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ABSTRACT

THIS THESIS IS ABOUT LEARNING HOW TO USE COMPUTER TO
ANALYZE ROBOTIC SYSTEM, INCLUDING HELPING IN DESIGNING AND
CREATION INSTRUCTIONS FOR MANUFACTURING PROCESS CONTROL.
THE MAIN PROGRAMS USED IN THIS THESIS ARE "UNIGRAPHIC"
AND "PATRAN". BOTH PROGRAM ARE USED IN DIFFERENT OBJECT.
"UNIGRAPHIC" IS USED IN DESIGNING AND CREATION INSTRUCTIONS
FOR MANUFACTURING PRUCESS CONTROL. "PATRAN" IS USED IN
ROBOTIC SYSTEM ANALYSIS BY FINITE ELEMENT METHOD. 1IN THIS
THESIS, ROBOT HAS 4 LINKS AND £ JOINTS. EACH JOINTS 1IS

REVOLUTE.
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1.4 Design and Drafting module

[} - H v 4 L Pl
TudIun1snid1vu (Module) asnuu1ﬂnnﬂiaiﬂ03ﬂnﬂwunu wire
. ' 2 <4 ] . '
frame uaz surface HUYR1I99(2-D) @avidaauiilw solid naunsy
ey t -<s Q. H } 5 - -.':
wwqmﬂunmmﬁQﬂLﬁﬂuﬁauassﬁqﬁiuﬂmi 1uModu levilsenauat1ga1ay
& w

16y 1dw point, line,arc,conic tlunu

1.4.1) Entity

-~ ! X . : < 2 ) .
MU0 aqunaoﬁuamquuﬂanﬁw%oﬂsLuuas11niﬁsﬁu point,

. . & v & . ] - . .
line, spine LUUAY HIARIWNUIUUIDAIW TunITnINUG entity

2 ey o s

HuN T8y taun
l.screen position (LaaﬂuuﬂanﬂW)
2.absolute coordinate
3.work coordinate

4.exiting point
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5.end point

< W
86.arc center tyusu

1.4.2) @898

1.point -3a

A
2.line —Taadqu1wdas§aqﬁﬂwumam 2 3n

. ar =l < v ' r's R
3.arc -AMNUATEY  NTa tﬂuwﬂuﬁuﬂﬂaﬁﬂ uazﬂﬂwumjﬂ

'
guanawo
Sy

. d . 4
4.spline -11un198519 curve N slope ﬂﬂtuﬂﬁﬁﬁﬂiﬂ

ﬂaﬂﬂﬂiﬂ

filad19. 1.1aan spline
2.18an knox (general)
4 .
3.18an automatic
a .
4.18an subfunction
[ o
S.nﬂnuﬂjmuu curve nN@/aNANT

6.Enter

1.5 Solid Modeling Module

Tu

¥ e v X < v . e
Module uidun198919 Solid wia SurfaceUTsnaual18a1IR

..II)H
AIANA U

q1@ey

5.

point/curve creation
solid creation

solid operation
delete

- Y
assembly tUuGuU

2 P ' . ab
1.5.17 solid creation Lﬂuﬂﬂiﬂ%ﬂﬁﬂﬂﬂuHQRUUﬂﬂaﬂ ﬂﬂﬂaﬁ

ar

-]
ANy

<& - J ‘v aa 4 4:] 4 4&1
1. block (tUUAIANIERTIINNAAITLNAHUNAIUIARNABINTH

D2
=

aa
N7
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- v
—nwwuﬂﬁaﬂaﬁanaqcaunuaqgu 23&

. ﬁ .o v I3 o v N
2. cylinder (UuAIRIFINNIASUTINTINTEUAN HADNVTAIUY
. v é
—ﬂﬁwuakaudﬁuguﬂnaﬂﬁ uazﬂdﬁngﬁ
-ﬁﬂﬂuﬂjﬂjﬂu LAazuul vector madnidnisuan
aj o af -~
3. sphere uIN1IT@1
. I's EY . 4
—ﬂﬁ%uﬂiﬂguaﬂaﬂﬁuazLﬂuﬂﬁuguﬂﬂﬂﬂﬂ

< . o a [ a <
1.5.2) solid operation iiluardvunlnnasuuNiaaidoasnng

1 dd 1
mﬂoqnuag
. [ < . =4 2 o of !
1. unite tuAITTINDTANLNINRNAGDY LUUNASUDIDULI QAT
4 < ' dv
~LR2NTANUBLIAININAANNT
[ < PUEY)
2. subtract LUUANTRUBBIULTITADANNRANNT
- -3 & o Y}
—taannasuadtimugusznasn NIty
| -1 4\' -, ) Ve [
3. add features LUuUAITIHULAUIRNBAUSINNUTAINTY Ly
[ < - ot Y]
~hole LUunﬂﬁtqqsgnaqunoiﬂaQﬁnﬂ1aiﬂqn1onﬁsuan
Yo, VY o o
umtumaqauguaanaﬂn
- -, o
-blend/chanfer ﬂﬂiaugu A 298

A v “ <
nﬂinﬂﬂmguTﬁﬁ(blend) sﬁaﬂﬁﬁuuazgunﬁaqnﬂﬁ

v - L] du
ﬂWTWQHﬂlQﬂQ(Chamfer) lﬂﬂﬂ%uﬂﬂﬂﬁﬂqﬁ

1.6 Cae

N rYa o A 4 Vo
‘i4 Unighaphic ii d module Wiy Ha cae twﬂﬂﬁnﬂﬁaﬁnﬂgaiz

' . Yo . 4 A wa (§ v
1119 softwareuny software auntyiIi@a91sWIvIIUY L4 nastran,

patran

1.7 Manufacturing Process

Yy @ v X .
modelu LUunﬁiaaﬂuuuuuQﬂﬂqnﬂ1ﬂa§u0ﬂuaqﬂ cnc lagaanuuu
» d 4 a4 a L4 o« Y. & a <
LAUNINNLAINNBLOU, LATaYHD, UIVIRDLEU uasﬂuuﬁﬂﬂﬂlﬂulﬂiﬂﬂ
<4 * t o, g o o Ao 1 . .
NBDHINATI2Y dAdINd1AygaIw 14w boundaries, equipment,

& o
planning, library, edit, file control i1iuau
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1.7.1) boundaries

. ¥ : 4 .
Lﬂuﬂﬁﬁnﬂnuﬂﬁantnm%uqﬂuaaﬂqnﬂq1 NITAIMUALUINII LAY
4 : . . v ' ' o)
1a9laIagila T9uRIunadplanning dntrTanvuala CETINE &)
v
AT11 Usznauas
. v o - .8
1.creation &§91749 boundary nmaqnﬁ1TﬂaLaaﬂuu3uq1uaﬂu
v
AAINT
< v X 4
2.delete au boundary NF51491U Tags1u1TaLaanay
bounary AINARANANT
« ¢ <
3.1ist taan Tauniai®d bounary nNAasnnd

4.blank/unblank

1.7.2) equipment

<4 < - X
Ldunteg¥ae tool nRavatTuuuANITIaa L AUTIAUTUeIuLAS
< A [y} P O .
(8111981 nulu library ta uazisanld tool 31n library
-~ X - : ar a“r H
1ﬂaﬂuﬂaq§§u4ﬂu1§) HTENALAIEAITIRIANA I
d - < -~ H
1. create Lﬁuﬂﬂ7d¥ﬂ0Lﬂ7aqua TagLaannialasan
-milling
-drilling
-turning
-grooving
-threading
v F Y] . En) [ I's o
11989199 R BN 1RUA Laquuguanawq,iﬁuﬂaﬂatool, qu
. ﬂ G
tip uazgu taper 1iduau
ﬁ 4 < 1Y}
2.delete LUUAITRULATANHARINABINNT

E

. ﬁ < 4 3 da o
3.1ist 1 uﬂqﬁuﬂﬂﬂLﬂ?ﬂﬂﬂﬂﬂﬁﬂuﬂﬂﬂaﬂﬂﬁauﬂﬂu

1.7.3) planning

3 uﬂWTQqﬁuNuﬂqﬂtﬂuLﬂfﬂﬂuﬂlWﬂﬂﬂ?quu Taailaannay

4 4 duv ') - ' v o
LGz L ataduanaagng TR UAAAITAITAINY Taun
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- basic machining 15
- planning milling
- 0 - d”
-~ surface milling (UuUAU
#1a819 : n19 planning wuy surface milling Tagimualn
-dd . ] . . . .
wnuilaIadia(tool axis) aguuuﬂu z Aaga ( fixed axis surtface
L P v N
contouring ) Usrnanal8@aqNdIAN AU
. X
l.part geometry AINUATUITY
. . ; A -
2.aviod geometry NMNURARTIUAUINLATAIHNIU aﬁzﬂ
. A . < - 4 a
3.display option A MuUadENIdLAULATDIND
. < <~ 4 a
4.machine control tdunITLIRBNLATANUD
N P-4 s I~ 4 a ' »
5.feed 1UUNITAMMUAAIINL TIHBILATRAVNATUE ISRV
;'] 4 4 a4 & v
6.engage /retract LiduATTAMUARNULATASINANLIEN URE BAn
A ] ¥ a .
7.drive parameter LiunATL A anwuRan19u (boundary) Tau

) X
AUTTRATNUAWUNIBAL AU (island)

GO HoMe

T
From ¥, Y

\\\ RETUBN PoInT

L /

—_ QIPRANCE  DANE 2

ZpP\D

gETURN.

grART  POINT

<
e e
e MINIMUM CLEARAMNCE

RETRACT

/—_J } cut / VveEC ok




=3
UNN=Z

-t < ar
AT 2AtrtaTI=3AaTtaatyg CAE

'3
g21Uu CAE(Computer Aid Engineer) fru17ad3 107189
¥ - 4 . . . .
ny 2 a U aa N11971A97%1 Dynamic Desilgn warStructural Design
33 ) <4 . s
QunATRAEIA TN LHunTHTeY Structural Design u1AATILATUINRIU
. N t ¥ X "
184 Dynamic Designiafda nquqs?ﬁTﬂsun7un§a PATRAN uazTig-

UATH UG Tua1u Mechanisms Module @1u&a1@u

Structural Design Method using CAE

L4 - “ . Y o«
ﬂﬂiatﬂ1ﬂsMTﬂﬂﬂ§1§nﬁﬁ Finite Element Analysis uud
P > o N a
IENTTURE IUAAUANY AR
v a : L ’ v
1.d11a3ﬂn1qnﬂ0L1nqﬂmm (Geometry Model) FIFUITOATIN
<4 o W ST af )
(R n1a1una§a3ﬂn1w Interface 31n CAD uasuaildiunTu
L. . 4
2.d4%14 Finite Element Model(FEA) uazfnuaiNdautlnload
4 :
wavboundary Lwatﬁu(Analys1s Model)
g -~ (oo (3
3.n1nua3ﬂuuun111tﬂsqsu Finite Element Analysis(FEA)
'
4. udANHAN1IT31 A1 (Evaluate results)

-

(Y]
\ 4 \
5. 111 ulauanaadni1T(Iterate as required)

MCAE STEPS

1. BUILD A GEOMETRY MODEL

2. CREATE AN ANALYSIS MODEL
. | : ~

1
i

3. PERFORM THE ANALYSIS

4. EVALUATE ANALYSIS RESULTS

B R U |

5. ITERATE.,AS REQUIRED -
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STEP 1 - BUILD A GEOMETRY. MODEL

PHASE 1: GEOMETRY MODELING

\/

S m— v—

e

I

o) 1]

AN SUNSTUUAI | VA # A0\ WY 7 S\ N ¥

rA!%s%&%ﬁr‘/

i

GRID
LINE

PATCH

HYPERPATCH

B AR

N

Nl
AN

PH1 GEOMETRY MODEL COMPOSED OF HYPERPATCHES

1.d4514951UNT9Nn1491 TH1Q0N (Geometry Model)

YT »
PRI 1l

a3y
o

wieaantiu 4 RIS

LINES (LI)

GRIDS(GR)

HYPERPATCHES (HP)

PATCHES (PA)
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SUMMARY OF PDA/PATRAN

GEOMETRY CONSTRUCTION OPTION
TYPE OF METHOD OF CREATION
ITEM(s)TO [ DIRECT CONSTRUCT FROM—
BEBUILT INPUT GRID(S) LINE(S) PAT(S) HPAT(S) OTHER
GRID BLANK TRANSLATE| LINE PATCH HPAT PIERCE
FRAME ROTATE cL cP
DZ MIRROR INTERSECT
sP SCALE
MSCALE
GRID
VSUM
LINE CrALG STRAIGHT | EXTEND INTERSECT | HPAT PROJECT
'GEOM 3 GRID MSCALE PATCH 2 NODE
POINT 4 GRID BREAK 4L 3 NODE
GAUSS PWL BLEND 4 NODE
. BLANK FIT LABEL F NODE
' DZ SPLINE TRANSLATE TANG
ARC ROTATE
ARC3 MIRROR
CONIC SCALE
INVC MERGE
CURSOR NUP
BEZIER VSUM
BSPLINE REVERSE
FILLET
TANL
PATCH ALG QUAD 2 LINE MSCALE HPAT
GEOM 16 GRID 3 LINE BREAK 4P
POINT CURSOR 4 LINE BLEND
GAUSS BEZIER EDGE ~ LABEL
BLANK BSPLINE ARC TRANSLATE
GLIDE ROTATE
NORM MIRROR
SCALE
NUP
VSUM
REVERSE
FILLET
MATCH
HPAT ALG HEX EDGE 2 PATCH MSCALE
GEOM 64 GRID 16L 3 PATCH BLEND
POINT CURSOR 4 PATCH LABEL
GAUSS BSPLINE ARC TRANSLATE
BLANK BEZIER - GLIDE ROTATE
' NORM MIRROR
FACE SCALE
EXTRUDE | NUP
VSUM
REVERSE




1. 1) &5193na89uaTusunsnLas

ﬁ PATRAN command syntax ﬁa

NAME,OUTPUT-LIST,OPTION,DATA,LIST1,LIST2

N ,0 ,0 ,D L L

< . S '
uguuuuaﬂaqquﬂ 57

GRID,id-1list, X, /Y, Z /X /Y /Z, /...

r -

HPATCH 2P patch-1i-1 patch-
L J L . L. _4 L
Gaadne  HP,#,2P,,1,2 (THE "2"
PA,11T14,ARC,5(0)/1/180,3/86 (THE ARC
PA.28%#,ROT,5(0)/1/11.25,1T4 (THE ROTATE
GR,4T10B3,TR,2/1,1 (THE TRANSLATE
PA,8,5C,2,1 (THE SCALE
PA, 10%,MIR,X/5/3,1T10 (THE MIRROR
HP, #,NO, 1.5,1 \THE NORMAL
GR,,INT,,1T3, 4TT (THE INTERSECT

HP, 1/#%,BR,P3,1 (THE BREAK

PATCH ,id-1i, {2L|,,|line-1i-1 |,}line-1i~-1

LINE

PATCH ,id-list,,x-len/y-len/z-lent/x_/y /2,)
HPAT

L 4

rLINE - r2G- ~grid-1i-1 4 pgrid-1li-1 4

li-1

FAMILY)

FAMILY)

FAMILY)

FAMILY)

FAMILY)

FAMILY)

FAMILY)

FAMILY)

FAMILY)
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1.2) 5y gazﬂnﬂw Interface 31n CAD
¥

2
AHU b ¥4
nulyd unﬂ1uﬂaqna§a1ﬁn UG/PATRANTUCAE MODULE

-

%
. . 4 v
2184 UGII(Unigraphics II) Yﬁkﬁu Geometry Model n PATRAN i1
v < v ug
111m1aaa1uﬁsnLaangﬂununﬁﬁuﬂaQYm 3 LUUAYU
1.trimmed surface only
2.patch & trimming lines only
3.complete trimmed surface topology
%Qﬁuﬂﬁnﬂﬂ?lsaﬂEHHHUﬂﬂiﬁgﬂﬁ element (A1TT19meshuuuan) vaY
H X a )
PATRANG28 TunuuwTniuIzwlagvlawizwuia(patch)  dauwuundavae
0 t 7] 0 U A J
deiducline) g2 Teiduuuy Geometry az@rvatnuuun 3 IR
. !t.'! E Y3 HQ v
dqnﬂsnﬂnumgﬁunu(format) Qﬁuutﬁuja, LdW, INARY nIawunlaqn
. < < d., v -~
uasqsLaaﬂzﬂuunn11tnu1wa1m 2 zﬂunu-ﬂa
1.binaly
2.text
dat ﬁ o e
Taﬂnuuﬂuaqat ¥ .bnf war .out @Malau
A17.5uTUTUNTY PATRAN wavaintIantfusr  L3u’nn
ENTER DEVICE MNEMONIC,"?" OR "STOP":
\Ran1d  xwn
LRan GO (SES tilun199% PCL 1as PATRAN)

PATRAN DATA FILE? uWaa(aan  1.NEW

MODE? " 5.INTERFACE
INTERFACE? " 7.IGES

NEUTRAL FILE? " 2.INPUT MODEL
ACTION? " 1.CREATE NEUTRAL

uﬁa?ﬁga neutral file data Tma?d1ﬂ5uﬂuaqa(.bnf nia .out)Ad

MODE? LWAllaan  2.ANALYSIS MODEL



STEP 2 - CREATE AN ANALYSIS MODEL
PHASE 2: ANALYSIS MODELING '

MESH (NODES &
ELEMENTS)

DFEG (LOADS/BC's)
PMAT  (MATERIALS)

'o’

aniias

N

PFEG  (PROPERTIES)

VERIFY

EQUIVALENCE . ZJ\

OPTIMIZE : *
PH2 ANALYSIS MODEL

) 4
2.n198719Finite Analysis Model(FEM) uaziinuaidauln

T1a8 FEM wi4@aniiu 2 #ie aa
1)Continuum elements (3-D)

3 D.0.F. per node (AX,Ay,Az)a§1qe1ement1a 31a

22

TETRAHEDRAL WEDGE HEXAHEDARAL
(4 FACES) (5 FACES) (6 FACES)

%*3-D SOLID

%*2-D SOLID

25



1 ) v
?d?uﬂﬂﬂﬂaﬁaﬁnﬂﬁ Structural elements Tv3ziUTsndatiy
-
LARTLAS LU
2)Structural elements
- . N ' P N ¢ <
Taalddunasz1unie Kinematic TULNITAINANTIATULNRUIN
. ] 4 - <
A28 L AUNTEN HATAIIUNUIMUKTEY element “a4 LWAWINTNN LAaaNEUa
4o v ;]
129 element (N9 2-D UAar 3-D) altuu
o <
trusses ~-3zg12d1N AT TUA2IN L AUTULUIAINRTIINETD A
3 d.o.f. per node
& . -
bar/bean-3rza1au1ntarTu bending moment uasshear
6 d.o.f. per node
< ) af
membrane/plate/shell -% 5 d.o.f. per node luynT
v
ngu?uuuamqaﬂﬂnn1suﬁu
v . ) [V "< .
plane a2t aunTzn1tuuullaganuseuy tusbending
-
i 2 d.o.f per node RIUUUITEUY

A 5 v . = v N a
axisymmetric —AINLAUNTENTTUUUIANAINAVWUNAD

1.98n174313 A1 3 wuy Aa
1)MESH
2)SURFACE
3)GFEG, CFEG
1)zﬂuuu ggSH,lph—ids,element—type,option,data(,prop—id/
element-data,cid/node-type,node-ids,element-ids)
Tas lph-ids -18u P1T# ,3L 4R«
element-type - BAR/BEAM
QUAD or TRI
HEX or WEDGE

. Y PS fo v Y |
%* ﬂ']ﬁuﬂﬁ'\uf;ifuﬁuﬂﬂnﬂﬂﬂﬂ']‘!') taT1snasudaslaTua191919un *
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al = gL Y INONON = I SN YL LYAH = LN = 8 TYQo = 1L 0XIS = 5,

X X
X X X
) X X
X X X
X X
X X
X X X
X X X
X X X
X X
X X X
X X X
X X X
X X X
X X X
’ X X
X X X
Y 1 X
X X X
X X X
X X X
X X X
X X
X X
X X
X X
X X X
X X X
SN N—
ai1 N 1H

X XX
xX X XX
xX X XX

> X

XXX IHK XXXX XX
M MR KX XX
MHMHKX XXXX XX

XXX XXX
XX XX XX XX

MAHKXXHKXK XXXX XXXX
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option -ISO WR1 DATA 71s&@1m21usnlnauelement
~-NUMBER " IMuuelement WAL
mesh ratio
-LENGTH " @21881718U , 3IUIU
element Wwarmesh ratio
* duFu HP AaTUNANTINA2INAN *
Z)EURUU SURFMESH
\38n31n MODE MENU L1 7.PDA_PCL
\aan 8.GENERATE MESH
2¥#yu model Md9ann CAD Al
PHASE O(Primetive model) uaJYPATRAN
% 1HET19 @1919CFEG *
S)EUuuu gEEG,lph-id,(node—type),mesh(/ratios,cid)
LHun194¥1¢ node i1du GF,H4,,3/4/3
GF,P5,,3/4
% FeguaToiidsununa node q¥1aad1H9 SET,SHR, 1416 *
QEEG,id—lph,element—type(/nodes/configuration)
{,pattern)
Suna9d¥ne element 789 node MAT1931A GF du
CF,H4,HEX
CF,P5,QUAD

NODAL EQUIVALENCING

- - . 4 Ay o
1 2 wiuy @8 1.Geometric 291 3au node N2ANUTUUUD L FY
-y [y VU e ;j < - < (%) [
tag1nulvnutdy node taadnud Tagiseasztolerance UWRIAINAATHUR
. et ' <4 <4
2.Topologic 2N MUK TN tdsayLnay

] H - ' '
ﬁ node Tmﬂtﬁaujﬂgunaqnauuazwuwa wana RUN, SAVE(COPY) nau
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2 . avTaanual 4auls LOADS uaz BOUNDARY

PRES
FORC
Ty DFEG, id-1ph, [DISP
TEMP
NSRC
HEAT
CONV
RADI

VFAC

r -

L -

,data(,sid,

NODE

ELEMENT

FACE

- -

NODE

\fu  DFEG, id-1ph,DISP,aX/aY/aZ/eX/eY/eZ(,sid, |EDGE

1qg null

0

any other no.

1

FACE

L

FREE D.O.F.
FIXED D.O.F.

FORCED a, Wia o

RELEN DF,P5,DISP,6(0),300,ED2

DF,P5,DISP,//0,300,ED4

o]

EDGE ,cid-1list)

,cid)
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iUy
9

DFEG, id-1ph,PRES C/E/N1,P,/P_/P_/M_/M_/M_(,sid,

@108

U yy
4

@889

DFEG EDITING

default=/E

bF,P3,pP,//-18,100

- i
ELEMENT
EDGE

FACE

L e

NODE

DFEG, id-1ph, TEMP [/E/N1,temperature(,sid, | ELEMENT

DF,P8,TEMP, 788

Tuuuuy
-

" BT
cHudF s Sautn L wn L An

PRES
FORC
DISP
TEMP
NSRC
HEAT
CONV
RADI

VFAC

1
J

blank
lph-id-1list
elem-id-1list
node-id-1list
coord-valve/cid

sid

PLOT
ERASE
DELETE
SHOW
REVERSE
MODIFY

ADD

FACE

EDGE
L

,set-id
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tdu  FORC,N3@,ADD, 100
FORC,R=5/3, ADD, 200
FORC,X=2, ADD
DISP,T=30/5,ADD
PRES, Q1T#,REV
TEMP, 4N@, SHOW

*Taaild1§eddnin da  SHOW,DF

RUN, DF

Y] )
¥UANITNRRIN1TATEH 9N FUn PCL

, BN A RS AT

i * -y
n1TATNUGANINLGTIRNY element

udavidaavload

LAAIH TV TNUUAEUAAINA L TUA1 Tk

LIBRARY &F198801700914T4, ADINGY

AN1TAINIUAT PID Uar MID1su51qﬁuuasﬁuﬁquﬁmqiﬁﬂuzﬂ

PROPERTY DEFINITION

ASSOCIATION OF PROPERTY DATA TO ELEMENT RECORDS

« ELEMENT RECORD

ELTYPE = QUAD/8 EID

BTyt D e

=24

PID = 200

« PHYSICAL PROPERTY RECORD

PFEG

I ELTYPE=QUAD/8 MID=100  PID = 200 .

A

- MATERIAL PROPERTY RECORD

| I

[ TYPE =150 ' MID

=100

PMAT
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ar . ] - <~
Taaqmﬁuuanaqelementqsnﬂuuﬂag 2 fUm Aa

1)Qmauﬁanﬂqnﬁan1w
PFEG, id-1ph, etype/nodes/configuration,data(,pid)

o) 4 . . a E
T8 data-tﬂu:wﬁn?zinterface(ana1y51s code)->MIDavudav12

ol
TUa1T191 19761

Table 2-2. P/FEA Element Physical Properties

Finite Element Properties

BAR/2 MID/AREA1/IZ1/TY1/TKZB1/TKYB1/IX1/
AREA2/1Z2/TY2/TKZB2/TKYB2/IX2/
SHEARZ/SHEARY/TKZT1/TKYT1/TKZT2/TKYT2/
ARESZ1/ARESY 1/ARESZ2/ARESY2/TSF1/TSF2

BAR/2/3 MID/AREA

BAR/2/4 none

BAR/2/6 blank/KELAS/KTORS/IDIR

BAR/2/T blank/MX/MY/MZ/IX/TY/IZ

BAR/2/8 blank/MX/MY

BAR/2/9 blank/GW/GSTIFEF/GSTATUS

TRI/3 MID/T1/T2/T3

TRI/3/1 MID/T1/T2/T3

TRI/3/2 MID

TR1/3/3 MID

TRI/6 MID/T1/T2/T3

TRY/6/1 MID/T1/T2/T3

TRI1/6/2 MID

TRI/6/3 MID

QUAD/M4 MID/T1/T2/T3/T4

QUAD/4/1 MID/T1/T2/T3/T4

QUAD/4/2 MID

QUAD/4/3 MID

QUAD/8 MID/T1/T2/T3/T4

QUAD/8/1 . MID/T1/T2/T3/T4

QUADY/8/2 MID

QUADY/8/3 MID

TET/4 MID/CID

TET/10 MID/CID

WEDGE/6 MID/CID

WEDGE/15 MID/CID

HEX/8 MID/CID

HEX/20 MID/CID




ADD

DELETE
PROP,pid-list, |LIKE 1,eltype,data
MOD

SHOW

Z)Qmauﬁanﬁqﬁaq
PMAT, MID,OPTION,DATA1, DATA2,DATAS, . ..
Taad option AILAAVITIUATITAN

IS0 : PM,id,ISO,E,G,‘ﬂ,},O‘,,,,,,K

ORT : PM,id,ORT,E__,E__,E__,4__,49, _,9_ +7,C -G, _,G__,c_
P& O

TISO : PM,id,T1SO0,K

LAM : PM,id,LAM(S),ply-thicknesses,ply-orientations,ply-

materials list

USEFJL PATRAN COMMANDS

© o6 0 0

IZ T 3320 o2

Generals nodes (GFEG, Sec. 2.3) \
C—— T/ v
Geneate ammants (CFEG, Set. 2.3}
ey

= =3 =g aiZ =0 <>
el IR —__————--“~\\

Lc;;;j "“--.____________’,/. a

Assign materlal properties (PMAT, Sec. 2.6)

100

Define Joads and boundary conditions (DFEG, Sec. 2.7)
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MATERIAL PROPERTIES

FOR BASIC MATERALS :
PMAT , MID , OPTION , DATA1, DATA2 , DATAS, ...

"BASIC" MATERIALS:

OPTION DESCRIPTION

ORT | ORTHOTROPIC STRUCTURAL MATERIAL (9 ELASTIC
CONSTANTS) ‘

A3S 3D ANISOTROPIC MATERIAL (21 ELASTIC STIFFNESS
CONSTANTS) : :

CONSTANTS)

TIS ISOTROPIC THERMAL MATERIAL

‘e

IAN | 3D ANISOTROPIC THERMAL MATERIAL. ;. -

ISQ. ..|ISOTROPIC STRUCTURAL MATERIAL (2 ELASTIC CONSTANTS)

A3F 3D ANISOTROPIC MATERIAL (21 ELASTIC FLEXIBILITY

ANI 2D ANISOTROPIC MATERIAL (6 ELASTIC CONSTANTS)

MATERIAL PROPERTIES

FOR CONSTRUCTED MATERIALS

. "CONSTRUCTED" MATERIALS INCLUDE 2-PHASE LAMINATES AND
COMPOSITES MADE UP OF COMBINATIONS OF "BASIC" MATERIALS

FORMAT:
PMAT ; MID , OPTION , DATA1 | DATA2', DATAS, . ..

OPTION DESCRIPTION

ABOUT MIDPLANE
MIX GENERAL 3D COMPOSITE MATERIAL

HAL HALPIN-TSAI UNIDIRECTIONAL FIBER / MATRIX
COMPOSITE
LAM LAMINATED COMPOSITE MATERIAL

. LAMS LAMINATED COMPOSITE MATERIAL SYMMETRIC
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MODEL VERIFICATION

> VERIFY : , 1
]vmmlsmszaammms3m03/acsqpmpssmnsswcs7nn ]

UNPROMPTED
COMMAND
1. ELEMENT VERIFICATION CALCULATES (VEL)
SELECTED ELEMENT ATTRIBUTES & FLAGS
UNACCEPTABLE ONES

|VERTFY ELEMENTS? 1. BY SHAPE 2. SPECIAL CHECKS 3. BND |

i

[> 1 ELEVENT SHAPE? 1. TRIA 2. QUAD 3. TET. 4. WEDGE 5. HEX 6. BD |

[ VERIFY QUADS? 1. ALL 2. ASPECT RATIO 3. WARP 4. SKEW 5 TAPER 6. END |

SET THE VERIFICATION CRITERION FOR EACH OF THE
CHECKS BY USING THE PROPER SET AND SHOW
COMMANDS ( ie. SET,ASPECT,30 ).

[> 2 SPECIAL CHECKS? 1. HOE 2. JACOBIAN 3. NORMALS 4. DUPLICATE 5. CONNECTIVITY 6. D |

bt

La 14§13

MODEL VERIFICATION

UNPROMPTED
COMMAND

2. BOUNDARIES; DOES A RUN,BOUND (VB)
3. LOADS/BC's; PLOTS OR SHOWS SELECTED (VL)

LOADS & BOUNDARY CONDITIONS FROM

THE MENU: .

VERIFY LOADS? 1.ALL 2,DISP 3.FORCE 4.PRES S,TENHP 6.NSRC

7.HEAT 8.CONV 9.RADI 18,UFAC 11.END

4. PROPERTIES; DOES A RUN,ASSIGN,PID (VP)

& PROMPTS FOR PLOT TYPE

DATA VALUES RANGE FROM 0.200E+03 TO 0.500E+03
ASSIGNMENT? _1.AUTO 2.MANUAL 3.SEMI-AUTO 4.THRESHOLD 5.USE CURRENT LEVELS 6.END

[ " DISPLAY CONTROL? 1.PLOT 2.FILL HIDE 3.LABEL CONTROL 4.END l

5. MATERIALS; DOES A RUN,ASSIGN,MID (VM)
& PROMPTS FOR: PLOT TYPE

(XY



MODEL OPTIMIZATION

PATRAN OPTIMIZATION PROCEDURE

FEG OPTIMIZE METHOD CRITERION

HODE
GEGNETRY GENERATE 4 REMOVE 1 corurn RS 1
NOOES UNUSED NODES MCKEE WAVEFRONT
ANALYSIS - GENERRTE COMPACT 2 GIBBS 2 X 2
MODEL — | ELENENTS NODE-IDS P OLMMEYER WAVEFRONT
ANALY2E 5 EQULV 3 OPTIMIZE 3 BOTH 3 3
HODES NODE-IDS
RESULTS GENERATE
* Lonns/scs * N DS ! !
INTERFACE 5 GENERATE 4 OPTIMIZE S 5 S
ELEM~-PROPS ELEMENT-IDS
SToP UERTFY N
6 HoDEL  © 8 6 ¢
(ReSERVED) 7| Lo gsséEIZE 7 7 1 1
DELETE 8 8 8
ey S o PHASE-11 °
9 9 9 9 9
END nngl END nngl END, nnn.g EHD |NAILY EHD nngl
HELP HELP HELP . HELP HELP

MODEL OPTIMIZATION

OPTIMIZATION RECOMMENDATIONS

CHOICE OF OPTIMIZATION METHODS DEPENDS ON:

+ STRUCTURE

OF YOUR MODEL

+ TYPE OF ANALYSIS (STATIC VS. DYNAMIC, ETC.)

NODE OR ELEMENT

ANARLYSIS CODE RESEQUENCING METHOD CRITERION
ANSYS* WAVEFRONT BOTH RMS WAVEFRONT,
ABAQUS* WAVEFRONT BOTH RMS WAVEFRONT
COSMIC/NASTRAN* BANDWIDTH " BOTH RMS WAVEFRONT
MSC/NASTRAN* BANDWIDTH 4 BOTH RMS WAVEFRONT
P/COMPOSITE BANDWIDTH BOTH BANDWIDTH
P/FEA*  BANDWIDTH BOTH ~ PROFILE
P/THERMAL (PITHERMAL will not be affected by optimization. However,

element compaction must be performed on a model prior to running

PTHERMAL. Whileitis not re%uired, node compaction should

be performed prior to running P/THERMAL.)

These codes have their own optimization capabilities

R P
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. £ . . .
! 3. A1 TAMMUATULLUNNTILATIEW Finite Element Analysis

STEP 3 - PERFORM THE ANALYSIS

( P/FEA SETUP HODE

JOB NAME: BEAM
ANALYSIS TYPE: STATIC

ANALYSIS TITLE: BEAM EXAMPLE STATIC ANALYSIS FOR PAT18IN

# TENP. DEPENDENT MATL. FILE:

'NEUTRAL FILE FORMAT: BINARY
SAVE PRINT FILE: YES

{| CHECKPOINT: HO
{{ RESTART JOB HNANE:

BANDHIDTH HINIMIZATION: YES

LOAD CASE: 1 OF I

L.C. TITLE:

DISPLACENMENT SET-ID: !

MPC SET-ID: @
FORCE SET-ID: 1

PRESSURE SET-ID: @

TEMPERATURE SET-1D: @

X-ACCELERATION: 8.
Y-ACCELERATION: 8.
Z-ACCELERATION: 8.

ONEGA: 8.

AKIS OF ROTATION: X

NEXT L.C.
GO T0 L.C.
ADD L.C.
REMOVE L.C.

HESSAGES (USE CURSOR OR 'F','B* KEYS

TO MOUE - SPACE BAR TO SELECT)

ABORT(4)

HELP(H)

EXIT(E)A:

e

1 .
L SUBHIT(1) STATUS(2) SHOU(3)
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A.P1TUHANNANITILATIEN (Evaluate Results)

STEP 4 - EVALUATE RESULTS

/1]

]

CON_TOUFI'LiNE PLOT BASED ON VON MISES STRESS

ITERATE AS REQUIRED

"STEP 5 -



Dynamic Desigp Method using CAE

. . < '
-design \aan machanisnm ﬂﬁ?ﬂﬂ?ﬂﬁ%ﬁﬂ?“ﬂ Usznauaa

- synthesis

- create

- edit/verify
- analysis

- review result

L delete
1.synthesis é?ﬂﬂﬂuﬁ7nﬂ18ﬁﬁﬂﬁiﬁn planar machanism Tesnng
uday
L motion vecter TuTEuUIU xy 189 wWes MANANA motion
vector gnldan Az@avlny  link 1 uaw
link 2 wa2d78190 animate
L create motion vector (Avuas unMuNkarrotation)
drag
generic point ( lQWﬂziﬂ )
enter angle guuguﬁaiauunu X A@310UAU 2
L "delete motion vector
- create links drag ( NIYLAYR )

[ generic point

- delete link

L animate azU91n974 work view ( 4 bar )
F animate again
- chang parameter

- input link

- wa’
~ 4 bar property Lﬂaauqmﬂuum
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2. create -link ﬂﬁNqTﬂﬁgﬁﬂﬁﬂﬂ ug M?asklete,joint q101T0

AIMUATENI1Y 2 link wa®  9FEwa1e link wileeq  du
. 4 . .

frame uard1u1Tanvua force/torque N joint e

1 1}

. da
- link nyag J¥Y mass propertiy

k] A

sklete .
link parameter weigth
center gravity
inertial
- joint T revolute Az@RIAIMUANTITMNULAEUAY
[ prismatic
- create analysis point
- create force
- create torque
L create condition + link iTznauaaa displacemant,
fotate

jointiUsznaumds displacemant,

rotate

L create motion inputs ( revolute Jjoint )

< .

taan Jjoint

<~ -y . .

1aan fua motion [ const (disp, v, a )
harmonic ( ampitude, freq

, angle, disp )



3.edit/verify + edit + link + parameter T weight
- center of gra
L Vity

i

~ inertial

- geometry [ add

" remove

- initial card

F joint -+ origin

- orientation

- initial condition T disp
»V,a
harm

onic

- scale
- analysis point

- force

- torque
/ < . < ')
- verify L1a@an entity n REATAUR
v 9,
- list uday nAUANINUA

- display parameter

color/font/density
color 15 &
font ‘teoun solid, dash,center line

density 1du normal, heavy, thin

L Jayer move
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. o &
4.analysis - ug - waawﬁtﬂu graph 1puﬂuﬂqa .req
w 4
waawnxﬂu result 7uu1uaqa .out
interactive ( auto to review result )
- N « . < . o4 @
- 1aan drive joint LRAN ITUUNLWUAD 1
o X
ATy

b 74
L IIUIUATY

- result T x-axis 511ﬁu3811 tdu force,v
¥y - axis

- select entity

- graph

- animate

~ A1
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unNnNn3

NVNBAANSTASEALLULY ROBOTIC SYSTEM

._', < J e J- d 4~
a214nA1aTaan11yd ROBOT Huaay tﬂsaQQﬂinnﬁqﬂuﬂaﬂaugﬁaEd
. . '| t * - ar L % 4 1]
AUIT0IRARVTIRIITIARAE NI IUTANR1ENRIN TaENNUIgUTENIaNana Y
ﬂduquﬂﬁiﬁﬁequ ROBOTUTENAUA 38T IRUTEUIAMA (ANBY) , WEUNR, AA7
& w “ [~ ' X
tiuaw MANIPULATOR #9a wnuna Uy wuawug1utay ROBOT udssnau
[ X ' ' ] o <4 . ; u '
maa?uaaumﬂoq (LINKS) unaaauNINNY twaasnw41u1ﬁhaﬂaunuugaa

v ] aa
N1 TAANLLULBUNAAIE CAD/CAM/CAE $u  uan’anndz@adIninulIanigaan
e
WYLAIa CAD  WR7 HIRBINTIUAINARINITAAAUUY  ROBOTIC SYSTEM
3 EY) - . V. e £ 4 4
TlTznaualatdanatLIuna, AUAIAILAZAUATAT Y, TEVULANAIT LARAUN
. < < ' g 2
, L&UNI9NT1TiAAAUNTASRIUND (END EFFECTER) F2uN9ANTdI19dun1T
A NFNNUTAT 918 INITAILANATTLARAUNAY  END EFFECTER | ludu

1. Huamagununa ( KINDS OF MANIPULATOR )

1.1 RECTANGULAR MANIPULATOR

< < Y - 4 < ﬁ Y X 4.

AL IUNANUTENAURI8 LINK niaaauntduidunge WUNNIITU
[ )

(WORKSPACE) 1 11 Eﬂﬂaﬂﬂ

1.2 CYLINDRICAL MANIPULATOR

<t < 4 < N 4. a
ﬂﬂuﬁuﬂaﬂlﬂaﬂuﬂquﬁxﬂﬁuﬂur, 8, Z WUNNIIIULdunIengzuan

1.3 SPHERICAL MANIPULATOR

4 <4 4 o X J4. < <
Aaalgunant arauntussyduny r s 8 , ¢ WUNNINIULNBUIZL HY
NnINAau

1.4 REVOLUTE MANIPULATOR

< ) PY I
aﬂuﬁuﬂanﬂigﬂaUWQﬂ ﬁamﬂunﬂﬂgu (REVOLUTE JOINT)
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2. HUABNAYAUANAY ( ACTUATOR )
2.1 DC MOTOR
2.2 STEPPING MOTOR

2.3 HYDRAULIC MOTOR

'3
3. QﬁﬂTmﬁqa

' [

[ 4 o . [ [ ’ : o
3.1 ENCODERS  iuugunsuiasitumianas NaRas9Y . B9IRa L1
\

[y < o Y]
AINEND n%a qu paluiastdt dudyuruiwwauyy DIGITAL

[ £o [ [V *
3.2 TACHOMETER IUHQﬂﬂ1WQQﬂ7ﬂNlTQnﬂQﬂﬂﬂﬂﬂqu

3.3 FORCE / TORGUE MEASURE DEVICE

\%u STRAIN GAUGE
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FORWARD KINEMATIC

v “ o 4 .
WEUNa (ROBOTIC MANIPUTER) d<znauaaa link ﬂﬂﬂﬂﬂﬂﬂ%ﬁkﬁﬂﬂﬂﬂ

. . . 4 du
funa8ajoint wiaslinkasgniiuindauiag actuater  TaanAnwnrnay

- e
Jointuwaﬁauuumogﬂ
Revolute Planar
‘L’// ,A"l::;il/// ‘
\ -—-
Cylindrical Prismatic

Spherical

=
S

o ¢ ' . ' ' 1 g .
) 7'1a'lﬂ'1"J’ﬂqzﬂ"]ﬁ')'1N5quﬁ"ﬁxﬂ']'1\1 m'lklﬂu\?ﬁﬂ\igﬂﬂﬂﬂ'\\j", linkuasan

Figure 2.9 The lower pair.

v
1 o~ = o v - ]
WU INNA TS NAN 1918 Y end-etffecter 1a Imﬂuﬁaeaaﬂugﬂnaq
9

. 4 ‘J o 1 ' - ar H
transformation matrix,[T] Ta#n L[TINIUGLNIAUL%L ugﬁuuumou

( rotation translation -
matrix vector
[T) = | ===m e
perspective scaling
vector vector
L -

[~ ) . . c.'; ) ] ar < ] >
ITLMUIT rotation matrix FINAUNGALNIAY  3%3 WAz iUuFIUNUGDRN

. . o . . ;
transformtion matrix Teaan rotation matrix LHEUY R’(‘_ )

P
1 a

N T d a o o &
matrix nlglunt1Ttdaau’annanisinauny ith coordinate system 1u



ar - J 3 Al
nﬂitﬂﬂnnu (1-1)th coordinate systen L8 ith war(i-1)th
. < R . ld . ' -« ) ] .
coordinate system #{3I® oringiln agﬂmﬂuwuﬁtﬂadﬂuﬂﬁu transfor
3

. . 1 “ . Y < -4
mation matix tdw T C1-1, A8 matrix nlElunTLURAUINANNTINAY
bd . 2 & < & : .
Ny ith coordinate system tuun sIinguay  (i-1)th coordinate

4 N . ] 1l . ] ] v

system Taan 3@ oringin 1ua§nmﬂuﬂuqtﬂaqnu Lu

1 1

Pl-—1 = T l—lPi 3 Pi—l = R i—-lPi
< . ] A 4 o . .
P, vungay aiunudida nauny ith coordinate
- . [ A L] ar L. .
P,_, N80 auuudidinayny (i-1th coordinate
. . v u “ v < o Y
LIF@WMITIIS AN transformation matrix ta1g28anula 1walela
N .- . . ) ' 1 2 a a2 8 v o
transformation matrix Iwa touw T T T , = T | Z98 L nauln
. . A -] v H []
3th (U Ooth coordinate system ,rotation matrix ﬂuﬂmﬂuuaulﬁu
« -
LAgINU
3 . g . ’) 4 3
Aal1Tuitransformation matrix LTULIALTIRBNAINUG coordinate
' £ 1 < <«
system Nay Taauugidy 2 byl @l
4 < 1 < v X J
1.local coordinate system @2 1suuuﬂuaaanama§nu11nk Laae
L ¥ . A 4 ar & 3
u dvariaaauntuwsanfulink tiuq
-4
n

A -~ 4« ] J ' 4 4
2.base coordinate system @a izuuunuﬂwaag ﬁﬂu%ﬁYNlﬂaﬂuﬂ

D-H (DENAVIT - HARTENBERG) COORDINATE SYSTEM

. . LV a ' 2 g g «l
1190 Mua coordinate systen wmnuneaazlinkuu I IUNRY
.. ~ . < oYy & . <
n joints =y n+1 links ﬁﬁunaqununaazﬂnwwﬂﬁmﬂ(wmﬂu link n O
o ¥ . o @ . o o e
aduu link naua9zidy link 1 1,2....7419889 1@ant 31901146
' gy Mo | v & «* . .
coordinate systemi(x_,y_,,Z,’ {wnuzgiu wantatden joint

DETERMINATION OF THE COORDINATE SYSTEM

. 4’ 4 . . [l {’i
l.unu z, ngnnﬂ%ummﬂnuﬂuﬂﬁﬁtmaaunﬁadllnk i+l a9y z, 9w
< < . o & - , . ;
tduunun revolute link ﬁgu MTatdunnun prismatic link
4 d
taaaunti
2.hunuz wazunuz _ Hafu unu x| asinAn1eeiu crossproduct

- .
_vK_.,_,, @3 unit vector TundnI

+-Ck__,_,,*k_, 1 Tk

1

YINWBIUAUZ , 2, AIUATGY 11 k_ was  k__,_,,1uiuiu

1 =( 1

< 93 -
WAw x, IANANIN@INLAURANAAL k_ ,_, uaz k_, vector

<1 1
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. a4 4 4. v . .
3.uﬂuyleanﬂﬁumimanauanaﬂLwaﬂnﬂtw cartesian coordinate

'
system X,o¥V »2, qAHUTN
a4

. . . )
4.origin 289 X ,¥,,2, coordinate system 9avlink i qsagn

. 1 Ao W < o LY 3
AMUNUNNAAAURTINUNNY z, Laziiny z,_, wIaunuy z, UL FUNNIa1A

TEMIMAN Z | Ay z,_,
] < < . n o [ .
5.0uG3UN 1 a9 4 1zgnn1ﬁﬂﬁﬂw1uumaz i

Jointi +1

Q{)aiOI

Jointi-1

FIGURE 2.2 ' e
Structural kinematic parameters for a general link /.

DETERMINATION OF STRUCTURAL KINAMETIC PARAMETERS

g . . > > o
l.a, @@ T28¥N79370 origin 18y ith coordinate system a4

WAATAIUAU 2, UAr X Teadaluuuiuny x|

A . .
2., A2 MHTURTTNAUTBUUNULIN X | Tagiadmunuuin z ldasuny
N 4
. Y =4 < < U [
uIn oz, 1manaﬂtﬂuﬂﬂ1w§un1utﬁnuwﬁﬂﬁ bIREaaI L duuIn

- — as
3.8 , Wi Sgﬂ'luﬂ'l'iﬁuu‘iﬂllltﬂu z,_, TREIQIINUAULIN X,
A ]
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Ys

b
Hand center O, (Swee, AR
Ho¥ P fs T— Origins

(Reach) 24 S // As coincide
X4 Ve o (dy = d5 = 0)
(Lift) xg 3 =

Stanford robot arm link coordinate ptram' eters
Joint § 0; o a | 4
1 6, = —90 -90 0 dy |
2 02 = =90 90 0 d;
3 -9 0 0 dy
4 8, =0 -90 0 0
5 05=0 % [0 0
6 8 =0 0 ] dg

Figure 2.12 Establishing link coordinate systems for a Stanford robot.

) . . Vo ) v, !
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ﬂ11u3n01ﬂtnadnUﬁzuu UNIX OPERATING SYSTEM

Al.1 T2uy Unix

unix 1HuTruY o.s.¥RanivieaanuuulRTruy computer  &1mA78
JadTInTwanT(resource) L¥u softwares, §1§(user), 2819 L NUY
af W 4 - <
g4 Anunvan 2 d9¥n19 ea
(¥ LY 4 . . [ v
1. 3ad99 software Laaanuﬁﬂﬂtﬂ1aqnﬁe (terminal) T
d ] ~w v <f ) - J -
LATANGRNY dﬁﬁiﬂg?ﬁwaﬂaﬂuYutqaﬁLmaqnu 198011 Network File
system

t : [v -f
2. ﬂqa?ﬁnqsammaﬁannqéﬂﬁnu computer Hz@an Taa@?ﬁautmaq

o 4 < (v} 1 ®
ﬂuﬁﬂuﬂ1n?§uawﬂqtﬂfae1utdaﬂzﬂavﬂut?anﬂ Network Information.

~PLOTTER.
—PRINTER.

@? O O) —cry
7 A — MEMORY
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MASTER SERVER CLIENT
( TERFUINAL )
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4T uY unix anuqzﬁ?aﬁm? (login) PavAuLaY  WRE THARY
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Al1.2 0.S.Command

Lﬂgaﬂﬁuﬁﬂiﬁﬂﬁﬂqﬂ a2 s (duiaTawanadudasin Tuuiadeaas
$ud1de (command) Hen1Trin9u §Qd1§uﬁﬂ1§n11u15uﬁ
-$ pwd A a1u9n directory Anasty
G79819 8 pwd (enter)
/user/eng/bin
-¢ who am i Aa a7 t31navigdle tﬁu%Yﬁtﬂéﬂﬁﬂé
fi18879 ¢ who am i (enter)
/user/eng/guy
-8 cd @a adulinu uia ARutyie directory mavida
#1a819 $ cd (enter)
/user/eng/guy
-$ cd /... @a dnfedmFy directory @19y Trun dos @Ted
f1uaT01Aau directory Qﬂﬂgﬁ TR8219897Y root ¢ / )TAEATY
@108199 8 cd /user/account (enter)
/user/account
-$ date @a n17n1utdaﬁﬂa3ﬁu
-$ 1s -d fa @1H9THuRAY Files Hanuatu directory ﬂqiﬁu
-% 1s A8 @1¥9Tuday files Hanualu directoryﬂﬂjﬁu Tag
TROR Qmﬁuﬁaﬁqnum
f18819 /user/eng/guy
8 ls

project.bnf project.pix project.prt

A1.3 Mode

Muuaar file Usznauans LANFIU 8 31U 10 §7 w3a mode
1§uamoqmauﬁa (property) may file

drwxXxrvwxruwzxkx

fnwafiautn uwandnilu  directory (d) wia file « _ ) dau
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fausn 11y directory
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Al.4 Pathname

&L

. 1 d < [y
ﬂﬂqssgmﬂunuqnag naviua un1773g1m 2 uwuy
(4 - J ] v a £
n. uuuﬁugsm ANNARTIINWAITUNITE AL, 2
#72814 8 cd /user/eng/animal
o - 1 - 4
7. WUUFNWND Lﬁuﬂﬂ11591m37§mqaawtﬁv LWaaAdINdYa2n WAL TIA
[ o ' l '
152 dadawiaul 2 die leun
“x .
. U188y directory mavign
-~ R d ' e | < [ ] .
.. W8N directory ngcnaﬂ 178 1780918971 directory
wa
#8879 $ cd ../guy ﬁ?a $ /users/eng/guy

$ cd ./ant nia $ /user/eng/animal/ant
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