro g a te  system assem blies. An assem blies created  in  I-DEAS i s  

constr ucted as a "HIERARCHY" o f "INSTANCES" o f COMPONENT, and sub- 

SYSTEMS.

Assembly Modeling i s  lik e  O bject Modeling in  th e  way e n ti t ie s  a re  

tre a te d  a s  "ac tiv e" ; in a c tiv e , bu t v is ib le  ( i . e . ,  "unblanked"); s ta re d ; 

and saved. A lso, lik e  in  O bject Modeling, assembly e n ti t ie s  a re  cnly 

h e ld  in  th e  program 's working memory, un less they  a re  s ta re d , w ith  STCRE 

ccmnands, in to  th e  sc ra tch  d ata  base f i le s .  They a re  no t saved in to  th e  

permanent d a ta  base f i l e s ,  u n less a SAVE ocmnand i s  executed.

ASSFMHT.V MODELS' SCTPCTURE

The o rg an iza tio n al s tru c tu re  o f I-DEAS Assembly Models i s  based cn 

a  t ie re d  h ierarchy , b u i l t  i s  a  pyramid fash ion . I-DEAS uses th e  term 

"system" f a r  th e  combination o f o b jec ts in to  groups th a t  a re  associated  

and lo cated  w ith re sp ec t to  each o th e r. At GEA th ese  same concepts a re

185
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u su a lly  termed "subassem blies'1 and "assem blies". But, th e  concepts a re  

th e  same. The u se r wants to  combine s e ts  o f o b jec ts  as they  w ill be 

assembled in  th e  ac tu a l m echanical system 's co nstru ctio n  car m anufacture. 

These s e ts  o f o b jec ts roust be located  in  space such th a t they  w ill f i t  

to g e th er a s  they  a re  designed to  be assembled. A lso, i t  i s  d e s irab le  to  

be ab le  to  cons t r u c t p ieces o f th e  o v e ra ll system  in  subsystems o r 

subassem blies one tim e; and then  to  be ab le  to  use th ese  subsystems 

sev era l tim e throughout th e  complete system assembly req u irin g  only th e  

p o sitio n in g  o r o rie n ta tio n  o f th ese  subsystems w ith  resp ec t to  th e  

complete system. Ih e  Assembly Modeling ccmnands provide th ese  

c a p a b ilitie s .

Subassemblies a re  cons t r ucted as "system s", and then  they  a re  

s to red , and la rg e r "systems" a re  constructed  using  s ta re d  "system s" as 

subassem blies. Thus, I-DEAS always re fe rs  to  "system s", even though 

they  may be used a s sub-system s in  o th er system s. S o lid  models th a t  a re  

used in  th e  Assembly Modeling a re  c a l l  "ccnponents". When ocnponents o r 

sub-system s a re  used in  o th er system s, they  a re  c a l l  "instances" o f th e  

s to red  component  o r subsystem.

CURRENT SYSTEM AND STORAGE

Assembly Modeling works lik e  th e  o th er I-DEAS Modules, a l l  o f th e  

work i s  done on a  temporary "curren t" system assembly. Any changes made 

to  th e  cu rre n t system do no t e ffe c t any o f th e  e n ti t ie s  th a t  have been 

s to red  in  th e  working model f i le s  o r those  th a t  have been saved in  th e  

permanent model f i le s .  Once a  system i s  assembled to  th e  u s e r 's  

s a tis fa c tio n , i t  should be STQred. This w ill s to re  i t  in  a  system 

assembly sto rag e  b in  o f th e  u s e r 's  choosing, w ith in  th e  working o r
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"scratch" model f i l e s .  Ihen when th e  u se r uses th e  SAVE ccnmand, th e  

changes made in  th e  sc ra tc h  f i le s  w ill be saved by w ritin g  th e  sc ra tch  

f i l e s  over th e  permanent model f i le s .

S im ila rly , Assembly Modeling a lso  provides a  MANAGE menu which have 

th e  same type o f ccnrnands a s  O bject M odeling's MANAGE menus. With th ese  

commands th e  u se r can manage th e  sto rage b in s, ccnponents, and system s. 

They »1bq provide ccmmands used f a r  in te rfac in g  w ith ex te rn a l programs, 

O bject Modeling, and sev era l o f th e  o th er I-DEAS Fam ilies o f programs.

CREATING CCMFCHEMES AND INSTANCES

When a so lid  model i s  to  be used in  system assembly, a  "oaqpcnent" 

must be c rea ted , and sto red  in  th e  cu rren t System Assembly system bin  

w ith  th e  CREATE ccnmand. Each occponent  a c ts  a s a  lo ca to r in  th e  

Assembly Modeling f a r  th e  geometry th a t  i s  s ta re d  a s an OBJECT in  an 

O bject Modeling o b jec t b in . Once a  ccnpcnent i s  c rea ted , I-DEAS w ill 

n o t allow  th e  u se r to  de le te  th e  so lid  model s ta red  a s an OBJECT in  

O bject Modeling. Ih is  p reven ts th e  u ser from in ad v erten tly  destroying  a 

system assembly.

In  ad d itio n  to  s ta rin g  oonpanents, th e  CREATE cnmranrtB a lso  adds an 

"instance" o f th a t  component to  th e  cu rren t system . I-DEAS re fe rs  to  an 

in stan ce  a s  a  "place ho lder in  a  system ". I t  t e l l s  th e  system assembly 

which component  o r subsystem th e  in stance  rep re sen ts . An in stance  a lso  

con ta in s th e  CGnpanent a r  subsystem 's o rie n ta tio n  in  a  system . Ih is  

allow s a  sev e ra l system s to  con tain  many "instances" o f a  s in g le  

"oaqpcnent". But th e  acmpanent only needs to  be s ta re d  cnce in  th e  

system  sto rag e  b in . With th is  method o f system assembly, changes to  th e  

o rie n ta tio n  o f an e n tity  in  a  system assembly, only change an in s ta n c e 's
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o rie n ta tio n  inform ation. Die o rie n ta tio n  o f th e  component rem ains 

oonstan t.

The CREATE ofimwnrtn allow  th e  u se r to  specify  which O bject Modeling 

o b jec t b in  con tains th e  a b je c t (s) d esired , and then  to  s e le c t th e  

sp e c if ic  a b je c t(s ) . At th e  o b jec t b in  and o b jec t se le c tio n  pnanpts, a  

"?" can be en tered  to  view a  d ire c to ry  o f th e  av a ilab le  e n ti t ie s .

A fter th e  b in  and an o b jec t have been se lec ted , th e  u se r i s  

to  name th e  new ocspcnent , o r to  e n te r i t s  number f a r  sto rag e  in  th e  

system b in . The d e fa u lts  a re  th e  so lid  m odel's o b jec t name, and th e  

nex t av a ila b le  number.

A fte r th e  ocspcnent i s  id e n tifie d , th e  program asks fo r  a  name fa r  

th e  in stan ce  th a t  i s  being added to  th e  cu rren t system . The d e fa u lt 

in stan ce  name i s  "IN I". I f  th is  component i s  "instanced" a  second tim e 

in  th e  same system , th e  in s ta n c e 's  d e fa u lt name w ill be "IN2", and a 

th ird  w ill  be "IN3", e tc . But, th e  u se r can choose to  name th e  

in stan ces in  a  more meaningful way. For exanple, i f  an e le c tr ic  range 

cooktcp system assembly was being const ru cted , th e  u se r m ight choose to  

name th e  fo u r su rface  u n it assem blies: I f  SU; UR SU; kf SU; and KR SU, 

to  in d ic a te  which in stance  i s  th e  l e f t  fro n t, th e  l e f t  re a r , th e  r ig h t 

f ro n t, and th e  r ig h t re a r  su rface  u n it.

In  ad d itio n  to  naming each in stan ce, th e  program autom atically  

assig n s a  seq u en tia l "h ierarchy number". The system i s  im p lic itly  given 

th e  h ierarchy  number 1. I f  a  system i s  instanced  in to  another system as 

a  subsystem, th a t  in stance  w ill be assigned th e  next seq u en tia l 

h ierarchy  number, and th e  o th er in stan ces in  th e  subsystem w ill assigned 

seq u en tia l numbers follow ing th e  subsystem 's number.
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The AUjj3BJBCTS_n?CM_BIN command w ill b ring  a l l  o f th e  so lid  models 

sto red  in  one O bject Modeling o b jec t b in  in to  th e  Assembly Modeling.

Each o b jec t w ill be s ta red  a s  a  component  in  th e  cu rre n t system b in  

w ith in  Assembly Modeling. T heir componen t names w ill be made th e  same 

a s  th e ir  o b jec t names. I f  an o b jec t name already  e x is ts  in  th e  system 

b in , th e  program w ill promp t  th e  u se r fo r a  new name o r number to  use in  

c rea tin g  th e  component .  I f  th is  occurs, th e  d e fa u lt new number w ill be 

th e  nex t av a ilab le  in stance number, and th e  d e fa u lt name w ill be 

OCMFCNENiy, where # w ill be th e  d e fa u lt number ( i . e . , OCMFCNENT15).

Each new component w ill a lso  be instanced once in  th e  c u rre n t system.

The instance names w ill a l l  be made IN I. Once th e  component s  and 

in stances have been created , th e  u se r can change th e ir  names through th e  

u se O f th e  MANAGE, RENAME and INSTANCE, RENAME_INSTANCE commands 

resp ec tiv e ly .

INSTANCES IN TOE CURRENT ASSEMBLY MODEL

Once components have been c reated  and s ta re d  in  th e  cu rre n t system 

b in , they  can be added to  th e  cu rren t system assembly, w ithout th e  need 

to  c re a te  new component s . The in stances in  th e  cu rren t system can a lso  

be dup licated , rep laced , d e le ted , and renamed. These opera tions a re  

performed w ith th e  ormmnds presented in  th e  INSTANCE menu, which a re  

lo g ic a lly  named: AIX)_FRCM_DIRECTCRY, DUPUCATE_INSTANCE, REPIACE_-

INSTANCE, DELETE_INSTANCE, and RENAME_INSTANCE resp ec tiv e ly .

ORIENTATION OF INSTANCES

The in stan ces o f components and subsystems in  th e  current  system 

can be o rien ted  w ith  th e  commands in  th e  ORIENT menu. These commands
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functio n  much lik e  those  discussed in  Chapter V, f a r  th e  o rie n ta tio n  o f 

s o lid  models, and th e re fo re  do n o t need to  be d iscussed  h ere . But, 

th e re  a re  d iffe ren ces which do w arrant same d iscussion .

lh e  g rap h ical rep resen ta tio n  o f th e  e ffe c ts  o f each o f th e  GRUNT 

oonnands w ill be d isp layed  on th e  term inals screen in  one o f two ways, 

lh e  choice between th e  two i s  made by togg lin g  th e  MDDEL_FIIE, 

USER_INrEREACE_SWS, AUID_ERAW_SWitch GN and OFf. I f  th e  AUrO_ERAW_SW i s  

CN, when an o rie n t command i s  executed, th e  e ffec ted  in stance (s) w ill be 

erased , and then  redrawn in  th e  new o rie n ta tio n . I f  i t  i s  OFF, they  

w ill n o t be red isp layed . An arrow w ill be drawn on th e  screen which 

p o in ts  from th e  in s ta n c e 's  o rig in a l p o sitio n  to  th e ir  new p o sitio n , lh e  

n ex t DRaw o r KEDIsplay ocnmand th a t  issued  w ill cause th e  in stance (s) to  

be d isp layed  in  th e ir  new o rie n ta tio n  ( s ) .

When in s tan c es ' o rie n ta tio n s  a re  m odified w ith th ese  ccmnands, they  

can be moved re la tiv e  to  one o f sev era l coordinate system s. E ith er th e  

c u rre n t sy stem 's, th e  e n t i ty 's ,  o r another e n t i ty 's ,  lh e  u se r i s  

prompted f a r  th e  se le c tio n  o f th e  d esired  coordinate system during th e  

execution o f th e  GRUNT ccmnands.

lh e  u se r can s to re  m u ltip le  configurations o f th e  o rie n ta tio n  o f 

th e  c u rre n t system 's in stances w ith  th e  H ierarchy, GRUNT, STORE 

command. Ihese  con figu rations a lso  s to re  th e  blanking d a ta  fo r th e  

system 's con figu ra tion  th a t  i s  sto red . I h is  fea tu re  allow s th e  u se r to  

s to re  sev era l con figu ra tio ns o f a  system, w ithout th e  need to  s to re  them 

a s sep ara te  system s, once a  configuration  i s  saved, i t  can be 

ree sta b lish e d  w ith  th e  H ierarchy, GRUNT, GETjOONFIGURAlTCN coranand.

I h is  operation  w ill allow  th e  u se r to  s to re  th e  con figu ration  o f th e  

e n tire  cu rre n t assembly model, o r o f a  se lec ted  subsystem. I f  a
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subsystem 's ocnfiguraticri i s  s to re , i t  i s  a sso c ia ted  w ith  th a t 

subsystem. I f  th a t subsystem i s  made th e  cu rren t system , th e  

con figu ra tions sto red  w ill be av a ilab le . lh e  cu rre n t system 's 

con fig u ra tio n  i s  au tom atically  s to red  a s l-AinCMATIC_srCRE/GET whenever 

th e  system  assembly i s  s ta re d . Ih is  STORE camnand i s  lik e  a l l  o th er 

I-DEAS s to re  commands, i t  only s to re s  th e  configurations in  th e  sc ra tch  

model f i le s ,  and they  w ill only saved in  th e  permanent model f i le s  when 

th e  u se r issu es a  SAVE.

Each o f th e  ORIENT ormmanfls req u ire  th e  u se r to  p ick  th e  instance 

th a t  i s  to  be re -o rien te d . Both component and subsystem instances can 

be o rien ted  w ith  th ese  ccmnands. Each instance in  th e  cu rren t system i s  

id e n tif ie d  by a  component o r  system name and number, system b in  number, 

h ierarch y  number, and in stance name. Because o f th is , sev era l methods 

a re  p resen ted  f a r  th e  se le c tio n  o f th e  in stance.

yiSTHTE_INSTANCE i s  used to  picked w ith  th e  e n tity  w ith th e  screen 

cu rso r. In stances can be picked a t  th e  com er o f a  fa c e t o r th e  end o f 

a  l in e . I f  th e  u se r has d if f ic u lty  g e ttin g  a c le a r  sho t a t  picking an 

e n tity , th e  ORIENT oonmands provide DRAW and CHANGEJVTEW options to  

inprove th e  v is ib i l i ty  o f th e  e n ti t ie s  d esired . Once an e n tity  i s  

picked, th e  program w ill p resen t a  l i s t  o f i t s  in stan ces in  th e  cu rren t 

system . Thus, th e  conponent in stan ce , and any subsystem (s) in  which i t  

i s  in stanced  w ill be l is te d . The l is t in g  w ill p resen t th e  f u l l  

d e sc rip tio n  o f each ( i . e . , th e ir  conponent o r system name and number, 

system  b in  number, h ierarchy  number, and in stance  name). T his allow s 

th e  u se r to  choice whether th e  s in g le  conponent in s ta n c e 's  o r  a  complete 

subsystem 's o rie n ta tio n  w ill be changed.

In  ad d itio n  to  th e  a b il i ty  to  p ick  an e n tity  f a r  o rie n ta tio n  from
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th e  d isp lay  screen , th e  GRUNT nmrwnds a lso  allow  th e  u se r to  type in  

sp e c ific a tio n s  f a r  th e  in stance d esired . The IABEL_FRCM_CURRENT option  

allow s th e  u se r to  inpu t an e n t i ty 's  name o r number. The 

HIERARCHYJflllHHR option  allow s th e  e n tity  to  be sp e c ified  by i t s  

h ierarchy  number. I f  e ith e r  o f th ese  op tions i s  used, and th e  u ser 

d o e sn 't know th e  name o r number o f th e  d e s ire  e n tity , DIKECTGRf op tions 

a re  av a ila b le  w ith in  th ese  oonmands. By typ ing  a  a  l is t in g  o f th e  

e n ti t ie s  o r th e  h ie ra rchy o f th e  current  system w ill be d isp layed .

The GRUNT oonmands provides th e  c a p a b ility  to  move more than  one 

in stance a t  once, and they  do n o t have to  be in  th e  same subsystem.

When th e  u se r f i r s t  e n te rs  an o rie n t ccnraand, before an in stan ce  i s  

se lec ted , th e  u se r can s e le c t INCUBED_INSIANCES from th e  menu 

presented . This w ill cause th e  program to  co n tin u a lly  p ronpt  th e  u se r 

to  s e le c t e n ti t ie s , u n til  th e  u se r issu es a  q u it w ith  th e  d e fa u lt 

<REHIRN>.

The Hie ra rchy T ask 's CRIENF nrmmnHa a lso  allow  th e  u se r to  make 

ad d itio n a l changes to  an in s ta n c e 's  o rie n ta tio n , w ithout th e  need to  

re -s e le c t th e  e n tity . When th e  program prcnp ts th e  u se r fo r  th e  

se le c tio n  o f  th e  in stance to  be o rien ted , i f  u se r s e le c ts  

H*EVICUS_INSTANCE from th e  ccomand's menu, th e  la s t  in stan ce(s) w ill be 

se lec ted .

When th e  u se r f i r s t  e n te rs  an o rie n t ocumand, befo re  an instance 

i s  se lec te d , th e  u se r can s e le c t REPEAT. T his allow s th e  u se r to  move 

e n ti t ie s  in  s te p s , and to  s ta re  each s te p  a s  a  system  co n figu ra tion  i f  

d esired . T his could be used to  c re a te  anim ation sequences, o r to  

provide sev era l s te p s  in  a  mechanism's no tion  f a r  in v es tig a tio n  ( e .g ., 

in te rfe re n ce  checks). REPEAT w ill cause th e  program to  ask  th e  u se r fo r
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th e  number o f tim es to  rep e a t, and i f  th e  con fig u ra tio n s should be 

s to re d . I f  th e  u se r answers th a t  he does want to  s to re  th e  

con fig u ra tio n s, th e  program w ill prompt th e  u se r fo r a configuration  

name o r number f a r  th e  sto rage  o f each s te p . I f  th e  u se r would lik e  to  

use th e  d e fa u lt names f a r  a l l  o f th e  s te p , he can e n te r a  sin g le  

The to ta l  motion o f th e  in stan ce  being o rien ted  w ill be d iv ided  by th e  

number o f s te p s  sp ec ified  in to  equal sized  s te p s .

The u se r can choose to  c re a te  d u p lica tes o f an instanced  componen t 

o r subsystem a s  i t  i s  o rien ted , ra th e r  than  moving th e  p resen t in stance. 

T his i s  done by se le c tin g  KJFLICATE_CRIGINAL before se le c tin g  an 

in stan ce  in  one o f th e  GRUNT operations.

The HKUDED_INSTANeES, REPEAT, and DUPLICATE_CRIGINAL options can 

be used in  combination during a  s in g le  o rie n t operation . To help  th e  

u se r keep tra c k  o f which op tions have been se lec te d , th e  H ierarc h y 's  

ORIENT oonmands con tain  a  STATUS op tion , which w ill d isp lay  a  l is t in g  o f 

th ese  o p tio n s ' s ta tu s .

As an a lte rn a te  to  using  th e  TRANSLATE and/or ROTATE commands, 

along w ith  INCIJUDE_INSTANCES, and REPEAT op tions, th e  H ierarchy T ask 's 

GRUNT, MUIIET_INSEANCE_CRIENr command (/OR MIO <RETURN>) can be 

u til iz e d . T his ccmnands promp ts  th e  u se r fo r  th e  tra n s la tio n  and/or 

ro ta tio n  o f m u ltip le  in stan ces. I t  allow s th e  change in  o rie n ta tio n  to  

be d if fe re n t f a r  each in stan ce  se lec ted . I t  a lso  promp ts  th e  u se r f a r  

th e  number o f tim es th e  in stan ces a re  to  be REPEATed through th e  

o rie n ta tio n , and i t  asks i f  th e  ccn fig u ration s a re  to  be sto re d .

The ORIENT menu provides an ALIGN coranand. I t  can be used to  s e t  

th e  tra n s la tio n  and/or ro ta tio n  values o f one in stan ce  equal to  those  o f 

another in s ta n c e 's . I f  th e  tra n s la tio n  values a re  matched, th e  moved
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in s ta n c e 's  o rig in  w ill coincide w ith th a t o f th e  o th er instance 

se lec te d . I f  th e  ro ta tio n a l values a re  matched alone, th e  in stan ces ' 

coordinate system s w ill  be p a ra lle l to  each o th er.

lh e  most ocnplex method presented fo r  th e  o rie n ta tio n  o f an 

in stan ce  i s  th e  MAHHX_ME1H0D. I t  allow s th e  u se r to  o rie n t an in stance 

w ith  resp ec t to  e ith e r  th e  cu rren t system o r to  th e  in stances paren t 

subsyst em. I h is  i s  aoccnplished by en terin g  th e  tw elve value fo r  th e  

program 's in te rn a l transform ation  m atrix , whose m athem atical form at is :

| A B C 0 |

| D E F 0 I

[ X, Y, Z, 1 1  ,  X I G H I  0 I = [ X, Y, Z, 1 ] ___1 LOCAL 1 CURRENT MEDIATE
I T T T 1 IINSTANCE1 X Y Z 1 SYSTEM o r PARENT

SPACE SPACE SPACE

lh e  u se r i s  pronpted to  e n te r th e  n ine values in  s e ts  o f th re e , 

separated  w ith  comas, by row ( i . e . , row 1 = A , B, C, e tc .)  in  th e  

m atrix .

Assembly Modeling provides two CRIENT ccmnands which can be used to  

re tu rn  th e  system s o rie n ta tio n  to  a  previous o r known s ta te . T his can 

be very  u se fu l i f  th e  re s u lts  o f an executed o rie n ta tio n  operation  y ie ld  

undesirab le  re s u lts , lh e  tJNX>_IA£T_GREENr coranand does what i t s  name 

im plies. I t  re tu rn  th e  system 's o rie n ta tio n  to  th e  same s ta te  a s  i t  was 

when i t  was la s t  s ta re d , o r g o tten  from sto rag e . I f  th e  u se r STOres th e  

system , th e  previous o rie n ta tio n  i s  overw ritten , and th e  UNDO coranand i s  

r e s e t to  th e  new configuration , lh e  RESET coranand re tu rn s  a l l  in stances
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to  th e ir  i n i t i a l  p o sitio n s , a s  they  ware brought in to  th e  system , ih is

i s  done by d e le tin g  any o rie n ta tio n  values from th e ir  in stance  

d e fin itio n s . RESET p resen ts a  menu f rom which th e  u se r can choose to

re s e t e ith e r  th e  tra n s la tio n  o r th e  ro ta tio n  only , o r both.

Assembly M odeling's GRUNT and LIST menus con ta in  th e  same MEASURE 

c a p a b ilitie s  found in  th e  O bject Modeling. Ih is  allow s th e  u se r to  

measure th e  d istan ces between p o in ts  ( i . e . , ends o f lin e  and fa c e t 

corners) and p o in ts , lin e s , and p lan es; to  measure a rc s ; and to  measure 

ang les. I t  a lso  allow s th e  u se r to  l i s t  th e  coord inates o f p o in ts .

This can be h e lp fu l when determ ining how fa r  an in stan ce  needs to  be 

tra n s la te d , o r to  in v es tig a te  th e  system s lay o u t. The TRANSLATE coranand 

a lso  o ffe rs  MEASURE as an op tion  w ith in  th e  execution o f i t s  operation .

Assembly M odeling's ORIENT menu o ffe rs  a  submenu which i s  no t 

a v a ilab le  in  o th er I-DEAS modules. I t s  oonmands a re  used to  view system 

assem blies w ith th e ir  in stan ces spread a p a rt. T his can be u se fu l f a r  

g e ttin g  c le a r  sh o ts a t  item s when making screen  cu rso r p ick s. I t  can 

a lso  be used in  th e  c rea tio n  o f exploded view draw ings. Two ccmnands 

a re  presented  when th e  EXPLODE submenu i s  requested:

EXPLODE_ALCNG_AXIS and INITIAL_SFKEAD. Systems can be exploded sev era l 

tim es i f  d esired , and th e  two EXPLODE ccmnands can be used in  to g e th er.

These ocnrnanrts a l te r  th e  cu rre n t system 's o rie n ta tio n  

co n figu ra tio n . T herefore, i f  th e  u se r wants to  r e ta in  th e  cu rre n t 

con figu ration , th e  CRUNT, STORE oomnand should be used. T his w ill 

allow  th e  cu rrent  system con fig u ra tio n  to  be re trie v e d  la te r ,  i f  needed.

The EXPLXE_ALONG_AXIS command w ill tra n s la te  a l l  o f th e  e n ti t ie s  

in  th e  p aren t system se lec te d , along a  s in g le  C artesian  a x is . The 

e n ti t ie s  a re  separated  along a  sp ec ified  a x is , w ith a  u se r sp e c ified
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minimum spacing between each e n tity . T his can be h e lp fu l in  th e  

development o f exploded view drawings. For exanple, a t  GEA, th is  could 

be used to  develop th e  product se rv ice  p a r ts  ca ta lo g  i l lu s tr a tio n s .

Ih is  conmand only explodes th e  in stan ces in  th e  system se lec te d . The 

d e fa u lt system i s  th e  e n tire  cu rren t system . But, by se le c tin g  another 

VISTBTJj_SYSTEM, o r another system 's lab e l o r  number, subsystems can be 

exploded f i r s t .  Once th e  d e sired  degree o f explosion o f a  system 

assembly i s  achieved, i t  can be s to red  a s  a  co n fig u ra tio n  f a r  fu tu re  

r e c a ll .

The iNnTAL_SPREAD conmand explodes a l l  e n ti t ie s  in  a se lec ted

system (the cu rren t system i s  th e  d e fau lt) about th e  system 's Z -axis.
o

They a re  spread ou t ra d ia lly , and a re  separated  by d iv id in g  th e  360 

spread evenly by th e  to ta l  number o f e n ti t ie s  in  th e  system  se lec ted . 

The u se r i s  pronpted to  in p u t a  "spread fac to r"  (d e fa u lt i s  1 .0 ). This 

fa c to r i s  m u ltip lied  tim es a  ca lcu la tio n  th e  minimam/maximum r a t io  o f 

boxes th a t enclose each e n tity  and th e  e n tire  system , tim es th e  vecto r 

d ire c tio n  th e  e n tity  th a t  i s  being tra n s la te d , when moving each e n tity .

ASSEMBLY TPPFIJNS'S OCNSTTOCTICN OCMttNDS

Assembly Modelin g  con tains sev era l const ru c tio n  oonmands which can 

be used to  c u t and in te rs e c t o b jec ts  o f ocnponent in stan ces in  th e  

cu rre n t system assem bly, and to  check f a r  in te rfe ren ces between i t s  

conponent in stan ces.

The CUT, INTERSECT, and PIANE_COT ormrnands function  in  much th e  

same way th a t  they  do in  th e  O bject Modeling Module. The d iffe ren ces 

between th e  operation  o f th ese  nrmmnds as p resen ted  in  Assembly 

Modeling a re  because o f th e  d iffe ren ces in  working on system s o f
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conponent in stan ces versus working on s in g le  o b jec ts . But, th e  sane 

lim ita tio n s  and to le ran c in g  inouoo e x is t in  perform ing th ese  operations 

on assembly models as they  do on o b jec ts . Therefore, th e  read er may 

want to  review  th e  d iscussion  on th ese  commands and th e ir  lim ita tio n s  

presented  in  Chapter V.

The construction  operations which y ie ld  new o b jec ts in  th e  O bject 

Modeling Module, w ill y ie ld  new O bject, Gonpcnents, In stances, and 

Systems in  th e  System Assembly Module. T herefore, when th ese  commands 

a re  executed on th e  cu rren t system assembly, th e  u ser w ill be prompted 

to  sp ecify  th e  O bject b in  w ith in  O bject Modeling in to  which new o b jec ts 

a re  to  be sto red . They w ill a lso  ask fo r th e  e n tity  b in  w ith in  Assembly 

Modeling in to  which new ocnponents and systems a re  to  be s ta re d . Then 

th e  softw are w ill au tom atically  s to re  any new o b jec ts , componen ts , and 

sub-system s.

I f  any configurations had been s ta red  fo r th e  cu rren t system  p rio r 

to  th e  execution o f a  const r u ctio n  operation , those  configurations w ill 

au tom atically  be updated and re ta in ed  in  th e  new cu rren t system which i s  

c rea ted  by th ese  oonmands. But, th e  new system assembly w ill no t 

au tom atically  be s ta re d . I t  w ill  only e x is t a s th e  working cu rren t 

system . I f  th e  u se r w ishes to  re ta in s  th e  re s u lts  obtained w ith  a  

boolean operation , he must execute th e  STORE operation . Likewise, th e  

sto red  re s u lts  w ill no t be re ta in ed  in  th e  permanent model f i l e s  un less 

th e  SAVE conmand i s  used.

Assembly Modeling a lso  provides a  CROSSJSECTIONS coranand th a t 

con tains th e  a b il i ty  to  generate  c ro ss sec tio n s o f th e  current  system. 

These c ro ss se c tio n  w ill be made up o f one o r more 2D p ro f ile s  

cons t r ucted from th e  shapes generated. These p ro f ile s  w ill
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au tom atically  be named and s ta red  in  th e  a b je c t Modeling p ro f ile  

d ire c to ry . A c o lle c tio n  o f a l l  o f th e  p ro file s  produced w ill a lso  be 

saved in  th e  System Assembly Module a s  a  c ro ss sec tio n . Cross sec tio n s 

a re  s ta re d  in  a  d irec to ry  which can be accessed and managed.

lh e  AUXTT.TARY_GHCWFTTRY menu prooon t POINTS, LINES, and WIREFRAME 

menus. The ccmwinflB in  th ese  menus can be used to  add, o r ie n t, modify, 

d e le te , and l i s t  geometry, th a t  can be c rea ted  in  th e  cu rre n t assembly 

model.

The AD)CQjIAKY_GECMEIRY menu a lso  contains access to  a  NOTES menu. 

The NOTES cxrnnands allow  th e  u se r to  c re a te  te x t  n o tes, and to  p o sitio n  

them f a r  d isp lay  in  th e  current  system 's 3D space along w ith  i t s  

geometry. These can be used to  annotate e n ti t ie s  th a t  appear in  th e  3D 

d isp lay s. The NOTES ccranands allow  th e  u ser to  d e fin e , o r ie n t, modify, 

blank and unblarik, d e le te , and setup th e  a ttr ib u te s  f a r  th e se  n a te s.

LISTING ASSEMBLY M3QELS' PHYSICAL PROPERTIES

Assembly Modeling provides oonmands in  th e  LIST menu which can be 

used to  compute and l i s t  th e  physical p ro p e rtie s  o f th e  e n tire  cu rren t 

system assem bly. These propert ie s  a re  th e  combined in e r t ia l  pro p e rtie s  

o f a l l  o f lh e  ocnponents, each w ith  i t s  own d en sity , th a t  e x is t in  th e  

cu rre n t system.

The componen ts ' physical p ro p erties must e x is t before th e  System 

Task can c a lc u la te  -the current  system 's propert ie s . The components' 

p ro p e rtie s  can be ca lcu la ted  in  O bject Modeling when th e  o b jec ts  

asso c ia ted  w ith  th e  component s  a re  c rea ted . I f  p ro p e rtie s  a re  c rea ted
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in  O bject Modeling, then  when a  system assembly component i s  c rea ted , 

th e  asso c ia ted  o b je c t's  p ro p erties a re  assigned to  th e  component. I f  

p hysical propert ie s  a re  n o t c reated  in  O bject Modeling, c a lcu la tio n s  a re  

made, based on th e  faceted  model, when a  component i s  c rea ted , and th e  

r e s u lts  a re  asso cia ted  w ith th e  component. F in a lly , th e  u se r can use 

th e  OCMFUTEJTCX’EKTXES to  recompute, o r e n te r a  complete s e t  o f 

p ro p e rtie s  e x p lic itly , fo r  each component .

Once a  system 's p ro p erties have been ca lcu la ted , th ey  a re  n o t 

au tom atically  reca lcu la ted  when changes a re  made to  th e  system (e .g ., 

adding o r d e le tin g  components, o r changing th e ir  o rie n ta tio n ).

T herefore, they  must be reca lcu la ted . Once a system 's p ro p e rtie s  a re  

c a lcu la ted , th e  system must be STOred to  re ta in  th e  d a ta . When th is  i s  

done, and new p ro p erties o f th e  system w ill be app lied  to  a l l  o th er 

system s which use i t  a s  a  sub-system .
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I-DEAS DISPLAY OPTIONS OPERATIONS

EESBtKUS32S&

The DISPIAYJDPTICNS menu con tains oommrris which can be used to  

c re a te  lin e , hidden lin e , shaded, and su rface  boundary d isp lay s. I t  

provides conmand menus used to  co n tro l th e  d isp lay  o f e n ti t ie s , lab e ls , 

and ta sk s . Options f a r  th e  co n tro l o f th e  view port, and d isp lay  co lo rs 

a re  located  in  th is  menu. F in a lly , customized d isp lay  options can be 

s to re d , a c tiv a te d , and managed front w ith in  th is  menu.

LINE DISPLAYS

LINE d isp lay s a re  very s im ila r to  those produced w ith th e  g lobal 

CRAW ocninand. Except, LINE d isp lay s allow  th e  u se r to  cont r o l  th e  

d isp lay  o f fe a tu re  lin e s . These fea tu re  lin e s  a re  e ffec ted  by th e  

param eters th a t  a re  e stab lish ed  w ith th e  DISPLAY_ATTRIBUrES, FEA3TIRE_- 

ANGLE command. The Line d isp lay  menu allow s th e  u se r to  tu rn  th e  

fe a tu re  lin e s  ON and OFF, w ith  th e  FEAIURE_IINE_SW. I t  allow s LINE 

d isp lay s to  be SET_AS_GLOGAL, so  th a t  any subsequent GLOBAL_DISPEAY (GD) 

executed w ith  produce a  LINE d isp lay . A STATUS coranand i s  presented 

which can be used to  d isp lay  th e  s ta tu s  o f th e  param eters th a t a s  s e t 

f a r  th is  d isp lay  op tion . F in a lly , th is  menu provides an EXECUTE ocninand

200
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th a t  causes th e  d isp lay  screen to  be erased and th e  d isp lay  to  be 

redrawn using  th e  LINE d isp lay  param eters.

HIDDEN UNE DISPLAYS

Hidden lin e  d isp lay s can be setup  and produced w ith  th e  wwiwrvte 

located  in  th e  DISFIAYjQCTICNS' HICOENLINE subm enu. Like th e  LINE 

d isp lay  menu, HIEDENJLINE menu con tains: a  FEAOTRE_LINE_SW; a SET_AS_-

GLQBAL command; and a  STATUS ocninand. Ih is  menu a lso  con tains a  

RESQLUITCN coranand. Ih is  i s  used to  co n tro l th e  sharpness o f th e  

d isp lay  th a t  i s  produced. I t  e ffe c ts  th e  number o f r a s te r  d isp lay  lin e s  

th e  program c a lc u la te s . Ih is  i s  based on ra is in g  2 to  th e  power o f th e  

RESOLUTION value s e t  (between 1 and 9 ), and m ultip ly ing  th a t tim es 1024. 

The d e fa u lt RESOLUTION value i s  6. lh e  lower th e  value, th e  fa s te r  th e  

d isp lay  w ill be produced. But, th e  h igher th e  value, th e  more accurate  

th e  d isp lay  w ill be. F in a lly , a s w ith a l l  o f th e  DISFLAYjOPTTCNS, an 

EXECUTE coranand i s  provided. This HIDOEN_LENE coranand allow s d isp lay s 

to  be c rea ted  w ith  a l l  lin e s  th a t  a re  hidden from view to  be removed 

from th e  d isp lay . T his allow s models to  appear to  be so lid  o b jec ts .

S H an ro  tw»c e b

SHADED̂ IMAGES a re  th e  most complex o f th e  I-DEAS d isp lay  op tions. 

This d isp lay  op tion  allow s th e  so lid  models to  have th e ir  su rfaces 

shaded, such th a t  they  appear to  be so lid  o b jec ts on th e  graphics 

screen . The SHADED_IMAGE menu provides sev era l op tions f a r  use in  

custom izing shaded image d isp lay s, in  ad d itio n  to  th e  same EXECUTE, 

SET_AS_GLOBAL, and STATUS ocmwands th a t  th e  o th er d isp lay  options types 

provide.
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The OVERIAX_HIDDEN_SW i s  used to  togg le  CN and OFF th e  d isp lay  o f 

hidden lin e  images o f th e  so lid  models over th e ir  shaded images. When 

tu rned  ON, th i s  can a id  in  d istin g u ish in g  between th e  o b jec ts  various 

su rfaces, lh e  OOLQROF_OVEKCAY command i s  a  ocnpanion to  th e  o v e rla y 's  

CN/OFF sw itch. I t  i s  used to  specify  th e  co lo r o f th e  hidden lin e  

overlay .

PALETTE c a lls  up a  sub-menu th a t  can be used to  d isp lay  th e  p re se t 

co lo rs th a t can be sp ec ified  f a r  use w ith any of th e  I-DEAS e n ti t ie s .

I t  a lso  contains a  OQLORjCUBE conmand which y ie ld s  a d isp lay  o f s ix  s id e  

o f a  cube which i s  shaded w ith  continuously varying co lo rs th a t  a re  

labeled  a t  i t s  corners w ith th e  prim ary co lo r com binations th a t  i t  tak es 

to  c re a te  th e  co lo rs . I h is  can be used along w ith th e  ENTER and MODIFY 

u se r crea ted  co lo rs , by mixing percentages on th e  prim ary co lo rs (red , 

green, and b lu e ). lh e  PAIETTE menu a lso  p resen ts DELETE, LIST, RENAME, 

and STATUS ocninand which can be used to  m aintain u se r c rea ted  co lo rs .

The SHADED_IMAGE menu a lso  provides a  LKSOTNG menu. T his p resen ts 

ccmnands th a t  can be used to  CREATE, MODIFY, SKETCH and manage lig h t 

sources. These l ig h t sources can then  be made CURRENT, and th e  next 

tim e a  SHADED_IMAGE d isp lay  i s  EXECUTED, th e  shading w ill tak e  th e  

lig h tin g  in to  account.

The most corplex p a rt o f c rea tin g  shaded images th a t  appear to  be 

p ic tu re s  o f a c tu a l o b jec ts i s  th e  design and setup  o f th e  lig h tin g  used 

to  illu m in a te  th e  images. T his can req u ire  many ite ra tio n s  o f e x e ri-  

meriting w ith  various se ttin g s  before th e  d esired  re s u lts  a re  achieved. 

This i s  no t d if f ic u lt ,  and th e  d e fa u lt s e ttin g  can g ive reasonable good 

shaded images.
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When l ig h t  sources a re  c rea ted , th e  u se r can use a  l ig h t a t  an 

HINFINITE_DISTftNCE*', o r BARE_BUIB, SPOTLIGHT, o r FLXDJLEGHT types o f 

l ig h t sources, lh e  u se r can s to re  l ig h t sources by name and/or number. 

L ights a t  an in f in ite  d istan ce  most be defined  by a  v ecto r method, 

d e fin in g  th e  d ire c tio n  in  which th e  l ig h t w ill sh in e . Bare bulb, spo t, 

and flood  lig h ts  sources can be located  in  space through th e  se lec tio n  

o f a  VISTHT JB_P0IMr, a  lRANSIATED_POINr, o r by keying in  a  KEY_IN_SCREEN 

lo ca tio n , o r KEY_IN_ia)EL lo ca tio n . I f  a  lig h t i s  c rea ted  w ith  i t s  

lo ca tio n  referenced  to  th e  screen  ra th e r than  to  th e  models space, i t  

w ill  rem ain s ta tio n a ry  when th e  o b jec t(s) a re  moved in  th e  view port.

But, i f  they  a re  t ie d  to  th e  m odel's reference  frame, th e  w ill move w ith 

th e  o b je c ts . A bare bulb req u ire s th e  u se r to  "en te r [the] d istan ce  

from [the] source a t  which [the] in te n s ity  ap p lie s . The in te n s ity  i s  

100% by d e fa u lt. To change th is , th e  u se r must MDDIFY th e  l ig h t source. 

I h is  i s  tru e  fo r  a l l  l ig h t sources. I f  a  spo t o r  flood  lig h t i s  created  

o r m odified, in  ad d itio n  to  th e  lo ca tio n  o f th e  l ig h t, a  lo ca tio n  i s  

req u ired  fo r  th e  TARGET o f th e  l ig h t 's  ray s, and a  CONE ANGUS i s  

req u ired  to  lim it th e  volume on space th a t  th e  l ig h t  w ill illu m in a te .

When a  light source i s  been crea ted  i t  au tom atically  becomes a c tiv e  

in  th e  c u rre n t working view port. Several l ig h t sources can be used in  

th e  same view port. T his i s  accomplished by executing th e  CURRENT 

command from th e  SHADE IMAGE, LIGHTING menu. This conmand prompts th e  

u se r f a r  th e  name o r range o f numbers o f th e  l ig h t sources th a t  a re  to  

be used. T his rep laces th e  previous l i s t  o f l ig h t sources, and th e  

command w ill continue to  promp t  th e  u se r fo r ad d itio n a l l ig h ts  u n til  th e  

u se r e n te rs  a  <REIURN> w ithout a  name o r number. The STAtus command can 

be used to  l i s t  th e  cu rren t l ig h t so u rce(s).
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The LIST ocmnand can be used to  l i s t  th e  se ttin g s  o f any s ta red  

lig h t source. T his includes i t s  d e fin itio n  method (type o f l ig h t ) , 

re fe ren ce  frame (screen o r model), th e  p o sitio n  o f th e  l ig h t  source and 

i t s  focus p o in t i s  ap p licab le , th e  l ig h t 's  co lo r, in te n s ity , a t  d is ­

tan ce , and i t s  angle o f lig h tin g  i s  ap p licab le , i t  w ill a lso  l i s t  th e  

view ports in  which i t  i s  cu rren tly  enabled.

L ight so u rces ' s e ttin g s  can be changed w ith  th e  K3DIFY coranand.

T his coranand w ill  promp t  th e  u se r fo r th e  m odification o f a l l  app licab le  

param eters fo r  th e  l ig h t source th a t has been chosen fo r  m odification. 

These param eters include: COLOR, INTENSITY %, INTENSITY_AT_DISTANCE,

ro c u s_ p o iN r_ p o sin o N , u k o t_ so u rg e_ fo siticn , uxaniNGjDOW EjW GLE, and 

KEFEXtENCEJFBAME. Once th e  u se r has made th e  d esired  m odifications, th e  

d e fa u lt (DGNE) can be en tered  w ith a  D o r s in p le  by en te rin g  <RERIRN> 

w ithout any in p u t. The coranand w ill th en  process th e  changes, s to re  

th e  m odified lig h t source, and then  term inate th e  MDDIFY ocninand.

The SKETCH coranand w ill cause I-DEftS to  d isp lay  an n*n a t  th e  

lo ca tio n  and focus p o in t o f each o f th e  cu rren tly  a c tiv e  l ig h t sources, 

and a  lin e  between each l ig h t 's  * 's . This can a id  th e  u se r in  p o sitio n ­

ing  lig h t sources to  acocnplish th e  desired  lig h tin g  e ffe c ts .

In  ad d itio n  to  using  d ire c t lig h tin g  techniques w ith  sp ec ified  

light sources, th e  u se r can apply ambient licpvt. T his i s  sp ec ified  by 

en te rin g  an AMBHNT_VMUE. This value i s  th e  percentage o f th e  maximum 

ambient l ig h t th a t  could be app lied . This i s  en tered  a s  a  whole number 

( i . e . ,  10.0 i s  en tered  fo r  10%) between 0 and 100.

F in a lly , once a l l  o f th e  lig h tin g  has been s e t up, th e  u se r can 

chose to  f i l t e r  o f am plify th e  cu rren t lig h tin g 's  e ffe c ts . T his i s  done 

w ith  th e  EXPOSURE coranand, which pronpts th e  u ser to  e n te r a  " fra c tio n " .
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T his value can be number between 0 and 100. The i n i t i a l  d e fa u lt value 

i s  1. Any value le s s  th a t 1 ( i . e . ,  a  decimal frac tio n ) w ill a c t a s a  

f i l t e r ,  and any value g re a te r th an  1 w ill a c t a s an am p lifie r.

The e ffe c ts  o f th e  various lig h tin g  techniques a re  a lso  e ffec ted  by 

th e  DISEtAYJOTRIBUIES th a t  a re  sp ec ified  fo r each s to red  o b je c t. These 

a ttr ib u te s  a re  d iscussed in  a  follow ing sec tio n  in  th is  chap ter.

O ther shaded image op tions presented in  th e  SHADEDJDIAGE menu. 

Several to g g le  sw itches a re  located  in  th is  menu. The TRANSUUCENCY_SW 

i s  used to  tu rn  CN and OFF th e  processing o f transluoency o f o b jec ts 

whose TRANSUJCENCY DISPLAY_AURIBUTE has been sp ec ified  as a  non-zero 

value. The HRBCEDEMCE_SH i s  used to  tu rn  ON and OFF th e  processing o f 

precedence o f o b jec ts  whose PRECEDENCE DISFLAY_ATTRIEOTE has been 

sp e c ified . O bjects w ith h igher precedence values w ill be d isp layed more 

v is ib ly  th a t those w ith lower v alues. The GKAYSCALE_SW i s  used to  tu rn  

ON and OFF grayscale processing on co lo r d isp lay  te rm in a ls, f in a lly , 

th e  REVERSE_HARDOQFY_SW i s  used to  tu rn  ON and OFF rev e rse  grayscaling  

on non-color term in a ls.

The SHADED_IMAGE menu allow s th e  u se r to  specify  th e  le v e l o f 

DITHERING th a t  w ill be used when th e  program sim ulates a  range o f co lo rs 

o r g rayscales on th e  d isp lay  screen through th e  illu m in a tio n  o f th e  

d isp lay  sc re e n 's  p ix e ls . Far b lack and w hite d isp lay s th is  can be 

f a ir ly  e a s ily  understood in  term s o f th e  numbers o f p ix e ls  th a t  a re  

processed in  a  group to  c re a te  various le v e ls  o f gray . But, i t  i s  more 

d if f ic u l t  to  understand when dealing  w ith  co lo r d isp lay s. In  e ith e r  

case , th e  u ser can s e t  th is  to  values o f: 0, to  use only th e  d e v ic e 's

a v a ila b le  co lo rs ( i . e . ,  no m ixing); 1, fa r  one p ix e l p e r group; 2 , fo r  4 

p ix e ls  grouped 2 by 2; 3, f a r  16 p ix e ls  grouped 4 by 4; a r  4, f a r  64
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p ix e ls  grouped 8 by 8 . The u se r may need to  experim ent w ith th e  e ffe c t 

o f v ario us le v e ls  o f d ith e rin g  to  y ie ld  th e  d esired  d isp lay  re s u lts .

DEPIHjCUEZNG i s  an option in  th e  SHADEDJIMAGE menu th a t  can be 

tu rned  ON and OFF, and s e t  f a r  th e  in te n s ity  decay o f depth cueing.

I h is  can be used to  a d ju s t th e  c o n tra s t in  oolccr and in te n s ity  o f th e  

background re la tiv e  to  th e  model to  enhance th e  appearance o f th re e  

dim ensions. T his req u ire s  th e  sp e c ific a tio n  o f a background co lo r o th er 

than  b lade . T his i s  done w ith th e  OOU2R_GR_BACHGR0UND conmand presented 

in  th e  main DISETAYJOSTIGNS menu, which i s  d iscussed  la te r  in  th is  

ch ap ter.

I-DEAS o ffe rs  sev era l options in  shading. This a re  sp ec ified  by 

using  th e  BASICjSHADING, TERMINALJSHADING, and ADVRNCED_SHADING ccmnands 

lo ca ted  in  th e  SHADEDJIMAGE menu. B asic shading i s  done by th e  h o st 

computer on which I-DEAS i s  being run . This w ill produce high reso lu ­

tio n  shading a t  a  re la tiv e ly  slow speed. Terminal shading i s  av a ilab le  

only on seme term in a ls ( e .g ., Tektronix 4129). When i t  i s  a v a ila b le , i t  

i s  f a s te r , r e la tiv e  to  b asic  shading, by may be a t  lower re so lu tio n . 

Advanced shading techniques include: SHADCWS, REFLECTIONS, ANTIALIAS­

ING, and PTXEL_FIHrEKENG. The d iscussion  o f th ese  techniques i s  

o u tsid e  th e  scope o f th is  work. But, su ffic e  i t  to  say th a t  I-DEAS i s  

capable o f producing computer generated images th a t  can approach 

appearing to  be photographs o f ac tu a l o b jec ts . These techniques tak e  a 

g re a t amount o f tim e to  s e t up when attem pting to  produce d esired  

e ffe c ts , and can consume la rg e  numbers o f CPU hours o f om puter tim e. 

But, because th ese  advance shading techniques use ray  tra c in g  ca lcu la ­

tio n s , th e ir  use should be in v estig a ted  by anyone th a t  req u ire s 

" in d u s tr ia l design" type d isp lay s. A lso, some advanced engineering
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analyses involving ra d ia tio n  tra n s fe r  ( e .g ., o p tic s and h e a t tra n sfe r) 

have been ab le  to  tak e  advantage o f I-DEAS advanced shading techniques.

SURFACE BCTHDMOf DISFIAYS

The f in a l d isp lay  type th a t i s  av a ilab le  in  th e  DISFLAYJOPITCNS 

menu c re a te s  SURFACE_BCUNDAFY d isp lay s. These d isp lay s a re  s im ila r to  

hidden lin e  d isp lay s . Except, SURFACEJBGCNDARY d isp lay s allow  th e  lin e s  

th a t a re  hidden fo r  view by th e  f ro n t faces o f o b jec ts to  be shewn as 

dashed lin e s , o r ccnp lete ly  removed. In  add itio n  to  th e  sane EXECUTE, 

SET_AS_GLOBAL, and STATUS onrmands th e  o ther d isp lay  options types 

provide, SUREACE_BOUNDARY d isp lays a lso  provide fa r : HIEDEN_LINE_SIYLE; 

PRECISION; AOCURACT_OF_CLIPPING; HIEDENJ3fflCK_INIERVAL; and OOLCRj- 

OPTICNS.

HTDDEN_IlNE_gryLE provides a  sub-menu which allow  th e  u se r to  

sp ecify  i f  th e  hidden lin e s  a re  to  be KEMOTEd, DASHED, o r SOLID. I f  

DASHED i s  d esired , th is  menu a lso  provides a LENGIH DASHED conmand fa r  

use in  specify ing  th e  leng th  o f th e  dashes. This i s  based on th e  

s iz e  in  re la tio n  to  th e  d isp lay  screen. The sc re e n 's  w idth i s  consid­

ered  to  be 10 u n its  wide. The LENGIH_DA£HED conmand asks th e  u se r to  

sp ecify  th e  s iz e  o f th e  dashes and th e  space between dashes, w ith  an 

i n i t i a l  d e fa u lt value o f 0 .1  s e t  f a r  each.

The FRECLSICN conmand in  th e  SUREACE_BOUNDARY d isp lay  menu provides 

th e  u se r w ith  th e  options to  tu rn  "p recision" and SIUCUEITE_ADJUST_SW, 

ON and OFF. When p rec isio n  i s  GN, su rface  boundary d isp lay s w ill be 

based on th e  p rec ise  (ra tio n a l B -spline) su rfaces in te rse c tio n s . When 

i t  i s  OFF, only th e  fa c e t edges  a re  d isp layed. S ilh o u ette  lin e s  a re  

view dependent lin e s . They a re  th e  lin e s  th a t a re  d isplayed a t  th e  edge
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o f curved su rfaces when only p a r t o f th e  su rface  i s  v is ib le  from th e  

cu rren t view p o in t ( e .g ., th e  lin e s  shown a t  th e  s id e s  o f a  c y lin d e r). 

I h is  i s  s e t  to  CN by d e fa u lt, and i s  necessary  fo r  accu ra te  d a ta  

tra n s fe rs  o f view-dependent d isp lay s made to  I-DEAS CRAFTING and to  IGES 

form atted output f i le s .  But, th is  req u ire s  a d d itio n a l ocnputaticn  tim e, 

and i f  th is  le v e l o f accuracy i s  no t necessary , tu rn in g  th e  SHICUErrE_- 

AD0UST_SW OFF w ill gpood up cm fiitw r response  tim e. The PRECISION menu 

a lso  provides an option  f a r  specify ing  th e  CURVE_SMX)fIHNESS, when 

p rec isio n  i s  turned  ON. T his co n tro ls  th e  number o f lin e  segment s  th a t 

a re  used to  d isp lay  each p rec ise  (non-uniform ra tio n a l B -spline) 

su rface . The d e fa u lt i s  f a r  each fa c e t o f th e  model to  be rep laced  w ith 

fo u r (4) lin e  segments. With th is  ocninand, th e  u se r may sp ec ify  any 

number between 0 and 100.

lh e  SURFACE_BCKJNDAKY DISPIAYjOPTION's AOCURACfjOFjCLIFPING conmand 

g ives th e  u se r to  choice between SCREEN_DISPIAY, F Icn JR E _ F II£ , and 

IGESjcmPUT as th e  b asic  le v e ls  fo r  accuracy in  am p u ta tio n  o f th e  

v is ib i l i ty  o f p o in ts . SCREEN_DISPIAY w ill cause subsequent su rface 

boundary d isp lay s to  be clipped  to  w ith in  one (1) p ix e l. I f  PICTURE_- 

FH £ i s  sp e c ified , th e  u se r w ill be asked how may tim es th e  image w ill 

be enlarged (e .g ., f a r  p lo ttin g ) . I-DEAS w ill th en  d iv id e  1 by th is  

number to  determ ine th e  to le ran ce  f a r  c lip p in g . F in a lly , i f  th e  u se r 

chooses IGESOUTPOT, f a r  w ritin g  view-dependent d isp lay s ou t in  IGES 

form at, I-DEAS w ill ask th e  u se r fo r th e  c lip p in g  to le ran ce  th a t  i s  to  

be used. This should be a s sm all p ra c tic a l, and i s  in p u t in  th e  a c tiv e  

model u n its  ( i . e . ,  i f  th e  a c tiv e  u n its  a re  "IN11, then  0.001 i s  a  0.001" 

to le ra n c e ).
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The HIEDENjCHBCK_INrEKVAL can be used to  subdivide th e  o b je c t's  

edges in  o rder to  d e te c t sn a il edges th a t  should be hidden fra n  view.

The need f a r  th is  options a r is e s  in  cases where la rg e  sim ple su rface  l i e  

in  f ro n t o f sm all d e ta ils  th a t  should be hidden fra n  view. Because of 

th e  was I-DEAS process hidden lin e  d isp lay s, i t  nay be p o ssib le  th a t  

when th e  la rg e  su rfaces v e rtic e s , and equally  spaced p o in ts  in  between 

a re  e stab lish ed  fo r  d e le tin g  hidden lin e s , a l l  o f th ese  p o in ts  nay no t 

d e te c t th e  sm all d e ta ils . The check in te rv a l i s  en tered  in  cu rren t 

model u n its . This allow s th e  u se r to  sp ecify  i t s  value such th a t  sm all 

d e ta ils  o f known s iz e  can be used as th e  b a s is  f a r  s e ttin g  a  sm all 

enough check in te rv a l to  be su re  they  w ill n o t be m issed.

The la s t  SUKFACE_BOUNDARY d isp lay  op tion  i s  th e  GQLORJSCTICNS.

T his allow s th e  d isp lay  to  be produced using  e ith e r  th e  OBJECTjOQLCR o r 

th e  SHADHDJ3VERLAY_G0IiDR.

general display options

The DISPIAYjQPTIGNS menu provides sev era l o th er op tions and 

sub-menus in  ad d itio n  to  th e  four major d isp lay  ty p es.

Several o f th ese  options involve tog g le  sw itches. The ENmTES_SW 

sub-menu provides th e  u ser to  w ith tog g le  sw itches used to  tu rn  th e  

d isp lay  o f working s e ts , p ro f ile s , sk in  groups, and system s CN and OFF 

fo r  sim ultaneous d isp lay  w ith  so lid  models. The TASK_DISPLAYS d isp lay  

op tions subm enu i s  very s im ila r. I t  provides tog g le  sw itches fo r  th e  

d isp lay  o f o b jec ts , working s e ts , p ro f ile s , sk in  groups, system s, and 

components ta sk s  on th e  same d isp lay  screen . I t  a lso  has a  STAtus 

command which l i s t s  th e  ON/OFF s ta tu s  o f each o f th ese  sw itches. The 

DISPIAYJDPTICNS LABELJ5WS sub-menu provides CN/OFF sw itches fo r  th e
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d isp lay  o f la b e ls  placed on p o in ts , fa c e ts , su rfaces, and bodies. I t  

a lso  provides a  SIZE ocninand used to  sp ecify  th e  s iz e  o f th ese  la b e ls , 

and a  SXAtus oomnand f a r  l is t in g  th e  la b e l sw itches s ta tu s . Toggle 

sw itches a re  a lso  provided in  th e  DISPEA3M3PTIGNS VIEWPORT sub-menu. 

These sw itches allow  th e  u se r to  tu rn  ON and OFF th e  d isp lay  o f: th e  X, 

Y, Z, t r ia d ;  th e  X a t  th e  o rig in  of th e  model space; th e  v iew port's 

o u tlin e ; th e  v iew p o rt's la b e l (number). T his menu a lso  provides a  

LOCK_SW w ith  can be used to  "lock" a  view port. This p revents th e  

con ten ts o f th e  view port fra n  being m odified when i t  i s  locked. A 

s im ila r command i s  provided, c a ll  FICKABIUTY. When th is  sw itch i s  OFF, 

th e  program w ill n o t o ffe r  th e  a b il i ty  to  p ick  e n ti t ie s  w ith  th e  screen 

cu rso r in  subsequent command operations.

The DISPIAYjQPTIGNS menu provides a  RESET command which can be used 

to  r e s e t  a l l  o f th e  a l l  o f th e  d isp lay  option  param eters to  th e  values 

s e t  when a  new model f i l e  i s  c reated .

The DISFTAYjQPITCNS menu provides A OQLQRjOF_ERCHGRCUtD command, 

which can be used to  change th e  d e fa u lt background co lo r o f b lack to  any 

o th er standard  o r  u ser c rea ted  co lo r. A black background o ften  y ie ld s  

th e  h ig h est c o n tra s t between e n ti t ie s  being displayed on th e  graphics 

screen . A lso, a  b lack background w ill allow  p lo ts  to  be produced using 

no ink  f a r  th e  background, because w hite w ill be su b s titu te d  fo r  black, 

req u irin g  no co lo r on w hite p ip e r. But, i f  th e  goal i s  to  produce 

graphics d isp lay s f a r  viewing on th e  d isp lay  screen alone, o r f a r  

photographs o f th e  screen , o th er background co lo rs may be d e sirab le .

Some care  must be taken in  choosing th e  background c o lo r. Because, th e  

co lo rs o f th e  menus w ill n o t be changed, and they  can become im possible 

to  see  on some backgrounds.
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lh e  DISPtAy_QPTICNS menu a lso  provides th e  same PAIEFFE co lo r 

op tions sub-menu th a t i s  provided in  th e  SRDEDJIMAGE menu. These 

oonmands a re  id e n tic a l to  those th a t ware dinniFined along w ith th e  

shaded image oonmands.

The AFFECTEDJ/IEWPCRTS ocumand in  th e  DISITAYJDPITCNS menu i s  used 

when m u ltip le  view ports a re  a c tiv e  on th e  d isp lay  screen . I t  i s  used to  

sp ecify  which view port w ill be a ffec ted  by changes in  th e  d isp lay  

o p tions. When m ultip le  view ports e x is t, th is  can be used to  specify  

e ith e r  WQRKINGJ/IEWFCRTJ3NLY o r PICXJ/IEWPCRT. IF  FKKVEEWBCRT i s  

sp e c ified , each tim e a  d isp lay  option  i s  executed, th e  program w ill 

prompt  th e  used to  p ick  th e  view port to  be a ffec ted . I f  only one 

view port e x is ts , o f i f  fUWXNG_VIEHFGRrjONLSf' i s  sp e c ified , only one 

view port w ill be a ffec ted  by subsequent d isp lay  option changes.

The DISFIAYjOPTICNS menu p resen ts four d isp lay  op tion  management 

commands. CURRENT_DO i s  used, lik e  th e  GET conmand f a r  e n t i t ie s , to  

sp ecify  which o f th e  s ta red  d isp lay  options i s  to  be made c u rre n t. I f  

m u ltip le  view ports a re  a c tiv e , th e  u se r w ill be pronpted to  p ick  th e  

view port(s) in  f a r  which th is  d isp lay  option i s  to  be made a c tiv e . T his 

allow s a d iffe re n t d isp lay  option to  be applied  in  each view port. The 

STORE conmand i s  used to  s to re  th e  cu rren t d isp lay  op tions a s  a  s to re  

configuration  fo r l a t t e r  r e c a ll and use. The MANAGE conmand c a l ls  up 

th e  standard  I-DEAS manage menu, which allow s th e  u ser to  DELETE, LIST, 

REMAKE, COPY, and l i s t  th e  DIRECTORY o f a l l  s to red  d isp lay  op tio n s. I t  

a lso  allow s th e  u se r to  change th e  QID_STACK_LENGTH. T his w ill automat­

ic a lly  s to re  d isp lay  options a s  QED1, GLD2, e tc . ,  i f  s e t  to  a value 

g re a te r than  zero , in  th e  event th a t  they  have n o t been s ta re d , and a re  

about to  be des t r oyed by a  conmand ( e .g ., CURRENT_DO).
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SPECIAL DISPTAY QPTFrCMS OFEBATICMS

The DISPLAYjOPTTCNS menu con tains a sub-menu c a lle d  SPEC1AL_0PEPA- 

TICNS. T his menu ocn tains p resen ts th a t  allow  th e  u se r to  specify  

sev era l operations th a t  a re  av a ilab le  cn se lec ted  term in als only.

The HLANKING_SW i s  a  sw itch th a t can be used on a l l  te rm in a ls. I t  

allow s th e  u ser to  tu rn  blanking OFF w ith a  s in g le  ocninand. T his w ill 

cause a l l  blanked e n ti t ie s  in  th e  curren t  sto rag e  b in  to  be make v is ib le  

in  subsequent d isp lay s. When i t  i s  turned ON, normal blanking w ill be 

follow ed ( i . e . , blanked e n ti t ie s  w ill be in v is ib le ) .

I f  th e  term inal being used o ffe rs  th e  a b il i ty  to  m anipulate th e  

view lo c a lly , th e  DYNAMIC_VIEW_SW can be turned  on to  enable th is  

c a p a b ility , i f  th e  term inal being used does n o t support dynamic 

view ing, and th is  ccmnand i s  used, th e  program w ill n o tify  th e  u se r th a t 

th is  n o t p o ssib le . But, when th is  i s  av a ilab le  ( e .g ., on Tektronix 4129 

term inals) i t  can be used to  m anipulate th e  views much more rap id ly  

than  when done by th e  main CPU (although a t  some what lower re so lu tio n ). 

The DYNAMICjCRIINimON_SW i s  a  s im ila r CN/OFF tog g le  sw itch fo r 

dynamic o rie n ta tio n .

The LOCAL_SHADING_SW can be described in  much th e  same way a s  th e  

DYNWHC_VIEW_SW. on seme term inals, lik e  a Tektronix 4129, th e  term inal 

i s  capable o f perform ing th e  shaded image c a lcu la tio n s . T his, again  a t  

s lig h tly  lower re so lu tio n , can produce shaded images more rap id ly  th a t 

th e  main CPU. But, th e  re a l power o f a  term inal w ith lo c a l graphics 

d isp lay  and shading c a p a b ilitie s  i s  when th ese  two sp ec ia l operations 

a re  used to g e th er. This w ill allow  o b jec ts to  be shaded in  one o rien ta ­

tio n , and then  viewed from another d ire c tio n , and th e  o b jec t w ill 

au tom atically  be displayed shaded in  th e  new o rie n ta tio n .
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The SFEdALOFERATIGNS nemwnd  named TERMINAL_DISPIA¥_:LIsr I s  used 

to  tu rn  CN and OFF th e  sto rag e  o f th e  d isp lay  l i s t  in  in te llig e n t 

g raph ics te rm in a ls ' memory. T his option  can be tu rned  OFF i f  th e  

te rm in a l's  memory cap acity  i s  exceeded.

The DISFIAYjOPITONS, SPECXALjOPERATIGNS menu provides a FACET_- 

SHRINK_SW can be used to  sh rink  a l l  o f an o b je c t's  fa c e ts . This i s  lik e  

th e  elem ent sh rink  operation  in  Engineering A nalysis in  which th e  

elem ents can be shrunk to  examine an EISA model o f e rro rs  in  elem ent 

co n stru ctio n . In  so lid  modeling, by shrinking an o b je c t's  fa c e ts , th e  

u se r can examine o b jec ts  faces to  th e  su re  th a t  no face rs  overlap . The 

fa c e ts  a re  shrunk proport io n a lly  by th e  percentage s e t  w ith  th e  EACE_- 

SHRINK_% conmand in  th e  DISPIAY_ATIRIBUrES menu.

The IRACE_IJNE_srjfIE coranand i s  used to  sp ecify  e ith e r  sor.Tn o r 

DASHED tra c e  lin e  s ty le s . The author was no t ab le  to  determ ine which 

d isp lay  op tions req u ire  tra c e  lin e s , and was fu rth e r oonfused by th e  

f a c t  th a t  th e  opposite s ty le  was l is te d  from th a t  which was sp ec ified  

w ith  th is  conmand when th e  SPEEXALJDPERKFIGNS STATUS coranand was 

executed. I f  a  u se r i s  in te re s te d  in  using  tra c e s  lin e s , th is  would 

req u ire  fu rth e r in v estig a tio n .

The sp ec ia l opera tions menu allow s th e  u se r to  req u est EVALUATED_- 

SURFACESJDISPlays o f th e  curren t  o b jec t. These produces d isp lay s 

showing lin e s  a t  constan t param etric in te rv a ls  along th e  o b je c t's  

p re c ise  su rfaces. The lin e s  displayed a re  p a ra lle l to  th e  sid es o f each 

su rfaces edges. The u se r can co n tro l th e  number o f lin e s  drawn across 

each p re c ise  su rface  w ith th e  DISPLAY_LINES coranand, and th e  number o f 

lin e  segments used to  d ep ic t each d isp lay  lin e , o r curve, i s  co n tro lled  

by th e  INCREMENT conmand. This d isp lay  option  can be SEJT_AS_GLOBAL.
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The f in a l SPBC3AL_CPERMTCN presented  in  th is  menu i s  use to  

d isp lay  th e  OONIRQL_NEr. The oont r o l n e t i s  used by th e  program to  

m athem atically co n tro l th e  shape o f an o b je c t's  p rec ise  su rfaces.

In  I-DEftS Rev. 4 .1 , tiie  DISPIAY_ATTEIB(IIES menu con tains rmmnwnng 

used to  co n tro l th e  param eters th a t  a ffe c t th e  appearance o f o b jec ts 

d isp layed on th e  graphic screen . In  Rev. V, th ese  a re  located  in  th e  

DISPIAYjOPTICNS, SUREACE_APPEARANCE menu.

The CQLCR_OF_CGJECT ocwmand can be used to  change th e  co lo r o f th e  

cu rre n t o b jec t. The u se r can specify  any s to red  co lo r by mane o f 

number. I f  th e  u se r want to  see  a l i s t  o f th e  av a ilab le  co lo rs , a  "?N 

can be en tered  to  d isp lay  th e  co lo r DIRECTORY The d e fa u lt co lo r w ill be 

th e  o b je c t's  cu rre n t c o lo r. This can be u se fu l i f  sev era l o b jec ts have 

been used to  co n stru c t th e  cu rren t o b jec t using Boolean operations, 

which has re su lte d  in  th e  o b jec t having su rface  co lo rs .

The PALETTE ccnmand presented in  th e  DISPLAY_ATIREBUrES menu i s  

id e n tic a l to  th a t  which was described  e a r l ie r  in  th is  chap ter along w ith 

th e  SHADED_DOGES commands.

The SHADINGTYPE i s  used to  co n tro l th e  v a ria tio n  o f co lo rs , o r 

shades, across su rfaces when shaded images a re  processed. There a re  

fou r shading typ es o ffered , th ey  a re : SMXTH, FIAT, UNIFORM, and

CONTINUOUS. The o n -lin e  help  provided by I-DEAS describes each o f these  

le v e ls  o f shading. But, experim entation w ith  th ese  op tions w ill more 

e a s ily  show th e  u se r th e  b e s t shading type fa r  an given circum stance.

The RADIANTLIGHT command presented  in  th e  DISPIAYJHTKEBUTES menu 

allow s th e  u se r to  sp ecify  th e  minimum amount o f l ig h t th a t each surface
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o f an o b jec t w ill ra d ia te  when a  shaded image i s  processed. T his value 

w ill be added to  th e  ambient l ig h t th a t  has been s e t  in  th e  DISP1AY_- 

GPTIGNS menu. But, th e  values s e t  fo r  ra d ia n t l ig h t w ill be s to re  w ith 

th e  su rfaces o f th e  curr e n t  o b jec t. T his allow s th e  ra d ia n t l ig h t to  

vary  between sta re d  o b jec ts , w hile th e  ambient l ig h t a ffe c ts  any o b jec t 

d isp layed.

The DIFFUSE_LI<air ocmnand i s  used to  specify  th e  amount o f th e  

d iffu se  lig h t, light th a t comes from th e  l ig h t so u ro e(s), th a t  th e  

cu rren t o b je c t's  su rfaces w ill r e f le c t . The in te n s ity  o f l ig h t th a t th e  

u se r w ill see  i s  dependent on th e  angle a t  which th e  su rfaces a re  viewed 

re la tiv e  to  th e  p o sitio n  o f th e  light so u ro e(s).

The combined e ffe c ts  o f two caranands, GLOSSINESS_( SPECULAR) and 

BRIGHINESS_(SPECULAR), co n tro l th e  apparent sh in in ess o f o b jec ts  when 

they  a re  d isp layed a s  shaded images. The GLOSSINESS ocmnand i s  used to  

sp ecify  th e  "specular c o e ffic ie n t" . Specular l ig h t i s  re f le c te d  o ff  o f 

an o b jec t w ithout p icking  up th e  o b jec ts c o lo r, lik e  a  m irro r 's  re f le c ­

tio n s . G lossiness co n tro ls  how much th e  specu lar re f le c tio n  spreads as 

i t  i s  re f le c te d . The h igher th e  value o f th e  g lo ssin ess param eter, th e  

c lo se r th e  re f le c tio n s  come to  being re f le c te d  in  a  s in g le  lin e . The 

BRIGHTNESS ocmnand i s  used to  sp ecify , a s a percentage, th e  amount o f 

specu lar l ig h t  th e  o b jec t w ill r e f le c t .

The appearance o f LINE and HIEDENJLINE d isp lay s a re  a ffe c te d  by th e  

angular value s e t  w ith th e  FEATURE_ANGE£ ocmnand, when th e  FEAHIRE_- 

UNE_SW i s  tu rned  CXI. T his param eter i s  used by th e  program to  d e te r­

mine which fa c e ts ' edges a re  to  be d isp lay . The edges between sep ara te  

su rfaces a re  always shown. But, th e  edges o f fa c e ts  th a t  make tp  a  

singe su rface  w ill only be shown i f  th e  angle between th e  p lanes o f
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ad jacen t fa c e ts  I s  g re a te r than  th e  FEATURE_ftNGLE sp e c ified . The
o

d e fa u lt angle i s  30 , which w ill show no fa c e ts  around a  cy lin d er,
o

because th e ir  ocrancii angle i s  22.5 .

I-D EftS o ffe rs  th e  c ap a b ility  o f d isp lay in g  o b jec ts  in  shaded farm 

which a re  tran sp a ren t, allow ing o th er o b jec ts  to  be seen through than . 

T his i s  co n tro lled  by th e  value s ta red  f a r  each o b je c t's  TOANSPARENCY_%, 

in  th e  DISPIAY_ATIRIBUrES menu; and by tu rn ing  ON th e  TRANSPARENCY_SW in  

th e  DISFLAYjOPnCNS, SHADEDJMAGE menu.

A sim ila r e f fe c t to  tran sp aren t o b jec ts i s  provided by tu rn ing  th e  

SHADBD_H®GE PRBCEDENCE_SW ON, and s to rin g  a FRBCIDENCE_% DISPIAYJOTKr- 

BOTE fa r  each o b jec t. T his does no t a c tu a lly  make o b jec ts tran sp aren t. 

I t  make th e  o b jec ts  appear in  various degrees o f v is ib i l i ty .  They w ill 

appear in  o rder from h ig h est to  low est v is ib i l i ty  based on th e ir  

percentage precedence. O bjects which a re  in  fro n t o f o th er o b jec ts w ill 

block th e  view o f th e  o b jec ts  behind them. But, o b jec ts w ith  h igher 

precedence w ill appear b rig h te r. This can be used to  y ie ld  an increased 

sense o f th re e  dim ensional depth to  shaded images produced o f m u ltip le  

o b jec ts .

The DISHAY_ATIKEBOTE menu provides th re e  ocmnand th a t  can be used 

to  s e le c t bodies and su rfaces from those displayed to  and p lace then  

in to  a  l i s t  o f e n ti t ie s  which can then  be operated on w ith  subsequent 

d isp lay  a ttr ib u te  oannands (e .g . blanking, and making a ttr ib u te  

changes). This l i s t  w ill rem ain a c tiv e  u n til  i t  i s  rep laced  by a new 

l i s t ,  o r u n til  a  narHDISEUVY_A3TRIBLfl'E comnand i s  executed. These 

ocmnands include HEANK_SUREftCE/BODY, BODYSEUEET, and SURFACEJSEIBCT.
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One o f th e  powerful fea tu res o ffered  by th e  I-DEAS program i s  th e  

c re a tlc n  o f "p ic tu re  f i le s " . These a re  used to  s to re  d isp lay  images in  

memory d isk  f i le s  f a r  fu tu re  d isp lay . T his allow s th e  u se r to  setup  and 

c re a te  d isp lay  images, s to re  than  and than  c a l l  than  up in  subsequent 

in te ra c tiv e  session s. When th e  images a re  re c a lle d , no ocnputer 

ocnputations a re  requ ired , and they  w ill be d isplayed a re  quickly  a s th e  

term inal and th e  h o st ccry u ter can tra n s fe r  th e  d a ta  to  th e  d isp lay  

screen . This allow s th e  u se r to  prepare images fo r  review  by o th e rs , a t  

a  la te r  tim e, and to  d isp lay  them a t  a  f a s te r  r a te .

T his a lso  allow s a  u se r to  c re a te  images on term in al, and them to  

d isp lay  them on another term inal. This might be necessary i f  a  co lo r 

graphics cop ier i s  av a ilab le  only on one term inal fa r  producing (paper) 

hard oopies o f th e  images. Or, th is  might be d esirab le  i f  most work i s  

done on an inexpensive term inals o r PCs w ith low graphics re so lu tio n s, 

and a  h igher re so lu tio n  graphics term inal i s  av a ilab le  fo r d isp lay ing  

images.

Three p ic tu re  FII£_TYPEs can be created : Replay, B inary, and

Form atted. Replay f i le s  can only be replayed on th e  same terminal type 

th a t  was used to  c re a te  them. But, they  a re  th e  sm allest o f th e  th re e  

f i l e  ty p es, and can be red isp layed  th e  f a s te s t . B inary f i le s  can be 

replayed on o th er term inal types than  ju s t  th e  term inal used to  c re a te  

them. But, they  a re  la rg e r than , and slow er than  Replay f i le s .

F in a lly , Formatted f i le s  a re  th e  la rg e s t, and slow est o f th e  th re e  

ty p es. But, n o t only can they  be redisp layed on any v a lid  term inal 

typ e, they  can a lso  then  as th e  inpu t to  d riv e  a p lo tte r . This req u ire s 

an ex te rn a l program to  a c t a s  a  p lo t d riv e r.
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WKETE_FH£_SW i s  th e  togg le  sw itch fa r  tu rn in g  th e  c rea tio n  o f 

p ic tu re  f i l e s  ON and OFF. Thus, i f  th e  u se r w ishes to  c re a te  a  p ic tu re  

f i l e ,  a f te r  specify ing  th e  d esired  FXIETVFE, th is  sw itch i s  used to  

tu rn  th is  fe a tu re  ON. Then, any subsequent d isp lay s executed w ill cause 

th e  program to  prompt  th e  u se r f a r  a  f i l e  name in  which th e  p ic tu re  f i l e  

i s  to  be s to red . The AIJIO_NAME_SW ocmnand can be used to  tu rn  on a  

fe a tu re  which w ill prompt th e  u se r f a r  a  base name w ith  which subsequent 

p ic tu re  f i l e  w ill be name au tom atically . I f  th is  i s  used, and th e  base 

name en tered  i s  "PICTURE", th e  f i le s  w ill be named FECXURE1, PICIURE2, 

e tc . I f  a  name i s  en tered , e ith e r  manually o r au tom atically , which 

already  e x is ts , th e  u se r w ill be asked i f  i t  should be over w ritte n . I f  

th e  u se r answers NO, th e  program w ill ask f a r  another name. I f  auto­

m atic naming i s  in  e ffe c t, th e  next name in  th e  sequence w ill be tr ie d . 

The d e fa u lt name i s  always NCNE, which w ill y ie ld  no p ic tu re  f i l e .

Once th e  d esired  p ic tu re  f i l e s  have been created , th e  WRITE_FILE_SW can 

then  be used to  tu rn  th is  fea tu re  OFF. This w ill allow  execution o f 

d isp lay s being prompted f a r  p ic tu re  f i l e  names.

Once p ic tu re  f i l e s  have been c reated , they  can be red isp layed  by 

using  th e  DISPIAY_PICIURE_FII£ ocmnand. T his w ill prcnp t  th e  u se r f a r  

th e  name o f th e  f i l e  which i s  to  be disp layed, i f  p ic tu re  f i le s  have 

been c rea ted  in  th e  cu rren t 1-DEAS sessio n , th e  d e fa u lt f i l e  w ill be th e  

l a s t  f i l e  c rea ted  during th e  sessio n . The u se r can a lso  choose th e  

DIRECTORY op tion , h e lp  in  th e  se le c tio n  o f f i l e  names from tho se  s ta red  

during th e  sessio n . T his req u ire s th e  u ser to  tu rn  f i l e  track in g  on 

w ith th e  CNJIRACKING command presented  in  th e  menu o f DIRECTORY op tions.
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CAD DRAFTING OPERAIICNS

As discussed in  Chapter 2, th is  work was done w ith  I-DEAS REV. 4 .1 . 

But, a s  o f th is  w ritin g , GEA had in s ta lle d  I-DEAS REV. V. The DRAFTING 

Family has had a t  le a s t  one major change introduced between th ese  two 

re v is io n s . The v ersio n  th a t  w ill be d iscussed  here req u ire s th a t th e  

geometry c rea ted  in  S o lid  Mode lin g  be tra n sfe rre d  in to  DRAFTING fa r  th e  

c re a tio n  o f CAD drawings based on so lid  models. I f  any changes a re  

to  th e  so lid  models a f te r  drawings have been c rea ted , th e  u se r must 

manually update th e  drawings w ith th e  carmands provided in  DRAFTING. Or, 

th e  geometry must be d e le ted  from th e  drawings, and then  th e  new 

geometry must be tra n s fe rre d  in to  th e  drawings, and re -d e ta ile d . But, 

w ith  Rev. V, I-DEAS provides th e  c a p a b ility  fo r  au tom atically  incorpo­

ra tin g  th e  so lid  m odels' changes in to  th e  drawings. T his req u ire s study 

o f th e  Rev. V system . But, th is  change appears to  be very  u se fu l, and 

should be in v estig a ted  by fu tu re  u se rs.

219
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GRAPHICS TERMINAL REQUIREMENTS

I-DEAS DRAFTING req u ire s th e  use o f a  mouse o r ta b le t  (even though 

th e  Tektronix term inal may have a joy  pad, th a t works in  a l l  o th er 

I-DEAS F am ilies). But, i f  o ther I-DEAS Fam ilies a re  used before 

en te rin g  DRAFTING, a non-mouse code can be used, and th e  u se r w ill be 

p rompted  to  change th e  code when en te rin g  DRAFTING. T herefore, i f  Solid  

Modeling i s  used f i r s t ,  T4107 might be used, and then  sw itched to  T4207A 

When en te rin g  DRAFTING.

? WITH I-DEAS CRAFTING 

The in te rfa c e  to  DRAFTING i s  menu-drive, s im ila r to  th e  menu system 

used in  th e  o th er I-DEAS Fam ilies and Modules. But, u n lik e  th e  o th er 

F am ilies ' menus, which s c ro ll v e r tic a lly  over th e  g raphics d isp lay , 

DRAFTING'S menus a re  confined to  a  sh o rt box th a t  spans th e  w idth o f th e  

bottom o f th e  d isp lay  screen , and th e  graphics views a re  d isp layed  in  a 

la rg e  a rea  above th e  menus (see Figure 6 1 .) . A lso, ra th e r  than  s c ro ll­

in g , DRAFTING'S menus "pop" in to  th e  d isp la y 's  menu box, a s  th e  u se r 

p ick s various ccnmands. The menu box i s  subdivided in to  th re e  sm aller 

boxes, contain ing  sub-menus. The bottom, s in g le  te x t  lin e , sub-menu box 

i s  th e  Global Menu Area. The la rg e s t box i s  th e  Prompt Area, o r ooemand 

menu a rea , in  which th e  various le v e ls  o f oonmand menus w ill be d is ­

played. During th e  execution o f most ccnmands, th is  la rg e  menu box w ill 

be d iv ided , c re a tin g  an Option o r S election  Area a t  th e  r ig h t s id e  o f 

th e  screen . This sub-box w ill p resen t th e  op tions th a t  become a v a ila b le  

during th e  execution o f DRAFTING'S ccnmands.
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In  DRAFTING, most ormandfl can be executed by typ ing  in  th e  

ap p ro p ria te  nnanonic id en tify in g  th e  desired  ocmnand. But, un like 

discussed  in  Chapter 2 f a r  th e  o th er I-DEAS Fam ilies, th e  ccnmands 

executed in  DRAFTING a re  g enerally  "picked" o r "d ig itiz e d " . T his i s  

done using  th e  te rm in a l's  d ig itiz e r  ta b le t o r mouse to  move th e  screen 

cu rso r to  p o in t a t  th e  d esired  se le c tio n , and then  p ressin g  th e  appro­

p r ia te  key to  "<DIG>" (d ig itiz e ) th e  se le c tio n .

In  ad d itio n  to  <DIG>ing ccnmands, th e  DRAFTING system o ften  

req u ire s  th e  u se r to  respond w ith  th e  <EEHJFN> key, and to  ab o rt a 

ocnmand's execution, th e  u se r must use th e  <ESO (escape) key. Because 

many IHDEAS u sers w ill be using a  Tektronix term inal w ith a  Tektronix 

d ig itiz e r  ta b le  th a t u se rs a  four key "puck" to  move th e  screen cu rso r, 

DRAFTING provides th e  convenience o f pr ogramming th re e  o f th e  puck 's 

keys to  serve a s  <DIG>, <REHIRN>, and <ESO keys.

DRAFTING CCWANDS

DRAFTING'S ocnnands a re  so  s im ila r to  those  th a t  a re  d iscussed  in  

APPENDICES V III, IX, and X, th a t few need to  be described h ere . But, 

th e re  a re  a  few very powerful c a p a b ilitie s  th a t should be mentioned. At 

most s tep s in  th e  execution o f DRAFTING ccnmands, and a t  any lev e l 

w ith in  i t s  menu s tru c tu re , th e  u se r can p ick  th e  op tions shown in  th e  

Global menu a re a . This allow s th e  u se r to  change view s, use an on 

screen  c a lc u la to r, change d e fa u lts , and access th e  MAIN-MFNU, e tc . w ith­

ou t term inating  a  command, o r a c tu a lly  re tu rn in g  to  th e  MAIN-MENU. Once 

th e  d esired  functions a re  ocnpleted, <ESO can be used to  re tu rn  to  th e  

same s te p  in  a  ocnmand's execution, o r p o sitio n  in  th e  menu s tru c tu re .

I f  th e  u se r e n te rs  an <ESO during th e  se le c tio n  process w hile
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executing a  ocmnand, th e  se le c tio n  process i s  term inated , and th e  

ocmnand i s  executed. Far example, i f  a  u se r i s  se le c tin g  e n ti t ie s  f a r  

d e le tio n  and uses <ESO a f te r  having <DIG>ed th e  wrong e n tity , th a t  

e n tity  w ill be d e le ted . But, CRAFTING provides an op tion  th a t make i t  

more fo rg iv ing  o f m istakes lik e  th is  than  th e  o th er I-DEAS Fam ilies do. 

The UNDO ocmnand located  in  th e  Global Menu area  allow s th e  u se r to  undo 

th e  la s t  ocnmand's e ffe c ts  a f te r  i t  has been term inated . This ocmnand 

can a lso  be used repeated ly  to  undo sev era l o f th e  l a s t  rrmma-nAa 

executed. DRAFTING even allow s th e  u se r to  undo th e  e ffe c ts  o f UNDO. 

T his i s  done by p ressing  <OCNIRDI> to g eth er w ith  th e  "R" key. Thus,

UNDO allow s u se rs  to  experim ent w ith  DRAFTING'S ooranands, w ithout 

r isk in g  making m-i cd-jiv-on th a t  become permanent, free in g  them from 

co n stan tly  re fe rr in g  to  a  u s e r 's  manual.

VIEW OCMIANDS

The VIEW ooranands used in  DRAFTING operate  lik e  they  do in  th e  

o th er I-DEAS Fam ilies. Except a  few a re  sp e c ific  to  DRAFTING. These 

include ZOCM-AUj, which f i l l s  th e  e n tire  graphics a rea  w ith  th e  drawing 

view port ( i . e . , th e  e n tire  draw ing). The ZOCM-VCEW ocmnand i s  used to  

f i l l  th e  graphics a rea  w ith  one o f th e  draw ing 's view ports. The 

ZOCM-WINDOW ocmnand en larges a  sp e c ified  p o rtio n  o f th e  v is ib le  p a rt of 

th e  drawing to  f i l l  th e  graphics a rea . The ZOCM-IN and ZOOM-GUT 

ocmnands week lik e  th e  o th er I-DEAS F am ilies' MAGNIFY ocmnand. But, 

ra th e r  than  using  a  decimal fra c tio n  to  sp ecify  a  m agnification th a t 

w ill sh rink  th e  cu rre n t d isp lay , making more o f th e  drawing v is ib le , th e  

ZOOM-CUT ocmnand i s  used to  do th is  w ith  values g re a te r than  1. 

T herefore, in  DRAFTING, ZOOM-OUT w ith  a fa c to r o f 2, i s  equ ivalen t to
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using  a  m agnification fa c to r o f .5  in  So lid  Modeling. DRAFTING a lso  has 

an added PAN ocmnand. T his can be used to  m aintain th e  cu rren t lev e l o f 

m agnification , and to  move th e  drawing acro ss th e  graphics d isp lay  a rea , 

by specify ing  two screen lo ca tio n s from which to  pan from and to .

yiBHKKES

I-DEAS DRAFTING u ti l iz e s  m u ltip le  view ports on a  drawing to  

sep ara te  th e  e n ti t ie s  c rea ted  fo r  each view o f th e  geometry. When a 

drawing s iz e  i s  sp e c ified , one "drawing view port" i s  au tom atically  

c rea ted , which covers th e  draw ing's e n tire  "sheet o f paper". But, th e  

u se r should c re a te  sm aller view ports on th is  o v e ra ll view port in to  which 

view s, and n o tes, e tc . can be c rea ted . When e n ti t ie s  a re  c rea ted  in  

DRAFTING they  a re  placed in  th e  "working view port". Hie WCRK-VIEWPCRT 

ocmnand located  in  th e  MAIN-MENU i s  used to  p ick  th e  cu rren t working 

view port.

In  o rder to  see  th e  borders o f view ports, th e  ocmmands located  in  

th e  DISFLAY-OPTICNS menu can be used to  tu rn  CN and Off th e  boarders, 

and th e ir  names. The cur r ent  working v iew p ort's boarder w ill be shown 

w ith  a  d if fe re n t lin e  s ty le  then  th e  o th er v iew p o rt's . Thus, when th e  

boarders a re  v is ib le , th e  u se r can see which view port i s  cu rren t.

GLASSES. 0QD3RS and QCOPS

Like any good CAD package, DRAFTING provides m u ltip le  "c lasses" in  

which e n ti t ie s  can be c rea ted . The u se r can separated  d iffe re n t types 

o f e n ti t ie s , dim ensions, n o tes, e tc . in to  d if fe re n t c la sse s , and to  

se le c tiv e ly  make c la sses  v is ib le  o r in v is ib le . DRAFTING provides 256 

tran sp aren t c la sse s  from which to  choose. Any new e n ti t ie s  c reated  a re



www.manaraa.com

225

placed on th e  ’♦curren t ” o r a c tiv e  c la s s . T his i s  determ ined by th e  

DEFAULT, CLASS ocmnand. The v is ib i l i ty  o f a  c la s s  I s  determ ined by 

CLASS ocmnand located  in  th e  DISPLAY-CPTICNS menu.

In  ad d itio n  to  using  c la sses  to  segregate inform ation placed on a 

drawing, d if fe re n t co lo rs can be used. U nlike some CAD softw are, I-DEAS 

CRAFTING allow s th e  use o f m u ltip le  co lo rs an any given c la s s . I t  a lso  

allow s th e  u se r to  tu rn  GN and OFF th e  v is ib i l i ty  o f co lo rs  on a l l  

v is ib le  c la sse s . These options a re  co n tro lled  by th e  DEFAULT, COLOR, 

and DISPIAY-OPTTCNS, COLOR ccmnands lik e  those described  above fo r 

c la sse s .

DRAFTING a lso  allow s e n ti t ie s  to  be c reated  w ith  a GRCUP-NAME 

attached  to  than . This a lso  groups o f e n ti t ie s  to  be sp ec ified  when 

making se le c tio n s  from w ith in  DRAFTING ocmrands.

PREPARATION OF SOLID MODELS PCR TRANSFER TO DRAFTING

Because th is  th e s is  used th e  so lid  m odels' geometry fo r  th e  

c re a tio n  o f CAD drawings, some preparation  o f th e  so lid s  in  S o lid  

Modeling was needed before they  were tra n sfe rre d  in to  DRAFTING. This 

p rep aratio n  involves s e ttin g  up th e  views o f th e  geometry th a t  a re  

d esired  in  th e  drawings, and s e ttin g  th e  d isp lay  param eters d esired  fo r 

th ese  view s. The DRAFTING system i s  2D. The geometry tra n s fe rre d  f a r  

c re a tio n  o f drawings i s  " fla tte n e d 11 onto a 2D p lane, and th e re fo re , i t  

can no longer be m anipulated in  th re e  dim ensions. Thus, th e  views must 

th e  prepared to  appear in  th e  standard d ra ftin g  s ty le . T his gen erally  

req u ire s  to p , fro n t, s id e , and isom etric views o f th e  p a rts . In  th ese  

view s, any hidden lin e s  a re  u su a lly  shown a s  dashed lin e s , except fo r  in  

isom etric  view s, in  which they  a re  u su a lly  removed from view. I-DEAS
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S olid  Modeling allow s th e  u se r to  use th e  softw are to  make th is  happen, 

ra th e r  th en  tra n s fe rr in g  a l l  lin e s  in to  CRAFTING as so lid  lin e s , and 

then  m anually changing th e  hidden lin e s  to  dashed o r  removed lin e s .

SETOP OF VIEWS

The views can be setup  one a t  a  tim e, using a s in g le  view port an 

th e  graphics screen . But, a  more e ff ic ie n t method i s  to  u t i l iz e  I-DEAS 

m u ltip le  view port c a p a b ilitie s  to  prepare a l l  views o f a  conplete so lid  

on th e  screen  sim ultaneously. T his allow s them a l l  to  be tra n s fe rre d  to  

CRAFTING to g e th er. Then i f  any sec tio n  views a re  needed, they  can be 

se tup  and tra n s fe rre d  sep ara te ly .

S o lid  M odeling's m u ltip le  view port options a re  rH«-ai«g<>ri in  

Chapter 2. M ultip le view ports a re  setup  w ith th e  VIEW, IASftXTT ccmnand. 

Four layou ts a re  provided by I-DEAS, contain ing  from one to  four 

v iew ports. The u se r can a lso  c re a te  custom layou ts.

For th is  th e s is , a l l  fo u r standard d ra ftin g  views were used in  

c re a tin g  CAD drawings o f th e  new surface u n it su p p o rt's  two support 

p ieces , i t s  c en te r trim , and th e  assembly o f th e  oonplete support.

Thus, th e  I-DEAS standard  layou t named "FOUR, EQUAL SIZED [VIEWPORTS]" 

was used when se ttin g  up th e  views fo r tra n s fe r  o f geometry to  CRAFTING. 

To cause I-DEAS to  prompt th e  u se r to  s e le c t th e  a ffe c te d  view port fo r 

use w ith  any pubooqucnt d isp lay  op tion  o r view changes, th e  VIEW, 

AFFECTEDJ/IENFGRTS, PKKVXEHFCKT ccmnand was executed.

A fter th e  fo u r view port d isp lay  layout was e stab lish ed , each o f th e  

views were c rea ted . T his was done by applying th e  VIEW, EYE_DIRECnCN 

and RDTATE_ABCXir_MDDEIL ooranands to  e s ta b lish  to p , f r o n t, s id e , and 

isom etric  v iew ports. A fter each v iew port's view was se tup  a s  d esired ,
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they  were s to red  w ith  th e  VIEW, STORE oonmand vising th ese  fou r names, 

f a r  fu tu re  use.

SETUP OF DISPLAY OPTIONS

A fter th e  views were se tu p , th e  next s te p  in  preparing th e  so lid  

model geometry f a r  tra n s fe r  to  DRAFTING was to  setup  th e  D isplay Options 

th a t a re  needed to  produce th e  d esired  hidden lin e  e ffe c ts . This i s  

accomplished by using  th e  DISPIAY_OPHCNS, SURFACE_BOUClARy_IMAGE 

cccmands. These a re  d iscussed in  Appendix x . But, th e  sp e c ific  

param eters th a t  were s e t , were done by: 1) s e ttin g  th e  HHX)EN_LINE_-

STYIE to  DASHED fa r  a l l  four view ports, and then  to  REMOVED f a r  th e  

isom etric  view port; and th en , 2) tu rn in g  th e  PRECISION, SUHOUEITE_- 

ADJUSTJSW, ON fa r  a l l  view ports.

WRITING CUT TRANSFER FIUBS

The tra n s fe r  to  DRAFTING i s  made by w ritin g  IGES form atted f i le s  

o u t o f S o lid  Modeling, and then  reading then  in to  drawings in  DRAFTING. 

This i s  done once th e  view ports and d isp lay  options a re  setup  a s de­

s ire d . I t  i s  acoccplished by using th e  MANAGE, WRITE, DRAFTING 

ccmnand. This conmand p rcnp ts th e  u se r f a r  sp e c ific a tio n  o f: th e

curve e rro r fa c to r; IGES f i l e  u n its  (INCHES); f i l e  id e n tific a tio n  te x t, 

o p tion al (20 lin e s  o f 72 ch arac ters maximum); and th e  IGES f i l e  name.

I f  th e  use sp e c ifie s  a  new f i l e  name, I-DEAS w ill ask i f  i t  i s  "CK to  

w rite  new f i le " ? . But, i f  th e  u se r e n te rs  an e x is tin g  f i l e 's  name, 

I-DEAS w ill ask i f  i t  i s  "CK to  overw rite e x is tin g  f i le ? " . I t  w ill a lso  

ask i f  i t  "CK to  d isp lay ?". i f  th e  u se r answers YES, I-DEAS w ill then 

ask i f  i t  i s  "CK to  e rase  screen?". This allow s th e  u se r to  preview th e
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d isp lay s th a t  a re  w ritte n  in to  th e  IGES f i le s .  T his enables th e  u ser to  

see  i f  th e  hidden lin e  s ty le , and le v e l o f p recession  looks OK. Thus, 

i f  th e  d isp lay s look unacceptable, th e  u se r may be saved from spending 

tim e reading a  bad IGES f i l e  in to  CRAFTING.

PREPARING CRAFTING DRAWING TO RECEIVED CFTMFTTW TRANSFER

When DRAFTING i s  en tered , th e  u se r i s  asked to  "B ite r drawing name 

o r s e le c t new drawing s iz e :" . Mien preparing  a new drawing fo r  re c e ip t 

o f th e  geometry from S o lid  Modeling, th e  u se r w ill sp ecify  a  drawing 

s iz e  a t  th is  p o in t. The drawing s iz e  options a re : th e  ANSI Standard 

English drawing s iz e s : A, B, C, D, and E; standard M etric drawing 

s iz e s : A4, A3, A2, A l, and AO; and EXPLICIT. I f  an English drawing 

s iz e  i s  used a l l  dimensions en tered  w ill be in  inches ( e .g ., 3 used a s 

th e  value fo r  a  l in e 's  leng th  w ill be 3 .0  inches long ). But, i f  a 

M etric s iz e  i s  used, th e  draw ing 's s iz e  w ill be th e  a s  th e  

Ehglish s iz e . But, Mien dimensions a re  read  in  from S o lid  Modeling 

tra n s fe r  f i le s ,  o r when geometry i s  c rea ted  from w ith in  CRAFTING, they 

w ill be in  m illim eters. The u se r must use th is  cau tio u sly , because once 

m illim eter have been e stab lish ed , they  can no t (easily ) be changed to  

inches. A ctually , th e  drawing view ports can be SCAXID back in to  inches. 

But, th e  system w ill continue to  th in k  m illim eters a re  being used. The 

EXPLICIT option  allow s th e  u se r to  d ire c tly  sp ecify  a  custom drawing 

s iz e  by en te rin g  i t s  boarders' dimensions in  inches.

For th is  th e s is , a l l  fo u r o f th e  drawings c rea ted  were made 

"D -size". T his la rg e  drawing s iz e  was no t a c tu a lly  needed fo r a l l  o f 

th ese  drawings. But, a s  w ill be discussed la te r ,  only a  D -sized GEA 

drawing form at ( i . e . ,  boarder, t i t l e  block, rev is io n  blocks, e tc . on th e
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CAD screen , same a s  on d ra ftin g  paper) was av a ilab le  f a r  use in  I-DEAS 

DRAFTING a t  th e  tim e th is  work was done. So, by specify ing  D -sized 

draw ings, no drawing form at had to  be c rea ted , and th e  drawings could 

e a s ily  be p lo tte d , o r dup licated  in  sm aller s iz e s  using  th e  equipment 

a v a ila b le  a t  GEA i f  d esired .

Cnee a  new drawing s iz e  i s  sp ec ified , DRAFTING s e ts  up th e  d isp lay  

screen  w ith  a  "drawing view port" th a t  i s  p ro portional th e  s iz e  o f th e  

d ra ftin g  paper s iz e  th a t  was sp ec ified . The next s te p  th e  u se r must 

complete in  preparing  to  read  IGES f i le s  in to  a  drawing i s  to  setup  

view ports on th e  drawing view port in to  which th e  tra n s fe r  f i l e s ' views 

can be read . .

DRAFTING'S view ports can be m odified cnoe they  a re  e stab lish ed .

But, i t  i s  h e lp fu l i f  they  a re  setup  a s near to  th e  id ea l a s  p o ssib le  up 

f ro n t, to  avoid ad d itio n a l work la te r . Because th e  drawing form at 

req u ire s  a d d itio n a l tim e to  d isp lay  each tim e d iffe re n t views o f th e  

drawing a re  d isp layed , generally  i t  w ill save th e  u se r tim e i f  th e  

drawing form at i s  n o t added to  th e  CAD drawing u n til  one o f th e  la s t  

s te p s  in  c re a tin g  draw ings. But, th is  means th a t  th e  u se r must v isu a l­

iz e  were th e  drawing form at w ill req u ire  space on th e  o v e ra ll drawing 

view port, a s  w ell a s  were th e  u se r w ill need to  p lace  n o tes, e tc . , so 

th a t  no view ports w ill be setup  fo r  th e  geometry and dimensions e tc . in  

th ese  a re a s . An a lte rn a tiv e  to  th is , i s  to  b ring  th e  drawing form at 

in to  th e  drawing, on a  c la ss  by i t s e l f ,  and th en  making th a t  c la ss  

in v is ib le . Or, th e  drawing fo rm at's e n ti t ie s  can be BLANKED.

The view ports a re  setup  w ith th e  VIEWPORT, DEFINE_VIEWPCRT ccmnand. 

T his p romp ts  th e  u se r to  d efin e  th e  v iew 's boarders. This i s  u su ally  

done by p ick ing  diagonal corners  fo r th e  view port using th e  screen
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cu rso r. But, th is  ocmnand a lso  present s  o th er op tions in  th e  sub-menu 

th a t  i s  d isp lay  f a r  use during th e  execution o f th is  command. Once th e  

boarders a re  defined , th is  command prompt s  th e  u se r to  sp ecify  th e  

v iew 's o rig in . Again th is  i s  u su a lly  done by p icking  a  lo ca tio n  on th e  

screen w ith  th e  cu rso r. Once th e  o rig in  i s  e stab lish ed  f a r  a  view port, 

th e  u se r i s  asked fo r  a  "view angle" fo r  th e  view port. This hermmeg a 

lab e l th a t  can be displayed in  th e  corner o f th e  view port. The u se r i s  

provided w ith  th e  follow ing view angles from which to  choose: TOP,

ISCM, LEFT, FRCNT, RIGHT, and BACK. Having made th is  l a s t  se le c tio n , 

th e  execution o f th is  ocmnand i s  term inated. I f  ad d itio n a l view ports 

a re  to  be defined , th is  procedure must be repeated .

A fter th e  geometry view ports have been estab lish ed  on th e  drawing 

view port, th e ir  boarders and o rig in s can be aligned  to  p resen t th e  

geometry in  th e  standard d ra ftin g  s ty le  in  which th e  to p , fron t , and 

s id e  views a re  p ro jec tio n s o f one another. This i s  aoooeplished w ith 

th e  use o f th e  VIEWPORT, ALIGN, MATCH-BCRDER, and ALIGN-CRIGIN ccnmands. 

The MATCH-BQARDER ocnmand allow s th e  u ser to  s e le c t th e  view port whose 

boarders a re  to  be changed, and th e  view port Whose boarders a re  to  be 

matched. The u se r then  sp e c ifie s  whether th e  hoarders a re  to  be matched 

HORIZONTALLY (moving th e  h o rizo n ta l boarders v e r tic a lly ) , o r VERTICALLY 

(moving th e  v e r tic a l boarders h o riz o n ta lly ). The ALIGN-CRIGIN ocmnand 

works in  much th e  same way, a lig n in g  one v iew p ort's o rig in  w ith anoth­

e r 's ,  e ith e r  VERTICALLY o r HORIZONTALLY. But, th is  i s  g en era lly  done 

a f te r  th e  geometry has been read  in to  them, so th a t  i t  can be b e s t 

viewed.
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STCRIHS BBftFHNS PRMffiBS
CRAFTING operates lik e  a l l  o th er I-DEAS Fam ilies. A ll work i s  done 

w ith  a  "cu rren t" (temporary) drawing th a t  e x is ts  only in  comput er  RAM.

I t  i s  n o t saved perm anently in  a  d isk  f i l e  un less th e  u se r ocrnnands i t  

to  be w ritte n  to  a  f i l e .  Thus, th e  u se r should SAVE th e  cu rren t drawing, 

before re tr ie v in g  another drawing, o r before leaving CRAFTING, i f  he 

want to  save th e  cu rre n t drawing.

Once th e  b asic  drawing has been prepared, i t  i s  a  good idea to  save 

th e  drawing a t  th is  p o in t. In  fa c t, i f  sev era l drawings a re  going to  be 

c rea ted  fo r  s im ila r p a r ts  ( e .g ., th e  two p ieces o f th e  new support 

design  fo r  th is  th e s is ) , by saving th e  drawing a t  th is  p o in t, a  generic  

drawing can be setup  th a t  can be saved under two names, one f a r  th e  

sp e c if ic  p a r t th a t  i s  being d e ta ile d , and one fo r  use w ith  o th er p a rts . 

T his can a lso  be done by com pleting one drawing, and saving i t  in  two 

f i l e s ,  and th en  d e le tin g  th e  geometry  f rom one and tra n s fe rrin g  in  

another p a r t 's  geometry. This w ill req u ire  th e  u se r to  c re a te  th e  

drawing form at, n o tes, to le ran c es , sig n a tu re  b locks, e tc . only once, 

saving a  lo t  o f tim e. Drawings a re  saved w ith th e  SAVE ocmnand located  

in  DRAFTING'S MAIN-MENU.

Once drawings have been c reated  in  DRAFTING, they  can be go tten  

from th e  u s e r 's  d isk  f i l e  d ire c to r ie s . When en te rin g  DRAFTING th is  i s  

done w ith  th e  GETVDRAHING-fRGK-FIIE op tion  when asked to  "Enter drawing 

name o r  s e le c t new drawing s iz e :" . I f  th e  u se r wants to  change to  

another drawing from w ith in  DRAFTING, th e  FILE/EXIT m enu's GET-DRAWING 

ocmnand i s  used.
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HERDING TOE transfer F ir r a  twto draft™ :

When th e  u se r has estab lish ed  a  draw ing 's view ports as d esired , th e  

geometry th a t  was w ritte n  c u t from S o lid  Modeling can th en  be read  in to  

DRAFTING. T his i s  done w ith th e  Fim/EXTT, TRCH-GBGMDD ccnmand. When 

th is  ocmnand i s  invoked, th e  u se r i s  asked f a r  th e  S o lid  Modeling 

tra n s fe r  f i l e  which i s  to  be read . Like a l l  DRAFTING ocrnnands which 

req u ire  alphanumeric in p u t, DRAFTING p resen ts a  s e t  o f th e  alphanumeric 

ch arac te rs along w ith RET and ESC in  th e  options menu a re a . T his allow s 

th e  u se r to  use th e  mouse o r ta b le t  to  d riv e  th e  screen  cu rso r to  <DIG> 

th e  ch arac te rs . This i s  f a ir ly  ted io u s. So, th e  u se rs can use th e  

keyboard to  type in  th e  f i l e  name. The f u l l  name, including  th e  

extension  i s  requ ired  (e .g ., FIUS.IGE).

Once th e  f i l e  name i s  en tered , th e  u se r i s  precep ted to  specify  th e  

view ports in to  which each o f th e  views in  th e  tra n s fe r  f i l e  a re  to  be 

p laced . T his can be done by <DIG>ing each o f th e  view ports, in  o rder o f 

th e  S o lid  Modeling view port numbers, to  p lace  th e  geometry in to  th e  

corresponding DRAFTING view ports in to  which th e  gecmetxy i s  to  be 

p laced . The u se r must be c a re fu l to  <DIG> only cnoe in  each view port. 

O therwise sev era l o f th e  S o lid  Modeling views may be p laced  to g eth er in  

th e  same view port. I f  th is  happens, th e  u se r w ill have to  c a l l  up th e  

empty drawing again , o r d e le ted  th e  geometry  in  th e  view ports, and then  

tra n s fe r  th e  geometry in  again.

Once th e  geometry have been tra n s fe rre d  in to  th e  drawing (and th e  

drawing has been SAVEd, i f  i t  i s  acceptable) th e  u se r may need to  a lig n  

th e  o rig in s  o f th e  view ports a re  described prev iously .
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nFTOTT.TIC nawrwBS

A fter a  drawing has been setup  and i t s  geometry has been tra n s ­

fe rre d  in  from S olid  Modeling, CRAFTING's ccnmands to  d e ta il  th e  

drawing. The u se rs can e a s ily  apply DRAFTING'S menu d riven  e n tity  

c re a tin g , dim ensioning, crosshatching , and no te and symbol c rea tio n  

ccnmands to  ocmplete th e  c rea tin g  o f a  d ra ftin g  s ty le  engineering GAD 

drawing. The m ajo rity  o f th is  ccnmands a re  very easy to  use , and a re  

located  by se le c tin g  ccnmand menus from DRAFTING'S MAIN-MENU.

Any ad d itio n a l geometry which th e  u ser must add, o r c re a te  from 

sc ra tch  i f  d esired , can be c reated  by picking one o f th e  follow ing 

c re a te  ccnmand menus: POINTS, LINES, M3RE-LINES, CURVES, FTUET, ARCS,

and CIRCLE.

The u se r must remember to  e s ta b lish  th e  d esired  view port a s  cu rren t 

w ith  th e  WCRK-VTEWPOKT ooumand in  o rder to  c re a te  any e n ti t ie s  in  a 

sp e c ific  view port. I f  th is  i s  no t done, th e  e n ti t ie s  c rea ted  w ill most 

lik e ly  end up in  th e  o v e ra ll drawing view port. T his may appear CK, bu t 

i f  th e  u se r t r i e s  to  MODIFY, CRUNT, o r change th e ir  ATTRIBUTES, 

problems w ill  a r is e . The u se r must a lso  remember to  u t i l iz e  th e  

DEFAULTS ocmnand i f  CLASSES, COLORS and GROUPS a re  to  be used to  

segregate th e  e n ti t ie s  c rea ted .

Very few o f th e  c re a te  oranwrrto req u ire  any d esc rip tio n  do to  th e ir  

s tra ig h t forward operation . But, f i r s t  tim e and in frequen t DRAFTING 

u sers may have d if f ic u lty  lo ca tin g  th e  DRAFTING-LINES ccnmands. These 

a re  found by se le c tin g  MQRE-UNES, follow ed by DRAFTING-LINES. T his 

w ill y ie ld  an op tions menu which allow s th e  u se r to  c re a te : CTRCTE_-
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CENTERS; ONTERJEJNEs; COT-PLANE lin e s , w ith  e ith e r  EVEN- c r  

UNEVEN-5PACXNG; and LONG-BREAK-MARK lin e s .

DRAFTING provides a l l  o f th e  functions th a t  can be accomplish an a 

drawing board w ith  a  d ra ftin g  machine and standard  d ra ftin g  to o ls , lik e  

a  compass, ru le r , tem plates, and an e ra se r.

Die POINTS ocmnand allow s u se rs  to  c re a te  p o in ts  a t  e x p lic it  p o in t 

lo ca tio n s. D iis can be done by specify ing  abso lu te  coord inates (X and 

Y) fa r  th e  p o in ts . CRAFTING a lso  allow s th e  p o in ts  to  be c rea ted  a t  

lo ca tio n s re la tiv e  to  REFerence p o in ts , e ith e r  w ith  increm ental coordi­

n a tes ( i x  and IY ), o r in  p o la r coord inates (LNG and PA).

POINTS a ian  allow s th e  u se r to  c re a te  p o in ts  a t  in p l ic i t  p o in t 

lo ca tio n s. Ihese  include <DIG>ing: a  screen lo ca tio n  (DIG); th e  END

o f an e x is tin g  e n tity ; th e  c e n te r o f a  lin e  o r a rc  (CTR); and e x is tin g  

p o in t (PNT); a  p o in t on an e x is tin g  lin e  o r a rc  (FNT-CN); a t  th e  

in te rse c tio n  o f and e x is tin g  lin e  o r a rc  w ith another lin e  o r a rc  

(3NP-OF); and by in te rp o la tio n  between two e x is tin g  o r im plied p o in ts , 

o r a t  a  d istan ce  along a lin e  o r a rc , from th e  end picked (%OF). Each 

o f th ese  p o in t sp e c ific a tio n  op tions i s  a lso  av a ilab le  when specify ing  

in p l ic i t  p o in ts  fo r  th e  c re a tio n  o f o th er e n tity  types from w ith in  th e  

o th er c re a tio n  commands.

Die general LINES c re a tio n  ccmnand allow  th e  u se r to  c re a te  lin e s  

from one p o in t (e ith e r  e x p lic it  o r im p lic it) to  ano ther. Die ccmnand 

allow s m u ltip le  lin e s  to  be c rea ted  consecutively , each s ta r tin g  a t  th e  

end p o in t o f th e  previous l in e . Die command continues u n til  i t  i s  

term inated  w ith  an <ESO, o r  a  <REIURN> to  th e  MAIN-MENU.

With HGRE-UNES commands, th e  u se r can c re a te  HORIZONTAL, VERTICAL, 

and ANGLED-LINES. Lines can be created  PARallel and FERPendicular to
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o th er lin e s . A lso, lin e s  con be c rea ted  th a t  a re  TANgent to :  two a rc s 

o r  c irc le s  (TAN/TAN); a  p o in t and an a rc  o r c ir c le  (TAN/POINT); an a rc  

o r  c irc le  a t  an angle (TAN/ANGUS); an a rc  o r c ir c le  and perpendicular to  

an e x is tin g  lin e  (TAN/PEKP).

Ih e  CURVES menu provides c re a te  mmmandB th a t  a re  capable o f 

producing: OFFSET-OJRVES; MULTI-LINES; SLOTS; n -sided  polygons in sid e  

an a rc  (FOLXQON-IN-ARC); hex-heads based on th e ir  cen ter p o in t and th e ir  

b o lt head s iz e  (HEX-HEAD-BY-SIZE); hex-heads based on th e ir  c en te r p o in t 

and th e ir  b o lt h ead 's f l a t  leng th  p er sid e  (HEX-HEAD-BY-FEAT); GENERAL- 

f t j.tpsfb ; curves f i t te d  smoothly through any number o f u se r se lec ted  

p o in ts  (B-SPUNE-CURVE); n -sided  polygons based on th e ir  cen te r p o in t 

and th e  number o f s id es (GENERAL-POLYGCN); BOXES-BY-WIDIH/HOT; and 

rec tan g les based on two diagonal com er p o in ts  (BCKES-BY-TWD-FOIMrs).

The SLOT ccnmand can be used to  c re a te  s lo ts  o f sp e c ified  leng th , w idth, 

and placed a t  a  sp ec ified  angle. Ih e  re su ltin g  s lo ts  w ill have p a ra lle l 

s id e s  w ith  sem icirc les a t  th e  ends ( th e ir  diam eter being th e  s lo ts ' 

w id th ).

The ARCS and CERCTE ocmwnds provide sev era l op tions when c rea tin g  

th ese  e n ti t ie s . They can be based on rad iu s o r diam eter dim ensions, 

depending on whether th e  RADIUS o r DIAMETER ccnmand has been sp ec ified  

(vhich a ffe c ts  a l l  subsequent c re a te  ccnmands). The RADIUS and DIAMETER 

ccnmands a lso  allow  th e  u se r to  e n te r th e  dimension d ire c tly ; o r, to  

s e le c t an e x is tin g  a r c 's  dimension (EXISTING-RAD(DIA)) , to  add to  add to  

an e x is tin g  a r c 's  dimension (RAD(DIA)-PUUS-INC). Arcs and c irc le s  can 

be based on cen ter (CTR) p o in ts , o r through th re e  p o in ts  (TNT). ARCS 

can be crea ted  in  e ith e r  clockwise (OK) o r counterclockw ise (OCEH) 

d ire c tio n s , depending on: p icking e ith e r  CUW o r CCLJW; th e  cen te r p o in t
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se lec te d ; o r th e  sig n  o f th e  angle sp ec ified  (which a ffe c ts  a l l  subse­

quent c re a te  commands). The c racm  ocrnnands allow  th e  u se r to  c re a te  

c ir c le s  th a t  a re  tangen t to  another e x is tin g  e n tity . M ultip le c irc le s  

can be c rea ted  co n cen trica lly  around a  s in g le  cen ter p o in t w ith  d if fe r ­

e n t edge p o in ts  (CENTER/FOINFS(S)); o r w ith  th e  same edge p o in t (from 

th e  f i r s t  c ir c le  created) around d iffe re n t cen ter p o in ts  (CEMFER(S) / -  

POINT). S im ilar commands can be used to  using RADII o r DIAMETERS in  

p lace  o f th e  edge p o in ts . C irc les can a lso  be ]NSCKIBEI>-IN-THREEr-LINES.

Most c re a te  ocrnnancta can be used repeated ly  a f te r  th e  execution of 

th e ir  operation  i s  conplete, w ithout th e  need fo r executing th e  ccnmand 

again . T his i s  done by en terin g  a  <RE3URN> when a  commands operation  i s  

fin ish ed . I f  th e  u ser wants to  term inate a  coranand, an <ESG> should be 

en tered . T his w ill re tu rn  th e  u se r to  th a t c re a te  oomnand's menu. To 

re tu rn  to  th e  main menu, th e  u ser must s e le c t MAIN-MENU.

ANNCTA11NS DRAWINGS

DRAFTING has th re e  separa te  menus th a t a re  accessed from th e  

MAIN-MENU f a r  th e  annotation  o f drawings. These a re : DIMENSION, NOTE,

and CROSSHATCH. The DIMENSION menu con tains oomnands th a t  allow  th e  

u se r to  p lace  dimension on a draw ing's geometry using standard  d ra ftin g  

p ra c tic e s . DRAFTING provides a  dynamic dimensioning system (which can 

be tu rned  o ff  i f  d esired  w ith th e  DYNAMIC-CN/OFF ccmnand). T his allow s 

th e  u se r to  <DIG> geom etric lo ca tio n s between which dimension a re  

d esired , and th e  lo ca tio n  in  which th e  dimension should be p laced . Then 

th e  program w ill d isp lay  th e  re su ltin g  dimension. U n til th e  u se r e n te rs  

an <ESO o r <RETURN> i s  en tered , th e  lo ca tio n  o f th e  dim ension, and i t s  

param eters can be changed simply by <DIG>ing th e  new dimension lo ca tio n ,
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and se le c tin g  occmands from th e  a c tiv e  options menu. Dimensions a re  

c rea ted  and sto red  a s  s in g le  e n ti t ie s  w ith m u ltip le  param eters assoc i­

a ted  w ith  each. In  ad d itio n  to  allow ing dimensions to  be m odified 

dynam ically w hile they  a re  being crea ted , th is  a lso  allow s them to  be 

changed a t  any tim e, w ith  th is  same lev e l o f f le x ib il i ty . This i s  dene 

w ith  th e  EDIT-DIMENSICN ccmnand.

CRAFTING provides DIMENSION oomnands f a r  th e  c re a tio n  o f ANGULAR, 

RADIAL, and DIAMETRICAL dimensions. I t  a lso  allow s lin e a r  dimensions to  

be c rea ted  h o rizo n ta lly  (HQRrllNEAR), v e rtic a lly  (VER-UNEAR), and 

between two p o in ts  a t  any angle, displayed w ith th e ir  dimension lin e s  

shown p a ra lle l to  th e  lin e  between th e  p o in ts  (FAR-LINEAR). L inear 

dim ensions can be c rea ted  by con tinually  se le c tin g  p a irs  o f p o in ts  

(e x p lic it o r in p l ic i t ) , between which dimensions a re  to  be p laced . This 

i s  th e  case when th e  STANDARD ccnmand i s  in  e f fe c t (d e fa u lt) . The u ser 

can s e le c t one p o in t to  a c t a s a  datum, and then  a l l  o th er p o in ts th a t 

a re  to  dimensioned from th is  p o in t. This i s  th e  case  when th e  DAHM 

ocmnand has been app lied . F in a lly , when CHAINED has been used, a f te r  

one dimension i s  se t-u p  i t s  end p o in t becomes th e  s t a r t  p o in t th e  next 

dimension.

In  ad d itio n  to  providing ocmwinds fo r th e  c rea tio n  o f  dim ensions, 

th e  DIMENSION menu a lso  provides oomnands used to  c rea ted , LABELS, 

BALLOONS, and FEATUREJXKIRQL-SYMBOLS. IABF1S can be c rea ted  w ith  any 

d esired  te x t, w ith a  lead er and arrow po in ting  to  any lo ca tio n  on a  

drawing. I f  dynamic dimensioning i s  on, la b e ls  can be moved and 

m odified ju s t  lik e  any dimension. BAUDGNS a re  s im ila r to  LABELS, 

except th e ir  te x t  i s  surrounded by a  c irc le , and th e ir  leads do no t 

include arrow heads. I-DEAS CRAFTING provides th re e  FEATORE-OJN1MJL-
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SYMBOLS subm enus, which a re : GBCMEHRK>ODMBANCES, DAHW-TARGETS, and

SURFACE-ETNISH-MARKS. Each o f th ese  up subm enus con tain  fnmanrfa th a t 

can be used to  p lace  a la rg e  number o f predefined symbols a t  any desired  

lo ca tio n s w ith in  th e  WORK-VIEWPCRT.

lh e  NOTE command allow s DRAFTING'S u se rs to  e a s ily  n o tes, and

t i t l e s ,  and general te x t  anywhere d esired  in  th e  a c tiv e  WCRK-VIEWPCRT. 

The NOTES ccnmand provides an op tions menu which allow  th e  u se r to  

con tro l th e  HEIGHT, SUNT, ju s tif ic a tio n  (JUSTIFY), WEETH-RATIO, 

DCWNSPAONG, and TEXT-ANGLE fa r  each no te c rea ted . Once one lin e  o f a 

no te i s  e n te r to  th e  u se r s a tis fa c tio n  and th e  <REXURN> key i s  de­

p ressed , th e  program w ill p lace  th e  note a t  th a t lo ca tio n . I t  w ill 

then  drop th e  reference  lo ca tio n  down by th e  value o f th e  DOHN-SPAdNG 

param eter, and prompt th e  u se r fo r  input o f th e  n o te 's  nex t lin e  o f 

te x t. T his process o f d efin ing , p lac ing , and then  en te rin g  <RETURN> to  

add ad d itio n a l lin e s  w ill continue u n til  th e  u se r issu es an <ESO.

The CROSSHATCH command can be used to  crosshatch any a reas on a  

drawing which a re  bounded ocnpletely  by closed  loops o f curves. These 

a reas can include "holes" which a re  n o t to  be crosshatched. DRAFTING 

provides standard  crosshatch  p a tte rn s  fa r : IRON, STEEL, LEAD, MlfUNLH,

GIASS/SLATE, EUBHER/PIASITC, and BRASS/COPPER. The u se r can a lso  c rea te  

USER-DEFINED GTosshatching p a tte rn s , including  th e ir  ang le, fo n t, co lo r 

spacing, and o f f s e t. The standard p a tte rn s  can a lso  be e a s ily  used w ith 

a  REVERSE crosshatching angle, o r u se r defined  DISTANCE between i t s  

rep ea t p a tte rn s , once th e  u se r has id e n tifie d  th e  p a tte rn  th a t i s  

d esired , an <ESO i s  en tered , and DRAFTING w ill prompt th e  u se r to  

s e le c t th e  e n ti t ie s  f a r  th e  o u ter boundary and o p tio n a l in te r io r  h o les. 

The th e  boundaries have been id e n tifie d , a  <EEIURN> w ill cause th e
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program to  crosshatch a rea  defined . I f  th e  re s u lts  a re  unacceptable, 

th e  u se r can use th e  UNDO conmand to  e rase  th e  crosshabching, and then  

red e fin e  th e  p a tte rn  and t r y  again . Note th a t crosshabching works 

pouring p a in t in to  a  con ta in er, i f  th e re  a re  any breaks in  th e  con tainer 

(boundaries), th e  p a in t (crosshatching) w ill s p i l l  out! T his can re s u lt  

in  th e  e n tire  WORK-VEENFGRT being crosshatched. Remember UNDO i f  th is  

occurs.

CKEMTMS AND USEMB SYMBOTS

Symbols a re  c o llec tio n s o f geometry and/or te x t which a re  s ta red  

to g e th e r. They can be used repeated ly  in  th e  drawing in  which they  a re  

c rea ted , and they  can be w ritte n  ou t to  ex te rn al f i le s  f a r  use in  o ther 

draw ings. DRAFTING'S symbol c a p a b ilitie s  a re  accessed w ith th e  SYMBOL 

command. I t  p resen ts a  menu th a t  allow s th e  u se r to : CREATE-SYMBOLs;

CREATE-INSTANCEs o f th e  symbols crea ted ; change-all-instanoes o f a  

symbol; STORE, RETRIEVE, and LIST symbols; and to  "SMASH" symbols.

The CREATE-SYMBOL command asks th e  u se r to  sp ecify  an alphanumeric 

name f a r  th e  symbol. I t  then  proapts th e  u ser to  s e le c t th e  e n ti t ie s  

th a t  a re  to  be included in  th e  symbol. When th e  la s t  e n tity  has been 

picked, <REEURN> i s  en tered  to  term inate th e  se le c tio n  process. Then 

th e  program asks th e  u se r to  sp ecify  th e  lo ca tio n  which i s  to  be uses as 

th e  sym bol's o rig in . Once a  symbol i s  c rea ted , i t  can only be se lec ted  

by i t s  o rig in . T herefore, a  permanent p o in t o r fe a tu re  o f th e  symbol 

should be sp ec ified  a s th e  sym bol's o rig in , th e  e n ti t ie s  se lec ted  in  

th e  c re a tio n  o f a  symbol does no t beonme an in stance o f th e  symbol. I f  

th e  u se r wants to  convert i t  to  a  symbol, i t  can be d e le ted , and then  

th e  symbol can be instanced  a t  th e  same lo ca tio n .
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Onoe symbols have been c reated  o r REQUEVM in to  a  drawing f i l e ,  

they  can be placed a t  any lo ca tio n  in  th e  work-'viewpart desired  through 

th e  use o f th e  CREA1E-INSIANCE command. The u se r can use th e  commands 

presented  in  th is  command's options menu to  s e t  an angle and sc a le  fo r 

th e  in stan ces o f th e  symbol, and to  m irror th e  symbol acro ss i t s  x o r Y 
a x is  (which i s  done before any sca lin g  and ro ta tio n ) . Once th ese  

op tions have be s e t  a s  d esired , th e  u se r has two op tions fo r  p lacing  th e  

symbol th a t i s  sp ec ified  fo r  in stancing . With th e  CRIGINS(S) ocnmand 

th e  u se r can sp ecify  screen loca tio ns fo r  th e  in stan ces consecutively , 

by continuing to  sp ecify  instance o rig in  loca tion s w ithout en te rin g  a 

<REIUFN>. Once a  <REIUFN> i s  en tered , th e  in stances o f th e  symbol w ill 

be c rea ted , p lac ing  th e  sym bol's o rig in  a t  th e  in stance  o rig in s  speci­

f ie d . I f  th e  u se r e n te rs  an <ESO before a  <RETORN>, th e  command's 

operation  i s  aborted w ithout c rea tin g  any in stan ces. The o th er option 

CRAFTING p resen ts fo r  th e  placement o f symbols ( i f  supported by th e  

term inal being used) i s  to  DRAG-TO-CRIGIN. This allow s th e  u se r to  move 

a  copy o f th e  symbol around th e  drawing dynam ically w ith  th e  mouse o r 

ta b le t . Once th e  symbol i s  located  a s  d esired , <REIUFN> w ill cause an 

in stan ce  to  be c rea ted  a t  th a t lo ca tio n , and <ESO w ill ab o rt th e  

command's operation .

The CHANGB-AIIr-INSTANCES command can be used to  change th e  e n ti t ie s  

th a t oonprise a  symbol, and then  rep lace  a l l  cu rren t in stances o f th e  

o ld  version  o f th e  in stance w ith th e  new version . O ther than  th e  fa c ts  

th a t  th is  command req u ire s th e  user to  specify  th e  name o f an e x is tin g  

symbol, and th a t  i t  rep laces e x is tin g  symbol in stan ces, th is  ocnmand 

operates ju s t  lik e  th e  CREATE-SVMBQL command described  above.
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The STCRE ocunand i s  used to  s to re  symbols e x te rn a lly  from th e  

a c tiv e  drawing f i l e .  The RETRIEVE ocnmand i s  used to  b ring  symbols in to  

th e  a c tiv e  drawing f i l e  which have been crea ted  and s ta re d  when they  

were crea ted  in  o ther drawing f i le s .  The D -sized drawing form at 

(FCEMftT-D.), th a t  was used f a r  th is  th e s is  i s  a  good example o f a  symbol 

th a t  has been crea ted  and s to red  f a r  use in  o th er drawing f i l e s .

O ther examples o f ocnmonly used symbols th a t  th e  u se r m ight want to  

c re a te  and s ta re  a re : " c r itic a l- to -q u a lity "  symbols; e le c tr ic a l

schem atic symbols, flow c h a rt co n tro l symbols, ladder lo g ic  symbols, 

e tc . Seme o f th e  mechanical engineering drawing type symbols have been 

provided by I-DEAS in  th e  DIMENSION, FEA1URE-OONIROL-SYMBOLS menu.

The SYMBOLS, SMASH ocnmand can be used to  convert symbol instances 

back in to  ind iv idual e n ti t ie s  f a r  use a s  p o in ts , lin e s , curves, e tc .

adding THE PRAHIMS FORMAT TP DRAWINGS

A D -sized drawing form at had be c rea ted  be GEA's CAD departm ent f a r  

use in  I-DEAS DRAFTING a s  a  symbol. I t  co n ta in s th e  GEA drawing form at 

used to  add a  t i t l e ,  drawing number, s ig n a tu res, rev is io n  marks, e tc . to  

drawing created  a t  GEA. To use th is  form at f a r  th is  th e s is , th e  symbol 

f i l e ,  named "PCRMAT-D." was copied in to  th e  d isk  d ire c to ry  in  which th e  

DRAFTING drawings were being c rea ted  f a r  th is  th e s is . Then th e  symbol 

was RETRIEVEd in to  each o f th e  draw ings' f i l e ,  and then  i t  was instanced 

in to  th e  main drawing view port w ith  th e  CREATE-INSTANCE ocnmand. The 

fig u re s , appearing la te r  in  th is  chap ter, d isp lay in g  th e  drawings 

c rea ted  f a r  th is  th e s is  show th e  in c lu sio n  o f th is  drawing form at.
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TTOWSFER rms
Geanetry i s  tra n s fe rre d  to  Calma (a r any o th er ex te rn a l CAD system) 

by w ritin g  o u t IGES form atted f i le s .  I-DEAS provides th re e  types o f 

IGES f i l e s  fra n  which to  choose. The f i r s t  i s  a  standard  IGES f i l e  

(IGES). The o th er two have been defined sp e c if ic a lly  f a r  use by: Calma 

DEM Rev. 3 .1 .1  o r h igher o r, OCMPUTER VISION.

WRITING c o t t r a m s f t o  f t t j s  t o r  t c t . t t j c a t m a

The tra n s fe r  f i le s  a re  w ritte n  up using th e  ocnrnands in  Solid  

M odeling's MANAGE, WRITE menu, which can be assessed  by typing:

/MA W <REIURN>.

Once th e  WRITE menu has been accessed, th e  CAIMA_IGES ocnmand i s  

se lec te d  (C).

There a re  fo u r types o f f i le s  th a t  can be w ritte n  ou t f a r  use by 

Calma DEM. FACET_EDGES can be w ritte n  ou t re su ltin g  in  a f i l e  contain­

ing  lin e s  th a t  lay  on th e  cu rren t o b je c t's  fa c e ts , and no curves o r 

su rfaces a re  w ritte n . V£EN_DEPENDENT f i le s  can be w ritte n  which w ill 

r e s u l t  in  tra n s fe rrin g  th e  view dependent geanetry  th a t  a re  v is ib le  

based on th e  cu rren t view and su rface  boundary d isp lay  param eters. The 

geometry w ritte n  ou t w ill look lik e  a  SUREACE_BCXJNDARY_DISPIAY o f th e  

curre n t a b je c t (see Chapter V II). The WRITE, GAIMAJIGES ocnmand w ill 

a lso  allow  th e  u se r to  s e le c t and w rite  ou t IGES form atted f i le s  o f any 

PROFITJE sta re d  in  th e  cu rren t model f i l e .  The f i l e  type th a t  i s  d esired  

fo r  tra n s fe rr in g  complete so lid  models geometry i s  named CURVES_AND/OR_- 

SURFACEs.
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The CURVES_AND/QR_SURFAGEs f i l e  type allow s th e  u ser to  w rite  ou t 

th e  3D curves from th e  in te rse c tio n s  o f th e  curren t  o b je c t's  p rec ise  

su rfaces, and /or i t s  su rfaces them selves. I f  Calma DCM i s  going to  be 

used to  c re a te  calm a so lid  models, th e  su rfaces m ight be used. This has 

never been attem pted by th e  au tho r. But, i f  th e  geometry i s  being 

tra n s fe rre d  fo r  use in  producing production engineering drawings only, 

th e  su rfaces w ill no t be used, and may a c tu a lly  cause problems fo r  th e  

CAD D esigner. T herefore, when I-DEAS so lid  models a re  being tra n sfe rre d  

to  GEA's CAD Department, only curves should be tra n s fe rre d .

The sp e c ific a tic n  o f th e  d esired  e n ti t ie s  f a r  output a re  s e t  w ith 

th e  use o f th e  SET_IGES_PARAMEITRS (P) ocnmand. T his allow s th e  u se r to  

s e t  th e  OOTFOTjGEEMETFY to : CURVES, SURFACES, o r BOTH_CURVES_AND_-

SURFACEs. The u se r must a lso  specify  th e  d esired  UNITS, which can be 

e ith e r  INCHES o r MnUMETERS. The f in a l IGES param eter th a t  must be s e t 

i s  th e  CURVEJERRCRJFACTQR. T his fa c to r can be s e t to  any in teg er 

between 0 and 10, w ith  th e  d e fa u lt being 5. Before issu in g  th e  EXECUTE 

ocnmand, th e  u se r can use th e  STAtus ocnmand to  be su re  th a t  th ese  

param eters have be s e t  to  th e  d esired  values.

Once th e  u se r has issued  an EXECUTE command to  w rite  c u t an IGES 

tra n s fe r  f i l e ,  I-DEAS w ill prompt  th e  u se r fo r  inpu t o f te x t  fo r  th e  

s t a r t  sec tio n  o f th e  f i l e ,  i f  d esired . Then th e  u se r i s  asked fo r th e  

IGES f i l e  name (e .g ., CIRIM.IGE) th a t  i s  to  be used. I f  no f i l e  e x is ts  

w ith th e  name sp e c ified , th e  u se r w ill be asked i f  i t  i s  GK to  w rite  a 

new f i l e .  I f  a  f i l e  already  e x is ts  w ith th e  name sp e c ified , th e  u se r 

w ill  be asked i f  i t  i s  GK to  overw rite th a t f i l e .
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I-DEAS PREPROCESSING OPERATIONS

I-DEAS FINITE TCTHMFWr ANM.VSTS

Die I-DEAS Engineering A nalysis Family con tains commands which can 

be used to  b u ild  and preform  analyses on f in i te  elem ent, p la s tic s  mold 

f i l l in g  and cooling , and frame models. Far th is  th e s is  n e ith e r th e  

p la s tic  molding car th e  frame a n a ly sis  Modules were used, and they  w ill 

n o t be d iscussed any fu rth e r. But, th e  f in i te  elem ent P re /P o st Process­

ing Module was used ex tensively  f a r  b u ild ing  FEA models o f th e  new and 

o ld  supports based on th e  so lid  models produced o f them in  I-DEAS Solid  

Modeling, O bject Modeling Module. A lso, th e  P re/P ost P rocessing Module 

was used f a r  d isp lay  o f th e  model so lu tio n s which were run  w ith  ANSYS 

programs.

TYPE OF FEA MJDELS AND ANALYSES TO BE OCNSTKLKTED AND PEKPCBMED

Before th e  f in i te  elem ent models a re  constr ucted , i t  i s  necessary 

to  decide what type o f FEA models and what type o f f in i te  elem ents a re  

be b e s t su ited  f a r  th e  analyses th a t  a re  to  be perf ormed.

244
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ANSYS i s  capable o f perform ing: THERMAL, STATIC, LINEAR BUCKLING,

MODE-FREQUENCY, FULL HAE9GNIC RESPONSE, NONLINEAR TRANSIENT DYNAMIC,

REDUCED LINEAR TRANSIENT DYNAMIC, REDUCED HARMONIC RESPONSE, and

SUBSTRUCTURE GENERATION o r STRESS PASS analyses. The sp e c ific a tio n  o f

th e  an a ly sis type i s  done in  ANSYS w ith  th e  "KAN11 ocnmand.

The ANSYS f in i te  elem ent softw are con tains an ex tensive f in i te

elem ent lib ra ry  from which th e  elem ent ty p e(s) could be chosen. These

include POINT o r m atrix , LINEAR o r lin e , AREA, and VOLUME elem ents,
£

which a re  e ith e r  2D o r 3D elem ents. The ANSYS Engineering A nalysis 
18

U ser's  MfwwmI l i s t s  th e  elem ents th a t  a re  a v a ila b le , and th e  in p u t 

and output d a ta , theory , assunptions asso c ia ted  w ith  each. The sp e c if i­

ca tio n  o f th e  ANSYS elem ent type (which i s  done w ith i t s  "ET" conmand) 

i s  d iscussed  in  Appendix X III. In  I-DEAS th e  d e fa u lt elem ent type i s  

setup  by specify ing  th e  fam ily, o rd er, and topology f a r  th e  elem ent type 

d esired . Once th e  d e fa u lt elem ent type i s  sp e c ified , a l l  subsequent 

elem ents c reated  a re  o f th is  ty p e.

MESH AREAS ANn mebh vnriWRS

Mesh areas a re  bounded p lanner a reas in  3D space which th e  I-DEAS 

program can autom atically  mesh, by d iv id ing  them up and c rea tin g  f in i te  

elem ents on them. Hhen models a re  c rea ted  w ith  VOLUME elem ents, ra th e r  

th an  AREA elem ents, MESHVOLUMES a re  req u ired . Mesh a reas (and mesh 

volumes) can be c rea ted  d ire c tly . But, in  o rd er to  tak e  f u l l  advantage 

o f a  cannon  database throughout th is  "Mechanical Gonputer Aided 

A nalysis", I-DEAS allow s th e  geometry c rea ted  in  O bject Modeling to  be

ltT  G abriel J  DeSalvo, Ph.D ., Robert W. Gorman, ANSYS Engineering
Analysis SygUffl War'g Manual, Swanson A nalysis Systems, m e., Houston, 
Pennsylvania, 1987, Appendix c .
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used in  Engineering A nalysis. I t  allow s mesh areas to  be constructed  

through th e  se le c tio n  o f cloeed-loops o f geometri c  curves.

TWo types o f mesh areas a re  av a ilab le  w ith in  I-DEAS P re/P ost 

Processing f a r  use in  autom atic mesh generation . Die f i r s t  a re  c a lle d  

FREEJHESH a reas . They req u ire  a  la rg e  amount o f computer computation 

during  autom atic meshing. But, fre e  mesh generation  autom atically  

determ ines th e  tra n s itio n s  between th e  elem ents c reated  in  ad jo in ing  

mesh a reas, and can c re a te  irre g u la r mesh p a tte rn s . I t  req u ire s l i t t l e  

segmenting o f models fo r  autom atic meshing. But, care  must be taken in  

p lanning th e  mesh a reas to  prevent th e  c rea tio n  o f overly  d is to rte d  

elem ents, which can lead  to  e rro rs  in  th e  FEA so lu tio n s .

The second mesh a rea  type i s  c a lle d  ,IMAPPED_MESH11. Mapped mesh 

generation  req u ire s le s s  om puter confu tation  during autom atic mesh 

generation  than  fre e  mesh generation . I t  can no t produce irre g u la r mesh 

p a tte rn s ; and i t  req u ire s manual c rea tio n  o f tra n s itio n s  between mesh 

a reas . I t  a lso  req u ire s considerable segm entation o f th e  models.

Since mesh a reas a re  constructed  through th e  se le c tio n  o f cloeed- 

loops o f geom etric curves, i t  was necessary to  define  th e  geometry from 

which th ese  curves were se lec te d . The geometry o f th e  I-DEAS so lid  

models a re  o ften  to o  complex fo r  d ire c t use in  th e  con struction  o f FEA 

models. SERC a n tic ip a te d  th ese  types o f problems, and th e re fo re , I-DEAS 

u ses working s e ts , ra th e r  than  so lid  models, fo r  th e  geometry used to  

a id  th e  u se r in  co nstru cting  mesh a reas and volumes, used to  autom ati­

c a lly  mesh FEA models. I t  a lso  allow s working s e ts  to  be shared by 

S o lid  Modeling, System Assembly, and Engineering A nalysis.
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Hacking s e ts  can be crea ted  in  I-DEAS Solid  Modeling Family f a r  use 

in  Engineering A nalysis. But, they  can a lso  be c rea ted  and m odified 

w ith in  Engineering A nalysis. Engineering A nalysis' conuands a re  capable 

o f c re a tin g  new working s e ts  based on th e  edges and v e rtex  p o in ts  o f 

ccnp lete  so lid  models, o r cn th e ir  su rfaces.

The f i r s t  s te p  used in  th e  construction  o f working s e ts  from 

e x is tin g  so lid  models i s  th e  c rea tio n  o f th e  geometri c  framework fo r th e  

s e ts . Par th is  th e s is , th is  was done by using  MANAGE_FE_MODEX£, CREATE 

coranand to  name th e  b asic  FEA models, and th e  working s e ts  th a t  were 

c rea ted  f a r  each. Then th e  CREATEJWIRE, ERCMjOBJEJCT, GETjOBJECT ccmnand 

was used to  have I-DEAS c re a te  a  working s e t  from th e  so lid  models th a t 

were c rea ted  o f th e  e n tire  supports (see Chapter V).

Once i n i t i a l  working s e ts  a re  c rea ted , th e  CREATE_WERE, POINT, 

POSITION, BETWEEN VISIBLE coranand was used to  c re a te  p o in ts , to  c re a te  

end p o in ts  f a r  th e  mesh a reas needed f a r  autom atic meshing. In  th is  

p rocess a l l  unnecessary geometry from th e  so lid  modes ( e .g ., f a r  th is  

th e s is , th e  tin e s  used to  crimp th e  supports to  th e  h eatin g  c o ils )  can 

be elim inated .

A fter end p o in ts  have been created , lin e s  can be c rea ted  connecting 

them. These lin e s  were even tually  se lec ted  when th e  boundaries o f th e  

mesh area  were c rea ted . They were constructed  w ith th e  CREATEJWIRE, 

LINE, POINT_Tp_POINr comnand. A fter th e  lin e s  a re  c rea ted  fo r th e  

boundaries o f th e  mesh a reas (o r volumes), any unneeded geometry can be 

d e le ted  from th e  working s e ts .
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PHYSICAL AND MATERIAL PRDFEglTO TOHTBS

Before th e  mesh a reas and f in i te  elem ents can be c rea ted , MATerial 

and F hysical p ro p e rtie s  ta b le s  needed to  be constructed . T his involved 

th e  sp e c ific a tio n  o f th e  d esired  p ro p ertie s  fa r  m ate ria ls  being modeled.

I-DEAS provides a  ocnmand c a lle d  nANALYSISJPR0(3RAM_MASKn. This 

oomnand can be used to  specify  th e  an a ly sis program which w ill  be used 

to  so lve th e  FEA models. Once th is  i s  done, I-DEAS w ill only make 

a v a ila b le  those m ateria l and physical p ro p erties used by th e  sp ec ified  

a n a ly sis  program. I t  allow s th e  u se r to  s e le c t from: NEUTRAL; MX>EL_- 

SQIN/QPnM (I-DEAS); FRAME (I-DEAS); NASTRAN_(MSC); ANSYS_SASI; and 

SUPERB. ANSYS_SASI was se lec ted  f a r  th is  th e s is ; and then  th e  m ateria l 

pro p e rtie s  ta b le s  were created .

A fter th e  m ateria ls ta b le s  were c rea ted , physical p ro p e rtie s  ta b le s  

needed to  be c reated  to  describe  physical p ro p e rtie s ( e .g ., th ickness) 

th e  elem ents being used in  th e  FEA models. For th e  s h e ll elem ents th a t 

were applied  in  th is  th e s is , th e  only physical p roperty  th a t  th e  

elem ents requ ired  was th e ir  th ickness.

CREATION OF MESH AREAS

Once th e  m ateria l p ro p e rtie s were defined , mesh a reas can be 

constructed . I-DEAS Engineering A nalysis provides nrmmtvta requ ired  fa r  

th e  c re a tio n , o rie n ta tio n , m odification, and management o f mesh a reas 

and mesh volumes. I t  a lso  contain  th e  oamwmds f a r  th e  autom atic 

meshing o f th e  mesh a reas and volumes, and f a r  th e  d ire c t c re a tio n , 

o rie n ta tio n , m odification, and management o f th e  a c tiv e  FEA models nodes 

and elem ents.
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In  o rder f a r  th e  mesh a reas o r volumes to  be v is ib le  on th e  

screen , th e  MESH_SWS, MESH_AREA_SW and/or MESH_VDILMES_SW sw itch (s) must 

be tu rned  ON. A lso, vften i t  was d e sirab le , th e  mesh area  (and volumes) 

la b e ls  can be d isp layed w ith  th e  IABELS, MESH_SWS, ON ocnmand.

Before c re a tin g  mesh a re a s , th e  follow ing op tions can be se lec ted  

o r confirm ed a s  th e  d esired  d e fa u lt values. The SURFACING ocnmand i s  

used to  confirm  th a t  th e  d e fa u lt value o f AI7TCMATTCAII£_A!nACHED 

su rfaces i s  s e t . T his caused I-DEAS to  au tom atically  c re a te  and a tta c h  

a  su rface  to  each mesh area  a s  they  were c rea ted . The COLOR ocnmand i s  

used to  change co lo rs f a r  each s e t  o f mesh a reas th a t  a re  crea ted . 

F in a lly , th e  TKP!E_OF_MESH_AREA ocnmand i s  used to  sp ecify  which mesh 

a reas type i s  d esired .

Once th e  d e fa u lts  a re  s e t , mesh a reas can be c rea ted  through th e  

manual g raph ics cu rso r p ick ing  o f th e  curves needed to  c re a te  each mesh 

a re a , w ith  th e  MESH_AREA, CREATE ocnmand. The c re a te  ocnmand req u ires 

th e  in p u t o f th e  mesh area  s t a r t  la b e l (applying th e  d e fa u lt o f 1 fo r 

th e  f i r s t  mesh a re a ) , and th e  lab e l increm ent (which was l e f t  a s th e  

d e fa u lt o f 1 ). Next i t  c a l ls  f a r  th e  confirm ation o f th e  elem ent type 

which i s  to  be used f a r  a l l  subsequent mesh a reas c rea ted . A fter th e  

elem ent type i s  sp e c ified , th e  CREATE ocnmand asks f a r  th e  se lec tio n  o f 

th e  P hysical P roperty  T able. This i s  follow ed by th e  confirm ation o f 

th e  m ate ria l type (d e fau lt i s  ISOTROPIC). F in a lly , th e  M aterial 

P roperty Tables req u ired . A fter a l l  o f th ese  sp e c ific a tio n s  a re  made, 

th e  CREATE ocnmand asks fo r  th e  se le c tio n  o f s e ts  o f th re e  to  one 

hundred curves th a t  fanned a  continuous loop around each mesh a re a . The 

curves were g en era lly  se lec ted  by using  th e  screen cu rso r to  p ick  th e  

VISIBLE curves. I-DEAS h ig h lig h ts  each o f th ese  curves a s they  were
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picked. But, in  th e  case o f re la tiv e ly  sn a il lin e s  and th e  a rc s  a t  th e  

su p p o rts ' bends, th e  SCKEEN_AKEA, DIAGCNAL_POHfTS screen  se le c tio n  

method can be used. When th is  was done, I-DEAS d id  n o t h ig h lig h t those 

curve. I f  a  curve was se lec ted  which does no t share a  cannon end p o in t 

w ith  th e  p rev iously  se lec ted  curve, I-DEAS no tes th e  e rro r and asks fa r  

a  new se le c tio n . I f  a  p ick  a s  ambiguous, due to  curves which a re  laying 

on ta p  o f each o th e r, I-DEAS p resen ts a  d irec to ry  o f th e ir  la b e ls , and 

one can then  be se lec ted . Once th e  la s t  curve in  th e  loop around a  mesh 

a rea  i s  picked, D (Done) i s  keyed in . This may causes th e  program to  

s ta te  th a t  no cannon su rface was found re la te d  to  a l l  o f th e  se lec ted  

curves (because no a reas ex isted  in  th e  m odels), and i t  asks i f  one i s  

to  be picked. Once NO i s  se lec ted , a  surface and th e  mesh area  a re  

c rea ted . The CREATE ocnmand then  proceeds w ith th e  promp ts  needed to  

c re a te  ad d itio n a l mesh a reas, u n t il  Dane (D) i s  typed, a r  a  <REIURN> i s  

en tered  w ithout a  cu rso r p ick .

FEA HttELS

Once mesh a reas have been c reated  I-DEAS autom atic mesh generator 

can be used to  c re a te  th e  nodes and elem ents on them. In  o rder to  

c re a te  sev era l models ( i . e . ,  sev era l mesh s iz e s  f a r  each) from th e  same 

mesh a reas, tem porary models can be copied in to  o th er models using th e  

ccnmands located  in  th e  MANAGE menu.

DigrmsmsHms models'  ptbtrr wrm  colors
In  o rder to  be ab le  to  d is tin g u ish  th e  nodes and elem ents asso c i­

a ted  w ith each p iece  o f an FEA model, d if fe re n t co lo rs can be used fo r 

each p iece . This i s  accomplished by se ttin g  th e  d e fa u lt co lo rs fo r  th e
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nodes and elem ents, and then  meshing one p iece a t  a  tim e. T his scheme 

d o e sn 't always work ex ac tly  as i t  should have. I t  i s  n o t known why.

But, i s  some cases th e  d e fa u lt co lo rs a re  only app lied  a t  th e  boundaries 

o f th e  mesh a re a s . When th is  occurs, th e  co lo rs can be m odified a f te r  

th e  nodes and elem ents a re  c rea ted . The e n ti t ie s  th a t  requ ired  m odifi­

ca tio n  can be sp ec ified  by th e  mesh a reas they  were re la te d  to . I f  th e  

mesh a reas fa r  each p iece a re  c rea ted  w ith  d iffe re n t co lo rs , th e  

a re a s ' co lo rs can be used to  specify  which mesh a reas were d esired .

SPECIFYING MESH SIZES

In  o rder to  use th e  autom atic mesh generato r, th e  MESH_SIZE needs 

to  be sp e c ified . This determ ines th e  nominal s iz e  o f th e  elem ents th a t 

th e  autom atic mesh generator w ill produce. I-DEAS provides ccnmandB 

which can be used to  sp ecify  elem ent s iz e s  f a r  lo ca lized  a re a s , to  sca le  

th e  g lo b al and lo c a l elem ent s iz e s , and to  determ ine th e  number o f 

elem ents generated by d iv id ing  up th e  leng ths o f th e  se lec ted  curves.

Whenever I-DEAS meshes mesh a reas o r mesh volumes, i t  freezes 

them. T his allowB I-DEAS to  remember th e  lo ca tio n s o f th e  nodes, and i t  

p revents them from being d e le ted  i f  nodes and elem ents e x is t in  th ese  

a re a s . The MESHJSIZE, FREE_ME2SHING, WFREEZE command i s  used to  

unfreeze mesh a reas when nodes and elem ents had been created  th a t  needed 

to  be d e le ted  ( e .g ., due to  ap p lica tio n  o f th e  wrong g lo b al mesh s iz e ) .

Once a l l  o f th e  p reparatio ns fo r  th e  autom atic generation  o f th e  

nodes and elem ents, I-DEAS GENIRATE_MESH command can be used to  mesh th e  

en te rin g  th e  o o lar o f th e  mesh area ; and then  en te rin g  a  <PEIURN>, mesh
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th e  sp ec ified  mesh a reas. I f  th e  nodes and /o r elem ents d isp lay  a re  

tu rned  on, they  w ill be d isp layed on th e  screen  a s  th ey  a re  generated. 

This i s  d e sirab le , because a f te r  I-DEAS generates th e  mesh, i t  pccrptfi 

th e  u se r to  answer i f  i t  i s  "GK to  keep nodes and elem ents?" (Yes o r 

No). Once th is  question  i s  answered, I-DEAS term inates autom atic mesh 

generation .

MERGPC NODES

When d esired , nodes in  FEA inodes can be merged to g e th e r, a s was 

done fo r  th is  th e s is 's  "welded" nodes. In  I-DEAS Preprocessing, nodes 

can be merged w ith  th e  NQDEJQOINCIDENCE ocnmand. T his ocnmand i s  used 

to  check an FEA model fo r  nodes which re s id e  in  co inciden t lo ca tio n s, to  

merge them i f  d esired . The ocnmand allow s th e  u se r to  sp ec ify  which 

nodes a re  to  be te s te d  fo r  coincidence, and th e  d istan ce  between nodes 

th a t i s  to  be considered co inciden t. T his ocnmand can be used to  s e le c t 

nodes to  be te s te d  fo r coincidence using  th e  SCREEN_AREA, DIAGGNAL_- 

POINTS method to  lim it th e  te s tin g  to  only th ose  s e ts  o f nodes th a t  a re  

to  be merged. Once th e  appropri a te  nodes were sp e c ified , en te rin g  D 

(Done) o r <KEHIRN> was en tered  w ithout p ick ing  any ad d itio n a l nodes, 

t e l l s  I-DEAS th a t  no more nodes a re  to  be te s te d . Then I-DEAS asks th e  

u se r fo r th e  d istan ce  between nodes th a t  i s  to  be considered co inciden t. 

A fter th is  i s  sp ec ified , I-DEAS determ ines which, i f  any, nodes a re  

co inciden t, and p r in ts  o u t e ith e r  th e  co inciden t node la b e ls  only , o r 

th e  co inciden t nodes la b e ls  and th e  elem ent which use th ose  nodes. 

F in a lly , th e  NGDEjODINCEDENCE ocnmand asked i f  i t  i s  "GK to  merge 

co inciden t nodes?". When th e  c o rre c t l is t in g  o f nodes f a r  "welding” i s  

obtained , th is  f in a l question  can be answered w ith  y es. T his caused
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I-DEAS to  red efin e  th e  elem ents which used th e  p a irs  o f co inciden t 

nodes, e lim inating  th e  use o f one o f th e  nodes. This process d o e sn 't 

d e le ted  th e  unused nodes. That can be aooonplished w ith th e  NODES, 

DELUXE, Alii ocnmand. The d e le te  ocnmand can no t d e le te  any node which 

i s  used in  an elem ent's connect iv ity . This allow s th e  DELETE, ALL 

ocnmand to  be used, because  only those nodes which a re  unused a f te r  th e  

merging operation  a re  de le ted .

RESTORININS FEA M3DELS

Onoe FEA. models have been constructed , i t  i s  necessary to  

re s tra in  them so th a t  they  oould be loaded. The re s tra in ts  needed to  

model th e  manner in  which th e  o b jec ts being modeled w ill be supported in  

ap p lica tio n .

At th is  stag e  in  an a n a ly sis , i t  may be necessary to  convert th e  

FEA m odel's nodes' d e fin itio n  and displacem ent coordinate system s from 

one coordinate system to  another ( e .g ., from c a rte s ia n  to  C y lind rical 

co o rd in a tes). T his w ill allow  th e  m odel's r e s tra in ts  to  be c rea ted  

using  d if fe re n t g lo bal coordinate d ire c tio n s  then  were used in  th e  

c re a tin g  o f i t s  nodes.

I-DEAS d isp lay s th e  la b e ls  x , y , and z fo r  a l l  coordinate values, 

reg a rd less o f which g lobal coordinate system i s  a c tiv e . Thus, when th e  

nodal displacem ents were re s tra in e d , and when th e  re s tra in s  were lis te d  

fo r v e rif ic a tio n , th e  "x" values represen ted  th e  ra d ia l dimension; th e  

"y" values represen ted  th e  angular dimension; and th e  "z" values 

represen ted  th e  v e r tic a l dimension, in  th e  a c tiv e  Global c y lin d ric a l 

Coordinate System.
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The RESTRAINTS ocmnand p resen ts a  menu o f ocmnands which a re  used 

to  c re a te  r e s tra in t  cases and to  c re a te  th e  r e s tra in ts  app lied  in  those 

cases. M ultip le r e s tr a in t  cases can be c rea ted  f a r  a  s in g le  FEA model. 

The s e t  which i s  being viewed and operated on i s  made a c tiv e  w ith  th e  

RESTRAINTS, CURRENT command. Thus, th e  f i r s t  s te p  in  c re a tin g  th e  

r e s tra in ts  i s  to  use th e  CREATEJSET command to  e s ta b lish  th e  name (o r 

number) under which th e  s e t  was sto red .

Having e s ta b lish  th e  a c tiv e  r e s tr a in t  s e t , th e  RESTRAINTS, NOQAL_- 

DISRLACEMENT command can be used to  sp ecify  th e  nodes fo r r e s tra in t. 

I-DEAS allow s re s tra in ts  to  be sp e c ified  a s  co n stan ts, s e ttin g  th e  

displacem ent o f each node s e le c te d 's  tra n s la tio n s  and ro ta tio n s  to  

sp ec ified  values (most o ften  z e ro ), o r to  s e t  them "FREE".

IflADIHS OF FEA MJDELS
A fter th e  m odels' a re  re s tra in e d , th e  nex t s te p  in  th e  I-DEAS 

prepr ocessing o f an FEA model i s  th e  ap p lica tio n  o f s ta t ic  loads. This 

involves th e  c re a tio n  o f LQAD_SETs, which con tain  th e  d esired  loads.

Far th is  th e s is , FACE_FSESSUREs, and NOOAL_PORCES were used.

ANALYSIS <aSE SETS

The nex t s te p  in  I-DEAS prep rocessin g  o f FEA models i s  th e  c rea tio n  

o f an a ly sis  case s e ts . A case s e t  con tains a t  le a s t  one load s e t , and 

one r e s tr a in t, an d /ar one c o n s tra in t s e t . Case s e ts  a re  c rea ted  w ith 

th e  CASEJMANAGEMENF, CREATE command. The CREATE command prompt s  th e  

u se r f a r  a  case s e t  name o r  number under which i t  w ill be sto red . I t  

then  asks f a r  th e  se le c tio n  o f th e  load s e t ( s ) , and a  r e s tr a in t  s e t , and 

a  c o n s tra in t s e t . Responding to  any o f th e  load , r e s tra in t  o r  con­
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s tr a in t  se le c tio n  prompts w ith a  <HEniRN> and no name o r number t e l l s  

I-DEAS th a t  a l l  o f th e  load s e ts  have been sp ec ified , o r th a t  no 

r e s tr a in t  o r no constra in t  s e t  i s  to  be used re sp ec tiv e ly . I-DEAS ai«r> 

provides th e  standard  MODIFY, DELETE, LIST, RENAME, DIRECTORY and STATUS 

commands which can be used to  manage th e  cases s e ts  once they  have been 

c rea ted .

HAVE EROMT CPIPCZMEM

The computer requirem ents fo r an ANSYS so lu tio n  run  can be reduced 

by optim izing th e  "wave f ro n t s iz e " . The ANSYS program so lves th e  

system  o f sim ultaneous lin e a r equations developed from an assembled 

f in i t e  elem ent model using  an " in -ca re  wave fro n t"  procedure. The wave 

f r on t i s  th e  number o f equations which a re  a c tiv e  in  th e  com puter's 

memory a f te r  an elem ent has been processed during th e  so lu tio n  proce­

dure. T his method p laces a  re s tr ic tio n  on th e  s iz e  o f th e  wave f ront  

fo r  any given model d e fin itio n . The r e s tr ic tio n  i s  based on th e  amount 

o f computer sto rag e  av a ilab le  in  th e  system being used.

The s iz e  o f th e  wave f ro n t i s  determ ined by th e  sequence in  which 

th e  elem ents a re  arranged. The s iz e  o f th e  wave f ro n t w ill expands and 

c o n tra c ts  a s  th e  sim ultaneous equations a re  solved. The to ta l  system of 

equations i s  assembled from th e  elem ent m atrices in to  an assembly 

m atrix . The f i r s t  tim e th e  equations f a r  a  node a re  requ ired  by an 

elem ent, they  a re  added to  th e  assembly m atrix , expanding th e  wave 

f ro n t. Each tim e a  node i s  used by th e  elem ents f a r  th e  l a s t  tim e, i t s  

equations a re  a lg e b ra ica lly  solved, and then  i t s  equations a re  e lim i­

nated  from th e  assembly m atrix  in  th e  com puter's memory, co n trac tin g  th e  

wave f ro n t. As th e  so lu tio n  o f an FEA model p rogresses, th e  to ta l
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number o f nodes equations in  th e  assembly m atrix  determ ines th e  " in stan ­

taneous wave f ro n t s iz e " . The amount o f a c tiv e  computer memory i s  

th e re fo re  dependent on th e  instantaneous wave f ront  s iz e . Hie computer 

so lu tio n  tim e i s  a lso  dependent on th e  wave fro n t s iz e . I t  i s  propor­

tio n a l to  th e  square o f th e  mean wave f ront  s iz e .

T herefore, to  minimize th e  computer memory and oonputation tim e, i t  

i s  d e sirab le  to  minimize th e  wave f ro n t s iz e . I-DEAS provides commands 

which can be used to  optim ize ( i . e . , minimize) th e  wave f ro n t [s iz e ] .

I t  a lso  provides f a r  th e  management o f th e  "band w idth", which i s  

im portant when o th er FEA programs  th a t use "band so lver" ro u tin es a re  

used. This involves optim ization  based on node numbering, ra th e r  than 

elem ent numbering. But, sin ce  ANSYS was used f a r  th is  th e s is . Band 

w idths w ill n o t be dlwmnBPri any fu rth e r.

Par wave f ro n t s iz e  op tim ization , th e  u se r f i r s t  executes th e  

QPnMIZEJKAVEERDNT ocnmand. T his causes I-DEAS to  autom atically  

optim ize th e  wave f r ont s iz e . I t  p resen ts th e  to ta l  number o f elem ents 

processed, to ta l  leng th  o f th e  node adjacency a rra y , and th e  maximum 

node degree. Then i t  d isp lay s a  ta b le  o f th e  cu rre n t ("BEFORE") and 

optim ized ("AFTER") elem ent "frontw idth" s ta tic s . This includes th e  

calcu lated  maximum, average, and ro o t mean square (RMS) values o f th e  

wave f ro n t, i f  th e  optim ization  re s u lts  in  an improved ( i . e . , sm aller 

fro n tw id th ), then  th e  REIABELJELEMENTS command should be executed. To 

v e rify  th a t  th is  has been executed properly , th e  affiCK_WAVEFRCMT_SAT 

command can be executed. This should show th a t  th e  cu rren t fro ntw idth  

values match those displayed in  th e  "AFTER" oolunn in  th e  OPTTMIZEJWAVE- 

FRCNT command f i r s t  executed.
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TRANSFER OF THE ECOELS TO ANSYS

Onoe an FEA models i s  constructed , a  case s e t  i s  c rea ted , and i t s  

frontw idth  i s  optim ized, i t  can be tra n sfe rre d  to  ANSYS f a r  f in a l  

p reprocessin g , and subm ittal to  th e  ANSYS so lu tio n  program. T his i s  

accomplished w ith th e  WRITE, ANSYS coranand. T his command t e l l s  I-DEAS 

to  w rite  an (ASCII) ANSYS inpu t f i l e .  I t  w ill be named MQDEL_FH£_- 

NAME.DAT (where M3DEL_FILE_NAME i s  th e  name o f th e  cu rre n t I-DEAS model 

f i le )  by d e fa u lt. Or, th e  u se r can e n te r any app ro p ria te  name in  

response to  th is  command's prompt  fa r  a  f i l e  name.

A fte r th e  WRITE, ANSYS coranand asks fa r  th e  f i l e  name, i t  asks i f  

th e  problem type i s  STRUCTURAL, NQ6HALJCDES, o r HEATJRANSFER. The 

u se r i s  them prompted f a r  th e  se lec tio n  o f th e  case s e t(s )  th a t  a re  to  

be w ritte n  to  th e  ANSYS inpu t f i l e .  F in a lly , th e  WRITE, ANSYS commands 

asks i f  s ta r tin g  and/or ending "JCL" a re  needed. The JCL stan d s f a r  Jab  

C ontrol Language cards, which may be req u ire  f a r  in p u t o f ANSYS inpu t 

f i le s  in to  some in s ta lla tio n s  o f th e  ANSYS softw are. At GEA n e ith e r a re  

needed. T herefore, both JCL prompts were answered a s  HO" (th e  d e fa u lt 

answ er), when each o f th e  f i le s  were w ritte n  ou t f a r  th is  th e s is .

Having w ritte n  ou t ANSYS input f i le s  to  th e  VAX computer d isk  

d ire c to ry , th e  models a re  ready f a r  th e  nex t s te p , which i s  f i l e  e d itin g  

and ANSYS p reprocessing. This i s  d iscussed in  Appendix X III.
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APPENDIX XIII
ANSYS PREPROCESSING OPERATIONS

ANSYS SOTTOARE

At GEA, Swanscn A nalysis Systems In c. 's  ANSYS f in i t e  element 

programs a re  av a ilab le  on s e le c t VAX computers in  th e  API and AP35 VAX 

c lu s te rs . At th e  tim e th is  th e s is  was being completed, ANSYS was 

av a ila b le  only on th e  "AP35V3n VAX. This was determined by typing:

WHEREIS ANSYS <RETGRN>, 

a t  th e  VAX system le v e l p rompt.

Once a  u se r i s  logged on to  AP35V3, th e  ANSYS programs can be 

c a lle d  up by en terin g :

ANSYS <REHJBN>,

a t  th e  VAX system le v e l prompt. I f  th is  i s  done, th e  program prompts 

th e  u se r f a r  th e  se le c tio n  o f th e  version  o f ANSYS which i s  d esired . At 

th e  tim e o f th is  w ritin g , a t  GEA th e  follow ing ANSYS v ersions were 

av a ilab le : 4.1C, 4.2B, 4 .3 , 4.3A, 4 .4 , and 4.4A. V ersion 4.3A was used

fo r th is  th e s is , because i t  i s  th e  version  th a t  th e  au thor had been 

tra in e d  to  use a t  an "In troduction  to  ANSYS" sem inar course tau g h t by an 

ANSYS Support D is trib u to r.

258
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awsvs TwrraarrrTVR oamM n vttk

The ANSYS softw are c re a te s  and makes use o f m u ltip le  f i l e s  in  th e  

u s e r 's  VAX d isk  d irec to ry , seme o f which a re  described  in  one o f th e  

nex t sec tio n s o f th is  chap ter. ANSYS au tom atically  c re a te s  th e  names 

f a r  th ese  f i le s ,  u n less th e  u se r assig n s lo g ic a l names to  th ese  f i le s  

p r io r  to  c a llin g  up th e  ANSYS program. ANSYS uses names lik e  

FTTJn2 .DAT. i f  th e  ANSYS program i s  en tered  from a  VAX d isk  d irec to ry  

th a t  a lready  con tains th ese  f i le s  from a  previous ANSYS sessio n , they 

may be overw ritten , and des t r oyed . T herefore, i f  th e  u se r does no t 

p reassign  o th er names fo r  th e  ANSYS f i l e s ,  o r a t  le a s t  rename those 

f i le s  th a t  a re  to  be saved before en te rin g  th e  nex t ANSYS sessio n , i t  i s  

reocranended th a t  th e  u se r perform  d if fe re n t FE analyses from d iffe re n t 

d isk  d ire c to r ie s  to  prevent lo sse s . But, a  b e tte r  approach i s  to  w rite , 

o r make use o f a  copy o f an e x is tin g , coranand f i l e  which w ill  a s s is t  th e  

u se r in  assign ing  lo g ic a l names to  th e  ANSYS f i le s .

Far th is  th e s is , an in te ra c tiv e  coranand f i l e ,  w ritte n  in  1988 by 

Dr. Mike Day a t  th e  U niversity  o f L o u isv ille , c a lle d  "ANSYSJDfTER.GCM" 

was u til iz e d . T his f i l e  con tains coranand lin e s  th a t  promp t  th e  u se r f a r  

a  lo g ic a l f i l e  name, and then  i t  assign s th is  name to  a l l  o f th e  req u ire  

ANSYS f i l e s .  With th is  coranand f i l e ,  i t  was a  sim ple m atter o f using 

th e  same names a s th e  ANSYS FREF7 in p u t f i le s  th a t  were d iscussed  in  

Chapter X. Far exanple, when th e  EKEP7 in p u t f i l e  was N116.DAT, th is  

coranand f i l e  allowed th e  name "N ile" to  be used f a r  th e  ANSYS f i le s .  I t  

then  made th e  f i l e  name assignm ents lik e  N116.F12, where th e  f i l e  w ith 

th e  .F12 extension  matches th e  standard  ANSYS FHEL2.DAT f i l e .

In  ad d itio n  to  making th e  lo g ic a l f i l e  name assigrxnents, th e  

ANSYSJDtTER.OGM ocnmand f i l e  a lso  c a lls  up ANSYS v ersio n  4.3A. I t
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reminds th e  u se r th a t  /m r  must be en tered  w ith in  ANSYS to  run i t  in  th e  

in te ra c tiv e  node. A lso, when th e  u se r e x its  ANSYS, th is  ocnmand f i l e  

a s s is ts  th e  u se r in  m aintaining th e  ANSYS f i le s .  W ithout th is  ocnmand 

f i l e ,  ANSYS would leave any f i l e  generated during th e  sessio n  in  th e  

u se rs d isk  d irec to ry  a f te r  e x itin g  th e  program. But, w ith  th e  command 

f i l e ,  th e  u se r i s  asked i f  he would lik e  to  d e le te  a l l  ANSYS f i le s  

except th e  preprocessing and postprocessing f i le s .  The u se r can en te r 

Y, f a r  Yes, and a l l  o th er f i le s  w ill be d e le ted  by th e  ocnmand f i l e .

Or, th e  u se r can answer N, fa r  No, and no f i le s  w ill be d e le ted .

F in a lly , th e  u se r can e n te r P, f a r  Proupt, and th e  u se r w ill be p r rnptnd 

f a r  th e  d e le tio n  o f each o f th e  e x is tin g  ANSYS f i le s .  A copy o f 

Dr. D ay's ocnmand f i l e  i s  l is te d  in  Appendix IV.

ANSYS' PROGRAM I£VELS

When ANSYS i s  en tered  (w ith, o r w ithout th e  ocnmand f i l e ) , th e  

f i r s t  in p u t i s  u su a lly :

/INT <RETOFN>.

T his t e l l s  ANSYS th e  u se r wants to  operate in  an in te ra c tiv e  mode.

Since th e  in te ra c tiv e  ocnmand f i l e  was used to  a c tiv a te  ANSYS fa r  th is  

th e s is , i t  reminded th e  au thor th a t  /INT was needed to  work in te ra c ­

tiv e ly .

Cnee th e  in te ra c tiv e  mode i s  sp ec ified , th e  p rogram e n te rs  what ANSYS 

re fe rs  to  a s  th e  "Routine Begin Level". Then th e  program d isp lay s an 

in troducto ry  banner message, follow ed by a  "BEGIN -INE^" pronpt. This 

i s  follow ed by a  cu rso r, presented  f a r  th e  inpu t o f a  program ocnmand
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l in e . A t th is  le v e l in  ANSYS, th e  ANSYS f i le s  can be managed, o n -lin e  

documen ta tio n  can be reviewed, and th e  u se r can s e le c t a  "Routine Level" 

o f th e  ANSYS program.

ANSYS uses d if fe re n t term inology f a r  th e  s tru c tu re  o f i t s  ocnnands 

then  I-DEAS. R ather than  Fam ilies, Modules, and Tasks; ANSYS re fe rs  to  

B iases, R outines, and Modules. The B iases do n o t a c tu a lly  e x is t a s  a  

le v e l o f ocnmands w ith in  ANSYS. They a re  s in p ly  th e  lo g ic a l step s 

follow ed in  perform ing a  f in i te  elem ent an a ly sis  w ith  th e  ANSYS so ft­

ware, which a re : prepr ocessing, so lu tio n , and postpr ocessing. The 

R outines a re  th e  f i r s t  s te p  down front th e  Routine Begin Level. Each 

Routine i s  a  c o lle c tio n  o f commands which a re  re la te d  by th e ir  general 

function  in  perform ing th e  operations requ ired  fo r a  B iases o f an 

an a ly sis . Modules a re  c o llec tio n s  o f commands w ith in  an ANSYS Routine, 

th a t  a re  grouped to g e th er f a r  th e  purpose o f re trie v in g  o n -lin e  documen­

ta tio n  on them.

ANSYS OCWmNDS

Each o f th e  ANSYS command can u su a lly  be input w ith th e  f i r s t  four 

le t te r s  o f th e ir  ccnp lete  names (mare i f  they  a re  necessary to  d is tin ­

gu ish  i t  from th e  o th er ocnmands in  th e  cu rren t R outine). In  th is  te x t 

th e  f i r s t  refe ren ce  to  a  ocnmand w ill  be shown in  a  farm lik e :

astfand.

Then any referen ce  to  th a t  command w ill a p p e a r as:

am .
U hlike I-DEAS, ANSYS i s  no t a  menu driven  system . Each operation  

i s  perform ed by in p u ttin g  a  ocnmand lin e . W ithin a  Routine any o f th e  

p resen t in  th e  Routine can be executed, w ithout th e  need to
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move in to  d iffe re n t le v e ls  o f th e  R outine 's s tru c tu re . T herefore, 

u n lik e  I-DEAS which req u ire s movement  in  i t s  Task and menu s tru c tu re  to  

lo ca te  th e  d esired  ocnmands, a l l  ANSYS ccmnands a re  p resen t anywhere 

w ith in  a  R outine. But, because th e re  a re  no menus presen ted  o f th e  

a v a ilab le  ocnmands, th e  u ser must e ith e r  re ly  on m emorization o f th e  

ocnmands, c r ib  n o tes, hand books, o r cn -lin e  documenta tio n  to  know which 

mmnands a re  a v a ilab le .

ON-LINE KXSMEMMTCN

ANSYS provides ex tensive o n -lin e  documentation, which can be used 

a t  any tim a during an in te ra c tiv e  ANSYS sessio n , reducing th e  need fa r  

ex te rn a l documentation. The o n -lin e  documentation f a r  each R ountine 's 

ocnmands a re  organized in  Modules. To view documentation on a  sp e c ific  

ocnmand, th e  u se r must e n te r a  ocnmand lin e  specify ing  th e  Module 

d esired , follow ed by a ocnmand requesting  docum entation. By typ ing :

HELP <RETORN>,

ANSYS w ill respond w ith  a general explanation o f how th e  o n -lin e  

documentation can be obtained. But, ANSYS does no t u se  th e  word HELP to  

ob tain  any fu rth e r inform ation, i t  uses th e  word "Documentation".

At any tim e during an in te ra c tiv e  ANSYS sessio n , DOCU can be 

requested . W ithout any q u a lif ie rs ,

/DOCU <REXURN>,

w ill y ie ld  a  d escrip tio n  o f th e  ocnmands p resen t in  th e  c u rre n t Module. 

I f  th e  q u a lif ie r  "AIL" i s  used, th a t i s ,  i f

/DOCU, All. <REIURN> 

i s  en tered , a l l  o f th e  p resen t in  th e  cu rrent  Module w ill be

lis te d  including  th e  form at f a r  th e ir  use w ith appropr ia te  param eters.
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I f  a  ocnmand i s  used a s a  q u a lif ie r , th a t i s ,  i f

/DOCU, OXMAND-NAME <RER3RN>, 

i s  en tered , where OCMMAND-NAME i s  a  ocnmand in  th e  a c tiv e  Routine, ANSYS 

w ill d isp lay  th a t  ocnmand's purpose, arguments, and th e ir  d e fin itio n s .

The "cu rren t Module" i s  determ ined lay th e  la s t  ocnmand th a t  was 

issu ed . Once a ocnmand i s  issued , ANSYS moves in to  th e  Module contain­

ing  th a t  ocnmand, and i t  haonmes th e  cu rren t Module. T herefore, i f  a  

ocnmand i s  issu e , and then  DOCU i s  used, a l l  o f th e  aanmanda in  th e  same 

Module a s  th a t  ocnmand w ill be l is te d .

But, Modules can a lso  be en tered  by typing  th e  name o f th e  Module. 

ANSYS makes i t  easy to  determ ine what Modules a re  av a ila b le  in  th e  

cu rren t Routine. By s iz p ly  typing:

MQOUle <REniRN>,

ANSYS w ill respond w ith a  l i s t  o f a l l  o f th e  cu rren t R o u tine 's Modules, 

and a  b r ie f  d esc rip tio n  o f what each M odule's ocnmands a re  used f a r . 

Likewise, i t  i s  equally  easy to  determ ine which Module i s  c u rre n t. This 

i s  dene by typing:

STATUS <RETURN>.

SEAT w ill y ie ld  th e  cu rren t Routine, and Module; and in  ad d itio n , i t  

w ill l i s t  th e  s ta tu s  on th e  param eters th a t a re  p e rtin e n t to  th e  cu rren t 

Module.

STA31 CMMANDS

ANSYS uses sev era l rotmanrto which a re  proceeded w ith  a  s la sh  ( i . e . , 

a  " /" ) . These ommands provide general co n tro l fu nctio n s, and many can 

be used a t  both th e  Routine Begin Level and a  Routine L evels. Typing:

DOCU,/CM) <RETURN>,
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w ill y ie ld  documentation on th e  ocnmands which a re  av a ilab le  fo r  use a t  

any cu rre n t le v e l.

The /OCMnent ocnmand can be used to  in pu t and l i s t  oamnen ts  vhich 

can be w ritte n  in to  th e  ASCII coded ANSYS f i l e s .  Any lin e  s ta r tin g  w ith 

/COM w ill be tre a te d  a s  a  eminent ,  and th e  e n tire  lin e  can be used.

When an ASCII ooded ANSYS f i l e  i s  being c rea ted , o r ed ited  w ith  a  f i l e  

e d ito r , ad d itio n a l ocnments can be placed in  any lin e , s ta r tin g  w ith a 

p laced  in  any column o th er than  th e  f i r s t  column in  a lin e .

The /EOF ocnmand i s  used to  t e l l  ANSYS th a t  th e  End Of th e  cu rren t 

F ile  has been reached. When th is  ocnmand i s  used a t  th e  Routine Level, 

work in  th a t  Routine i s  term inated, and co n tro l i s  retu rned  to  th e  

Routine Begin Level. When /EOF i s  used a t  th e  Routine Begin Level, 

operation  in  th e  ANSYS program i s  term inated, and th e  program i s  ex ited .

The /INPUT and /CUIPUT ccnmandB a re  used to  sw itch th e  inpu t o r 

ou t o f th e  next ccnmands to  a  f i l e  in  th e  cu rren t d isk  d ire c to ry . The 

format fo r  each is :

/INPUT (or /OUTPUT) ,ENAME,EXT <REHIRN>, 

where FNAME i s  th e  name o f th e  d isk  f i l e  (e ig h t ch arac ters maximum), and 

th e  EXT i s  th e  f i l e  name's extension (th ree  ch arac te r maximum). For 

exanple:

/ INPUT,N116,DAT <REIURN>, 

would be used to  tra n s fe r  th e  ANSYS inp u t f i l e  named "N116.DAT" in to  

ANSYS from th e  cu rren t d isk  d irec to ry .

The t i t l e  o f th e  FEA model (or an a ly sis  case i f  more than  one 

analyses i s  being done on s im ila r models) i s  in p u t by typ ing :

/TITLE,NEW SU SUPT W/ 1/16" MESH -  J.A . KERN <REIUBN>,
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a s  an exanple. When IHDEAS crea ted  th e  ANSYS inpu t f i le s  i t  w rote a  

t i t l e  in  each f i l e  which consisted  o f th e  I-DEAS database d escrip tio n . 

T his re su lte d  in  th e  same TITLE in  a l l  o f th e  ANSYS inpu t f i le s .  So, 

when th e  f i l e s  were ed ited , th e  TFTLEb were changed to  b e tte r  describe 

each a n a ly sis  case.

WSYff FTTfS

As discussed e a r l ie r , ANSYS c re a te s  and works w ith m u ltip le  f i le s

which a re  sto red  in  th e  u se rs cu rren t d isk  d irec to ry . Sane o f th ese

f i l e s  a re  w ritte n  in  b inary  code and can no t be ed ited  w ith a  sc reen

e d ito r  o r word processor, w hile o th ers a re  w ritten  in  ASCII code and can

be e d ited . Each f i l e  serves a d iffe re n t purpose, and some s to re

d if fe re n t inform ation before and a f te r  th e  so lu tio n  ro u tin e  has been

run . A ll o f th e  ANSYS f i l e s  a re  described in  th e  ANSYS Engineering
19A nalysis system U ser's  Manual . P lus, ANSYS includes a  screen  as 

p a r t o f th e  o n -lin e  Documentation which can be reviewed during an 

in te ra c tiv e  ANSYS sessio n  by typing:

DOCU,FHE <REnJRN>,

o r sim ply

FILES <REIURN>.

Table 7 . l i s t s  seme o f th e  ANSYS f i le s  th a t a re  most o ften  used. 

These f i l e  names a re  th e  d e fa u lt name d ec la ra tio n s made by ANSYS. Far 

th is  th e s is , th e  in te ra c tiv e  oamnand f i l e  was run when accessing ANSYS, 

g iv ing  a l l  f i le s  lo g ic a l names lik e  "N116.F02" in  p lace  o f "FHjE02.DAT".

19! G abriel J .  DeSalvo, R i.D ., Robert W. Gorman, ANSYS Engineer­
ing  A nalysis System U ser's  Manual. Swanson A nalysis Systems, me., 
Houston, Pennsylvania, 1987, Appendix C.



www.manaraa.com

266

TABLE 7 .

ANSYS FUES

FTT3«I TYPE CONTENTS

FILE2 BINARY MODEL GEOMETRY AND PREVIOUS ITERATION SOLUTION

FHE3 BINARY ANALYSIS DATA INPUT PROM SFWRUE CCFMAND

FTTE5 ASCII INITIAL INPUT DATA

FHE12 BINARY POSTPROCESSING DATA AFTER SOLUTION ROUTINE IS  FUN

FTT.F1 A ASCII ELEMENT DEFINITIONS ONLY (WRITTEN ONLY UPON REQUEST)

FTTJR15 ASCII NODE DEFINITIONS ONLY (WRITTEN ONLY UPON REQUEST)

FILE16 BINARY FUE FOR SAVING PREP7 WORK FOR IATER RESUME (SAVE/FINI)

FTTJn7 BINARY TEMPERATURES WRITTEN BY SFWRIT FOR KTEME -̂l ONLY

FHE18 ASCII LEST OF AIL USER INPUT COMMANDS

FHE19 ASCII ERROR ICG

FHE21 BINARY PLOT DATA BASE

EEIE23 ASCII BOUNDARY CONDITIONS ONLY (WRITTEN ONLY UPON REQUEST)

FILE27 ASCII COMPLETE ANSYS ANALYSIS INPUT DATA FROM AFWRITE OdWAND

FHE28 ASCII REAL CONSTANTS ONLY (WRITTEN ONLY UPON REQUEST)

FI1E29 ASCII MATERIAL PROPERTIES ONLY (WRITTEN ONLY UPON REQUEST)

The f i r s t  Phase o f ANSYS f in i te  elem ent an a ly sis  i s  preprocessing. 

At ANSYS' Routine Begin Level, th e  ocnmand:

DOCU,PKEP <REIURN>, 

was en tered  in  o rder to  determ ine which Routine would be b e s t su ite d  fo r 

th e  FREProoessing o f th e  FEA models f a r  th is  th e s is . ANSYS responded 

w ith  an explanation th a t  two preprocessor R outines a re  a v a ila b le . The 

FREP7 Routine i s  used to  begin new analyses. I t s  modules con tain
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oomnands u se fu l f a r  d efin in g  FEA models, end th e ir  case s e ts . The FREP6 

Routine i s  use to  d efin e  ad d itio n a l load s te p s  fo r  e x is tin g  FEA models.

T herefore, th e  FKEP7 Routine was used fo r th e  prep rocess in g  Phase 

o f th ese  analyses. That Routine Level i s  reach from th e  Routine Begin 

Level by typ ing :

/FREF7 <REIURN>.

When EREP7 i s  f i r s t  en tered , ANSYS d isp lay s sev era l o f th e  most oomnonly 

needed conmands, w ith a  b r ie f  d e scrip tio n  o f each.

SAVE AND RESWE OCWANDS

ANSYS EREP7 con tains th e  c a p a b ility  to  save a l l  work done in  

preprocessing  an FEA model f i l e  a t  any p o in t during an in te ra c tiv e  ANSYS 

sessio n , and to  resume work a t  th e  same p o in t th a t  th e  work was la s t  

saved. T his i s  needed i f  th e  u se r w ishes to  leave an ANSYS preprocess­

ing sessio n  and re tu rn  to  i t  la te r .  I t  allow s th e  u se r to  p ro te c t h is  

work by c rea tin g  a  back-up f i l e  which can be re trie v e d  in  th e  event th a t 

th e  system "crashes", o r th e  d a ta  lin e  i s  in te rru p te d . A lso, th is  

allow s th e  u se r to  save th e  work th a t  has been ccsp le ted , and then  

execute a  ccnmand which m ight y ie ld  unacceptable r e s u lt . I f  th e  re s u lt 

a re  OK, then  th e  u se r can go on w ith  h is  work. But, i f  they  a re  n o t OK, 

th e  d a ta  th a t  i s  in  memory can be rep lace  w ith  th e  d a ta  which was save 

to  a  d isc  f i l e .  T his i s  aoocnplished by en terin g :

SAVE <REIUFN>,

a t  any tim e during  a  FKEF7 in te ra c tiv e  sessio n . Each tim e th e  SAVE 

ccnmand i s  executed, th e  d a ta  in  memory i s  overw ritten  in  FILE16. In  

ANSYS term inology, FUEL6 i s  "rewound" and th en  th e  new d a ta  i s  w ritte n
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in to  th e  same FIT£16 rep lacin g  th e  e x is tin g  resume d a ta . To re tr ie v e  

th is  d a ta , rep lac in g  th e  d a ta  in  a c tiv e  memory, th e  u se r types:

RESUrne <REXURN>.

The SAVE ocnmand i s  au tom atically  executed each tim e th e  u se r e x its  

PRET7 by typ ing :

Finished <REIURN>.

FINI i s  th e  normal ocnmand used to  e x it  from any ANSYS Routine. The 

/EOF ocnmand i s  only used to  e x it  a  Routine when th e  u se r does n o t want 

th e  d a ta  in  a c tiv e  memory to  be saved.

EBOCHXIRE

ANSYS includes a  very  h e lp fu l farm o f documentation, which i s  

viewed by typ ing :

PROOedures <REIURN>.

The FROC ocnmand p resen ts six teen  (16) s te p s  which can be follow ed in  

s e ttin g  up a f in i te  elem ent an a ly sis w ith  ANSYS. The s te p s  a re  numbered 

1 through 16. The FROC ocnmand i s  used by typing:

PROC, N <REIURN>,

Where N i s  e ith e r : th e  NIMBER f a r  one o f th e  six teen  s te p s ; FREVious, 

f a r  th e  s te p  p r io r  to  th e  la s t  s te p  th a t was reviewed; SAME, to  review  

th e  same s te p  a s  th e  l a s t  s te p  th a t  was reviewed; o r, NEXT, fo r  th e  next 

s te p  in  th e  process.
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STEP 1 . -  SBECTFrcamOW OF TOE ANALYSTS Mm KTJMPWT TVPES

FROC,l suggests th a t th e  next s te p  in  perform ing an ANSYS an a ly sis , 

a f te r  c re a tin g  a  TITLE, i s  to  sp ecify  th e  ANALYsis ty p e. For th is  

th e s is , a l l  o f th e  analyses performed were s ta t ic  s tru c tu ra l analyses. 

T herefore, th e  ANSYS in p u t f i le s  w ritte n  by I-DEAS needed to  oontain  a  

ccnmand to  sp ec ify  th is  ANALYsis Type. E ntering DOCU,ANALY in  ANSYS 

FREF7 y ie ld s  a  d isp lay  o f th e  KAN ocnmand, which i s  used to  sp ecify  th e  

an a ly sis  ty p e , and th e  param eter values f a r  each type o f an a ly sis  

a v a ila b le . Far th is  th e s is , th e  inpu t f i l e s  needed to  con ta in  th e  

ccnmand lin e :

KAN,0,

which sp e c ifie s  a  STATIC a n a ly sis .

EH0C,1 a lso  in d ic a te s  th a t DOCU,SELEct should be used to  s e le c t th e  

Element Type th a t  i s  to  be used. Then sw itch to  th e  FREP7 ETYPE Module, 

and use th e  ET ocnmand to  a sso c ia te  th e  elem ents w ith  a  type number. 

T herefore, DOCU, SELF was en tered  to  review  th e  elem ent ty p es. (Note 

th a t  in  I-DEAS Prepr ocessing, th e  elem ents fo r  th e  supports were speci­

f ie d  a s  q u a d rila te ra l th in  sh e ll elem ents, and th e  elem ents f a r  th e  load 

p la te s  were sp e c ified  a s  tr ia n g u la r th in  sh e ll elem ents.)

GEEK can be one o f th e  follow ing geom etric elem ent types: POINT,

LINE, AREA, o r VQUUne. DIM can be e ith e r  2D o r 3D fo r  th e  space th a t 

FEA model must occupy. Far th is  th e s is , th e  follow ing was typed:

/SELE,AKEA,3D <REIURN>.

ANSYS r esponded to  th is  w ith  a  l i s t  o f sev era l elem ent types from th e  

ANSYS "JSTTF" lib ra ry , a l l  o f which were area  elem ents which occupy 3D 

space. Frcm th is  l i s t ,  th e  elem ent type w ith  JSITF number 63 was chosen 

(q u a d rila te ra l f l a t  s h e ll elem ents).
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Then follow ing th e  d ire c tio n s  from DOCU,SEL£, th e  ANSYS ccnmand 

SH F, JSl'JLF was used. SHF provides documentation on each o f th e  

av a ilab le  elem ent ty p es, by elem ent type number. T his i s  a  b r ie f
u

sunmary o f th e  inform ation th a t  i s  p rin ted  in  th e  ANSYS U ser's  

Wsnwi 1. But, SHF d id  provided th e : number o f nodes; degrees o f 

freedom p er node; re a l co n stan ts; p ro p e rtie s ; p ressu res; tem peratures; 

and "KEYOFTians" which can be app lied  to  th e  sp e c ified  elem ent type.

Each o f th e se  were noted, and th is  ocnmand was re v is ite d  when each o f 

th ese  param eters were reviewed to  determ ine i f  I-DEAS had properly  

w ritte n  them in to  th e  ANSYS inp u t f i le s .
2 ____

The sec tio n  o f th e  ANSYS U ser's  Manual covering SHF 63 was 

read , and i t  was discovered th a t  th e  tr ia n g u la r elem ents used f a r  th e  

load p la te s  oould a lso  be defined  using  SHF 63 elem ents. The d if fe r ­

ence being th a t  th e  su p po rts ' q u a d rila te ra l elem ents would be defined  by 

four nodes, re fe rre d  to  as nodes I ,  J ,  K, and L; where th e  load  p la te s ' 

elem ents would be defined by th re e  nodes, w ith  th e  th ird  node repeated  

( i . e . ,  nodes I ,  J ,  K, and K). T herefore, when th e  ANSYS in pu t f i le s  

w ritte n  by I-DEAS were reviewed and ed ited , th ey  were checked to  see 

th a t  a l l  elem ents were defined using th e  SHF 63 elem ent ty pe, and a l l  

o f th e  load p la te s ' elem ents were defined by th re e  nodes w ith  th e  th ird  

node repeated  as a  fo u rth  node.

Next, s t i l l  follow ing th e  d ire c tio n s  from FROC,l, th e  ccnmand ET 

was reviewed. ET i s  used to  d efin e  an elem ent ty p e . Far th is  th e s is ,

1.

2.
Ib id t pp. 4 .63.1  -  4 .63 .5 . 

Ib id .
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each model contained one elem ent type fa r  th e  supports, and a  seocnd 

elem ent type f a r  th e  load p la te s  when used. The form at f a r  th is  ocnmand 

i s :

ET,ITYPE,JSTTF,KDP1,KDP2,. . .  ,KDP9,IN0PR.

The THPE argument id e n tif ie s  th e  elem ent type. I t  can be an in te g e r 

between 1 and 20. Fes: th is  th e s is  i t  was 1 f a r  th e  supports, and 2 f a r  

th e  load p la te . JSTTF i s  th e  s tif fn e s s  lib ra ry  number f a r  th e  elem ent 

typ e, which was 63 f a r  bath  rTYEE 1, and ITYPE 2. The n ine p o ssib le  

KEYQPTions ( i . e . ,  KCP1, KCP2,. . . )  were reviewed in  th e  CTIF,63 o n -lin e  

documentation, and i t  was determ ined th a t none o f th e  s ix  op tions f a r  

STIF 63 were needed f a r  th e  analyses to  be perform ed, and th u s a l l  were 

reviewed to  be su re  they  were s e t  to  th e ir  d e fa u lt value o f zero . INOPR 

was a lso  confirmed as s e t  to  i t s  d e fa u lt value o f zero . I f  i t  had been 

s e t  to  1, th e  p r in t  o u t o f a l l  elem ent so lu tio n s o f th is  ITYPE would 

have been a if p iaaiMri.

STEP 2. ~ ANALYSIS OPTICUS

FRDC,2 id e n tif ie s  th e  second s te p  in  an ANSYS an a ly sis  as th e  tim e 

f a r  specify ing  any an a ly sis  options th a t a re  d esired . Following i t s  

in s tru c tio n s ,

QPTTcns <REnJRN>

was typed, making th e  OPTICUS Module a c tiv e . Then SEAT, DOCU, and 

D0CU,AUj were a l l  used to  determ ine i f  any an a ly sis  options were de­

s ire d . T his lead  to  th e  use o f DOOJ, KAY. The KAY camnand i s  used to  

s e t  sp ec ia l an a ly sis  op tions. These include: in te rp o la ted /ex trap o la ted

displacem ent c a lcu la tio n s; la rg e  d e flec tio n  so lu tio n s; s tre s s  s tif f e n ­

in g ; and th e  use o f Newtcn-Raphson Procedures. None o f th ese  options
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ware d esired . Thus, a l l  were l e f t  w ith  th e ir  d e fa u lt values o f zero, 

and no KAY ccnmand lin e s  were expected in  th e  ANSYS inpu t f i le s  w ritten  

by I-DEAS. A lso, because th e  nw tnrial p ro p e rtie s f a r  th e  supports and 

th e  load  p la te s  ware lin e a r , th e  KNL (Key Nonlinear) ccnmand was no t 

used. I f  nonlinear m ateria l d a ta  ta b le s  (NL ccnmand) had been used, 

KNL,1 would have been used.

STEP 3 . -  MATTOTAT. PHPPFglTEfi TOHTBS

HOC, 3 lead s th e  ANSYS FREF7 u ser to  th e  ap p lica tio n  o f th e  MATE- 

r i a l  P ro p erties Module, and th e  nonlinear p ro p e rtie s  s e t  w ith  KNL, and 

th e  NL command i f  needed. Par th is  th e s is , th e  MATE Module was en tered , 

and then  DOCU and DOCU,AUj were used to  apply th e  ocnmand lin e :

IABEL*,MAT,G0,C1,C2,C3,C4.

In  th is  ocnmand, IABEL* can be any v a lid  m ateria l p roperty  la b e l. MAT 

can be arty a rb itra ry  in teg e r between 1 and 100, serv ing  a s  th e  m ateria l 

id e n tif ic a tic n  number. Far th is  th e s is , a  MAT o f 1 was used f a r  th e  

su rface  u n it supports, and a  MAT o f 2 was used f a r  th e  load p la te s .

From STIF,63, i t  was known th a t th e  v a lid  m ateria l p ro p e rtie s  fa r  

th e  q u a d rila te ra l f l a t  sh e ll elem ents were: EX, EY, AIPX, AIFY, NUXY,

DENS, and GXY. Only those propert ie s  which were requ ired  f a r  th e  s ta t ic  

loading case analyses needed to  be sp e c ified . T herefore, then  th e  ANSYS 

in p u t f i le s  w ritte n  by I-DEAS were reviewed, they  were check f a r  th e  

proper Moduli o f E la s tic ity  ( i . e . ,  EX ,l,0.28Ef06, and EX,2,10.0Bf06); 

and P o iso n 's R atios ( i . e . ,  NUXY,l,2.9E-02, and NUXY,2 ,3 .34E-02).

Because EY values were no t defined , they  d e fa u lt to  th e  EX values. 

Because they  were in p u t in  I-DEAS, th e  c o e ffic ie n ts  o f therm al expansion 

(AIFX), and mass d e n s itie s  (DENS), values f a r  th e  s ta in le s s  s te e l a lle y
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support m ateria l and aluminum load p la te s  were expected to  appear in  th e  

ANSYS inp u t f i l e s  w ritte n  by I-DEAS. But, because no therm al o r accel­

e ra tio n  loads were analyzed, they  would no t be used in  th e  ANSYS so lu ­

tio n s .

STEP 4. — REAL

PR0C,4 c a l ls  f a r  th e  d e fin itio n  of th e  elem ents' Real C onstants, 

which a re  s e t  w ith  th e  ocranands in  th e  ROONStants Module, These a re  

sp ec ified  w ith  th e  ocnmand:

R,NEST,R1,R1,R3,R4,R5,R6 <REIURN>, 

in  which th e  NEST value i s  re a l constan t s e t 's  (a rb itra ry ) id e n tif ic a ­

tio n  number. The s ix  r e a l c o n stan ts ' values R1 through R6 a re  values 

sp ec ified  to  s a tis fy  th e  requirem ents o f th e  JS n F  elem ent type(s) being 

used. I f  more than  s ix  values a re  needed, th e  BM3RE ooranand i s  used, 

and i f  th e  u se r needs to  modify re a l constan t values during an in te ra c ­

t iv e  ANSYS sessio n , th e  FMDDIFy ooranand i s  used. Both follow ing th e  

same argument form at a s  th e  R ooranand.

Fran STTF,63, i t  was known th a t  th e  v a lid  m ateria l propert i e s fa r  

th e  q u a d rila te ra l f l a t  sh e ll elem ents were: TK(I), TK(J), TK(K), TK(L), 

EPS, and THEEA. The th ickness values ( i . e . ,  TK(I), TK(J), e tc .)  can be 

used to  vary th e  elem ents th icknesses smoothly over th e  a rea  o f th e  

elem ents, w ith  th e  th ick n ess sp ec ified  a t  th e  elem ents nodes. But, 

because th e  su p p o rts ' and load p la te s ' th ickness were co n stan t, only 

TK(I) values were needed. ANSYS ap p lie s th is  same value a s  a d e fa u lt to  

th e  o th er node th ick n esses. T herefore, when th e  ANSYS inp u t f i le s  

w ritte n  by I-DEAS were reviewed, they  were checked fo r  th e  prcper 

th ick n ess values ( i . e . ,  R, 1 ,0 .05 , and R,2 ,0 .1 0 ).

•A \)-jl <A
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STEP 5 . ~ CTTMBrav nEETNITION

FR0C,5 p resen ts th e  Hodules used to  d efin e  th e  m odel's "geometry" 

and "mesh". T his can be aoocnplished through d ire c t d e fin itio n  o f nodes 

and elem ents ( i . e . , c rea tin g  th e  FEA "mesh"), and due to  th e  assembly o f 

th e  elem ents in  space, th e  "geometry" i s  a lso  defined . But, ANSYS a lso  

provides th e  capabi l i ty  o f defin ing  th e  "geometry" fo r  th e  models, which 

w ill serve  a s  th e  boundaries f a r  th e  FEA mesh, and then  ANSYS provides 

autom atic mesh generation , which allow s th e  program to  generate th e  

nodes and elem ents.

ANSYS c a lls  i t s  autom atic mesh generation  " so lid  m odeling". ANSYS 

so lid  models a re  no t constructed  lik e  I-DEAS so lid  models, and th ey  do 

n o t con tain  oonplete physical propert ie s  lik e  I-DEAS so lid s . ANSYS 

s o lid  models a re  cons t r ucted through th e  c rea tio n  o f "KEY POINTS", and 

then  lin e s , a rc s , a reas , and volumes based on th e  key p o in ts . ANSYS 

l ite r a tu r e  shows examples o f so lid  models which have been d isp layed 

using  graphics w orkstations which con tain  term inal-dependent lig h t 

source shaded image c a p a b ilitie s . The author has never explored th ese  

c a p a b ilitie s . But, i t  appears th a t  i f  I-DEAS so lid  modeling i s  a v a il­

ab le , i t s  c a p a b ilitie s  in  th is  area would be more e a s ily  app lied  to  th e  

c re a tio n  and d isp lay  o f so lid s , then  ANSYS' method o f so lid  modeling.

The exception may be in  th e  fa c t th a t ANSYS provides th e  fu rth e r capa­

b i l i ty  o f d efin in g  th e  so lid s  based on param etric geom etric coordinate 

lo ca tio n s. T his g ives th e  u se r th e  a b il i ty  to  design models w ith  th e  

a b il i ty  to  optim ize th e  design by changing th e  values o f param eters, 

ra th e r  than  const r ucting  oonplete models th en  ite ra tio n s  a re  needed.

Far th is  th e s is , th e  models had already  been const ru cted  in  I-DEAS. 

At th i s  s te p  in  th e  analyses, th e  ooranand lin e s  in  th e  ANSYS
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irp u t f i le s  re la te d  to  th e  d e fin itio n  o f th e  nodes and elem ents need to  

be understood, so  th a t  they  could be reviewed f a r  accuracy. The method 

used in  th e  inpu t f i le s  fo r  "mesh d e fin itio n "  i s  th e  d ire c t c rea tio n  

technique. T herefore, those  modules, and ocraroands re fe rre d  to  in  FR0C,5 

re la tin g  to  d ire c t d e fin itio n  o f nodes and elem ents were needed.

PROC,5 leads th e  u se r in to  th e  CDSYS Module. T his Module i s  used 

to  d efin e  th e  coordinate system in  which th e  nodes (and key p o in ts  i f  

used) a re  defined . For th is  th e s is , C y lin d rica l coord inates were 

d esired . T herefore, th e  ccnmand:

CDSYS,$DOCU <REIURN> 

was en tered  in te ra c tiv e ly . T his caused ANSYS to  d isp lay  th e  o n -lin e  

documentation th a t  i s  av a ila b le  f a r  th is  Module. Note th a t  two "im anrig 

were combined on one ccnmand lin e  by sep ara tin g  them w ith  a  This

technique can be used to  combine sev era l oranwnrtB on one ocnmand lin e . 

From th e  re su ltin g  d isp lay ,

DOCU,CSYS <REIURN> 

was en tered  to  review  th e  coordinate system s which a re  predefined  by 

ANSYS fo r  u se r se le c tio n . T his inform s th e  u se r th a t  th e  CSYS ccnmand 

can be app lied  w ith one o f th e  follow ing arguments: 0 fo r  c a rte s ia n ,

1 fo r C y lin d rica l, 2 fo r  S pherical, o r N fo r  a  Number th e  u se r has 

defined fo r a  customized coordinate system . Thus, fo r  th is  th e s is , i t  

was than  known th a t  th e  ANSYS inpu t f l i e s  w ritte n  by I-DEAS should 

con tain  th e  command lin e :

CSYS,1.

A fter th e  coordinate system was defined , PRX,5 c a l ls  fo r  th e  

c re a tio n  on nodes. This i s  accomplished w ith th e  commands documented in
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th e  NODES Module. Nodes a re  d ire c tly  c rea ted  w ith th e  N ccnmand, whose 

form at is :

N,NODE,X,Y,Z,THXY,THYZ,THXZ.

In  th is  ocnmand, NODE i s  th e  node number th a t  i s  to  be assigned to  th e  

node being c rea ted . X, Y, and Z a re  th e  nodes lo ca tio n s in  th e  cu rren t 

coordinate system. T herefore, in  c y lin d ric a l coord inates th ese  parame­

te r s  a re  R, Theba, and Z. The values o f  THXY, THYZ, and THXZ a re  

ro ta tio n  angles, in  degrees, o f th e  nodal coordinate system re la tiv e  to  

th e  g lo b al C artesian  coordinate system .

F in a lly , when th e  nodes have been c rea ted , th e  elem ents can be 

c rea ted . This i s  done w ith  th e  ocmnands in  ELEMent Module. Before an 

element i s  c rea ted , ANSYS must be to ld  which o f th e : elem ent types th a t

were defined w ith th e  ET ocnmand; re a l constan t s e ts  th a t  were defined 

w ith th e  R ocnmand; and m ateria l propert ie s  s e ts  th a t  were defined  w ith 

th e  MATERial Modules ocnrnands a re  to  be app lied  to  th e  elem ents. This 

i s  done w ith th e  follow ing ocnrnands:

TYPE, ITYPE <REIURN>,

REAL,NSET <REIURN>, 

and MAT,MAT <RETURN>;

in  which ITYPE, NSET, and MAT a re  th e  in te g e r numbers assigned to  th e  

elem ent type, r e a l constan t s e t , and m ateria l p ro p e rtie s  s e t  d esired  fo r 

a l l  elem ents crea ted  a f te r  issu in g  th ese  ocnrnands. When I-DEAS wrote 

ou t th e  ANSYS inpu t f i le s ,  th ese  th ree  ocnrnands were combined in to  

s in g le  ccnmand lin e s . T herefore, when th e  in p u t f i l e s  were reviewed, 

they  contained th e  ocnmand lin e :

TYPE,1 $ REAL,1 $ MAT,1 

before th e  elem ents f a r  th e  supports were defined , and th e  ocnmand lin e :
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TYPE, 1 $ REAL, 2 $ MAT,2 

before th e  elem ents f a r  th e  load p la te s  were defined . I f  th ese  commands 

were no t used, a l l  elem ents would have been defined w ith  th e  d e fa u lt 

value o f 1 f a r  each o f th e  s e ts , making a l l  elem ents in  th e  models w ith  

a  s in g le  combination o f elem ent type, re a l constan t s e t , and m a te ria l.

The command used to  c re a te  th e  elem ents was th e  E ccnmand which 

c re a te s  elem ents one a t  a  tim e. I t  has th e  form at:

E ,I,J,K ,L ,M ,N ,0,P <KEIURN>, 

in  which I,J ,K ,L , e tc . a re  th e  nodes needed to  define  each elem ent. 

Because q u a d rila te ra l s h e ll elem ents were used, only four nodes were 

need f a r  each elem ent. Therefore, when th e  input f i le s  were inspected , 

th ey  contained lin e s  lik e :

E, I ,  J ,  K, L,

fo r  th e  supports, and:

E, I ,  J ,  K, K, 

fo r  th e  tr ia n g u la r s h e ll elem ents fo r  th e  load p la te s .

The nex t fo u r s te p s  o u tlin ed  in  th e  o n -lin e  documentation f a r  th e  

ANSYS an a ly sis  PROOedure were n o t used f a r  th is  th e s is . PR0C,6 explains 

th e  module and th a t  can be used to  defin e  coupled degrees o f

freedom (DDF). FR0C,7 i s  follow ed i f  lin e a r  c o n s tra in t equations a re  to  

be used in  an ANSYS an a ly sis . FR0C,8 describes th e  c rea tio n  o f ’’m aster 

degrees o f freedom", which a re  needed in  an a ly sis  types (KAN) 1, 2, 5,

6, and 7 . F in a lly , ER0C,9 i s  app lied  when a  lin e a r  tra n s ie n t an a ly sis  

(KAN, 5) i s  being performed w ith  gap n o n lin e a ritie s .
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STEP 10. ~ LOAD STEP OPTOCNS

PPDC, 10 Id e n tif ie s  th e  need to  apply th e  load s te p  op tions nodule, 

LOTTions, to  specify  th e  co n tro l, p r in t, and d a ta  f i l e  op tions to  th e  

models th a t  a re  to  he solved. Die LOTTions Module a lso  con tains th e  

oonmands needed i f  "bod/ loads" a re  to  be app lied , such a s  th e  loads 

placed on a model due to  acce le ra tio n  ( e .g ., g rav ity ) and ro ta tio n a l 

v e lo c ity . N either o f which were app lied  to  th e  analyses performed f a r  

th is  th e s is . Which o f course im plies th a t  th e  assum ption was made th a t 

th e  s ta t ic  fa rc e s  applied  to  th e  su rface  u n it supports were s ig n if i­

can tly  g re a te r than  th e  e ffe c ts  o f th e ir  own w eight, to  make th e  accel­

e ra tio n  body loads n eg lig ib le .

ANSYS allow s th e  u se r to  defin e  sev era l load s te p s  to  a s in g le  

f in i te  elem ent model, and to  have then  each solved in  a  s in g le  computa­

tio n  "run" o f th e  ANSYS so lu tio n  ro u tin e . For th is  th e s is , each model 

was only solved f a r  a s in g le  load s te p . But, th is  procedural s te p  was 

s t i l l  requ ired  f a r  each.

To access th e  o n -lin e  DOCUtnentation f a r  th e  LOFT Module,

LOTT <REIURN>

must f i r s t  be en tered  to  access th e  LOTT Module. Then th e  DOCU ooranand 

w ill y ie ld  a  l is t in g  o f th e  s ix  Documentation screens th a t  a re  a v a il­

ab le , each o f which can be reviewed by typ ing :

D0CU,N <RETURN>, 

in  which N i s  an in teg er between 1 and 6.

LOTT$D0CU,1 describes th e  oonmands th a t  a re  used to  co n tro l th e  

load op tions. Far th is  th e s is , th e  only command appearing in  th is  DOCU 

screen  th a t  was used fo r  th is  th e s is  was ITERation ccnmand, and i t s  use 

w ill be dinniHsed in  Chapter XV.
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LOPT$DOCU,2 I s  used f a r  nodal analyses only , and th u s was n o t used. 

LOFT$DOCU,3 d isp lay s oonmands th a t can be used to  d efin e  ca lcu la ­

tio n  op tions. From th is  l i s t ,  th e  KRF ocnmand was used to  co n tro l th e  

nodal fa rc e  and reac tio n  fa rc e  c a lcu la tio n s and p rin to u t, th e  ANSYS 

PREF7 in pu t f i le s  each contained th e  ooranand lin e :

KRF,1 <REIURN>,

which t e l l s  ANSYS th a t th e  nodal fo rces a re  to  be ca lcu la ted  and p rin ted  

f a r  each elem ent, and th e  reac tio n  fa rces a re  to  be ca lcu la ted  and 

p rin te d  f a r  th e  nodes which have had th e ir  displacem ents cons tr a ined.

The inpu t f i le s  a lso  contained th e  ocnmand lin e :

KSE, 1 <REIURN>,

which inform s ANSYS th a t th e  s tra in  energy i s  to  be ca lcu la ted  and 

p rin te d  f a r  each element in  th e  model.

I/DFT$D0CU,4 d iscusses th e  use o f oonmands th a t  w ill co n tro l th e  

p rin tin g  o f nodal displacem ents and fa rc e s , and elem ent s tre s s e s . The 

ANSYS FKEP7 inpu t f i le s  w ritte n  by I-DEAS d id  n o t con tain  any o f these  

oonmands.

LOPT$DOCU,5 d isp lay s th e  comnands which can be used to  co n tro l th e  

i frequency o f displacem ents, s tre s se s , and fa rc e s  in to  th e  so lu tio n  f i l e .  

None o f th ese  ocnrnands were w ritte n  in to  th e  inpu t f i le s  by I-DEAS.

LQPT$D0CU,6 in d ica te s  which ocnrnands can be app lied  to  cont r o l th e  

load f i le s  and d a ta  in  those f i le s .  Again, I-DEAS d id  n o t apply any o f 

th ese  mmwanrtfl when th e  PREP7 inp u t f i le s  were w ritte n .
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STEP 11. ~ APPLICATION OF OCNSIBAINrS AND LORDS

PB0C,11 in d ic a te s  th a t th e  boundary conditions should be applied to  

th e  model a t  th is  s te p  in  th e  procedure. The models were to  be con­

s tra in e d  a s  dinniHBnd in  Chapter X. The loading o f th e  mnrtain i s  

dinniBBed in  Chapter X III f a r  th e  mesh s iz e  optim ization  and model 

v e rif ic a tio n , and in  Chapter XV fo r  th e  load t e s t  sim ulation .

The nodes a t  th e  ends o f th e  suppor t s  were to  be assigned d isp lace­

ment values o f zero in  th e  Theta and Z d ire c tio n s , fo r  a l l  o f th e  

analyses perform ed. To v e rify  th a t  I-DEAS wrote th e  proper displacem ent 

const r a in s  in  th e  ANSYS PREP7 inpu t f i le s ,  th e  LOADS Module was enter, 

and th e  a v a ila b le  commands were reviewed by typing:

IOADS$DOCU <RELURN>.

This showed th a t  th e  Displacement ocnmand was need to  cons t r a in  th e  end 

nodes. The D ccnmand has th e  follow ing form at:

D, NODE, LAB, DISP, CDISP, NEND, NINC, IAB2, ...IA B 6.

NODE i s  th e  node number f a r  th e  node being d isp lace  (o r «■*■■■>«<■> by a 

zero displacem ent). LAB i s  any v a lid  displacem ent d ire c tio n  o r degree 

o f freedom, chosen from ALL, UX, UY, UZ, ROTX, ROLY, and ROTZ. DISP i s  

th e  value o f  th e  displacem ent. CDISP i s  th e  imaginary p a rt o f th e  

displacem ent, used in  harmonic response analyses. NEND and NINC can be 

used to  name ad d itio n a l nodes which a re  between NODE and NEND in  in cre­

ments o f NINC. IAB2,. .  .IAB6 a re  o th er LABels fo r  which th e  same value 

o f displacem ent a re  to  be sp e c ified . T herefore, th e  ocnmand lin e s  in  

th e  in p u t f i l e s  ware check to  be su re  th a t  each contained th re e  nodes 

const r a ined  w ith :

"D, NODE, UY, 0 ., , and ”D, NODE, UZ, 0 ., ,

o r , "D, NODE, UY, 0 ., , , ,UZH.
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STEPS 12 THRCOSH 14 IN THE ANSYS ANALYSIS PROCEDURE

Step 12 in  th e  ANSYS an a ly sis  procedure was n o t app lied  to  th is  

th e s is . I t  involves th e  d e fin itio n  o f tem peratures f a r  analyses involv­

ing  therm al loads, and in te rn a l h ea t generation  f a r  h ea t tra n s fe r  

analyses. S teps 13 and 14 a re  vised to  merge nodes and to  reo rd er 

elem ents to  reduce th e  wave fron t  which can reduce th e  computer req u ire ­

ments f a r  th e  an a ly sis  so lu tio n  phase. The nodes th a t  needed to  be 

merged were taken care  o f in  th e  I-DEAS p reprocessin g  phase o f th is  

th e s is , a s  was th e  wave f ro n t optim ization .

STEP 15. ~ WRITING THE ANALYSIS FILE

HOC, 15 exp lains th a t  a f te r  th e  an a ly sis  has been com pletely 

defined  th e  M iscellaneous M odule's AFWRITE oonmands i s  used to  w rite  ou t 

an a n a ly sis  f i l e .  The form at f a r  th is  ccnmand is :

AFWRITE, NOOT, DUST, NOCHK.

NOUT i s  th e  f i l e  in to  which th e  an a ly sis  d a ta  a re  to  be w ritte n . By 

d e fa u lt, th e  an a ly sis  f i l e  w ill be FILE27. DUST allow s th e  an a ly sis 

d a ta  to  be sunmarized in  ta b le s  during th e  so lu tio n  phase. I f  DUST i s  

0 (d e fa u lt) , no summary w ill be p rin te d . But, i f  DUST i s  s e t  to  1, th e  

d a ta  w ill  be sunmarized during th e  so lu tio n  p rin to u t. NOCHK i f  s e t  to  l  

t e l l s  ANSYS th a t  th e  d a ta  i s  no t to  be check before th e  an a ly sis  f i l e  i s  

w ritte n . By d e fa u lt, NOCHK i s  s e t  to  0, and th e  d a ta  w ill be checked 

f a r  com pleteness before th e  an a ly sis  f i l e  i s  w ritte n . I f  ANSYS fin d s 

any f a ta l  e rro rs  during th e  check, th e  an a ly sis  f i l e  w ill n o t be w rit­

te n , and e rro r  statem ents w ill be p rin te d . T herefore, when th e  an a ly sis  

i s  com pletely s e t  up (which fo r  th is  th e s is  a lso  req u ire s  th e  ad d itio n  

o f th e  loads th a t  a re  discussed in  Chapters XII and XIV), th e  u se r w ill
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issu e  th e  AIWRITE ocnmand, and then  e x it  FREP7 w ith th e  FINIshed 

ocnmand.

Wien th e  ANSYS PREP7 inpu t f i l e s  w ritte n  by I-DEAS were checked fa r  

accuracy and ocnpleteness, th e ir  la s t  four lin e s  were APWRITE, FINISH, 

/INPUT, 27, and FINISH. This would have caused ANSYS to  w rite  o u t an 

an a ly sis  f i l e ,  e x it  PREF7, and then  subm it th e  an a ly sis  f i l e  to  th e  

ANSYS so lu tio n  ro u tin e . These lin e s  (except one o f th e  FINISHEDs) were 

d e le ted  from th e  inpu t f i le s .  Because, i t  was decided th a t  th e  models 

should be examined w ith  th e  AMSYS graph ical d isp lay  ocnrnands before th e  

a n a ly sis  f i le s  were w ritte n  and solved, to  be su re  th a t  a l l  o f th e  model 

d a ta  was tra n s fe rre d  o u t o f I-DEAS and in to  ANSYS w ithout any "bugs".

TRANSFER OF PREP7 INPOT FU£S FRCM I-DEAS

A fter th e  inpu t f i l e s  were ed ited  to  make th e  changes needed to  

have then  conform to  th e  step s o u tlin ed  above, X III, they  were ready to  

be tra n s fe rre d  in to  ANSYS. The f i r s t  ccnmand lin e  in  each PKEP7 inpu t 

f i l e  was /FREF7. T herefore, th ese  f i le s  were setup  to  be in p u t from 

ANSYS7 Routine Begin Level. T his could have been in  an in te ra c tiv e  

ANSYS sessio n  by typing:

/INPUT, INEUr_FELE, EXT <REIUFN>, 

in  which INFUT_FILE i s  th e  name o f th e  inpu t f i l e  th a t  was w ritte n  by 

I-DEAS (e .g ., N116), and EXT i s  th e  f i l e s  extension ( e .g ., DAT). I f  th e  

f i l e  i s  an ANSYS f i l e ,  th e  f i l e  can be id e n tifie d  by number. Far 

exanple,

/INPUT, 27 <REHIRN>, 

i s  en tered  when subm itting th e  an a ly sis  f i l e  FHJS27.DAT o r N116.F27 to  

th e  so lu tio n  ro u tin e .
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But, i f  th is  i s  done in  an in te ra c tiv e  sessio n , th e  te rm inal w ill 

be t ie d  up during th e  e n tire  reading o f th e  in p u t f i l e ,  and i t  may slow 

down th e  work o f o th er u se rs  on th e  same occp u te r  network, th e re fo re , 

th e  PKEP7 in p u t f i le s  were tra n s fe rre d  in to  ANSYS in  th e  batch  mode.

fflS¥g BATCH CTtHfflP F O E
To make th e  batch  tra n s fe r  o f th e  inpu t f i le s  in to  ANSYS e a s ie r , a  

second ocnmand f i l e  w ritte n  by Dr. Mike Day, a t  th e  u n iv e rs ity  o f 

L o u isv ille , was used to  subm it th e  in p u t f i le s  to  batch processing . I t  

i s  named "ANSYS_BATCH. OCM” . T his ocnmand f i l e  i s  l is te d  in  Appendix V.

This ocnmand f i l e  con tains ocnmand lin e s  th a t  prompt  th e  u se r fo r  a  

MDDELJNAME th a t  i s  to  be subm itted to  ANSYS. T his i s  to  be a f i l e  named 

M3DEL_NAME.DAT, where MDDEL_NAME can be any lo g ic a l f i l e  name. I f  th e  

f i l e  sp e c ified  does no t e x is t in  th e  cu rren t d isk  d ire c to ry , th e  ccnmand 

f i l e  assumes th a t  a  M3DEL_FHJE.F27 f i l e  e x is ts , and i t  w ill proceed to  

c re a te  a  .DAT f i l e .  The u se r i s  n o tif ie d  th a t  th is  has occurred, and 

can ab o rt th e  ocnmand f i l e s  execution i f  th is  i s  n o t what was intended.

The batch  ccnmand f i l e  then  assig n s th is  name to  a l l  o f th e  requ ired  

ANSYS f i l e s ,  in  th e  form at MX>EL_F3I£.FNN, where NN i s  th e  f i l e  number 

(from 02 to  40).

A fter making th e  f i l e  d ec la ra tio n s, th e  ocnmand f i l e  prcnpt s  th e  

u se rs fo r  th e  se le c tio n  o f one o f GEA's VAX computer nodes, and then  fa r  

th e  batch queue on th is  node th a t  i s  to  be used. Next i t  asks i f  th e  

batch  job  i s  to  be run  "NOW" o r "TONIGHT". I f  th e  u se r r esponds  w ith 

NOW, th e  jo b  w ill be subm itted to  th e  batch queue immediately. But, i f
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th e  jo b  i s  long, and th e  re s u lts  w ill n o t be reviewed u n ti l  th e  follow ­

ing  day, TONXazr should be chosen. T his w ill p lace th e  job  in  th e  

chosen queue such th a t  th e  job  w ill n o t be s ta r te d  u n ti l  m idnight.

F in a lly , th e  u se r i s  asked i f  a l l  th e  ANSYS f i le s  th a t  a re  created  

during th e  run  should be de le ted  upon ccn p leticn , except fo r  th e  re s u lts  

f i l e  (M0DEL_FUE. F12), th e  preprocessing (model) f i l e  (M0DEL_FII£.F16) 

and th e  e rro r  l is t in g  f i l e  (M3DEL_FHZ. F19) . I f  th e  u se r r esponds  w ith 

N fo r  No, a l l  f i l e s  c rea ted  during th e  so lu tio n  run  w ill be re ta in ed .

I f  th e  u se r e n te rs  Y fo r  Yes, a l l  f i l e s  c rea ted  w ith  a  extension o f .INN 

w ill be d e le ted  except fo r  th ese  th re e  f i le s .

GRAPHICAL DISPLAY OPTIONS

ANSYS provides ex tensive g raph ical d isp lay  c a p a b ilitie s  when accessed 

w ith  a  co lo r graphics te rm in a l, w orkstation, o r PC w ith T ektronix 

term inal em ulation softw are. To make use o f th ese  c a p a b ilitie s , th e  

f i r s t  th in g  ANSYS req u ire s before th e  u se r can c a l l  fo r any "p lo ts" 

(which i s  how ANSYS re fe rs  to  i t  g raphics d isp lay s), i s  to  sp ecify  th e  

g raph ics DEVICE-NAME which i s  being used. ANSYS helps remind th e  u ser 

o f th is  by includ ing  a  no te in  th e  banner which i s  d isp layed upon en try  

in to  /PKEP7 (and th e  postprocessor ro u tin es which a re  discussed l a te r ) , 

th a t  shows th e  u se r th e  he must en te r:

/STOW, DEVICE-NAME 

to  enable g raphics d isp lay . Ihe  DOCU,/SHOW l i s t s  th e  ncmnwndB form at:

/SHOW, FNAME, EXT, VECT, NCPL.

The HOME can be in p u t a s  a  g raphics device code when used to  

produce p lo ts  in te ra c tiv e ly  on th e  d isp lay  device. The o n -lin e  Documen­

ta tio n  l i s t s  a l l  o f th e  v a lid  device codes. For th is  th e s is  Tektronix
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term inals and PCs w ith T ektronix em ulation were used. So, th e  device 

codes: 4107, 4205, and 4129 were used depending on which device was 

being used a t  th e  tim e.

FNAME can a lso  be used as a  d isk  sto rag e  f i l e  name, w ith  an exten­

sion  o f EXT. T his allow s th e  p lo ts  to  be d iv erted  to  a f i l e  f a r  la te r  

process ing w ith  one o f ANSYS' ex te rn a l p lo t programs , such as PLOT33 

which i s  av a ilab le  on GEA'S VAX ocpputar c lu s te r  system . T his option 

was no t u tiliz e d  f a r  th is  th e s is  and w ill no t be described  any fu rth e r.

VECT i s  a  sw itch (1 o r 0) which i s  used to  sp ecify  e ith e r  r a s te r  

p lo ts , i f  av a ila b le , o r v ecto r p lo ts . Hi VECT i s  s e t  to  0 (d e fa u lt) , 

th e  p lo ts  w ill be d isp layed in  r a s te r  mode w ith  co lo r f i l l .  T his w ill 

cause th e  p lo ts  to  be d isp lay  w ith  each e n tity  which has been s e t  f a r  

co lo ring  to  be displayed w ith co lo rs f i l l e d  in . NCPL i s  used to  s e t  th e  

number o f co lo r p lanes (term inal dependent) av a ila b le  fo r  co lo r f i l l in g , 

which can be between 4 and 8. But, when VECT i s  s e t  to  1, th e  p lo ts  

w ill be d isp layed in  vecto r farm, w ithout co lo r f i l l in g .  The u se r has 

to  experim ent w ith  th ese  s e ttin g  to  g e t optimum use o f th e  graph ics 

c a p a b ilitie s . In  some cases co lo r f i l l in g  i s  d e s ira b le . But, in  

o th e rs , th e  co lo rs can obscure e n ti t ie s  which a re  being d isp layed .

Color f i l l in g  a lso  req u ire s more d a ta  tra n s fe r  tim e, and can slow down 

th e  u se rs p rogress.

OCMEININS TEXT AND GRAPHICS DISPLAYS

ANSYS i s  capable o f d isp lay ing  both in te ra c tiv e  te x t  and g raph ical 

p lo ts  sim ultaneously on th e  same video screen . When a  Tektronix t e n d -
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n a l i s  used, th is  involves th e  co n tro l o f th e  "d ialog” and th e  graphics 

d isp lay  a reas cn th e  screen . When th e  u se r w ish to  view th e  d ia lo g  

alone,

/T  <RETOPN>

can be en tered , which w ill s e t  th e  d ia lo g  a rea  to  th e  f u l l  number o f 

d ialog  lin e s  th a t  a re  sp e c ified  in  th e  te rm in a l's  se tup  (e .g ., *DAL,32). 

I f  a  p lo t has been d isp layed, th e  d ia lo g  w ill s c ro ll over th e  graphics 

a rea , o r th e  u se r can erased  th e  graphics w ith  th e  te rm in a l's  "G Erase" 

key.

I f  th e  u se r w ishes to  view a  p lo t w ithout seeing th e  te x t ,

/G <REIURN>

can be en tered , and th e  d ia lo g  w ill be turned o ff . This has th e  same 

e ffe c t a s  to gg lin g  th e  d ia lo g  o f f  w ith  a  Tektronix te rm in a l's  "Dialog” 

key.

I f  th e  u se r w ishes to  see both te x t  and graphics a t  th e  same tim e,

/B <REIURN>

can be en tered . This w ill tu rn  th e  d ia lo g  on, and s e t  th e  number o f 

d ia lo g  lin e s  to  a  reduced number from th e  number s e t  in  th e  te rm in a l's  

setup , and p lace th e  te x t  a rea  below th e  graphics area  on th e  video 

screen . The te x t  w ill s c ro ll in  th e  lower a rea  w ithout overlapping th e  

p lo ts  when fu rth e r commands a re  in p u t.

S_lHE.,FEft HPPEU5 

The models can be viewed in  one o r more windows cn a  g raphics 

te rm in a l's  d isp lay  using  th e  ocirmands in  ANSYS' PICT Module. By typing:

PIGT$DOCU <RE1URN>,

and
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FIOT$DOCU,ALL <REIURN>, 

th e  u se r can review  th e  o n -lin e  Documentation fo r  th e  p lo t op tions. In  

FKEP7 th e re  a re  two b asic  p lo ts  a v a ila b le : NFI0T fo r  d isp lay ing  th e  

m odel's nodes, and EELOT fo r  d isp lay ing  th e  m odel's elem ents.

The d isp lay  o f th ese  p lo ts  can be customized to  s u i t  th e  u s e r 's  

needs by applying th e  options th a t  a re  presented  in  th e  o th er Documenta­

tio n  screens th a t  a re  suggested by th e  PLOT M odule's DOCUnentation.

These include th e  d isp lay  ocnrnands th a t  can be review  by typing:

DOCU, GOTH <RETURN>.

The g raph ical d isp lay  co n tro l ocnrnands a re  a l l  "slash " ocnrnands. They 

g iv e  th e  u se r th e  a b il i ty  to : ro ta te  th e  d isp lay  (/ANGLe); autom ati­

c a lly  sca le  th e  p lo t to  f i l l  th e  d isp lay  window (/AUTO); sp ecify  th e  

d istan ce  from which th e  e n ti t ie s  a re  viewed (/DISBanoe); d is to r t  th e  

d isp lay  o f displacem ents fo r c la r ity  (/DSCAle); sp ecify  th e  lo ca tio n  of 

th e  fo ca l p o in t (/FOCUS); apply g rid s , log  sc a lin g , and a x is  lab e ls  

(/GRAPH); s e t  co lo r sp e c ific a tio n s  (/NUMBer); d isp lay  boundary condi­

tio n s  (/PBC); co n tro l th e  d isp lay  o f th e  system tr ia d , border around th e  

window ( s ) , and t i t l e  (/PUDF); apply numbering to  th e  d isp layed e n ti t ie s  

(/PNUMber); d is to r t  th e  d isp lay  along th e  X and/or Y screen  axes to  

a s s is t  in  th e  v isu a liz a tio n  o f obscure e n ti t ie s  (/RATIo); sh rin k  th e  

elem ents to  examine th e ir  boundaries (/SHRErik); w rite  te x t  d ire c tly  an 

th e  d isp lay  a t  a  u se r sp ec ified  lo ca tio n  (/TTABel); c re a te  se c tio n  and 

h id den-line  d isp lay s (/TYPe); apply u se r sp ec ified  sca lin g  (/USER); 

c re a te  p erspective  d isp lay s using a view cone angle (/VCCNe); d efin e  th e  

viewing d ire c tio n  along a  lin e  normal to  th e  d isp lay  screen (/VIEW) ; 

d e fin e , a c tiv a te , and d eac tiv a te  d isp lay  windows (/WIND); and i f  th e  

g raphics term inal has th e  c a p a b ility  to  perform  screen p icking  ( i . e . ,
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w ith a  jay  pad, mouse, ta b le t, o r screen cu rso r co n tro l wheels) th e  u ser 

can p ick  th e  cen te r and a  rad iu s p o in t on a  window to  zoom in  on th e  

e n ti t ie s  d isplayed (/ZOCM). There a re  sev era l o th er d isp lay  cont ro l 

commands presented in  th e  DOCU,GKFH screen , b u t th ese  were used most 

o ften . Several o f th ese  op tions w ill only tak e  e ffe c t when th e  /USER 

ocnmand i s  app lied . These a re  noted in  th e  o n -lin e  documentation which 

i s  av a ilab le  f a r  each by typing:

DOCU, OGMOND <KETURN>, 

in  which th e  d isp lay  co n tro l command's name i s  used f a r  th e  OGMMAND.

In  ad d itio n  to  using  th e  /ZOCM ocnmand to  d isp lay  se lec ted  p o rtio n s 

o f a  complete node o f elem ent p lo t, th e  use o f ocnrnands in  th e  RSELect 

Module can a lso  be applied  to  lim it th e  number o f e n ti t ie s  d isp layed . 

These ocnrnands a re  documented f a r  o n -lin e  review , which can be seen by 

typing:

RSEL$DOCU <RETURN>.
There a re  commands f a r  se le c tin g  nodes, elem ents, keypoints, lin e  

segments, a reas , and volumes. A lso, e n ti t ie s  can be grouped in to  

component s  w ith th e  commands in  th e  CCMPonents Module.

V arious combinations o f th ese  d isp lay  options were used to  view th e  

FEA models th a t were tra n sfe rre d  in  from I-DEAS to  be su re  th a t  a l l  o f 

th e  d a ta  were tra n s fe rre d  w ithout e rro rs . Some o f th e  d isp lay s a re  

shown in  Chapters XU and XIV. Once th e  author was s a tis f ie d  th a t  th e  

models were constructed  a s d esired , an a ly sis  f i le s  were w ritte n  fa r  

inpu t in to  th e  ANSYS so lu tio n  Routine.
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ANBYS ANAT.VSTH FTLES

The an a ly sis  f i l e s  were w ritten  ou t to  ANSYS "FII£27" (ac tu a lly  

named HQDEL_FILE.F27 by th e  in te ra c tiv e  cxmnand f i l e  th a t  was used), fa r  

inp u t in to  th e  so lu tio n  ro u tin e , using th e  AFWRITE ooranand. Thus, 

com pleting Step 15 in  th e  ANSYS an a ly sis procedure discussed  e a r l ie r .

A fter th e  an a ly sis  f i l e  was w ritte n , th e  FREF7 module was ex ited  

w ith  th e  FINIshed ocnmand. This retu rned  co n tro l to  th e  Routine Begin 

Level o f th e  ANSYS program, and a lso  w rote a  PREP7 RESUME f i l e  (FHJ216), 

th a t  could be used to  reload  th e  models fo r fu rth e r preprocessing.

BATCH SOLUTION OF THE ANSYS ANALYSTS F IL E S

The an a ly sis  f i le s  were subm itted to  ANSYS' so lu tio n  ro u tin e  in  th e  

batch mode. T his was acocnplished w ith th e  same batch ocnmand f i l e  th a t 

was used to  tra n s fe r  th e  models in to  ANSYS from I-DEAS. To do th is , th e  

model inp u t f i le s  th a t  had been tra n sfe rre d  in to  ANSYS were renamed, so 

th a t  they  could be save. Then new f i le s  were c reated  w ith  th e  w™> 

M3DEL_NAME.DAT f i l e  names. These f i le s  served as so lu tio n  phase input 

f i l e s .  They contained th e  follow ing ocnmand lin e :

/INPUT, 27 

FINISHED 

/EOF.

This allowed th e  batch ocnmand f i l e  to  be used to  submit th e  inpu t f i le s  

to  ANSYS fo r  batch processing , using th e  lo g ic a l f i l e  names th a t  were 

declared  when th e  models were inpu t w ith th is  batch ocnmand f i l e .

Because o f th e  f i l e  d ec lara tio n s made by th e  ocnmand f i l e ,  th e  /INPUT, 27
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ocnmand was used to  inpu t th e  an a ly sis  f i l e s  w ith  th e  M3DEL_NAME. F27 

f i l e  names ( e .g ., N116.DAT), ra th e r  than  th e  standard  ANSYS an a ly sis  

f i l e  name FnJ327.DAT.

The batch ocnmand f i l e  was a lso  used to  d e le ted  a l l  o f th e  f i le s  

ANSYS crea ted  during so lu tio n  o f th e  an a ly sis  f i le s ,  except f a r  th e  

so lu tio n  re s u lts  (MX)EL_NAME. 12), th e  prepr ocessing resume f i l e  (MX)EL_- 

NAME.16), and th e  e rro rs  f i l e  (MDDEL_NAME. 19), when th e  so lu tio n s were 

completed.

Three ad d itio n a l f i l e s  a re  c reated  during th e  so lu tio n  phase. They 

a re  MDDEL_FIIE.LOG, M3DEL_FILE.LIS, and MDDEL_FHJ2. <XM. The LOG f i l e  

con tains inform ation on th e  system co n tro l conmands th a t  were issued  in  

during th e  batch "run", and a t  th e  end o f th e  f i l e  any warnings and 

e rro rs  w ill  be l is te d . Since th e  H0DEL_FTI£.F19 e rro r  f i l e  was no t 

d e le ted , any warnings and e rro rs  w ill be l is te d  in  th is  f i l e ,  and so  th e  

LOG f i l e  does no t n ecessa rily  need to  be saved. The L is t f i l e  con tains 

a  summary o f th e  inpu t and an a ly sis  re s u lts . Because ANSYS and I-DEAS 

postpr ocessing can be used to  more conveniently in v e s tig a te  th e  an a ly sis 

re s u lts , th is  f i l e  i s  seldom use. The GCH f i l e  l i s t s  th e  system  lev e l 

conmands th a t  were executed in  SETting system param eters, A s s is tin g  and 

DEASSIGNing th e  lo g ic a l f i l e  names, RUNning ANSYS, and DELETing th e  

undesired f i le s .  This f i l e  would only be reviewed i f  a  p rocessing  e rro r 

occurred, and th e  u se r was try in g  to  lo ca te  any problem s. T herefore, 

one m ight consider modifying th e  batch ccranand f i l e  to  d e le te  th e  th re e  

f i l e s  from th e  u s e r 's  d isk  d irec to ry  along w ith  th e  o th er ANSYS f i le s  

th a t  i t  can d e le te  fo r th e  u se r au tom atically  a t  th e  conclusion o f th e  

so lu tio n  run .
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POST PROCESSING OPERATIONS

ANSYS FOOT pnnriaRfiTMP. OF THE 90UJTICN RESULTS 

From ANSYS' Routine Begin Level,

DOCU, POST <RETURN> 

can be en tered . ANSYS responds to  th is  w ith  documentation describ ing  

th e  po et processing  phase o f an ANSYS a n a ly sis . ANSYS provides fiv e  

p o s t p rocessing  ro u tin e s . TWo o f th e  ro u tin es a re  dedicated  to  th e  

sumnation o f harmonic loads, /POST29 and /F0ST30, f a r  so lid  and sh e ll 

models re sp ec tiv e ly , which do no t apply to  th is  th e s is . /F0ST27 i s  used 

to  combine th e  re s u lts  from sev era l load s e ts  f a r  ccnparisan and d isp lay  

o f th e  re s u lts . Since only one load s e t  was run f a r  each o f th e  models 

cons t r ucted  f a r  th is  th e s is , th is  Routine was n o t used. /PQST26 

i s  used to  p r in t ou t and p lo t displacem ent, s tr e s s , o r ten p era tu re  tim e 

h is to r ie s  from th e  r e s u lts  o f tim e dependent an a ly sis  ( i . e . ,  creep 

analyses, and dynamic an a ly ses). But, sin ce  only s ta t ic  load cases were 

analyzed, th is  Routine was n o t used e ith e r . The postprocessor  th a t  was 

used i s  named /P0ST1.

291
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/F0ST1 i s  ANSYS' general an a ly sis  re s u lts  d a ta  base postpr ocessor. 

I t  provided nodule o f command th a t  a l l  th e  u se r to  s e le c t r e s u lt, s o r t, 

l i s t ,  p r in t, g rap h ica lly  d isp lay , and p lo t an a ly sis  re s u lts . T herefore,

/PO SH  <REIURN>,

was en tered  to  access th is  ro u tin e  in  in te ra c tiv e  ANSYS sessio n s.

u n lik e  th e  prepr ocessin g  ro u tin e  (/PREP7), /F0ST1 does n o t provide 

th e  u se r w ith  a procedure to  follow  in  i t s  o n -lin e  DOCUnentation, sin ce  

th e re  i s  no s te p  by s te p  procedure th a t  would be app licab le  to  a l l  p o st 

processing p ro je c ts . But, th e  can en te r

HELP <REIURN>,

to  show th e  u se r how to  access o n -lin e  documentation th a t  i s  a v a ila b le . 

Die documentation includes th e  MODUles command, to  determ ine where th e  

u se r can located  o n -lin e  DOCUnentation on th e  commands th a t  a re  provided 

in  /FOSEL. HELP a lso  shows th e  u se r th a t  a  command c a lle d  PSTIF i s  

provided f a r  use in  determ ining what s tre s s  d a ta  i s  av a ilab le  fa r  

re tr ie v a l from th e  r e s u lts  f i l e .  A command named SLOT i s  provided which 

d iscu sses th e  processes av a ilab le  f a r  se le c tin g  th e  nodes and elem ents 

f a r  which use in  subsequent p o st p rocessing . S im ila rly , a  SKDG command 

d iscusses how th e  d a ta  can be so rted  in to  ascending o f descending o rder 

p r io r  to  l is t in g  o r p rin tin g  th e  r e s u lts  f a r  th e  nodes a r  elem ents.

The /F0GT1 Modules a re : DEFINE, SELECT, SORT, FKENT, PICT, CDSYS,

NODE, CAICULate, LOCALCUlate, and FATIGUE. Far th is  th e s is  th e  f i r s t  

f iv e  MODULES in  th is  l i s t  were ap p licab le , and were used f a r  th e  

prelim inary  p o st p rocessing  o f th e  r e s u lts  o f th e  loading cases th a t a re  

in  Chapters XU and XIV. The DOCU command was used to  d isp lay  

th e  documentation av a ila b le  o n -lin e  which d escrib es th e  command a v a il­

ab le  in  each o f th is  Modules.



www.manaraa.com

293

DEFINE MXUIE PPnrRgSRS

The DEFINE Module I s  used to  d efin e  th e  s tr e s s  and fa rce  d a ta  th a t 

i s  to  be re trie v e d  from th e  re s u lts  f i l e  fa r  processing , and to  read  th e  

d a ta  in to  th e  in te ra c tiv e  p o st processing sessio n  fo r  p rocessing .

Before th e  s tre sse s  were defined f a r  r e tr ie v a l,

PSTIF,63 <REIURN>

was en tered  to  review  th a t d a ta  th a t were av a ilab le  f a r  th e  th in  sh e ll

elem ents th a t  were used in  th ese  analyses. T his y ie lded  a  l is t in g  o f

th e  "LEVEL 1—3 DATA FOR STIF 63 [ELEMENTS]".

Section 4 .0 .4  o f th e  ANSYS Engineering A nalysis System U ser's  
22Manual was reviewed to  understand th e  various le v e ls  o f d a ta  th a t 

a re  av a ila b le . This documentation (not av a ilab le  o n -line) exp lains 

th a t , in  o rder to  conserve confu tation  tim e and d isk  sto rag e  space 

( i . e . , to  save an a ly sis  tim e and th e  c o st o f run  tim e), a l l  o f  th e  

s tre s s  d a ta  th a t could be generated during th e  so lu tio n  phase a re  no t 

au tom atically  ca lcu la ted . ANSYS d iv ides th e  a v a ila b le  s tre s s  d a ta  in to  

s ix  "KED LEVELS". These le v e ls  a re  numbered 1 through 6 , rep resen tin g : 

1) fo rce  conponents; 2) b asic  s tre s s  conpanents (aen tro id a l and nodal) ,*

3) p rin c ip a l s tre s se s  (cen tro id a l and nodal), tem peratures, e t c . ;

4) ad d itio n a l su rface  d a ta ; 5) nonlinear cen tro id a l d a ta ; and 6) lin e a r
23

in te g ra tio n  p o in t d a ta .

NOt a l l  element types a re  capable o f producing d a ta  f a r  a l l  s ix  o f 

th ese  le v e ls . The d escrip tio n  f a r  a  se lec ted  elem ent type must be 

reviewed to  determ ine which d a ta  a re  av a ilab le  f a r  cal c u la tio n  during

22.
23.

Ib id ,., pp. 4 .0 .10 -  4 .0 .11 .

I b id .. Table 4 .0 .4 .1 , p . 4 .0 .11 .
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th e  so lu tio n  phase. ANSYS c a lc u la te s  a l l  d a ta  th a t a re  in  le v e ls  1 

through 3 by d e fa u lt. I f  th e  u se r needs to  have item s ca lcu la ted  th a t 

a re  in  le v e ls  4 through 6, th ese  must be sp ec ified  during th e  prepro­

cessing  phase, in  o rder to  t e l l  ANSYS to  produce those d a ta  during th e  

so lu tio n  run . The ANSYS preprocessing camnand which i s  used to  specify  

th e  so lu tio n  o f d a ta  from KED le v e ls  4 through 6 i s  "KEYOPTicn". The 

form at f a r  th is  ocnmand is :

KEYOPT, ITYPE, KNCM, KEYOPT (KNUM).

In  th is  comnand, ITYPE i s  th e  number o f one o f th e  defined elem ent types 

being used, KNUM,is th e  number o f th e  KEYOPTion th a t  i s  being sp ec ified , 

and KEYOPT (KNUM) i s  th e  argument value d esired  f a r  th e  key op tion  being 

s e t . The STIFF,JSTIFF o n -lin e  documenta tio n  oonmand l i s t s  th e  key- 

options th a t  a re  av a ilab le  f a r  th e  JSTIFF elem ent type th a t  i s  being 

used.

For th is  th e s is , no ad d itio n a l c a lcu la tio n s were requ ired  beyond 

th e  d a ta  th a t  a re  produced by d e fa u lt from KED le v e ls  1 through 3.

SPECIFYING THE STRESS DATA THAT ARE TD BE STORED FCR PROCESSING

ANSYS au tom atically  s to re  th e  some "convenience" s tr e s s  re s u lts  

when th e  an a ly sis  re s u lts  a re  read  in to  memory f a r  p o st processing . The 

convenience la b e ls  a re  in  two groups: OCMPcnent nodal s tre s se s : SX, SY,

SXY, and SXZ; and EKENclpal nodal s tre s se s : SIG1, SIG2, SIG3, S .I .

(Max. Shear), and SIGE (Von M ises). The u se r must d eclare  any o th er 

s tre s s  values th a t  a re  d esired  from th e  re s u lts  f i l e .  T his i s  accom­

p lish ed  w ith  th e  ANSYS FOST1 STRESS command. A lso, th e  so rtin g  conmands 

(discussed below) a re  only av a ilab le  f a r  d a ta  th a t  a re  declared  w ith th e  

STRESS oonmand.
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The STRESS cannand was used to  id e n tify  th e  s tr e s s  components th a t  

were to  be processed. The form at fa r  th e  SIRESS ocnmand i s :

STRESS, LAB, JSCTF, ITEM.

In  th is , LAB, i s  a  u se r sp ec ified  la b e l (four ch arac te rs  maximum), which 

can be used w ith subsequent ocmwinds to  id e n tify  th is  s tr e s s  ocnpcnent 

f a r  p rocessing . ANSYS provides sev era l "convenience" la b e ls  f a r  use 

w ith  s tr a in  energy, k in e tic  energy, elem ent volume, c en tro id a l therm al 

and m agnetic v ec to rs. These can be obtained from th e  o n -lin e  DOCUnenta­

tio n  o f SIRESS. ANSYS cau tions th e  u se r ag a in st using  predefined  ANSYS 

la b e ls , l ik e  SX, DISP, UX, SIG1, e tc . JSTIFF i s  th e  elem ent lib ra ry  

s tif fn e s s  type number f a r  th e  elem ents whose s tr e s s  d a ta  a re  to  be 

s ta re d . ITEM i s  used to  id e n tify  th e  so lu tio n  d a ta  th a t  a re  to  be 

s ta re d  w ith  th is  LABel, a s id e n tifie d  by PSTIFF,JSTIFF o r th e  p o st d a ta

l is t in g  provided in  th e  ANSYS Engineering A n a ly s is  System U ser's
24 _______ ____

mhwmI fo r  each elem ent s tif fn e s s  type. JSTIFF and ITEM a re  no t

used i f  any o f th e  convenience la b e ls  a re  used.

STORING ANALYSIS RESULTS FOR POST PROCESSING

Once th e  STRESS ocnmand was used to  sp ecify  th a t  th e  p rin c ip a l 

s tre s se s  were to  be s ta re d  f a r  processing, th e  ANSYS POST1 SET ocnmand w 

a s  used to  t e l l  ANSYS to  s to re  th e  geom etric, s tr e s s , fo rce  and d is ­

placem ent d a ta  f a r  p rocessing . The SET oonmand i s  used to  sp ecify  which 

load s te p  and i te r a t io n 's  d a ta  a re  to  be s ta re d . The form at f a r  th e  SET 

command i s :

SET, LSTEP, ITER, NSECT, KMS <REIUFN>.

2 4 . I b i d . . p p . 4 .0 .1 0  -  4 .0 .1 1 .
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LSTEP, i s  used to  t e l l  ANSYS which load s te p  i s  to  be used. The defa u lt  

i s  load  s e t  1. Far th is  th e s is , only one load s te p  was solved fo r  each 

o f th e  s ta t ic  cases th a t  was solved. ITER i s  used to  in d ic a te  which 

i te ra tio n  from w ith in  th a t  load s te p 's  so lu tio n  i s  to  be used. Only one 

i te ra tio n  was made in  th e  analyses used to  determ ine th e  optimum mesh 

s iz e . For th e  sim ulated load t e s t  analyses, i te r a t iv e  so lu tio n  step s 

were req u ired . i s  dlnninnnd in  Chapter XV. NSECT i s  used w ith

c y c lic  {analyses to  sp ecify  which se c to r o f th e  so lu tio n  d a ta  i s  to  be 

read . T his d id  n o t apply to  th is  th e s is . S im ila rly , KDC, which i s  

used to  s to re  th e  imaginary p a r t o f complex an a ly s is , was n o t app licab le  

fo r  th is  th e s is . T herefore, fo r  each o f th e  in te ra c tiv e  ANSYS p o st 

processing  sessio n s th a t  were run o f th is  th e s is , th e  follow ing oonmand 

lin e  was issued :

SET, 1 , 1 <REIIURN>.

SORTING AND PRINTING ANALYSIS RESUITS IN ANSYS FOOT FRXESSINS

A ll an a ly sis  r e s u lts  th a t  a re  read  in to  memory w ith  th e  SET oonmand 

can be reviewed a s  num erical d a ta  w ith  th e  cmrnwnfls documented  in  th e  

PRINT module. These commands can be reviewed by en te rin g :

HUNT$DOCU, (AUj) <RETURN>.

Far th is  th e s is , th e  maximum nodal displacem ents, and th e  maximum 

p rin c ip a l s tr e s s  where d esired , to  determ ine which mesh s iz e  was b e st 

su ite d  fo r  th ese  analyses, and to  determ ine i f  th e  new su p p o rt's  

s t r ength  i s  acceptably  in  ccnpariscn to  th e  o ld  support design . The 

nodal displacem ents can be p rin te d  o u t using  th e  FRDISP oonmand, and th e  

values o f s tr e s s  th a t  have been s ta re d  can be p rin te d  ou t w ith  th e  

PRSTRS ocnmand. But, before th ese  conmands were used, th e  d a ta  was
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so rted  to  p lace  th e  maxi mum values o f th e  d esired  displacem ents and 

s tr e s s  a t  th e  to p  o f each l is t in g .

Sorting  i s  aoooaplished w ith th e  compands th a t  a re  documented in  

th e  SCRT module. The d a ta  i s  a c tu a lly  so rted  based on th e  nodes o r 

elem ents in  th e  model.

For th is  th e s is , th e  nodes needed to  be so rted  based on th e ir  

displacem ent in  th e  v e r tic a l d ire c tio n . T his was accomplished by 

applying th e  M9CRP coumand. I t s  form at is :

NSCRT, LABEL, ORDER, KABS, MAX.

LABEL i s  th e  so rtin g  param eter. I t  must be one o f th e  follow ing: X, Y,

Z, DISP, ROT, UX, UZ, UZ, ROTX, ROTY, ROTZ, TEMP, PRES, V3DT, MAG, SX, 

SY, SXY, SXZ, SIG1, SIG2, SIG3, S .I . ,  o r  SIGE. T herefore, to  s o r t  th e  

nodes based on th e ir  v e r tic a l displacem ents, UZ was used as th e  LABEL. 

The ORDER can be sp ec ified  a s  e ith e r  0 o r  negative fo r  descending o rder, 

o r a s 1 o r p o s itiv e  fo r  ascending o rd er. Thus, descending o rder was 

sp e c ified . KABS i s  used to  sp ecify  th a t  th e  nodes a re  to  be so rted  on 

Ihe param eter d a ta 's  abso lu te  values i f  i t  i s  s e t  to  1 o r p o s itiv e , o r 

th e ir  abso lu te  values i f  i t  i s  s e t  to  0 o r negative. Since th e  v e r tic a l 

displacem ents were in  th e  negative Z d ire c tio n , abso lu te  values were 

d esired . MAX i s  used to  sp ecify  th e  maximum number o f nodes th a t  a re  

to  be so rted . The d e fa u lt value o f MAX i s  a l l  nodes th a t  a re  a c tiv e .

I f  a  s e t  o f nodes has been sp ec ified  w ith  th e  conmands documented  in  th e  

SETJtat  module, which i s  le s s  than  th e  to ta l  number o f nodes in  th e  

ccspete FEA model, only th o se  nodes w ill be so rted . I f  th is  has been 

done p r io r  to  so rtin g  th e  node ( e .g ., to  view a  sub s e t  o f nodes), th e
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NAIL ocnmand can be used p rio r to  running th e  NSCKT ocnmand to  r e s e t th e  

node s e t  to  a l l  o f th e  nodes in  th e  model, lh e  NSCKT ocnmand was 

en tered  a s:

NSCKT, UZ, 0, 1 <RETURN>.

Once th e  nodes were so rted , th e  FRDISP ocnmand was used to  d isp lay  

th e  displacem ents o f th e  nodes. The node w ith th e  maximum v e r tic a l 

displacem ent appeared a t  th e  top  o f th e  l is t in g .

Next, th e  p rin c ip a l normal s tre s se s  were so rted  and p rin te d . T his 

requ ired  th e  elem ents to  so rted  based on th e  s tre s s  d a ta  th a t  was s ta red  

w ith  th e  lab e l "SI". Element so rtin g  i s  done w ith th e  E9CKT ocnmand, 

which has th e  form at:

E9CKT, LABEL, CKDER, KABS, EMAX.

Hie param eters fo r  th is  ocnmand work ju s t  lik e  th ose  used w ith  th e  NSCKT 

ocnmand, except LABEL must be a  lab e l th a t  was defined  w ith  th e  POST1 

STRESS oonmand ( e .g ., "S I"). Therefore, th e  oonmand was en tered  a s:

ESCKT, S I, 0 <REIURN>.

Once, th e  elem ents were so rted , th e  FRSTR ocnmand was used to  p r in t  ou t 

th e  s tre s s  d a ta . FRSTR has th e  form at:

FRESTR, IAB1, . . . ,  IAB10.

The v a lid  LABles a re : (BLANK) fo r  th e  f i r s t  10 s t r ess  item s; GRP1, f a r

item s 1 to  10; GKP2, f a r  item s 11 to  20; GRP3, f a r  item s 21 to  30; GKP4, 

f a r  item s 31 to  40; a r  vecto r q u a n titie s  TG, TF, EF, JS , IMAG, EMAG, o r 

EMAG.

In  ad d itio n  to  th e  ERES1R oonmand, th e  FENSTR ocnmand was used to  

p r in t  ou t th e  GCHPonent and TKENcipal s tre s se s . Before th is  oonmand was
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used, th e  MIDdle oonmand (located  in  th e  DEFInition module) was used to  

sp ecify  th a t  th e  re s u lts  were to  be p rin te d  fo r  th e  m iddle (average) 

nodal s tre s se s .

In  ad d itio n  to  p rin tin g  ou t th e  v e r tic a l displacem ents and 

s tre s se s , th e  reac tio n  fo rces were a lso  p rin te d  ou t to  be su re  th a t  

th e ir  to ta ls  were equal to  f if te e n  pounds (15 lbs) f a r  th e  mesh optim i­

za tio n  ru ns, and tw enty-five pounds (25 lb s) f a r  th e  load t e s t  sim ula­

tio n  ru ns. H iis was done w ith  th e  P0ST1 FKRPOR oonmand.

P iam N S DISPLACEMENT AND STRESS RESULTS IN ANSYS POST HPCESSINS

Die POST1 ro u tin e 's  oonmand which a re  used to  produce s tr e s s  and 

displacem ent p lo ts  a re  documented  in  th e  PLOT module. Like th e  p lo t 

oonrnands th a t were discussed in  Chapter XI, i t  i s  necessary  to  use th e  

/SHOW oonmand to  sp ecify  th e  graphics device and p lo t param eters p rio r  

to  issu in g  any p lo t oonmand in  p o st p rocessing  th e  a n a ly sis  re s u lts . 

Likewise, th e  conmands described  in  th e  o n -lin e  DOCU,GRPH ( e .g ., /PNUH, 

/NLMB, /PBC, and /PSYM) a re  used in  P0ST1 ju s t  lik e  they  a re  in  FREP7 to  

setup  th e  d e ta ils  on th e  numbering and co lo r f i l l in g  o f th e  e n ti t ie s  

d isp layed, and th e  boundary and coordinate system s d isp layed , e tc .

The m odels' nodes and elem ents can be d isp layed w ith  th e  same 

NPLOT, and EPDOT conmands th a t  a re  used in  FREP7 preprocessing . I f  they  

have been so rted , o r i f  su b -se ts  o f to ta l  m odel's nodes and elem ents 

have been setup , only those e n ti t ie s  w ill be d isp lay . The complete 

model can be re s to red  by using  th e  NAIL and/or th e  EAIL ocnmand.

The displacem ents re su ltin g  from th e  ap p lied  fo rces and p ressu res 

can be displayed w ith th e  PLDISPlacanents oonmand. The form at f a r  

th is  oonmand i s :
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PLDISP'KUND <REIUFN>.

In  th is ,  KOND can be e ith e r : 0, which w ill d isp lay  th e  d isp laced

s tru c tu re  only ; 1, which w ill overlay  th e  d isp laced  p lo t w ith th e  

UNDisplaoed s tru c tu re ; o r, 2, which w ill overlay  th e  d isp laced  s tru c tu re  

w ith  an edge p lo t o f th e  UNDisplaoed s tru c tu re . The la s t  o f th ese  KUND 

options i s  p re fe rred  by th e  au tho r, and th e re fo re , fa r  th is  th e s is , 

displacem ent p lo ts  were made during in te ra c tiv e  ANSYS p o st processing 

sessio n s by typ ing :

PLDISP,2 <REHJRN>.

FLDISP i s  a lso  co n tro lled  by th e  /DSCALE oonmand. I t  i s  used to  

apply a  sc a le  fa c to r to  th e  d is to rte d  displacem ent p lo t being disp layed. 

The form at fo r  th is  ocnmand is :

/DSCAI£, WN, CHUUr <RERIRN>.

WN i s  th e  d isp lay  window in  which th is  i s  to  be app lied , which has a  

d e fa u lt o f 1 . The EMUUTiplier param eter can be e ith e r  0 (or b lank ), 1, 

any u se r sp e c ified  num erical value, o r OFF. I f  0 (defau lt) i s  app lied , 

th e  displacem ents w ill au tom atically  be scaled  such th a t  th e  maximum 

displacem ent i s  d isp layed a s  f iv e  percen t (5%) o f  th e  window. I f  1 i s  

used, th e  displacem ents w ill be scaled  th e  same a s  th e  tru e  geometr y .

I f  ih e  u se r sp e c ifie s  a  num erical value, th a t value w ill be used to  

sca le  th e  d is to rte d  d isp lay . F in a lly , i f  OFF i s  sp ec ified , th e  d is ­

placem ent p lo t w ill  show no displacem ents.

The a n a ly s is ' s tr e s s  r e s u lts  a re  d isp lay  w ith  th e  PINSTR p lo t 

oonmand. The form at fo r  th is  oonmand is :

PLNSTR, SLABL, KAVG <RETORN>.

The STAHL la b e l can be any v a lid  s tre s s  lab e l th a t  has been sto red  w ith 

th e  STRESS command, o r  from th e  follow ing l i s t :  SX, SY, SZ, SXY, SYZ,
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SXZ, SIG1, SIG2, SIG3, S .I . ,  SIGE, UX, UY, UZ, ROTX, RGTY, ROTZ, PREC, 

TEMP, VOLT, MAG, BX, BY, BZ, o r BSUM. KAVG can be s e t  to  e ith e r  0 o r  1. 

I f  i t  i s  s e t  to  0 , nodal s tre sse s  (SX, SY, . . . ,  SIGE) w ill  be averaged, 

b u t SIRESS oonmand item s w ill no t be averaged. I f  KAVG i s  s e t  to  1, th e  

opposite w ill occur ( i . e . , nodal s tre s s  w ill n o t and SIRESS item s w ill 

be averaged).

The appearance o f th e  s tre s s  p lo ts  i s  e ffe c te d  by /NIJMBer oonmand, 

and by th e  se le c tio n  o f e ith e r  vecto r o r  r a s te r  p lo ttin g , w ith  th e  /SHOW 

oonmand. The /NUMB oonmand must be app lied  w ith  e ith e r  1, f a r  co lo r 

and numbering, o r 2, f a r  co lo r only. I f  i t  i s  ap p lied  w ith  -1 , fo r  no 

co lo r o r numbering, o r 2, fo r numbering only , no s tr e s s  contours w ill be 

d isp layed. I f  vecto r p lo ttin g  i s  sp e c ified  (e .g ., /SHOW,4107,, 1 ), th e  

s tre s s  contours w ill be d isplayed a s  lin e  segments a t  each contours 

lin e , and w ill be marked w ith  le t te r s  (A ,B ,C ,...) . I f  r a s te r  p lo ttin g  

i s  sp ec ified  (e .g ., /SHOW,4107,,0 ), th e  s tr e s s  contours w ill be co lo r 

f i l l e d  between th e  contour lin e s . In  e ith e r  case , a s  long a s  th e  p lo ts  

a re  made w ith  a  legend ( i .e . ,  /CLABEL, 1 ,0  o r 1, and n o t /CIABEL,1,-1), 

th e  contours w ill be labeled  and a  legend l is t in g  th e  s tr e s s  value along 

each aontour w ill be d isplayed.

I t  i s  im possible to  d isp lay  w ith grey sc a le  copies o f th e  co lo r 

g raphics d isp lay s , bu t, th e  ANSYS co lo r d isp lay s o f th e  s tr e s s  contour 

p lo ts  uses co lo r to  very v iv id ly  show th e  g rad ien ts  in  re s u ltin g  s tre s s . 

The low est values o f s tre s s  a re  show in  deep b lue c o lo rs . The h ig h est 

values o f s tre s s  a re  show in  red . The range from low est to  h ig h est 

s tr e s s  a re  d isplayed w ith  b lue, lig h t b lu e , green, yellow , orange, and 

f in a lly  red . T his allow  th e  an a ly st to  d isp lay  th e  e n tir e  s tru c tu re .

The once th e  h o t sp o ts, th a t i s  th e  red  a reas o f h ig h est s tr e s s , a re
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seen, th e  /ZOCM and s o r t  ormwwnrtB can be used to  d isp lay  more lim ited  

a reas showing th e  problem areas in  th e  design.

In  hind s ig h t, i f  th e  author had defined d iffe re n t m a te ria ls  (w ith 

th e  same p ro p erties) fo r  each o f th e  ind iv idual p ieces o f th e  su rface  

u n it supports analyzed fo r th is  th e s is , i t  would have been e a s ie r  to  

view th e  re s u ltin g  s tre s se s  in  each p iece o f th e  support s .  T his could 

have been done by applying th e  ERSELect ccmnand w ith d if fe re n t MATterial 

numbers. T his would have been by inpu ts in  th e  farm:

ERSEL,MAT,1 (a r 2 ,3 ,4 , . . . )  <RETORK>.

This would have allowed th e  overlapping p o rtio n s o f th e  supports to  be 

separated  f a r  d isp lay .

LQADINS ANSYS ANALYSIS DMft INTO I-DEAS

In  order to  apply I-DEAS to  th e  p o st processing o f PEA re s u lts  from 

an ANSYS so lu tio n  run, th e  Engineering A nalysis Fam ily 's Data lo ad er 

Module must be used to  read  th e  re s u lts  in to  an I-DEAS u n iv ersa l f i l e .  

T his i s  done by en te rin g  th e  I-DEAS program, e ith e r  w ith a  new model 

f i l e  ( e .g ., RESULTS.MF*) o r w ith an e x is tin g  model f i l e .  Then Engineer­

ing  A nalysis, Data Loader i s  se lec ted  when prcnpted fo r  th e  in p u t o f th e  

d esired  I-DEAS softw are Family (EA DL <REIURN>).

Once th e  Data Loader Module i s  a c tiv e , ANSYS (AN) i s  given a s  a  

response to  th e  p rcnp t  f a r  th e  an a ly sis  ty p e. I-DEAS nex t pro n p ts th e  

u se r f a r  th e  Data Loader processing op tions. These op tions a re  l is te d  

in  Table 8 . When th is  prcnp t  was presented , AL was in p u t a s th e  

response.

Following th e  in pu t o f th e  processing op tion , th e  u se r i s  asked to  

in p u t th e  name o f th e  POST d a ta  f i l e .  This i s  th e  name o f th e  ANSYS
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r e s u lts  f i l e ,  f i l e  12. T his w ill e ith e r  be FHEL2.DAT, i f  no ocnmand 

f i l e  was used; o r i t  w ill  be MODEL_NAME.F12 (e .g ., N116.F12) i f  th e  

batch  ocnmand f i l e  was used to  access ANSYS f a r  so lv ing  th e  FEA models. 

Having r esponded to  th is  prcnpt , I-DEAS w ill req uest a  name fo r  th e  

u n iv ersa l f i l e  which i s  to  be c rea ted . The d e fa u lt name o f e ith e r  

FIIE12.UAL o r MOQELNAME.UAL (e .g ., N116.UAL) w ill be provided.

TABLE 8.

I-DEAS DATA LOADER FKOCESSING OPTIONS

AL -  BOTH GEOMETRY AND ANALYSIS DATA

GD -  GEOMETRY DATA ONLY

NG -  NODE GEOMETRY ONLY

EC -  ELEMENT CONNECTIVITY ONLY

AD -  ANALYSIS DATA

ND -  NODAL DATA

ST -  STRESS DATA

EF -  ELEMENT FORCE DATA

A fter th e  sp e c ific a tio n s  o f th e  re s u lts  and u n iv ersa l f i l e  names 

a re  made, I-DEAS asks th e  u se r i f  th e  d a ta  i s  to  be loaded during th e  

p resen t in te ra c tiv e  sessio n , o r i f  batch processing i s  d esired . For 

th is  th e s is , because th e  f i le s  th a t were to  be loaded were re la tiv e ly  

sm all, and because th is  work was being done a f te r  normal business hours, 

in te ra c tiv e  d a ta  loading was se lec te d . Having inpu t th is  response, 

I-DEAS th e  perform s th e  d a ta  loading ta sk .
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KEADIHS RESULTS 0KEA UNIVERSAL FILE INTO I-DEAS FOOT PROCTSCTHS

The d a ta  loading ta sk  does n o t a c tu a lly  read  th e  re s u lts  d a ta  in to  

th e  I-DEAS model f i l e  d a ta  base. I t  c re a te s  an I-DEAS u n iv ersa l f i l e ,  

in to  which th e  d a ta  a re  loaded. Par th e  d a ta  to  be brought in to  th e  

d esired  I-DEAS model f i le s ,  using  th e  Engineering A nalysis P re/P ost 

Processing Module to  read  th e  u n iv ersa l f i l e .  Therefore, once th e  Data 

Loader oanp letes i t s  c rea tio n  o f th e  u n iversal f i l e ,  co n tro l i s  retu rned  

to  th e  menu se le c tio n  lev e l f a r  th e  sp e c ific a tio n  o f a  Engineering 

A nalysis Module. The u se r then  se le c ts  P re/P ost Processing. Note, th a t 

i f  a  d if fe re n t model f i l e  d a ta  base was used fo r th e  da ta  loading 

functio n  th en  i s  d esired  fa r  th e  f in a l reading o f th e  re s u lts  d a ta , th e  

u se r should access th a t  desired  d a ta  base before proceeding w ith  th e  

reading  o f th e  u n iv ersa l f i l e .

W ithin P ost P rocessing, MANAGE_FE_M0DELS, READ, UNIVERSAL i s  inp u t. 

Then th e  name o f th e  u n iv ersa l f i l e  (e .g ., N116.UAL) i s  sp ec ified .

I-DEAS then  reads th e  u n iv ersa l f i l e ,  which contains th e  ANSYS FEA model 

so lu tio n  re s u lts  in to  th e  model f i l e  d a ta  base (scratch  f i l e s ) . During 

th e  read  p rocessing , th e  progress w ill be l is te d  on th e  term in a l's  

d isp lay  screen . Once th e  d a ta  have been read , th e  u se r i s  asked i f  i t  

i s  OK to  load th e  g raphics database. Once th e  u se r w ith YES

(d e fa u lt) , th e  graphics d a ta  i s  loaded in to  a c tiv e  memory, and d isp lay  

op tions can be processed.

ACCESSING ANALYSIS RESULTS WITH I-DEAS

m ord er to  access th e  an a ly sis re s u lts  th a t  have been tra n sfe rre d  

in to  I-DEAS fo r  ANSYS, a  GROUP o f elem ents and/or nodes (depending on
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th e  re s u lts  desired) must f i r s t  be created . In  th e  case o f d isp lace­

m ents, th e  group must c o n s is t o f elem ents. As a  f i r s t  pass a t  d isp lay ­

ing th e  displacem ent re s u lts , a  group can be c reated  contain ing  a l l  o f 

th e  elem ents in  th e  a c tiv e  FEA model. This can be done be en te rin g :

/GR NE EL * Y <REIURN>.

T his group can th e  be s ta re d  a s a  permanent group named "ALL ELEMENTS". 

T his same method can be used to  e s ta b lish  permanent group contain ing  a l l  

o f th e  m odel's nodes by su b s titu tin g  N and NODES in  p lace  o f EL and 

ELEMENTS in  th e  two command lin e s .

I f  th e  u se r wants to  in v es tig a te  th e  re s u lts  based on sm alle r  

subgroups o f nodes and/or elem ents, o th er groups can be c rea ted  by using 

th e  o th er ocmnands in  th e  GROUP menu. These include ADD, RQnove, o r 

NEW, w ith  th e  use o f graphic cu rso r picking o f e n ti t ie s . The p icking 

can be based on VISIBLE e n ti t ie s , SCREEN_AREAs, o r E2tQ£SH}_VGUl<ES. 

A lso, ATTRIBUTES can be used, and th e  e n ti t ie s  can be RELATEDJK): 

ELEMENTS, CURVES, MESH_AKEAS, MESHVOLUMES, e tc .

Cnee a  GROUP i s  created  and made CURRENT, th e  re s u lts  can be 

in te rro g a ted . To do th is , an ANALYSIS_DATASEJr_SEUCTICN must be made. 

This i s  done w ith  th e  ocmnands in  th e  menu w ith th is  name. When th e  

data  was read  in to  I-DEAS from th e  u n iv ersa l f i l e ,  sev era l d a ta se ts  were 

c rea ted . A dditional d a ta se ts  can be CREATED, DELETED, RENAMED, and have 

th e ir  DESCRIPnCNs L isted  and M odified, w ith th e  ocmnands in  th is  menu.

Requesting a  D irectory  o f th e  e x is tin g  d a ta se ts  w ill rev ea l th e  

s e ts  th a t  were read  in  frcm th e  ANSYS re s u lts . The analyses made fo r  

th is  th e s is  re su lte d  in  d a ta se ts  containing th e  displacem ents, s tre s se s ,



www.manaraa.com

306

and re a c tio n  fo rce s. Once one o f th ese  d a ta se ts  i s  made c u rren t, th e  

op tions presen ted  in  th e  PQST_EROCESSING; N odule's main menu w ill change, 

based on th e  re s u lts  th a t  can be displayed from each d a ta se t.

When a  d a ta se t contain ing  displacem ents i s  made cu rren t, a  DEPCBM- 

IJDjGECMEIHY option  w ill be presented  in  th e  POSTPROCESSING main menu. 

Displacement d a ta  s e ts , a s  w ell a s a l l  o th er d a ta  s e ts , w ill a lso  

p resen t oonmand menus f a r  AFROW_FLOTb, CONTOUR p lo ts , XY-ELOTs, and i f  

beam elem ents a re  being analyzed, BEAM_SHRj&_M3f_DIAGRAMS can be used to  

c re a te  shearjm idjnom ent diagrams from s tre s se s  o r elem ent fo rces.

gRBTCDJS ANALYSIS BEgCTffS-ffnH-JrPEftS

In  most cases, i f  th e  an a ly sis  has been solved using  ANSYS, any 

l is t in g  o r p r in t  o u t o f th e  raw d a ta  re s u lts  w ill have been performed 

w ith  ANSYS during i n i t i a l  in te ra c tiv e  p o st processing . But, i t  i s  

p o ss ib le  to  review  th is  inform ation using I-DEAS a s w ell.

In  th e  case  o f displacem ent r e s u lts , th e  DEEXXMED_GBOMEIRY oonmand 

menu con ta in s a  REPCKTJQAIA menu o f ocmnands which can be used to  p r in t 

th e  d a ta  to  th e  computer te rm in a l's  screen , a  d isk  f i l e ,  o r a  p r in te r . 

T his ocnmand has sev era l op tions which a re  co n tro lled  by th e  conmands in  

th is  menu.

The RAW_DATA_SW i s  used to  to g g le  on and o ff  th e  p rin tin g  o f th e  

complete d a ta  f i l e  fo r  th e  nodal displacem ents. I f  th is  sw itch i s  s e t  

to  OFF, only th e  magnitude o f th e  complete displacem ent f a r  each nodes 

displacem ent w ill be p rin te d . I f  i t  i s  CN, a l l  o f th e  X, Y, Z, and 

ro ta tio n a l displacem ents w ill  be p rin ted .

The SUfWKYjSW i s  used to  p r in t a  summary o f th e  d a ta 's  Maximum, 

Minimum, and Average values when i t  i s  ON.
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The SCRTjOQLIMT ocnmand i s  used to  s o r t th e  displacem ent d a ta  based 

cn th e  d a ta  oolunn sp ec ified . The oolunns a re  number from 1 to  7 , in  

th e  follow ing o rd er: Node Numbers, T ransla tio ns in  X, Y, Z, and 

R otations about X, Y, and Z. For th is  th e s is , because tra n s la tio n s  in  

th e  Z d ire c tio n  were th e  most im portant, th e  d a ta  was so rted  based on 

oolunn 4 . T his p laced  th e  node w ith th e  la rg e s t tra n s la tio n  in  th e  Z 

d ire c tio n  a t  th e  to p  o f th e  p r in t o u t, follow ed by th e  r e s ts  o f th e  

nodes l is te d  in  descending o rder o f magnitude.

The UTILE oonmand allow s th e  u se r to  specify  a  t i t l e  to  be p rin te d  

in  th e  header inform ation th a t  i s  p rin te d  before th e  d ata  i s  l is te d .

The header inform ation a lso  contains th e : rev is io n  o f I-DEAS being

used; d a ta  and tim e; model f i l e 's  t i t l e ;  Group ID name; an a ly sis  

d a ta se t; report  type (Deformed Geometry); u n its ; d a ta se t type (D isplace­

ments) ; and load s e t.

I f  th e  d a ta  i s  being se n t to  an a ttached  p r in te r , th e  UNES_PER_- 

PAGE_(FILE) command can be used to  sp ecify  th e  number o f lin e s  th a t  th e  

p r in te r  i s  com patible w ith .

The STATUS oonmand can be used to  v e rify  th e  s e ttin g s  o f each o f 

th e se  re p o rt op tions ooranands.

PLOTTING DISPLACEMENT AND SIRESS RESULTS WITH I-DEAS

The an a ly sis  re s u lts  can be d isp lay  g rap h ica lly  through th e  use o f 

sev era l d isp lay  op tions th a t  I-DEAS makes av a ilab le  in  th e  Engineering 

A nalysis Fam ilies P ost Processing Module. As s ta te d  above fo r  th e  

p rin tin g  o f th e  re s u lts  d a ta , th e  op tions presented in  th e  F0ST_PRDCES— 

SING M odule's main menu w ill change, based on th e  r e s u lts  th a t can be 

d isp layed from each d a ta se t.
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Ih e  DEFGGMED_GECMEXKY ocnmand c a lls  up a menu th a t  p resen ts th e  

ocmnands and op tions th a t  can be used to  co n tro l and execute th e  d isp lay  

of th e  d isp laced  geometry o f an FEA model f a r  which th e  displacem ents 

d a ta se t i s  a c tiv e . Ih e  displacem ents can be d isp layed a s  LINE, FKEE_- 

FACE, a3NTINUDUS_T0NE/ HIDDEN_LINE, SHADED_IMAGE, o r OJITING_PlANE_- 

DISFIAY ( i f  th e  model i s  const r ucted w ith  so lid  elem ents) form ats.

A lso, ANIMATION ooquenooo fo r  th e  displacem ent r e s u lts  can be c rea ted , 

i f  th e  term inal being used suppor t s  anim ation. In  each case , th e re  a re  

sev era l op tions th a t  can be s e t  to  custom ize th e  d isp lay  re s u lts .

PERCENT_DEFOfBMA!ITGN and SCAI£_OF_DEFX»MA3TCN a re  both used to  

exaggerate th e  d isp layed displacem ents, l ik e  ANSYS' /DSCAI£ ocnmand.

The two conmands a c t a  tog g le  sw itches, when one i s  sp e c ified , th e  o th er 

i s  tu rned  o ff . PENCENr_DEFGmATIGN i s  used to  sc a le  th e  d isp layed 

d efam atio n  a s a  percentage o f th e  screen . For example, 10.0 would be 

inp u t f a r  10% o f th e  v iew p o rt's s iz e . SCALE_OF_DEPC»MATION i s  used to  

sp ecify  a  sc a le  fa c to r which a l l  th e  displacem ents w ill be m u ltip lied  

by. I f  th e  sc a le  fa c to r i s  sp ec ified  as 10.0, a l l  displacem ents w ill be 

m ultip ly  by 10 and then  disp layed.

PELATIVE_DISRLACEMENr allow s th e  displacem ents to  be d isp layed 

showing a l l  displacem ents re la tiv e  to  th e  p o sitio n  o f a  sp e c ified  node 

c r  lo ca tio n  in  space. This allow s th e  u se r apply NODEjOFFSET, and 

se le c tin g  a  node, using  any o f I-DEAS' standard  e n tity  sp e c ific a tio n  o r 

p icking  op tions, re la tiv e  to  which th e  o th e r nodes displacem ents w ill be 

d isp layed , o r, MANUALjOFFSET can be se lec te d , and then  a  s e t  o f X, Y, 

and Z values can be inpu t to  specify  th e  p o in t in  space about which th e
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displacem ents w ill  be d isp layed . T his w ill y ie ld  a  d isp lay  w ith  a l l  

displacem ents appearing to  be d isp laced  th e  amount sp e c ified  a s  th e  

o f f s e t va lues.

The DEFT*MH)_ATIRIBOTES and TJNDEFt»MED_AITRIBUIlS menus each 

provide th e  same op tions, e ffe c tin g  e ith e r  th e  deformed o r undeformed 

geometry  a s  th e ir  names imply. They allow  th e  u se r to  sp ecify  th a t  th e

geometry be d isp layed e ith e r  a s BCUCABYjONLSf o r  as ELEMENTS. In  th e

case  o f th e  undefended geomet r y , i t s  d isp lay  can be tu rned  o ff  by 

se le c tin g  NOJUNDEFOBMFT). Each o f th ese  menus a lso  provides fo r  u ser 

sp e c ific a tio n  o f th e  UNESTVIE (so lid  o f dashed) and COLOR f a r  th e  

geometry d isp layed .

AHROW_PLOT provides a  menu o f th a t  p resen ts th e  nrwiwivfa and 

o p tions th a t  can be used to  co n tro l and execute th e  d isp lay  

o f se lec te d  an a ly sis  re s u lts  in  a form at in  which they  a re  d isplayed

g rap h ica lly  a s  arrows placed a t  each node. The arrows w ill be d isplayed

in  a  range o f co lo rs rep resen tin g  th e  magnitude o f th e  d a ta  being 

d isp layed . A co lo r key i s  d isp layed  on th e  screen  lab e lin g  th e  magni­

tude o f th e  d a ta  a t  th e  ends o f th e  range th e  co lo rs rep re sen t. Arrow 

p lo ts  can be c rea ted  f a r  e ith e r  FKEE_EA£E o r cmTING;_PIANE_DISPIAY 

form ats, s im ila r to  th e  DETCSMEDjGKMEIEY p lo ts . The u se r must, specify  

th e  re s u lts  d a ta se t th a t  i s  to  be used. This i s  done w ith  th e  

CNJ}EFt®Mm_GBCMEIKY subm enu's ANALYSISJ3ATASETJSELECT, USE ocnmand.

The p lo t can be c rea ted  w ith  o r w ithout d isp lay ing  th e  d isp laced  

geometry in  th e  deformed form at. T his i s  sp ec ified  by e ith e r  tu rn in g  

th e  CN_DEFOEMEDj3ECMEIFX ON o r OFF. The o th er nrwiwnrta presented  in  

th is  subm enu allow  th e  u se r to  customized th e  d isp lay  o f deformed 

geometry  w ith  th e  same op tions a  d iscussed  f a r  th e  DEFQGMED_GBGHEIFY
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p lo ts . Ih e  u se r nay specify  th e  ERAME_0F REFERENCE fa r  th e  d isp lace­

ments f rom th e  a v a ila b le  coordinate system s (GLOBAL, LOCAL, DISPLACE­

MENT, ELEMENT, MATERIAL, o r SKETCH_REF_FRAME); SHEUi_SUREACE f a r  s h e ll 

elem ents (TOP, MIDDLE, BOTICM_SUREACEs, BENDING_VAILES, o r 

IAMINATE_FLY); and th e  d a ta  th a t  a re  to  be p lo tte d , a l l  from w ith in  th e  

ARR0W_FL3T, DATAjOCMFGNENT sub-menu. Ih e  d a ta  th a t  i s  av a ila b le  f a r  

se le c tio n  from th e  DAXAjOCMPCNENr menu depends on which ANAL¥SIS_DATA- 

SEr_SELECTXCN, CURRENT sp e c ific a tio n  has been s e t . ARRDW_PIOT a lso  

provides f a r  th e  sp e c ific a tio n  o f th e  LOCATION_OF_ARRDW, ARROWJLENGIH, 

COLCR_OF_ARROWS, to  fu rth e r customize th e  d isp lay  o f arrow p lo ts . I t  

a lso  allow s th e  elem ent boundaries to  be toggled On and OFF w ith  an 

ELEMENT_BOUNDARY_SW.

CONTOUR p lo ts  can be created  to  d isp lay  displacem ent, fa rc e , and 

s tr e s s  r e s u lts  y ie ld in g  contour p lo ts  s im ila r to  ANSYS' PINSTR p lo ts .

Ih e  op tions a v a ila b le  f a r  custom izing I-DEAS' CONTOUR p lo ts  a re  th e  same 

as those  described  f a r  th e  ARRCWJPLOT conmands. FREE_FA/CE CONTOUR p lo ts  

y ie ld  r e s u lts  a re  s im ila r to  ANSYS' FLNSTR p lo ts  which a re  produced in  

v ecto r farm ( i . e . ,  w ithout co lo r f i l l i n g ) . In  ad d itio n  to  th e  form ats 

th a t  th e  DEFOmEDjSECMEIKY and ARFDW_PLOT ocmnands provide, th e  CONTOUR 

p lo t op tions a lso  p resen t a  FKntSEjjOONTOUR menu. T his op tion  w ill y ie ld  

r e s u lts  s im ila r to  ANSYS' PINSIR p lo ts  which a re  produced in  r a s te r  farm 

( i . e . , w ith  co lo r f i l l i n g ) . Due to  th e  d if f ic u lt ie s  faced in  reproduc­

ing  co lo r p lo ts  in  b lack and t f i i te  fo r re p o rt d u p lica tio n , i t  i s  

d e s irab le  to  be ab le  to  produce contour p lo ts  w ith  "grayscale" shading. 

I-DEAS provides fo r  th is  by togg ling  th e  GRAYSCALE_SW to  CN, i t  i s  

p resen ted  in  sev era l menus ( e .g ., CONTOUR, FRINSEjCQNTOURS). This 

allow s f i l l  form ats o f th e  contour p lo ts  to  be produced in  g rayscale.
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Experim entation w ith  th is  shows th a t  th is  works w ell when app lied  w ith 

UJMT1MD0U5JTGNE CONTOUR p lo ttin g . But do to  th e  lim ited  number o f gray 

tones a v a ila b le , and th e ir  s im ila r ity , i t  was s t i l l  necessary  to  produce 

contour p lo ts  in  co lo r to  be su re  th a t  th e  g rayscale  p lo ts  would be 

p roperly  in te rp re t ed , and to  add some annotation  to  th e  b lack  and White 

p lo ts  f a r  t i i i s  t e s t .

I-DEAS P ost Processing Module provides a  unique ocnmand menu f a r  

th e  g raph ical d isp lay  and p rin to u t o f re s u lts  based on u se r sp ec ified  

c r ite r io n . T his i s  presented  in  th e  menu accessed w ith th e  appropr ia te  

ocnmand named CRITERION. T his menu allow s th e  u se r to  produce rep o rts  

and p lo ts  in  th e  same form ats a s d iscussed f a r  th e  DEPGBMEDjGECMEIRY, 

AKROW_FLOT, and OCNTCUR conmands, w ith  th e  ad d itio n a l a b il i ty  to  specify  

c r ite r io n  w ith  which th e  d a ta  i s  in te rro g a ted  during th e  p lo t o r rep o rt 

p rocessing . Ih e  c r ite r io n  i s  sp ec ified  w ith  th e  onmnands presented  in  

th e  CRITERION, DAIA_FANGE menu. T his menu con tains op tions fa r : 

ABOVE_DATA_VAUJE, ABCNEJDAIA>_FERCENr, BEIXIW_DAIA_VALIJE, BEL£W_DATA_PER- 

CENT, INSIDE_DATA_VAIIJE, INSIDEJDftTA_PERCENT, OUISIDEJ»IA_VAIIJE, and 

OOTSIDE_DA3A_PERCENT.

I-DEAS P ost Processing Module a lso  provides conmands u se fu l fo r 

producing re p o rts  and p lo ts  in  XY_FDOT and BEAM_SHR_&_MGH_DIAGRAM 

form ats. These op tions were n o t requ ired  fo r  th is  th e s is , and thus 

th e re  use w ill no t be discussed h ere . But, u se rs o f th e  I-DEAS FEA 

an a ly sis  system should be aware th a t  they  a re  a v a ila b le , and th e ir  use 

should be explored where app ropria te .
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