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Abstract

This thesis is bringing of computer for calculation that designs project. Due to design
project in model that has been complexed character. Calculation and designing are difficult.
For this reason, we should bring computer for helping in this work by using Finite-Element
method. There is main object for increasing pays that use in experiment or using with work
that isn't completely experiment. The results contain the result from analysis that occurs on
example material in many cases. There is bringing of key for testing. We can see clearly

benefit from this case that has changing angle at head of key for object in the best designing.
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ummﬂqmnmuﬂmunnm'luanms 1 sﬂumlm 14 (arbitrary) muuﬁuﬂiuﬁnwm
muﬂinu'uaummmumﬁmmmuaua mnmwmsmwwqmﬂ’wuaaaums @1 Fuvh
fugudiauilesnn su Tuivivugud & iy

d/dx(EA du/dx) = 0
4 dw yda - o« ¢ 4 1+ - ¢
Fauah 19nae TUMIIRNOYAUTYOUMANNBUILEY MINITHN TR IMNINANYBITUMS (21)
4 K L4 [
Fumiugud 5198 1éh

BA du/dx (0) = 0 (22 a)

038961



20

YEL) du@ = 0
Wufie u0) = constant (22 b)

o A 1 g
Tuhusudersu denniusnvesaums (21) imfugud 151014

BA du/dx (L) = P (23 a)
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dx) = ¢ = Ax + B (24)
’ o o
Taw A uas B Aonsmadanm 1&onidon i
P )
] X = X; (:D(Xi) = ¢i = Ax) + B
P
N X = X (b(XJ) = (bj = A(X) + B
P
a9z '@
A = d)j'd); oy B = (bi XJ' jxi
X‘ - X! XJ - Xl
unu A waz B nduatluaums 3) uddanoidene: 14
]
i
X Py = (xp-x )y (x %) ¢, (25)

(xj'xi) (XJ'XX)

- 1 a
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¢,

dx = (N N of = o (@) (26
j

Teie Nix) = Xj - X (27 a)
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82X
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¥ - f(x s'y )

(36)
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sumadeeyius ugluuviinufunnlunuesnuuy - Metmy msmimsnizowysy

=3 ta ] 4 o da a3 ¢
quuniluaniusegd (steady-state) vuiruTansdald¥uanudouiia Sudy mnusu

' ' A d L d{ 1
TanzliguinnTeegneldioulvvouaigudoussiiumsoniosnmamasuiuaseld

4
] ) 1 a d
wadynusuiiaunson 18 Tasdemnmdaums I lude Suudimunsnadie 18 Taoms

g e R ‘v o . . ‘v O |
MINAA (minimization) Y8IMIAFUIAITAY (variational function) J uazHerieuulsiuf
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Ku Kep K (
1 12 13 ¢1 B,
Ku Ka Kafid,p = |F (40)
F.
Ka Ks Kof|9:] ’
nio (K1) { 1) = (F(e)
s ON; 3Nj dN; aN,-
Tay Ky = J + dx dy (41 a)
a \9x & 8y 9y
Rl E J fNjdxdy i,j = 1,2,3 (41 b)

A
' o - P2t o
uanaums (33) Mendunmsdsznameluedwudeumasuiinldadauud e

Ny = ﬁ( aj + bx + ¢y )
v o N; b; dN; G
AIUY Ay €= o \fiE  —\82) L7
X 2A ay 2A

ununduaaluaums @1 a) o21d

Kj = J (bi/(2A) D/2A) + ¢i/(2A) cj/(2A))dx dy
A

= (o + cicl4A?) J A dx dy

Ky = (o +ccha (42 a)
vueufioatu mind £ luawms @.5 by aedt e ld
F, = fJ fN;dxdy
A
f J [ L ]( + bix + c;y)dxd
= 5 |8 + bx + cjy)dxdy
" 2A 1 1
A
Fp = f [—3—] (42'b)

[ 4
o P t o
HUMT (42 b) Wumnsodusingn 18w Taeldgesian
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J' Nydxdy
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X sy X
& & O =
ot, + 00, + 01, + F = 0 (43)
Ox Oy Oz
6’C“+a'l7yz+a()'z + F, = 0
Ox Oy 0z

e o0,,0,,0, wuanudulhwuunx,y, z sewdduues T, 7, , T,

nmuﬂ'nmﬁulﬁau F , Fy » F, unmm’i’mq (body force) huununu X,v7,2 MudIny
a v A a
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da &
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da - v o ey
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T« Or Txy Txz| |Dx

T, = Txy Oy Tw| {Ny (45)
Tz sz Tﬂ ol nl

- 4 - ¢ ¢
% n,,n .0, Wunannlalaniveanawned

A

n = ni+nj+nk (46)
< l&: @ A o v A ]
YAIUADTNAININALAD o g aansuiey
A AA 1 : o - pri a,
uenondoulvusuaid unaninugda voue lumudalugn - 31 el
s : by . A a d’ [ ° Y v w ¢ 1
ANURTEAYUAU (prestrain) AAYUDYNBU m'lnmmﬁuwuﬁ:mwmwmﬁ'uua:

anuasealaonaliife

{0} = I[Cl{E-&,} “47)
Toe \
(0} & T8 3G @ oL pe 4 48)
1P~ B o & | B0 ¥ e AN (49)
- WY 3 VIE20 TS O |
WA\ V/E b 0 0 :
[C] = " E VG i 1m0 <S0 o Q (49)
(1+V)(1-2V) 0 0 0 (1-2V)2 0 0
0 0.0 0@-2v)2 0
0 0 0 0 0q-2ve

4
U A - 1 -
uer (€} ununnmesvennunivaduduFinrvifinnnnnawaung 1wy e1vifann
ad , ' Y zd|||v 4!4’ o'd'd
gUHINAUH UGN AU T(x,y,2) Hudia limdy lunsdlisuiinnieefiife
T
€&} = [OAT OAT OoAT o0 o0 0]
s o o [y ad d ey P
T oL unmududlssiinimaveneds uas At unugamginalfounasllnngungd 1,34
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Hugamgiinfagiulidanudu fil
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U* = 1/2J [E-€J{C} av (51
v
unu (G} Nnaums @6) aelez 18
u* = 12 [£-g1CNE - €, av
v
Fmdmngueeessniuazsanaisneg old

Uk = 12 Eaerav - | e v o

v v

+ 12 J (] [CHE,} aV
v

o

uaums (50) v* Asndeaiu néaumﬁmnusnﬁq (body force) NUUTUIAT V Lasisafifg
»

4
a da a

{ o <4 ] Y
(surface traction) VUHUAMIRUA S FaeusadeonIdlupluuudail
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vk = . (Fu+Fy+Fw)dv - | (tu+ T,v + T,w) dS
\' S
i Fx ) Tx
= -J [u v w] F, dV-J [u v w] Txp dS
Y F, ’ T,
- - [Bl{r}av - | [6]{1} as (53)
v S

~ ¢ J A ‘u - o &
Too [6 ] ununnmesisznoudienuadoud u, v, w lufirmaunux, y, z mudy
< v - <
(F} ununnmesAdssneudasusetagluiienauan x, y, z induunudums (52) uas

(53) aaluaums (50) vz IAndenudndsanluguuy fail
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4 ) o - ; - 1
Funmnsoh R lumsadiaums W ludefuddmius fwudaiiaamg 14



35

aums Wl udied s
vanism iU siudwaasluaums (54 dmsudagia T uenuiia

4
o EN

o d U )
awraslugn 31 udr mannteadeaums I ludedwuddmsuefuudlumuiam

- - 2 Y od
WIE auyAruniiefuudnsinmhdassneuhoinlayasesausaclugud 33

-

o -~ [s 9 o -
JUM 33 yaanediugnsimanih luiagmuia

o o S ga Ao ; 4 o a
JuppuusniisuluasvhnfeauyAdnyasmsnssnevesnundeumlumuiame Iy
¢ A A w 1 =~ 1 A _~
Aundsund aud luusasirmemunso@oudeglugdvesfladdunisdssunaniolues-

¢ J 4 @ ] \ & 4'
WNALATMMIINAUAT U duniganeYisulaga lanil

ucx,y,z) = [N(xy,z,)] {u}
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nioousuiuldn
61 = N&yz) (8} (56)
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& (3. ).
8Y av
81 Jaw
= 1 = ‘ = B ,Y,Z, 8 58
(€} vl ora | [Bxyz)) (8 (s8)
Yy Oy + 0w
[ Yiz) [0 + O

a ¢ @ w & [ A @
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aums (56) uaz (58) aaluaumsveandanudndsiu 54) 1510218
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uSowouse 141
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v
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K] = i BIT(CIBldv
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THE ENGR. DESIGN CYCLE

Process Technology Focus Cost of ECO's
CONCEPT $10
[~ CAD
DESIGN - - The $100
PATRAN
ANALYSIS . — MCAE System $1000
I _ -
TESTING $ 10,000
: ~ CAM
MANUFACTURING $ 100,000
|
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1. I¥UUABURUADS (The computer system)

1 4
TumshSyaniinusaiiuil 1819 Engineering Workstation HP 700 Uszneu

#7164 Mbytes of main memory, 420 Mbytes Harddisk , 1.2 Mbytes diskette drive

'lui:‘u*u‘ﬂﬁﬂ'ﬁmi run YU work station ‘151‘1’1’ HP UNIX Operation System

1.8 Gbytes

NEF
o ]
lcad 01 lcad 00
server OS HP server
HP 700 HP 900
Mentor,
lcaq 01 —— UG
lcad 04 Hub
work station 10 Mbit

HP 700

RAM 64 Mbytes

lcad 21

d o ed
U 35 uarmssuuneuiune S ld

home user
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2. GFEM PLUS
4 4
GFEM PLUS* 1HuTaga (module) nilslu UNIGRAPHICS** SailuTulsunsy vl
ludiedind sansath luissgnd lumsudilynmatsqogrelumeimnssy Tay
mnselinnsiilynimduadameny (static) tasmstemaudouy (Heat transfer)
1 1 A o 3
TagmungaTouse Tugssuuduluassgaieriu 19 NASTRAN , ANSYS
> a ¢ a ¢ A 4
'uum)u“lumﬂmﬁznﬂtyHmmﬁﬁuﬁﬂwnﬁmzsumnmiﬂ?ngﬂﬁmaa (module) YU
) z H A ar L
udnhlugms generate meshTatld preprocessor Tuneulezinerfeaiumsiassudnune
» .
ANV A Tag namINiNE Mg s s N et (vector) HAZTEHE
< A [}
N9 (displacement) uazgaiemsmuammnlisunasgilie, msnseoennudues1d
v ¢ ¢ / P o ¢ v o
nnmsUszuanadninensing (graphics) Faieramadng Inyle postprocessor VU

} 4
[l ' cl
Aot Iduamsaglugii 36

CAD system

o

CAD interface file

J{ Preprocessor —

Natral file —+ Static Tt—— Data base file

Heat transfer

i
il

Retrieve Analysis result

e

Display

postprocessor

P
U7 36 AR basic steps in FEM analysis

OFEM PLUS* goanmnauanih 1 UNIORAPHICS ** gurnmnnuantl 2
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. Msnagsu Tsunsa
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MINNLY 910 Time shenko and Wionowsky Krieger Iefinsana1n Ny uas e
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naInms 19gns

naonms 1914 Tudio furua

AR NUNA

WAIA (error)

Tuinuaas

2
maximum stress N/mm

5.99E+01

5.85B+01

2.337%

ANUAUAY

2
maximum stress N/mm

5.00E-01

5.333E-01

6.660%

o A a S o v oo ¢
MTNN 1 Hﬁﬂ\’n’]ﬂﬂiﬂ'ﬂ!ﬂaUNﬂﬂ?ﬂﬂﬂﬁgﬂﬂﬂﬁﬂﬂﬁﬂ.laﬂ’]ﬂjﬂiuﬂiﬁnlﬂ'l'Hﬂ!ﬂ

A11ud "GFEM PLUS"

e p
#annms1F W ludiedmuddaanilugia 37,38
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Displayed Part: test.prt Work Part: test.prt {Modified) (Read Only)

< ) d o ) - v
EUn 37 UAAINITNTEINBAINLARIAYAULNARANA YA IINEYLD

. 4 < a4 w «
(cantilever beam) uazun1TNANUAYEANATUNLY

--->+5.849E+01

===>+5.014E+01

--->+4,176E+0!

===>+3.342E+01

-=->+2.507E+0]

==>+|.B87IE+QI

-=->+8,357E+00

-~ =3+0.000E+00

--=>-8.357E+00

-=3-1.67IE+QI|

-==3-2.507E+0!

=-=>-3.342E+0|

--=>-4.178E+0(

===>=5.014E+0|

=-->-5.848E+0)
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1817136 08
--=>+5.333-07
-==>+4,761E-07

==r+4.|190E-07
~=>+3.819E-07
-=->+3.047E-07
-=>+2.476E-07
-=->+| LBO4E-07
e+ | IIE-07

-==>+7.B1BE-08

--->+ | LO04E-08

--->-3.B06E-08

--->-9.52%-08
-->- | J5ZFE-07
--=5-2.096E-07

--~-»-2.8668E-07
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Displa')ed Part: ten!.prt  Work Part: teni pit (Modified)

FRINGE PLOT
NORMAL -X

= -B.2B4E+0!

D RS

--->+9.331E+02 .
-=-=>+8.605E+02
--=>+7.8680E+02
-==>+7. |G4E+02
--->+8.428E+02
->+5_.703E+02
-==>44,077E+02
-==>+4 25|E+02
---»+3.525E+02
- - -3+2,800E+02
fl --->+2.074E+02
o --->+|.348E+02
== -3+8.229E+0|
-==>-| .027E+0|

-=->-B.2B84E+0)

4 v ~ ' <
I!Jn 40 udmn'l'mw'naa'nutﬁuuu'mqn'mawnaozm 39
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Displayed Pait: tension2.prt  Work Part: tension2 prt (Modified)

-==>+9.437E+02
===>+B.730E+02
-==>+8.0226+02
-==2¢7 . S15E+02
--->+8.807E+02
-==>+5.900E+02
~==>45,|192E+02
===>+4 4€5E+02
-==>#3.777E+02
-343.070E+02

- - ->+2.362E+02
M --->+|.855E+02
===34+8.477E+0|
===>#2.402E+0!

---2>-4.872E+0|

4 @ @ ’ 4 ' ! W
IUYI 41 udaqnﬂnwamm'mlﬁ'unannqmauwnﬂm r/d \n1nu 0.10
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Displayed Pait: tension3.prt  Work Part: tension3 pit (Modified]

--->+6,790E+02
§--->+6.114E+02
-=->45,437E+02
-==->+4_.760E+02
-==>+4 _084E+02
- - -34+3.407E+02
-==3+2.731E+02
=--2+2.054E+02
--=3+1,377E+02
--=>+7.013e+0!

=--2+2.472E+00

4 [ [ ' ‘ ' ' -
1Un 42 uia¢n11n1za13ﬁ11utaunac1nqn1aa1en5a1 r/d «nnu 0.15
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Displayed Pait: :ensién{pn Work Part: tensiond

FRINGE PLOT i
NORMAL -X !
+3.2zze+0 @

MINIMUM =
MAXIMUM =
CON INT =

--->+9_557E+02

=-==>+8.8B97E+02

- -->+8.237E+02

-==>+7_576E+02

--->+8.018E+02

-==>+8.268E+02

-=->45,500E+02

===3+4 .939E+02

-==>+4_280E+02

---3+3.620E+02

- - - >+2.860E+02

=-=>+2.3CI1E+02

---34+1.B4|E+02

===>#9.818E+0|

=~ -2 +3.222E+0|

4 g g ’ J ’ I e
Zﬂﬂ 43 uﬁﬂ‘iﬂ'ﬁﬂ‘w?l']ﬂﬂ'l'lulﬁhﬂﬂ\l'l.f!ﬂ'lﬂl'\‘!ﬂiﬂ'] r/d «manu 0.20
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Displayed Pait: tensionb.prt  Work Part: tension pit (Modified)

+B8.649E+01
--->+9.618E+02

--=>+8.053E+02
-=>+8.2688E+02
-==>+7.623E+02
--->+8.8509E+02
§--->+8.294E+02
-<-545,8206+02
== ->4+4 .964E+02
--=>+4 _209E+02

- --3+3.634E+02

i - - ->+2.869E+02
=-=>+2.304E+02
---=3+].639E+02
===>#9,.746E+0|

== -2+3.097E+0|

4 t - o ' Jdl '
zun 44 uin¢n11n1sawanqwusnunac1aqn1aa¢¢nunw r/d tnny 0.25
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Displayed Pait: tensionG.pit - Work Part: tensiond prt (Modified]

-==>+8.46 E+02
--=>+7.806E+02
-==>»+7.35|E+02
--->+8.796E+02

g --->+8.24|1E+Q2
-=->4+5,887E+02
-==345.1326+02
--=>+4 _S577E+02

3 +4.022E+02
-=-¥+3.467E+02

i --->+2.812E+02
--=3+2.357E+02
>#+1.803E+02

~=->+|.248E+02

!
;g
|
a!
|

4 - e ' J ' I e
zl]fl 45 udmmmwnamwLﬁ'unanaqnaawnﬁm r/d «n7nu 0.30
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Digplayed Part: ten00.prt . Work Part: ten00.prt (Modified)

-1 IQIE
+8.692E

--->+8.682E+02
-==>+7 . B93E+02
===>+7.203E+02
--->+8.503E+02
--->+5.804E+02
4 --->+5.194E+02
-=->44 ,495E+02
~==3+3.796E+02
--=>#3.096E+02
- - =3 ¥2,386E+02
--=>+| .B97E+02
=-~>+3.975E+0/
~==34+2,.879E+0!
--=>-4.01SE+0|

==-2-1.101E+02

4 - - ' 4
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Saarstahl-50 CrV 4

57

DIN Werkstoff Nr.; 8159

SAE: 6150
8s: 735A 50
AFNOR: S0CV4

Former brand name:

F2K

Chemical composition
(Typical analysis %)

Typical uses: Mechanical

properties:

c 0.50 CiV-alloyed heat treatment steel with a
si 025 strength of 900 - 1200 N/mm?, for compo-
. 0.90 nents used in general machine and vehicle S e Hardness HE 30
° ; construction, such as gearbox components, et trestment condition ardnes
cr 1.10 pinions, shafts, gears elc. soft-annealad, G 248 max.
v 0.12 i heat-treated for improved
shearability, B 255 max,
Other’) {Pb)
'} S0 Cr¥ 4 can be supolied with iead and, on request, alsowith tel-
lunum addition (see also page 38).
Hardenability band Continuous cooling TTT curves
70 Austenitizing temperature 840°C 1200 AuStenitizing temperature 880°C
Fix 7z TN i I T e
- 5 nes. . il |
1000; 2, ' . . '
so0l .. b, -4 i _
---- aoo;\\.\.\\_ﬁ‘; % : : ey Beorvel
: 1 [ S,
7000 . & A AN [ J———— T
500 P \&\' ! i i
b \RaY . -F -
; 500 ial N L5%ron ' I
s AL N [
220!_-'_ - 400 ;__T ok PR
§ i © 300i%y; i AR R U .
[ s ; > 2\ Prcetage of are I
S S 5 w0t . . o a
:Z) 10 T g . o \
B e e o 8 woL = _g‘_.. Ry
b Qlbeden it T . .. ,g 0@1 HEMY o h RS S .
0 10 20 30 4 S0 60 1 10 10* 10* 10 10! 10°
Saconds -~ -
[ T R TI .
Distance from quenched end, mm O = Maroness veses 0 HY Mirsvs v . .
168 = Structure procovsian in % Hours T 1} s
Q1043 < Cookng paramaters ——Timg ———

24

4
T7iUn 49
L ]

o <
ua’mqua'uuﬁnao‘iauz‘in'stutm'n 1utaau
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Hot working and
heat treatment

Hu('l'ullmcn! Diameter Yield Tensite Elangation Reduction Notch Impact Forging or rotling: 1050 - 850°C
adhi int - t I
e 4 iy e P e Normatizing: 870 - 900°C/air
mm N/mm? min, N/mm? % min, % min. 3* min. Soft-annealing: 680 - 720°C/furnace
fonmareg 2" < 16 900 1100-1300 9 40 19 Hordening: 850 - 880°C/oil
16- 40 800 1000-1200 10 45 19 Annealing: 480 - 650°C/oil
40-100 700 900-1100 12 50 19
700 - 160 650 850-1000 13 50 19
160 - 250 600 800- 950 13 50 19
"} 1SO V-notch
Isothermal TTT curves Effect of tempering on properties
1200 Austenitizing temperature 880°C Tempered cross-section 60 mm dia.
mol i L0 iU T T T ik (T o
I H SN 1800 — - T + T
wool [ R T B CN AN -
900[_“5__1_- ! ! R B O ey I \; T 8 S B
R 1 e T T T = 1 h N
800 L. 2¢) miernat : Pl i L____!,,;,,....__! bl | g 1400 ———A ‘\j ; L 1140 -
— Py RSt ; i =S ¥ i B
100 —a RS T I e s By o Pearts ormoecs 2 1200 N S Tl 4o £
T G H Tl ® Edo P Yl N ] g
600 jAmwatel} K <’ A 'l P 5 n"’&'\“ 1 oo 3
LT x 1 e N MO N
sool ' gl T f 8 — *\\,—‘1— s
s L T et o w g
400[ of banglormaea K I : i 3
l T D T e k! i [ ) 3
{ : DY saimin ! § 600 : 60 2
300 Ms i 1] \@ ekt ; § [l [N 1 §
goo=BLl LS ] SRk 3 o g e
3 AN ! ) ! ] — i [ 3
g wo II i : b J| g 200 l AR 2%
£ ol® GLod T S 2 PLITTT I T fod
1 1 10* 10° 10 10* 10° 350 400 450 S00 550 600 650 700
Seconds ——-— -
U R R T R . Annealing temperature in °C (Ouration 2 hours)
O = Harcrems vame n HAC Mrusse e oy Hardened at 860°C in of
95 = Swvucture procoriion in 4. riours. *t 2 5 s1w
-~—Time: Omys.

N

[ 4 L]
uﬂaqqmﬁuuinaqTausTn1tuau1ﬁLutauu
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RIGHT HAND

AV, MAN

proflie of
heavy winter

© lncracse 14% when beny

HAND POSITIONS « AVERAGE MAN
MAX,-REACH ~

FINGER GRIP

angle of max,
torce and
resting angle

.8
mln.om .
protected e T
buttoos B3 =LA
.’30 5 . ‘ sS4
2 ’ NN z A
43 s ]”'
sdfiager ig. — O Q- : —_—
; 2.28
R-3-1:14 . [
103 aon -3 1B.maLf. . l/,.*‘
&78 maox, e H’—B mﬂ L L
RN "‘r T
2283 4" hol#! operate ‘
} or 3.5"tq.hole gush buttons ;
min.accass for finger pods !
L Hi’t emply hand (
i
3.0
dorsum Ig

14% increose in

hand Ig

RIGHT HANO finqaer nails vary A%
AV. WOMAN — 1 B .
: T AVA|\Y A ’< 18 18. max.force 8.8% decrease i
finger exclusion :g hand 1q.
3 50
: 2.8
hand qclp * ; 4.0 HAND GRASH 14 A ig
1 fist ciccuer
. I 10.4 - S.»,
. H { a9 1.6 -AY. M
\% \l | { 12.7- Lu.
. il
A isee
P g rr—
[T 3 .
l / 29 > A —— —
- L ¢ tunote ’
“ l ns mox. handrall dia,
*'1.8 Maz. rung dia.
' - nmln rung'dia,
. MEN WOMEN . cmLon:n
HAND DATA -
oA 2.5%llle| 50.%tils [9TS N tile | 2.5% Hle] 50.% tlle| oS % tile c yr. 8 yr. 1 yr. 14 ye.
hond lerigth- |- ¢8- 75 ] (s2) | ez e 7.8 81| 58 .3 7.0
hand breadth 12 3.8 1s. 2.6 X Y ':z:‘ .28 -] 2s -
3d-flnqerlg. | .40 a8’ |. 80 e 4.0 4.4 [T 3z 3.8 4.0
dorsum ig. 28 0 32’ 2. 2.9 1.} 22 2.4 e 3.0
thumd leagih |, "24° | 27 " 3.0° 22 X XY 1.8. L0 22 ‘|l 24
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Uisplayed Part: éngOO,pn Work Part: ang00.prt (Modified) (Read Only)

--->+4_086E+04

-==>+4,|37E+04

-=>+3.379E+04

-==>+2.6826E+04

--->+|.873E+04

==>+|.120E+04

===>+3,669E+03

--->-3.862E+03

--=>=1.139E+04

=3 - 1.882E+04

-==>-2.645E+04

--2-3.389E+04

--=>-4.15ZE+04

-==>-4.905E+04

=-~->-5.858E+04

4 v (g ' "
zljn 53 U?‘ﬂ\lﬂ'ﬁﬂ'ﬂ?'ﬂ'\ﬂﬂ')'ﬂllﬁunﬂ\llhsu’iﬂ'lﬁﬂ'l‘lllﬂ‘JZﬂﬂ 52
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ang05.tif
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Diéplayed Part: ang10.prt Work Part: ang“l‘O.prt (Modified} (Read Oniy)

--->42,223E+04

e l--->+1.410E+04

-==3+5,074E+03

~-=3-2.153+03

--=>-1.028E+04

-3 -1.84IE+04

---»-2.653E+04

===>-3.466E+04

---3-4.2796+04

===>=5.092E+04

==-2-5.805E+04

< '
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Displayed Part: ang20 prt Work Part: ang20 prt (Modified) (Fead Only)’

--=>+4,1EBE+04

M --->+3.3636+04
-==>+2.590E+04
—-=>+1.BI4E+04
--->+1 .029E+04
5124402003
-==>-5,.386E+03
-==>=1.324E+04

- =3 -2.109E+04
-=-=->-2.883E+04
=-=->-3.878E+04
~-=3-4,463E+04
--=>-5.247E+04

--->-8.032E+04

d & - ' 4
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Displayed Part: ang2b.prt Work Part: ang25 pri (Modified) (Head Only)

-==>+4 _04|E+04

--->+4.159E+04

--->+|.B14E+04
-==>+| .032E+04
-=->+2,510E+03
--=3-5.3086+03
--=>=-1.312E+04

- =3 -2.094E+04

-=>-2.875E+04
---3>-3.6857E+04
-- =3 -4 ,439E+04
===>=5,220E+04

--->-8.002E+04

4 » o ' 4
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Displayed Part: ang30 prt. Work Part: ang30.prt (Modified) (Nead Onty)

--=3+4 _S685E+04

--->+4.173E+04

-==>+2_589E+04
===+ . 797E+04
-==>+| .00SE+04
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YU (B37) Maximum stress (N/mmz)
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UG/GFEM PLUS

I"G'GFEA PLUS offers finite element pre- and post-processing to support graphic ereation and manipulation
of finite element model entities, including hexahedron and tetrahedron capabilities. for consistently higher
quality products brought 1o market fuster.

Overview

UG GFEM PLUS provides integrated fiute element processing i the same part tile as the geometnc design data. Analy<is
resnits. such as stress contours and deflected shapes, can be displaved with the onginal geometric modsl.

An optional finite element unalysis package, 3G GFEM FEA. is available for linear static. free vibration and steadv-state
heat transfer analysis capabilities. Isotropic and orthotropic materials cun be evahuted. Opnonal interfaces to ANSYS and
MRC-NASTRAN also are provided. a~ well us a user analysis interface for inferfie 2 «ieation 10 othe Hinite slement
andlvsis (FF \) solvers.

Functionality

LG GFFM PLUS facilitates the creation ot hner and quadratic finite elements, Individud! element creation and meash
generation 1s supported for both shetll wind ~old thure lements. Antomatic tetrahedron-based solid mesh generation with
associath e funcuonal assigrument for topologyv-based boundary conditions is also available.

Fuute element model! verification capabilities include extensive tools for graphic review pror 1o analvsis. Database subset
selection provides the capacity to interrogate thie fnite clameni model for selection by parameter detinition
Polygon-based graphic selection 2nables visnal interaction with complex display of firute eleruent datu

Post-analysis processing allows for the complete or restricted inclusion of loud cases’modes for user contyol of potential
database size. Title and legend views are provided with the ather speeifisd displuy views to identify result project
infornation. Graplue display of analysis results 1s provided in conjunction with the display of all geometry available in the
part file.

Modeling Features

Z Y Extensive element type support.
3 Beam
O Bar
0 Quadrilateral shell (linear and quadratic)
© Triangular shell (linear and quadratic)
2-D plane stress, strain and axisyminetric
Hexahedron (linear and quadrauc)
Wedge (linear and quadratic)
&1 Tetrahedron (linear and quudratic)
Structural boundary conditions.
9 Applied to nodes: forces, moments, enforced displacements, entforced rotations, temperatures
0O Applied to elements: prassures
‘ O Appled to solid topology (TET MESH only): forces, moments, enforced displacements, enforced
rotations. temperatures, pressures
Thermal boundary conditions:
U Applied to nodes: temperatures, heat flux
0 Applied to element faces: convection coefficient
0 Applied to solid topology (TET MESH only): point Joad-topo - temperatures, heat flux - and element face
load-topo - tempreatures, heat flux, convection coefficient
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0 Load via result-coupled structural and thermal analyses
Automatic quadrilateral shell element mesh generaton
Automatic tetrahedron solid element inesh generation
Mapped shell mesh generation

Mapped hexahedron solid element mesh genaration
Extruderrevolve shell solid mesh generation

Finite element shape veritication

ODooooo

Results Evaluation Features

Display of node and element answer data:
Fringe plots - Cutting contours _
Deflected elements - Mode shape animation
Nodal vectors - Contours/deflected shape
Vector deflected elements

O Display of analysis resuits on sohd faces

O0oco.Lu

All documents on this World Wide Web server and related graphics arc copynight pratected. EDS is an equal oppertunity employer. mvf“v/d. EDS. Unigraphics.
Parasolid and GRIP are registered trademarks of Electronic Data Systems Corp. Copyright ©1995 EDS. All tights reserved. Alf other trademarks or registered
trademarks belong to their respective holders. The information within 1s subject to change without notice and does not represent a commtment on the part of EDS
Unigraphics. 0393

For product information. contact your nearest EDS Unigraphics Sales Office.
Contact webmaster(@ug.eds.com with questions or problems with this service.
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UNIGRAPHICS
CAD/CAM/CAE for the Enterprise

Mechanical Design Through Manufacturing

Unigraphics leads the mechanical design through manufacturing automation market in aerospace, automotive. industrial
equipment, medical and high tech applications. Consumer product and special industry manufacturers also are
increasingly tuming to the system that best hundles coniplex manufucturing applications. More and more leading
manutacturers are moving to Unigraphics. Why? Because Urugraphics provides complete and advanced CAD/ICAM/CAE
software solutions and services that enable optimal individual productivity. desi gn-through-manufacturing.
collaborative engineering and process automation. With comprehensive product data management and implementation
services, EDS Unigraphics stands alone in its ability to deliver enterprise-wide manufacturing technology for competitive
advantage.

£

Featuring Hybrid Modeling, Competitive Advantage Machining and
Advanced Engineering Product Data Management

State-of-the-art Hybrid Modeler

Pure Speed in Modeling: Unigraphics revolutionary approach to design-hybrid modeling-gives the
engineer the right tool for the job at hand. The Unigraphics Hvbrid Modeler seamlessly integrates
parametric, feature-based modeling and explicit geometric modeling, enabling engineers to produce
designs in the shortest time possible ... but with the highest quality and innovation. Constraints need be
applied only after the designer is contident of intent. No lock ups like i pure parametric systems where
users have to start over. or recall hundreds of order-sensitive constraints that are tied to the geometry.
Unugraphics also uses a Motif, icon-driven interface to ensure absolute ease of use. The same powerful
interface is used from design through manufacturing and can be customized according to user preference.

Choice of Modeling Tools with Legacy Data Protection: The Hybrid Modeler enables engineers to use
the right modeling tool for the right job. For example, for straightforward modeling applications,
parametric techniques are excellent from the start. More complex applications are often optimally
developed using traditional solid and surface tools. Unigraphics provides a choice of solid, surface,
wire-frame and feature-based parametric modeling capabilities. Specifically, engineers can alter existing
models using traditional geometric construction techniques or change the existing surfaces and b-rep
solids of their current database into feature-based models and apply parametric techniques. Interoperability
between legacy data is possible because all data need not be parameterized or constrained. A user can mix
parametric or variational models with a legacy CAD part in any product representation.

Greatest Interoperability with Other CAD Systems: Manufacturers, suppliers, partners and even
different divisions within companies use different CAD/CAM/CAE systems-some old, some new.
Unigraphics makes the transition between dissimilar systems virtually transparent and frustration-free with
the largest suite of direct and standard translators in the industry. Both model and drawing data are
accepted. Since announcing and releasing its PDES/STEP translator, the first CAD/CAM/CAE vendor to
do so, our commitment has grown even stronger to developing the data exchange technology of the future.

Total Control Over Freeform Shapes: Today's leading companies are dramatically stepping up efforts to
differentiate themselves through innovative product design. Likewise, today'stop designers are using
sophisticated, freeform shapes not onlyto deliver automotive body styles, aircraft fuselages, wings, tails and
engines, prosthetic devices, but also today's high-tech consumer products, from sculpted razors and
intelligent food processors to ergonomic laptops and illuminated space-age watches. The flexible Hybrid
Modeler of Unigraphics gives designers a definite competitive edge.



85

Intuitive Drafting: Intelligence has been built into the system. which allows the user's intem.ions 1o bg
anticipated. Moreover, state-of-the-art tools are available to define drawings, inclirding combined creation
and editing to immediately access the system, automatic view placement with hidden-line removal for ease
of use, and symbols that are associative to the model to automatically create sectons and instanfaneously
update drawings.

World's Leading, Production-Proven Core Solid Modeler: Unigraphics unique Hvbrid Modeler 1s
based on Parasolid, an exact boundary-representation solid modeler supportng freeform surfaces.
Parasolid's strengths include "Tolerant Modeling” to enable reliable niodeling with unported data. complex
blending and chamfering of edges of any geometric type (rolling ball, variable-radius, cliff-edge,
overlapping and overflowing blends) and hollowing and offsetting of solids. More than 30,000 seats are
activelv emploved by system builders, such as [CAD, PDA, Fujitsit and Tecnomatix. in developing and
marketing Parasolid-based CAD/CAM/CAE products. Parasolid is also used by numerous engineering
organizations, including British Aerospace and General Electne, to build specialized n-house applications.

Master Model Database

Unigraplucs master model database provides a proven, systemauc approuach thar defines and validates o
product's geometry and processes. This enables a manufactuning company and wts partners and supplers to
work concurrently-collaboratively-to maximize all operations. from design and drafting to component
placement and fit checks to asseinbly analvses and rapid prototvping ‘The master model database 1s
supported by a powerful new architecture that not only enables hybrid modeling. but wso allows new
functionality to be easily incorporated in future releases.

Full Associativity

With Unigraphics proven master model database, changes to the model are easily and automatically
propagated through the entire design-through-manufactunng process.

‘
\

Easy Manipulation of Large Assemblies

Unigraphics master model database facilitates the design process Assemblies are easy 1o manipulate.
because components can be detailed separately orin the context of the assemblies in which they are used.
Team members work in relation to the overall evolving product. Changes are automatically deployed to the
appropnate assemblies. This ensures that the independent actvities ol each engineer working on the
project are in sync. There is no loss of model integrity and no duplication of effort. With UG/Manager. our
advanced engineering PDM solution, engineers can economicallv and confidently approve. revise and
release even the most complex products.

Competitive Advantage Machining for Complex Shapes and Innovative Designs

Urugraphics Hybiid Modeler enables extremely complex freeform shapes to be casily designed. These are
the shapes that few software systems can take downslream and even fewer to the machine shop to actually
produce parts and products. Unigraphics machining applications are continually tested in rigorous
real-world aerospace, automotive and industrial projects. Now Urugraphics CAM applications are
increasingly bringing benefit to other industries that are turning to contoured surfaces to improve
ergonomics, aesthetics and overall product appeal. Winning designs are the result. Unigraphics leads the
market in domain-specific CAM software and expertise, evidenced by such powerful solutions as
UG/Genitus, UG/Wire EDM. and UG/Unisim. Moreover. Unigraphics yields a big competitive advantage in
machining applications.
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Highest Degree of Process Automation

EDS Unigraphics focuses on business process opportunities, such as compressing a series of actions into
one and building intelligence into user interface devices. Advanced process automation capabilities already
buill into Unigraphics products include feature-based machining and digital mockup, us well as virttul
prototyping, which is vividly illustrated by the UG/Photo and LG/Mechanising modules. Other
Unigraphics applications. including GRIP (a powerful programmung tool tor the everyday Unigraphics
user) and UJG/Xess (a simple KBE spreadsheet application) provids simple and direct ways to automate
time-consuming tasks, such as building and managing families of parts. In addition, EDS Urugraplics
consultants are available to identify and apply custom process attormation techaiques to a manufacturer's
environment, with productvity gains expected from {0-t0-1 to 1.000-10-1

Hardware Independent, ClientUServer-based Applications

All Urugraplucs seats are implemented i a client/server hardware-independent environment to optinuzs
configurations according to individual cusiomer needs

Advanced Engineering Product Data Management

Unigraphics offers flexible produet data management tools to support work group through enterprise-wade
requirements UIG/Manager captures Unigraphies associated files within the product data management
environment and coordinates revisions and access control of components within au asseinbly. This allows
tearns of people to work together effectively. EDS Unugraphics also provides IMAN--a complete,
enterprise-wide modular PDM systemn with the most advanced architecture of its class. Compurues can
first implement at the work group level with [JG/Manager. then cost eftectively extend PDM
implementation throughout the enterpriss with IMAN

Gateway to Unigraphics

UG/Gateway

Provides a Unigraplucs seat-the infrastructure which links all Urnugraphies modules with common
capabilities in an easy-to-use Motif-based environment. UG/Gateway supports key operations. inchiding
opening existing Unigraphies part files, creating new part files, plotting drawings and screen layouts,
importing and exporting Computer Graphics Metafiles (CGM). Also provided are layer control, view
definitions and screen layouts, object information and analysts, display controi, access to the "Help”
system, blank/unblank objects and shading of solid and surfaced models. UG/Gateway includes an
unlimited high resolution plotter license. The module is a prerequisite for all other Unigraphics
applications.

Computer-Aided Design

UG/Solid Modeling

Provides industry's most powerful hybrid modeling capabilities to seamlessly integrate constraint-based
feature modeling and explicit geometric modzling. Users can take advantage of traditional solid, surface
and wireffame functionality integrated within an advanced feature-based environment. UG/Solid Modeling
enables users to easily create 2-D and 3-D wireframe models. swept and revolved solids. booleans and
basic parametric editing. Included are variational sketching tools for quick and efficient conceptual design
as well as tools for more general modeling and editing tasks. The module's easy to understand, icon-based
graphical environnent is the same base from which all other modeling modules are accessed and operated.
UG/Solids Modeling is the prerequisite for both UG/Features Modeling and UGrFreeform Modeling.
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UG/Features Modeling

Raises the level of expression so that designs can be defined in terms of engineering features, providing
support for the creation and editing of standard design features including several varieties of holes, slots,
pockets, pads, bosses, as well as a full set of cylinders, blocks, cones, spheres, tubes, rods, blends,
chamnfers, and more. Also included is the ability to hollow out solid imodels and create thin-walled objects.
Features are parametrically defined for dimenston-driven editing based on size and position. User-defined
teatures. which have been stored in a common directory, can also be added to design models. Features can
be located relative to any other feature or object and can also be instanced to establish associated sefs of
eatures either located individually or in simple patterns and arrays.

UG/Freeform Modeling

Enables design of complex freeform shapes, cither directly on solid bodies. or as independent shee

bodies. Techniques include general sweeps along curves, proporuonally developed shapes usmng 1, 2 and 3
rail methods, lofted shapes using stundard conie methods, meshes of points and curves and complex
surtace fillets, both fixed and variable radins Sheet modeling is fully integrated wuh solid madeling and
allows freeform shapes to be independently created and late: applied tosolid designs Freeform shieels and
solids are associated with they defining geoinetry, allowing earlior design decisions o be revisited wilh
automalic updale of downsueam work,

UG/User-Defined Features

Provides an interactive means to capture and «tore famiies of parts for easy retrieval and ediing usmg the

- concept of a user-defined feature (UDF), The module neludes all the toals neaded to take an existing

parametric solid model, created using standard Unigraphics modeling tools, and establish the relationships
between parameters, define the feature variables, set default values and decide the gviteral form the feature
will take when invoked. When created, the UDFs reside in a directory that can accessed by any designer
using the module. ARer a UDF is added to the design model. any of its parameter- may be edited using the
normal feature editing techniques and its behavior will conform 1o the design intent as ostablished by the

original creator of the UDF

UG/Drafting

Offers an intuitive drafting environment with a straightforward, friiendly interface. UG/Drafling is
model-based, built upon the Unigraphics Hybnd Modeler and exploiting the power of solids-based
drafling. Dimensions are associated to model geometry so that model changes are correctly reflected m the
drawing. There is no better system for the drafting of solid models. Model changes wre quickly and
effectively propagated to drawings, including associative cross-sections. For parts that do not require
solids. 2-D) sketches can be created while retaining the dimension-driven aspects of parametrics.
UG/Drafling includes support of all the major industrial drafling standards-ANS]. ISO, DIN and J IS, as
well as a full set of general purpose drawing creation and icon-based drathing tools Also provided is
automatic drawing layout creation, including orthographic view projection, sectioning, auxiliary and detail
views and isometric drafting.

UG/Assembly Modeling

Ensures individual part precision arid correct fit of entire assemblies and is unique in providing an effective
team-oriented assembly design environment for concurrent engineering. C omponent master models can
be detailed in the context of the assemblies in which they are used. This allows tean members to work in
relation to the overall evolving product. Changes are automatically propagated to the appropriate
assemblies so there is no loss of model integrity and no duplication of effort. All new system architecture
in UG/Assembly Modeling allows extremely large assemblies of 1,000 parts or more to be created and
used interactively. The Application Kernel is included with this application and provides common tools,
such as the sketcher and the expressions sub-system, that support the creation of application-specific
objects.
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UG/Digital Mockup Utilities

Provides the necessary tools to analyze and document large, complex asseinblies. Users can perform
clearance analysis and hidden line removal functions using either solid geometry or a faceted
representation of that geometry. While the solid geometry provides precise results, the facet-based method
can be completed in a fraction of the time. Capabilities include reports for specifying the clearance
distance, and the selection of solid objects to be analyzed. All functions may run i batch.

Computer-Aided Engincering

UG/GFEM PLUS

Offers finite element preprocessing and postprocessing to create and manipulate e olement model
enlities, including automatic selid and surface meshing capabilities. Fipte element processing is providad
u the same part file as the geometric design data. Analysis tesults, such as stiess contours and deflected
shapes, can be displayed with the onginal geometric model An optional finite element analysis package.
UG/GFEM FEA. is available for liner static, free vibration and steady-state heat transfer analyses.
Isotropic and orthotropic materials ¢an be evaluated. Optional mterfices to ANSYS und MSC-NASTRAN
are available. i well as « user analysis interface for interfuce creation (0 other FEA solvers.

GEFEM FEA

Provides a general-purpose, structural analysis software package in Unigruphics that fiunishes linear static.
modal (vibration) and steady-state heat transfer analysis capabilities Lo the UG GFEM PLUS user GFEM
FEA analysis is initiated with the UG/GFEM PLUS module of Unigraphues. The analysis control
parameters and load case specification are interactively provided prioc to job submittal hmmediate batch
analysis is submitted interactively Following job submittal, the Unigraphics processes are avatlable for
more geometric modeling activitics.

UG/MF-Flowcheck

Provides the data to analyze whether a plastic purt will do the jobantended. Developed by Moldtlow and
integrated within Unigraphics. UG/MF-Flowcheck indicates sui firce defeets like weld les and air traps.
autornatically determines the appropriate processing conditions. Two types of non-Newtonian,

non-isothermal analyses are available: 1) considers the behavior of plastic and heat transfer mechanisms,
particularly important for parts with non-uniform wall thickness. 2) indicates the moldability of the part,

L.e., whether the part can be filled.

Computer-Aided Manufacturing

UG/CAM Base

Allows users to manipulate tool paths output by all other graplics machining modules. It includes a
general purpose point-to-point operations routine for tasks like dnlling, tapping and boring. Provides the
infrastructure which links all machining modules with common capabilities in an easy-to-use Motif-based
environment,

UG/Postprocessor -

Enables users to easily build their own postprocessors for the majority of NC machines available in
industry. A generalized postprocessor, its capabilities are proven across applications, including milling( 2-5
and more axis), lathes (2-4 axis), flame cutting, wire EDM and others.
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UG/Surface Milling

Offers comprehensive tools 1o produce comnplex 3- 10 3-wxas wotton ool paths vutually any surtace or
solid that is modeled can be machined. Surface machining rounnes like siirfiuc ¢ contouring. paramefer hne
machining, rough-to-depth and 7ig-7ag surface machining are provided  Dosign changes ars sutotatically
handled. Parameters such as feedrate, spindle spead and part clearance are mistanty acceasible and stay
modai until changed by thie uset. Users may test  setting by generaimg the ol patitand requesting s
graphuc display. The module will sumulate the tool path and generare textual output inra 4 CLSE Users
may accept the tool path and save the parameters or reject it and alter the parameaters as desired.

UG/Sequential Milling

Greatly enhances two pravious modules: Sequential Surface Machiime and Prove Corve Mill This new
Unigraphies milling module 13 available for machining siruations whers the us o e < complote control
al every step of tool path creation, UG/ Sequental Milling 1s caompletely assoviaune it addicsses the maike
previously-handled by APE-nke aystems, but ui a t more productive tnanne: 1nnecactuvely i alows tie
user to build a tool path prece by piece while ratauung total control at each step of the process. A new
fimetion. called tooping. allows fhe user to generate mulhinlz passes on o surfucz by defining the inmer and
outer paths. U'G/Sequential Miling genarates the intermediate stegps.

UG/GENTUS

Permits manufactunng duta to be casily and effectvely created and classified. !t pov erful s etional
database system 13 speaifically tailored to support producuon planniig. as weil as wot, NeC progran, vrde
data and stock management LG/Genus 1s based on a modular principle whuch allows it to be casifv
expanded and adapted to diverse user requirements Among  long fist of advimtages s a graphical fool
catalog, interface to Unigraphics CAM modules, as well as interfaces to various MRP svstems ind DN (
systans. UGAWire EDM

Facilitates the cutting of parts in 2-axis and 4-axis modes UG Wire EDAM supports Urugraphics inadghs m
wire frame or solids. All operations are fullv associative in editing and qode! undating Numezron S vpes s
wire operations are available, such as multi-pass profiling, wire ravensing und ar_zramoval Al supported
are paths that ullow for glue stops and the use of vanous wire sizes wid povicl settings Lacis vl Use Hic
generalized postprocessor to develop a machine data file for a parcular post. {he Uty Wire EDM module
also supports a large number of popular wire EDM packages. including AGIE. Charnufles and manv

others.
UG/Unisim

Furnishes user with a powerfii] visual system that is designed to provide a clns.-fo-reality machining
simulation. Its purpose is to reduce muchining tine, eliminate danages and cnhanice quality in comiplex
inachining environments. UG/Unisun encompasses the entire machining envionment-machine tool,
cutting tool, fixtures and work pieces for sumulation as well as for verification purposes. By using the
postprocessed output from Unigraphics C AM. UG/Unisim accuratelv detects collisions hetween involved
parts.
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Sheet Metal Applications

UG/Sheet Metal Design

Enables designers to define and simulate manutacturing sequences unfold and retold the models and
generate accurate flut puttern data for downstream applications. such us UG Sheet Metal Fabrication aned
UG/Sheet Metal Nesting. The software is fully integrated with Umigraphics from both 2 design and
manufacturing standpomt aid works hand in hand with UG, Sulid Modelug's parainetie features, which
otter built-in process-specific ntelhigence. Solids-based designs created m Lo Solid M adeling provide the
inpuf fo G Sheet Metal Design.

L'G/Sheet Metal Nesting

Optimally nests multiple copies of several parts onto sheet stock using the UG/Sheet
Metai Manufacturing soltware. The user selects which parts w nest, how many of
each part and what stock sheets to use. " Automatic nesting' also allows the user to
select from alternative part placement strategics with control over the placement of
the nested parts. The software optimizes the tnol changes and part punching to
minimize the repositioning of the sheet. Also included is an interactive nesting
application that lets the user graphically place the parts on the stock sheet. EDS
Unigraphics consultants develop custom postprocessors for the part programs
(fee-based service).

Programming Tools

UG/MACROS

Provides a simple interface to capture and play back user-defined sequences. There
is no need for programming knowledge or experience. Repetitious tasks and
operations can be casily recorded and demonstrated. UG/ALACROS is an efficient
productivity tool, enahling one-step playback of many interactive steps. Additionally,
UG/MACROS can be assigned to a User Tools dialog, allowing immediate access at
any time during a Unigraphics session. UG/Macros automates Unigraphics
interactive sessions for review by peers and customers. UG/MACROS is included as
part of the UG/Gateway module.

UG/GRIP (GRaphics Interactive Programming)

Gives the everyday user of Unigraphics a full set of tools to automate
CAD/CAM/CAE operations. Users can create programs to automate NC operations,
families of parts and pre-interactive session commands, and to automatically
produce models and drawings. Using a compiled and interpreted language and
running in interactive or hatch mode, UG/GRIP supports branching, looping, if-then
structures and subprograms. UG/GRIP is offered as a development license, with
UG/GRIP Execute a run-time only license allowing other users to execute the
UG/GRIP-developed programs.
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UG/UFUNC (User Function)

Supports the highest level of sophistication and is the most comprehensive
Unigraphics programming tool. Delivered as a library of "C" callable functions,
UG/UFUNC is the doorway into Unigraphics, with a direct interface to its core
functionality. Includes the ability to create and modify geometry and to attach
user-defined attributes-all completely integrated with automatic associative update
mechanism. This allows users to fully customize or automate very complex
operations. UG/UFUNC can effect breakthrough productivity gains across virtually
every design, analysis and manufacturing application. UG/UFUNC is offered as a
development license. UG/UFUNC Execute is a run-time only license enabling other
users to execute UG/UFUNC-based programs.

View and Markup

LU'GRemarX

IEnables a paperlessenvironment. wherebv asers-emiview, mark up and print
Unigraphics drawings, ANSIISO compliant CGM Rles-or compliant legacy raster
files. LIGRemarX features a stmple Windows-hased_graphical user interface (GGU )
and PC - paint program type of interaction, soanyone in the organization can work
productively within minutes atter installation. UGRemarX aiso can use files from
other systems that are in either FIPGL, DXF or 1GES format. Among capabhilities,
multiple authors can markup any image regardless ¢i the onginal image owner ...
""post notes'" can be added to the markup for additional commumication . and all or
any portion of an image can be printed via easy-to-tine ICON and menu seiections.

Visualization

UG/Photo

Provides advanced graphic tools-including optional quality levels, view rendering,
assembly rendering, orthographic and perspective views, light sources, shadowing
and engineering material libraries-to vispally enhance C'AD models. The result is a
powerful communications medium to effectively Communicate concepts and ideas
throughout an organization and to customers and suppliers. Powerful uses include
design reviews, product proposals, customer presentations and marketing materials.
UG/Photo is fully integrated with the other Unigraphics modules. UG/Photo is based
on the same highly intuitive interface as is resident throughout Unigraphics.

Knowledge-Based Enginecring

UG/Harness

Knables a 3-D prototype of an electronic wire harness system. A file comprising
pin-to-pin connectivity, electrical wire information and component properties
provides the logical wiring data. Coupling the file information of the harness
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system-the netlist-with wire route paths generated during physical layout provides a
full harness design description. UG/Harness accepts ASCII netlist data from a
variety of sources and automatically calculates wire fengths and wire bundle
diameters, then converts the harness centerline route to a Unigraphics solid, enabling
interference checking. Also included are automated notification of bend radius
violations and bills-of-material listings.

Special Applications

UG/Simulation

Provides lunctions to visualize, agimate-and-analyze assemblies. Both the assenibly
and disassembly process canbeeasily simulated, Wbl wagtually any size assembiy,
Single-object motion and kinematically controlled motiohfimnultiple ohjects can be
achieved. With a high-performance graphics aceelerator (or likesoliware), users can
eyepoint for assembfy flyv-throughs. Exploded views are easily credted. Stopwatch
functions allow Aiming studies. NC tachining tool patiis can be intpoited using a
CLSF interfage;

UG/Rapid Puototyping

Provides an interface ti the tast-giowing field of capid peotobypidio dud
manuiacturing by generating data that can be vesd by any rapid prototyping
machine. The module produces the industry standat, TP Gle dotnial that allows
the user to quickly achieve ant tolpart functionality] The” SLL e réguires the model
be represented as o wévies of triangles, UG/Rapid Profutaping qiickiy dedates fucets
irom solid and sieiace modeis per usep-provided-Toleranges. For suriace models. it
detects adjacept surfices and-closes 2ups asing i user-specified adjadency tolerance,
ISSUINg warnings o e suriaces donot detine a closed body. A opitonal triangle
display function allows viewing of ihie Tacoted model,

UG/Manager

Coordinates and manages product revisions that are Kev to the engineering change
process. UG/Manager adds multi-user coordination and product data management
to Unigraphics applications so that teams of people can work together effectively.

UG/Manager is fully integrated with UG/Assembly Modeling. Unigraphics software
products, such as UG/Solid Modeling and UG/Features Modeling, offer
team-oriented design tools. Combined, they deliver a tightly-managed design
environment that supports the concurrent engineering process,

Translators

CATIA, DXF, IGES, V1U to V9 and STEP

Comprises the largest suite of direct and standard translators in the ¢ TADICAM
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industry. Unlike most translator software, Unigraphics software accepts both model
and drawing data. Unigraphics allows easy manipulation of data received from
suppliers and partners using less sophisticated svstems. In fact, the same powerful
technology that makes Unigraphics easy to use also allows it to work well with older
part files and legacy CAD systems. In addition, DS Unigraphics was the first
CAD/CAM vendor to announce and release a PDES/STEP translator. That strong
commitment remains in developing data exchange technology of the future.

Migration
LGAIX

Can replace CADAM andeits-main{rame with networkddayorkstations or can
exchange drawings with-a mainframe CADAM mstallation, B/ VN (U nigraphics
Migration eXtension) provides-cost-etfective migration for nivinframe CADAM
engineers moving from 2-1) design/draiting o 5-0 applications with solid modeiing.
Support of legacy 2-D CADANM drawings and Unigraphies. 3-D solids design,
drafting, analysis and manufacidring functions are available on the same
workstation. Complete migration assistance is availihle

Compiete PDM and Implementation Services

DS Unigraphics is the first (o break the mold an elassion! catipuier-aided design and
manufacturing, With our powerfinl Unigraphics O DO ANTE AL svstem, we provide a iuii range
of resources to engage a realistic and batanced ‘progressiop 10w fully digitil. knowledage based
product development aming nbantiackinrers. SUPpPHOS, partipdesand eustoipers-across
geographic languages, Umc zones amd caftures NTanal a0 di Prss coling dfamatic gains and
visionary competitive &dge WHLhe fntopested e foffoing resodircey!

EDS Unigraphics

Enterprise-Wide Product Data Mandgement-and-¢omisubtimo: [M AN secures comprehensive

PDM functionality, featuring an open architecture in a modular structure for enterprise-wide
implementation. It is desigiicd to be tightly integrated with heterogeneous CAD/CAM. MRP,
document management and purchasing systems, INLAN is flexible and built to be customized-if
needed-to a company's uitique organizational and technological needs. Among advantages,
INMAN provides an object-oriented approach, excels in a distributed environment, operates
across heterogeneous hardware platforms and features the industry's leading application
interface.

Diagnostic Services: Four distinct services aid in the best selection, use and support of
CAD/CAM/CAE, PDM, computing and networking. The VPD Capability Assessment gauges
the use of industry best practices within a company, project or individual team. Our CAD/CAM
and PDM Skills Assessment addresses the "how to" in applving advanced technologies. The
CAD/CAM Cost of Ownership yields a detailed picture of a company's spending according to
cost of acquired systems, integration and technical support operations, administration and
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unbudgeted end-user support operations. The Infrastructure Assessment delivers a master plan
for installing and evolving a company's computing infrastructure. '

System Support and Management; £DS Unigraphics offers a la carte and full system support
and management services, {rom simple hotline telephone support to complete on-site operations
and maintenance of workstations, servers, central processors, operating systems, application
software, and network hardware and software,

System Integration: Integrating CAD/CANVCAE, PDAL computing and network technologies
not only achieves major productivity and cost benefits, but also long-term competitive gain. KDS
Unigraphics, and our parent company £DS, can readily call upon the appropriate expertise 1o
deliver the planned results.

Parent Company

Profile: EDS is the world's largest-provider of inforination technologyiservices, supported by
operations in more than 30 ceuntrics and approxintately 70,000 emplovees, KDS offers svstem
integration, consulting, systean nanagement, systemdeyvelopment and communications services
on a global scale. IKDS has built iy especially sirong reputation in ove of infarmation
technology's fastest growing markels; system integration linking compleX computer systems and
users to share data and resources

Value Focus: Services.are destaned to frée istonters from the Righ cost of purchasing and
maintaining information <ystemy internally, By working with BB S, companies [ocus resources o
improving their owrenraducisandseryices, rather that Suppurting the technologies that help
bring them to market.

Future Plans: EDS plans aggressive growth by increasing sales. leveraging existing business and

entering emerging new markets, such as interactive mitimedia. <5 will continue to provide its
technical infrastructure capabilities at a competitive price. In select situations, EDS will develop

and offer proprietary products,

Why EDS Unigraphics

"Unigraphics' investment in the underlying geometry structure of the system appears to have
paid off handsomely," reported Technicom. "We were quite impressed with the extensive
modeling capabilities, especially their new blending, a prerequisite to advanced machining. "'
Technicom noted, ""New users considering such systems and particularly interested in precise
machining should also give serious considération to Unigraphics V10.4."

Leading manufacturers use Unigraphics, including Pratt & Whitney, GM, Digital, Allison
Engines, Apple, McDonnell Dougias, CADFORM Engineering, FMC, Wainwright, GE Aircraft
Engines, Timex, Smith International, Ryobi and Moulinex. In today's dynamic product
development environment, be equipped with the software and services to excel.
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Complete Design-through-Manufacturing Software

= State-of-the-Art Hybrid Modeler:
7 Pure Speed
- Choice of Modeling Tools with Legacy Data Protection
Greatest Interoperability with Other C AD Systems
Total Control Over Freeform Shapes
! intuitive Drafting
7 World's Leading, Production-Proven Core Solid Modeler

O Il o S 18

{

2 Master Vodel Database

o Full Associativity

3 Fasy Vanipulation of 1 apee As€Cmblies 3

- Competitive Advantage Machining for Conilgicx ‘slmpu and Linoyvative Designs

Highest Degree of Process Smtaiadion :

S Hardware [ndepéudent, Client/Servei=Based vnplications

© Advanced Engineering Produet Data Sanacement mmﬂm‘hcum emanulacturing
technology Services

o Enterprise-wide Product Duta Managenient and -f‘nnsldting ‘

= Diagnostic Services

O System Suppoitand Systeim Managemoent

= System Integration :

L Information Teehnology Services from the Wyrld!s | e-udm" Provider-icis

T s e R g e - - i S R S B o ST ———

All documenis o this World Wide Wl yei or whd selared graphich are copsdight profected. EUS 1
Unigraphics. Pavasolidigid CRIP are regictersd frademrlos of B bt :nir Patu S o
trademarks or registored trademarks Belong to théir Fespeetive hotders, The Information withii i< \nb
commitment on the part of EDS U nb:r.upluu ite 9%

sauteghd vpportuity aupioyer, ity 4, EHS,
spdefit © 1908 EDS . AN richts cecerved. Al nther
ta changewithant natice and does not represent a

o

For product information, contact your nearest EPSE nioraphics Sales Office.
Contact webmasterians. eds. com with guestions or problemsaith this service,




96
4
A7AHRINN 3

Displayed Part: reaM.plt' Work Part: reald pit (Modified)

--->+6.9368E-0!
===>+5.847E-0I
--->+4.956E-0I
-=-=>+3.9684E-0!
--->+2.873E-0|
-=>+|.982€-0|
-=->+8,009E-02
=-=3>-3.743E-05
--=>-9.9186E-02
--23-1.882E-01
--=>-2.874E-0!
% --->-3.865E-0!
--=3-4.956E-0!
===>=5.948E-0!

--->»-8.939E-0)

4 ‘ ' 4 . [
zun 72 udaqn11n1zawan11utﬁuuutuannaunuﬂuwﬂatﬁuuwnu1=ua



M3l¥0u GFEM Plus aehin31aq

o o

Bomioulymudrudei
GFEM Plus
Preprocessor
Gfem fea
Structural
OK

(EBUSY Model Bounds)

Preferences

Node

Switches

Node Symbol

Dot

OK

Parameters

(floua1 Unique Tol = 1.0y
OK

Cancel

Preferences

Elements

Parameters

Set Non-Property Elements
o shrink Scale = 1y
OK

Cancel

ANHUINT 4

F GTJ ﬂ' 1parameterl§1l¢7u




98

Create Shell Mesh on Midsurfaces
[nitial

Preferences

Object

(A4 Color rﬂu White Choose OK)

Layer
Settings
Make Work

OK

Preprocessor
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Create a mesh
Preprocessor
Model Create/Edit
Shell Mesh
- dy .
1a8n face NADBINMT (Midsurface)
v
OK 2 f54
Enter a value of 0.25 for size
Generate Mesh

Accept

ienine Properti

Preprocessor
Model Create/Edit
Verify/Bdit

Edit Object
Property Sets

All Eligible

Choose OK to edit the property set of QUAD/4 elements

flaunt T1 = 0.25 (ANUHUT = 0.25)

Preprocessor
Model Create/Edit
Create

Material Properties

Isotropic ; OK 14N1588W5Y material ID of 1

dlowsquauiAvesTaguu : B=__.__e__)

OK

> HounumniAvesiag




Creating loads
Preprocessor
Load Create/Edit

Structural

100

Create Case ; OK ‘lummﬁu Case Number of 1

Create

Nodal loads

Force

Components

(_{]Bu?’h force X,Y,Z ; OK)
Select node

A dy by
168N node M1ABINIT ; OK 2 ATY

Preferences
load
Parameters
Auto All type
Set length=10
View--Fit

Cancel 2 754

Create

Nodal Loads

Displacement

(ﬂﬂum displacement X,Y,Z ; OK )
Select node

A gy o
199N node NHAOINTT ; OK 2 A4

Cancel

\nalysis - static Mod

> USUMIUAAINAD load vectors




101

Analysis
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1 Retrive Analysis result
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