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Executive Summary

Project Title Development of Surface Swimming Goggle Design Process by Using

Computer-Aided Technology

Principle Investigator and Affiliation
Asst. Prof. Satjarthip Thusneyapan
Department of Mechanical Engineering,
Faculty of Engineering
Kasetsart University, Bangkok 10900
Tel.: 02-642-8555 Ext. 1818
Fax: 02-579-4576

E-mail: fengsjt@ku.ac.th

Problem and Rational

Optec Co., Ltd. has been developed the product by manually design swimming
goggles on drawing papers and presented to the customer. The current design method
has a long product development period. The major draw back of this method is the time
for modification to satisfy the customer requirement. Additionally, the product details
drawing needs to be updated and used for manufacturing molds. Consequently,
manually design possibly leads to error and makes the product development cycle
longer, as well as lower new products annually than competitors. At the present, the
company has the production rate at the average of 10 models per year.

Moreover, the goggles need to pass the standard product quality and safety
evaluation according to BS5883. The evalution can only be done at the United Kingdom
with great expenses. Therefore, the need for a mordern engineering design tool, the
Computer-Aided Technology, will support the design to meet the above requirements.
The design pratice will assist Optc Co., Ltd to be more competitive in the international

market.



Objectives

1. To develop the surface swimming goggle design procedure by using Computer-
Aided Design (CAD). The objective was to collect the features of the goggles as a
library for quick, convenient, easy retrieval and modification. The procedures
resulted in less development time for over 30% from the present method.

2. To use the Computer-Aided Engineering (CAE) simulate the goggle-testing standard
according to the standard BS5883: 1996.

3. To apply the Computer-Aided Engineering analysis stresses on the face and head

for wearing comfort evaluation.

Methodology

1. Use the Computer-Aided Design technology to collect solid models of the goggle
features. The application software is Pro/ENGINEER.

2. Transfer design process and methodology for creating goggle features.

3. Use the Computer-Aided Engineering to analysis the mechanical product testing
according to the standard BS5883: 1996, and perform the design testing from the
existing products for at least two models.

4. Use the Computer-Aided Design technology to create the human face and head
model by using surface scanned technology.

5. Use the Computer-Aided Engineering technology to evaluate goggle wearing
comfort on face and head by using at least two existing products for test

comparison.

Expected Outputs

1. Application of CAD in goggle design for ease of use, convenience and quick
design. This will lead the goggle design and development done in minimal time and
capable of having more design. Additionally, it assists the company to be the leader

in goggle manufactures in the free trade market.



The availability of the product database in electronic CAD data. The databases
provide the ease in searching and taken for the new design and development.
Capabile of simulating the international product quality test of the goggles before
actually built. The simulation will reduce time and raw materials from any
modification in order to pass the test, and less expense in testing at the UK.

Gain engineering knowledge in analyzing goggle-wearing comfort at the face and
the head. The analysis will provide the company sale marketing that will help the
company to have its own trade brand for competitive international market.

Provide the technology transfer, which will assist the company to be self-dependent.
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Abstract

Swimming is one of the most popular sport and pastime activities worldwide.
The most essential device for the actives is a surface swimming goggle. The main
purposes for wearing the goggles are safety and vision. The standard quality testing -
BS5883, is an essential evaluation for safe goggles. The verification permits the sale not
only in Europe but worldwide. Additionally, the modern swimming goggles become
fashion items and have complex shapes. Therefore, the proper goggle design is the
must for shortening the time to market. The first aim of this research is to develop the
goggle design procedure by using Computer-Aided Design (CAD). Grouped goggle
features into solid models, has been found convenient and accelerated the design. The
use of CAD greatly reduces the design to market period. The second aim is to use
Computer-Aided Engineering (CAE) simulate the quality test. Samples of goggle were
locally tested, according to the BS Standard, for supporting the simulation of Finite
Element Analysis (FEA). The elongation under tensile simulation of nosepieces has an
average error of 11 %. The deformation under compressive test of eye cups has the
average error from —4.21 % to 0.29%. The impact results by FEA indicated stresses less
than the ultimate stress, satisfied the test result with no fracture or permanent
deformation on lens. Our FEA method of conducting the wearing simulation can

indicate the discomfort location.
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2.3 N19Us9iua (Packaging Line)
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Plastic compound Rubber/Silicone
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Mixing Mixing
A 4 A 4
Injection Compress
A 4 1
Buckle Joint Lipseal Lens Lipseal Belt
v v v
Anti-Fog Coating Cut/Trim
v v v
Hot stamp Pad Printing Silk screen
v
A/F Lens with logo
v v v A 4
Assembly Line
A 4
Packaging
A 4
Customer

i 14
DN 4 UHUNHLAAINTZLIAUNNINARALIUANGNRIL




3. NSTNABNISHANTUAIULALNISRANAIEAN
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LATRNRANANERAN (Injection Molding Machine) @1unsanianulanunaiamnii
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anmousidudaviradune Danldiunatadndszinn maslunanafmn (Thermoplastic) 914
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3.2 @9ulsENaLURILATRIRANANEANLWIUAU

IPTRSRANANARNULILLUILAY Rdiulsznauvanidndty 3 dou muuanslunin

7 6 pemalld

= A . . .
1. gdaam 178 Injection Unit

q

2. gatla-Uaudiun viza Clamping Unit

3

3. §7ULATAY ViTa Base
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Y

DN 6 AUl NaLURILATANRANANAFANLLNILAL

3.3 ﬁ.ﬂam (Injection Unit)
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be o
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a o dl o o o a A o
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AILIANAYINTEUTIBINANARN lUNsELANAA
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3.4 gaila-tlausiNan (Clamping Unit)
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1. uuulduse (Actuated by Force) lng/ldussaingnqulansedndvzaainuames
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3.5 AUARWNITNINIULBILATAIRANAIAAN
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1.
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A = o o = a o =
4. NIADA NINITURDNINAILAZANALNNANAFN I utinanendsauuaulaenig
= o
NHUADINALINUAU (NTNN 11 9)
o = al 1 ra 6o A 1 dl
5. MIRAVTRTARADNDLAAN LLmLuwuwmﬂm@q (Onn 11 Q)

1 o A % o 4 Adl Qw dl
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4. F@ANIEIUNMTHRALIUAITIEUY
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Fann TN snanTudausng < euiundnein ulnaweivaaaiianii
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NARLIUANINeUNAsa T

41 TwamsuaLum

Inamfuamm (Polycarbonate) 138 PC Mduantqauiavirelandreaiiun1anein
anwouznauan Wude sls TWEA awnsndendld Danldiidaseulanlvanueust
[~3 % dl a o a’l ] a o a Y a 5 '8
aud 1AUNAN NTuzUssqunaN wanilady Fudiulniuacdidnnsetind gatnduain
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a % <

110°C 019 135°C %mmummmmﬁmmm\‘] WHELAZAYIUNA  NURBNIAEAU

a u

|
A

waanagad tsuAreslazluiu Aalain Hadu Wauliies Nemupivaenman 280°C

049.320°C  ANNM9uAsa lunNTIANIG 0.7% 019 0.8%  AINNUUILLL 1.2 g/lem’ [4]

4.2 PVC (Polyvinyl Chloride)

PVC ueinmnudlu 2 Ussinn A wuswd (PVC-hard VB PVC,) Lazuuaal (PVC-

1 v v
soft uay PVC) PVC Mtnanldnan TUAYN LAWLIZINWAUUN LATANEENTAATEY UB9

[

Fudruudundnediu PVC uuugeu
PVC gaui ldvnaudouuduadrainudn@lagu dendld wuizdmiunisan

[% '
a a

Qsj dl a a 1 ¥ A o v A I 4
Tuunla mmmfammmmmgﬂiwimmﬂwmﬂim 3~Iﬂ’)’]ﬁJﬁ\Wluﬁl'ﬂLLﬁ‘\iﬂiﬁLLVIﬂiﬂQ\i A

psannagldununiels anwaniAuazuas Waldssuasarunsndan@nulénngd faln
v 1

dl a o [ ¥ ' 1 & a o o A o
2N LN@M@TV\I HAU 1W®U1ﬂLﬂﬂ NUFABNTALAZATN LAANDEDN LLLTU ummmmmﬂwu

[2lgnuugan danulsiiluszazinaunuligeds 60°C 1w 70°C gmuuginaanman 170°C

14 200°C ANNNIUARALAAS 0.4% T4 0.5%

4.3 ABS (Acrylonitrile Butadiene Styrene)

ABS Wranvinansensansudumdnenn ansoiciouan Thude fuwes 117
Wasaaaeennmate Healduantugansnensd atiiaes nurluniaieu Tugan
Tanlenueus  anunsawmasuRasmedanie i ldlae lifeandaniia

ABS HAumien nusian1anszunn uazaNieuldn Hanudansegs nuste
anmduiinannia lidenann liffanfufennde nusasa nsaseu o uaz vy

a

v 1
sioanslalasAnsuan (M Lwwdl WidueTes) Hgumginasumiad 200°C Tis 280°C A

u

ANTUARA 0.4% 04 0.6 %  AINNUMUIMUL 1.05 glem’

4.4 Fatau (Silicone)

Falau (Nenwasia SI) IENARLEUZ AW INTa9IWAN9810 HUNa1aRNTFN
annadanTialszinnay Ineidiulssneuuan Ae Tanew NiBainnNTIAnTusaanI e
uwazeandiaulumn iy (wanasntszinnay danfueuiusinuanaiuusideudsznaunig

wAR) waananeluinduTalau (Silicone Oil) F@lALLEL (Silicone Resin) 1708194 1AL
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5. NISNARAUAMANITANINNAABINANEEAN

asdanisaenuuuNaaiet i ldaun dnin uazaauudaus Tinsenuaay
Fean3 ADENTRENIINATRINANaRNgNAeY Astaavinlinan1sinzilangnéiasiay
LWL AUANTRVNNaTeInAaRnaNnsinNIsaaeLld Tnan1smageunIsha

1AINANARAN (Tensile Testing of Plastic) mummgmmmmmm”m ASTM D638 [5] N9
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NALBLNANNIOMIAN Tensile strength, Tensile modulus, Tensile elongation LAY
. . ng a dl 173 a o | A a
Poisson’s ratio muwmmmnw%jwmmfaumnﬂmuﬂuuuu Sheet 178 Plate LazainNN1Ian

g NI ARINNIRIgIU (Molded Plastics)  2Wn%esTuaunaaeLenaaniiu 2

Y o

¥
NgxN ANANNLINTIaINAARN T AT

N. Rigid and semirigid plastics WNATUNAGR LR MTUNANARNTILTLazARLdg
WISH 4 WUL LENAMNANULNTILNUIAR AR

WLLR 1 (Type 1) AUFUTUNAKDLNNAMNUUT 7 NN, 138 TeeNI1

1
o o =

WUUR 2 (Type 2) AmdLdannsasnnn liag T nmaauauaeTuIg

o o o

LUUP 3 (Type 3) AMFUAAR NHAMNUUININNGT 7 1. st 13 14 ww.

De

'
o a

W 5 (Type 5) SUFLTUNARDLANAIINUUN 4 NN, V38 Taanan
AMFUIEATIBEATBITUIAFING) PTUNARRLYS 4 LA uaneldlunm
712 uaz 397 1
9. Nonrigid plastics PNATUNAGELIAVILINANERNTITIAN NS 3T 2 L
WEINATNAMNNUUIIBILHUNANERN AD LL‘]_I‘]_I‘17‘II 3 (Type 3) LLameuﬁl 4 (Type 4)
Taauuud 3 WlEimangfniuduavean

WU 4 AL FRUTUNAZAUNTAMNUUI 4 NN, 139 LBENTT AININALUD

|
=

IUNAARILLLN 4 ToUAA1AINA 13 Laza1Al1mA13197 1

W We Wi

LO

NN 12 mwmm%ummmmmmmmmﬁhm PANTUNARDLULU 1, 2, 3 UAE 5
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* | i

Under 7 mm. 7to14 under 4 mm. Tolerance
Dimension
thick mm. thick thick ]
(mm)
Type 1 | Type 2 Type 3 Type 4 | Type 5 (mm)
W | Width of narrow section 13 6 19 6 3.18 | £0.5
L | Length of narrow 57 57 57 33 9.53 +0.5
section
WO | Width overall, min 19 19 29 19 +6.4
WO | Width overall, min 9.53 | +3.18
LO | Length of overall, min 165 183 246 115 63.5 | No max
Gage length 50 50 50 7.62 +0.25
G | Gage length 25 +0.13
Distance between 115 135 115 65 254 | £05
grips
R | Radius of fillet 76 76 76 14 12.7 | £1
RO | Outer radius (Type 5) 25 + 1
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TURAUNIINAZAL [BNANNTUNTUNAAALLUTZNALIEN AU LUBLATRINARDLI
Imﬂ?ﬂﬁ@m:@“ﬂﬁ”ﬁ]mmmgm ASTM D638 Funadaulnanisaslitunaaasis naanals

119 dwiuAuialunisieiuasueg TUANHULIBNIZIBNTUNAGEL  AINNIATTIU

ASTM D882 uwaza1n9gus 1SO 527 Mhuuziinlifldaanuiia 5 De 50 Hadmmssiawnl 4wiu

N139AAN AINNLAL (Stress, O) ua N13EiAGa (Elongation, A)  waz 1 Radwumssauni

AuFUn1IMAgaULINaunAY Modulus of Elasticity (E)

6. mmg'mmswmaauu.'a'umfi']zlfﬁ

ﬁ@uﬁ'%ﬂﬂLLdumfimf&q@@ﬂﬁmmﬂﬁi@é’uﬁm Lijumfjwﬁmmju%ﬁmmu
wmrgnaganALudiuss Weruilaenduresdld wmsgunaseuiild Ae wms-
FIUU29 AU1TR1UN4NT (British Standard 1i7a BS) BS5883: 1996 Inenilunimsgiudnu
ANaenduvessainld ”Lummgmﬁu@ﬂmﬁ@mﬂm@mm@@um@?ﬁmmﬁﬁL%J’wmm"lu
wiumndnatiuds %umumq vpawiumdneigedidlulas wasdedestunmmaaey

NNNA 3 NITNAKAL e

6.1 NISNARALNISHY (Tensile Test)

= 0y Y Y Y > o §vo L gy
ﬂ’]ﬁ‘V]ﬁ@@Uﬂ’]ﬁ‘ﬂﬂl‘ﬂVIﬁZ\i@ULQ‘W’WZ‘I]LL%;I]T'] mmmmmmumﬂﬂmmﬂiﬂumLmuﬂsn
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NUALIINGA  NINIAIANLLIAINLNIRIELSS 10 Tasi 1 0.5 Tasi udariufinaaa
Renennty 380193 AMNNIATIU BS5883:1996 AMNNTINARBLAIINAIUNILNITAY
lnasesduayn Aaugldlddaaiulaanisinliduaynuasintinduaynuaztaanilansas

v
UNAAUNININAZDL

6.2 N1SNAEALN13AR (Compressive Test)

v 1
NNINARALNNIEA MENARALAINNUTILIURNIZAQEAT  TUAILAINNARDLFAIIY

UUgIUIasNNzan udonauuiaenAasussunn 588 Hasu £ 2 dasiu duudulans
3| = a a o a %:/ dl % -lfs/ o a o
Wunan 1w £ 530 Aflunisdinzeuresdoeni nmageuilfesniiunisiy

AEANTINAD99N  TIENIUNANAAAL UTTNAUAIE NITNANITHANLEN WAZTALIEI)
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6.3 NITNAKALNITNSELLNN (Impact Test)

nsmagaLnIInIzunn  unimagauANnuNIuenIsiANIINszINUAUE
eadEnn memesaLnszlAEMsAINLILAETLLATEAAee Taaumiaes
wiumngealsuldeg mudnsuznisannldon  Uiudseranaedlissuuaasioaudaglu
wwuew  dgnuealanzauninduiiugudnans 22 Jaawns wiln 44 3N Uaesariass
I¥mnnszunniiqafiananeesiaudanneaiage 1.3 wns (amuauaneludaeaaugs 127

URNAT D9 130 FIUALNAT)  ATIRADUANINUAIN1INAZALFRI L H 85 uazLAN

7. ﬂ’ﬂNﬁQLﬁl’ﬂ’;‘ﬁQﬂﬂ’]‘i’ﬂ’ﬂﬂLLUULL@Sﬂ’ﬂN‘ﬁQL[ﬂﬂ‘s‘"ﬁ’]ﬂ\‘i’]u‘aﬁ’]ﬂi’iN

CAD (Computer-Aided Design) A8 TanfuifAaNfanefiienisaanuy
s o‘da’ 1 2% v a < o a [ s aa ai [ o

fanEwI i doe W iAnANazanuazsniEa lunsWawnaasie 3 18 Nilludnmeoe
7UTAs9a9m (wire frame model) gUuiuRA (surface model) wazgilimguds (solid model)
TnannaTulagiangaaesaansiiog CAD lunseanuuudmguds [6] veaizaniudnwiniu
mudangudn “Tednatung”  Twdaluenamalulad Wunalulag Nadadugiine 3 85
d’f 1 ¥ K o o aa Y a o o‘d‘ o k%
Funneuudfasin ldiuusdun nanauuy 2 Fanfaneuns  wan iR laeld T
anluna azidelfifzaulunisldlnddaya (CAD file) 2asuuunansineii o lUldemusie
Turansiag CAM (Computer - Aided Manufacturing) was CAE (Computer-Aided
Engineering) alaglafasadrauuuanunnlud

CAE A2 1anfuafAaNfaLaa e anua AN 138 To8ANUIUNIGAAINTIN Wi
) dl ¥ a s o A [ . . ¥ 1 dl %
e lFinndins1einiginany vzasnaed (Simulation) N3 ldeuluaniazsnge Nseenig
15 Teeialuudn Admnsldlunisanunns Ae Aansnie Wlusiedius (Finite Element
Analysis) 38 FEA  4asiuaf CAE ANun90UanaNa1EIuTanguanuls 2 ngu [7] Aa

1. nMIAziiedaanisaanuuy

2. NNIAIZAINATILNTELIUNTUAR

7.1 N159LASISLNATEINTARNLLL

(% [%
TaNeF CAE ‘]J?EZLﬂV]ﬁ anugnld e lun1INNUATUI AT 9T 111 AN
% 4 1 A dl o ¥ = o di
NUIIBINUN '11/1mmmmmmmwm@Lq'auhmimiﬂslmm Tﬂﬂm’ﬂﬂﬂﬁ‘z@ﬂﬁﬁ@ﬂmﬂ@ﬂ
5 o 2 £ o v o a o a e
UWINUN LASARIATBNT U en\‘u,ﬂummmmunmmqmuﬂﬂumimm AIBEUWNUABNNIG

e Wdun nsaessrnaanAuludan uaznistinvivegusinredian
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7.2 NI59LATISULNDTINSELIUNISHAR

gansung CAE Usztnnil 191un1391aa90ansenUN N AU ls s N9ngzUIunIg
a dl ] 91: al A le M v A a a a 0I
naRNazyinliTwI@mng vise Iuulildannan vze Uss@nininaesnanansn s
a - X = = P ~ = o
ATEAL I IaNTNALIINDINITANHINITLARALNUDILATAIANTLAT AL IUAN 8NN 7ena L
a % & '8 1 dsjd % o di al a a 1 1 1
audn gevduadmaniidatiunisUfulaiediunanan lunssuaunsansine o wilsd
R . n dey A o
psaLAguTaNsLaFaU 7 Minededlaansaiunszuaunsnann iiATasdnsna CNC
(Computer Numerical Control) tiasannladnag lunguanasmensuas CAM aqlailald
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v
o o

FLALTUATRITEAZE A TBNTUAYNTU J-1 WAZNINT 59 1B9TUAYNTU J-10
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L

(N) TUINUATY @) Tranluma

1 v v
2NN 53 Tuanua (1w n) waslaaniuiea (N 1) 2BITUAYNTU J-1

(N) TUINUAF @) lanluea

v
a a

NING 54 TUITUAIE (NN N) UazlaRaTNAA (NN 1) Be9TUAYNTI J-10

(n) 334 J-1 (1) 314 J-10

NN 55 ANBOUENITULNTULIENAUUDIULILIANABTUALN {1 J-1 4AY §1 J-10

HANTILATIE FEA 199338i28aNN7 5 N BuannussAaindL 5 N 54 60 N 184 U
J1 uaz J-10 WRsueuAUEanImAgaUnIena (N 46 uaz 47) tduanadunsmiy
AN 60 WaE 61 mm’%mgn U J-1 UAY J-10 ANNATAL LAZANINT 11 a3anupann
\AADUIBIHAANN FEA Lﬂ?ﬂuLﬁﬂuﬁumiwmmumm@ﬁnﬂLL@qﬁwmmmmfﬁmgn%ﬂ 2 1u
TheiAANARNALAREUANIIAN

e = AEXP B} AFEA (1)

o AL, Aa ANszazEinaINNANIIMAGALNINNG

A, A ANszErEAANNANIIIAIIZT FEA
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iwafiiusAnuAaIAAABY (8,) ATUITLANN

A —A
e, = 2 A 100% 2)

P
EXP

ANRALATNARIALARDL €, ATUINIAINANNIT

’I n
€ac = _Ze (3)
n 4

1PE1AN N ARRNUIUTANA
k1]

o

AdNYand (Absolute value) TBIANRAE [E],,, ATUITUAINANNNS

1.0
|e|A\/G = _Zlel (4)
n

_alIAMe, .

l-___ e [ k -
I i e [l P Force on suface

/ X Translation

= Fixed constraint

> e d Force on surface

NN 57 NNINNUUARBUIITLALALAANIUINAI89TUAYNTUW J-10
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mm.
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ia0ne dnagn;

GO0E GAGES
ADRD AEAPE
GRAE RALENT

TuTaTa
5 R

NIWA 58 HA FEA 199n19Einfngesdiuagn §1 J-1 neldusehs 10 N

v =] ] =57 [-I3 [T e [
el a0 O a2 v e e e Wiy S I o U0
O AT LT A R Fa AT O AP T A T LT T D A T P Tu i Timin 4

T T
—T e
o Pl T
T T YA T

TR TN TA AN
AT AT
Ao i

NN 59 M FEA 189n19EARa289Tuagngs J-10 nelfusems 10 N
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13 T T T T T

—& Mechanical Exp
—B- FEA

A . =0.24F + 0.0018

FEA

DISPLACEMENT {rmm)

o 10 o0 30 40 &0 60 70
FORCE (M)

AR Be0  nFauiisuszesiin (Displacement) a1nea FEA AUNANNINAZAL

9Na 2e9TUALNTU J-1 N1elFusema 5N D960 N

a0 T T T
—& FEA
5 .
nMECH. Exp
at A, = 0.4261F - 1.6878 .
& FEA
18 T
€
k=
2ol A, =03164F + 0.0018
;
5r m” T
o / | | | | 1
0 10 20 30 40 a0 B0 70
FORCE (M)

w61 neiIaLineuszasiia (Displacement) aMnua FEA fLNAN1INAZAL

NNNA 1B9TUAYNTUW J-10 N8 lUsaRe 5 N D9 60 N



109TUAYN TWN1INARELINTA

64

A19197 11 ANANHARIALAADULANHA FEA NEUSLNANAZALNINAURINITEAFA

U J-1 114 J-10
XN sveizelm (A) mm mm@mmmﬁ@u sveizelm (A) mm mm@mmmﬁ@u
(Force) nmAdaY | FEA e e, negday | FEA e e,
N NNNG NNNA
AEXP AFEA (mm) (%) AE><P AFEA (mm) (%)
5 0.503 1.200 | -0.697 | -138.57 0.524 1.580 | -1.056 | -201.72
10 1.824 2.400 | -0.576 | -31.546 2.543 3.160 | -0.617 | -24.248
15 3.146 3.600 | -0.454 | -14.436 4.678 4,750 | -0.072 -1.538
20 4.467 4.800 | -0.333 -7.448 6.813 6.330 | 0.483 7.087
25 5.789 6.000 | -0.211 -3.651 8.948 7910 | 1.038 | 11.595
30 7.110 7.210 | -0.100 -1.405 11.082 9.490 1.592 14.368
35 8.432 8.410 | 0.021 0.255 13.217 1110 2117 | 16.017
40 9.753 9.610 | 0.143 1.465 15.352 12.70 | 2.652 17.273
45 11.074 10.80 | 0.274 2.477 17.486 1420 | 3.286| 18.794
50 12.396 12.00 | 0.396 3.193 19.621 15.80 | 3.821 19.475
55 13.717 13.20 | 0.517 3.770 21.756 1740 | 4.356 | 20.022
60 15.039 14.40 | 0.639 4.246 23.891 19.00 | 4.891 20.471
2R €. | -0.032 | -15.137 2R en | 1.874| -6.867
lelye | 0.363 | 17.705 lelye | 2165 | 31.051
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4.3 §a FEA 189ANIAUYRITUAYND

Faetinanan1maszipNAuaIn FEA nmaldinnsmaasunishsaasduaynlne
wansaNAuTlusyALduA TuTwayn Nusahe 10 N THuans Tunmd 62 uaz 63 nem
UDIANNHLAUFIGAANEANINARAUNI FEA N335 5 N 019 60 N 94TUAYN U J-1 UaY

J-10 Fuanaluning 64 130AMAAANNAUEIRATDITUAYNTU J-1 WAz J-10 AN
62 uaz 63 WLNUURAA (Surface) ANNMUATMAALILTUAYN AIULNIIRNTIAALTATU T

1 ¥

a g dl v o = a a K a
LTNUH TNARAARBNALNNTANUNATNIAATUAT LUN1INARALNNNG

mem2
0157 -

0147 -

0108
0.0983 =
0.0885 -
0.0787 -

PR R T i e T
Ty LT

O TR AT O () ATy
pEE AT

0.0688
0.053 =
0.0492 ]
0.0393 ]
0.0295 =
0.0197 [

0.00983
4 BAE-7 ]

1

DINT 62 AHLAUAINNA FEA TILFadsine nelsusans 10 N 1093uayngu J-1

mem2

2.734
2.567 =

o] =] 27 =] []= i = [
v 8 T n IO o W T P T A 8 N Wy A s TV B 0

i ] w A
[ ra.tl:'fl."'L"J:'ftT-."'L‘l.'l'l.fl'l'a'I'J:ﬂ'LTI.TI.".-'IJ:'rl.I'J.lJ:'rt'rl.l:-."J:'rl.f-."'L"jTJ'“l."i.fl"’l'l’j"‘.'.-?t‘ﬁ"‘.'jft‘rﬂ K]

1.902
1.736 =

1.569

DINT 63 AHLAUAINNA FEA TILFndsine nelsieans 10 N 2109Tuayngu J-10
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= -1
—&- 10

J-10

J1

= 0.1606F

Q
|

J-10

Stress (Nfsq.mm.)
o
T

\

G,, = 0.1365F - 0.0003

0 1 1 1 1 1 1
0 10 20 30 40 S0 80

Faorce (M)

p [y = i
NN 64 ﬂ?qWﬂﬂﬁﬂquLﬂu@;\?@‘Q“mﬂN@ FEA m@ﬂﬂq?VIQQ@Uﬂqﬁ‘ﬁ\jm@Qﬁu@Nﬂﬂ

MalFuseme 5 N D9 60 N

5. WANISILASISUNITNARDUNITARDLEA A LT FEA

51 HNANISHSINLULAIIADY FEM UD9028A1

nantsaisuuuanaaslaaniuna Iaeld Pro/ENGINEER 289878A1289WIWANINE
1 $1 JR-1006, 2006 uaz 981 WHuanauReuifiaufuTunusde lun i 65, 66 uaz 67
PNSNEL NNINATIEazIBATeIU ATeEaER1As 3 LU duaneluANEWINT 4 B 6

Tdalunaild shanairafuuunsiaes FEM Taafvmnedmusliduuy
Tetrahedral NAN1TAFINHLLANADY FEM mmé’fmmmmmfumdwﬁﬂ;'u JR-1006 liuans
Tunni 680 Lsznaudas 12,667 1WA LAz 6,304 Futlsznay 714 2006 (m‘w*ﬁ' 68%)
sznaudag 12,302 T1un WA 6,072 Futlszney uay 114 981 (mwﬁl 68A) Usznavsae
14,623 Tnm ua 7,110 Futlsznen

AT 69 uaASULILIANAnd FEM Tagllisandauiiiuaud Tnanwdl 69 n ugns FEM
?J@\ﬁffmmﬁiu'ﬁl,@uzﬁm@u JR-1006 Ftlsznandng 8644 s uaz 4329 Futlsznay A
7691 2184991 2006 Fedsznevdag 12314 Tuua uaz 6590 Tuszney uazn WA 69 A 284
114 981 ftlsznaudag 11406 Tum uaz 5789 Tutlsznau A1 E 189 PC A4 lumsinmzd

duaanmisei 10 IealdAwingu 1019 N/mm®
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(N) TUINUATY @) TranTuiaa

NINA 65 TIUAS (N N) wazlaantues (NIW 1) 1931aud3u JR-1006

(N) TUIUAT @) Traniuaa

NN 66 TUA (N9 N) wazTaaaTues (NN 9) I91audiu 2006

(N) TUINUATY @) Tranluea

NN 67 TeUAs (N0 N) wazTaaaluegs (NI 1) 19iaudii 981

5.1.1 n1snnuANaulun1s41889 FEM #1%51UN1SNARAUNISAALLL N

NINA 70, 71 4AT 72 UAAINNINNMLAREWIITBLLLE WAAANINTDIUSBAULL N
2038981611 §1 JR-1006, 2006 waz 981 mnasu Tnaussdan ldnmuaiiuisanszananio

m@mauzﬁw@mmm‘ﬂuﬁﬁﬁq
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(n) 314 JR-1006 (1) 34 2006 (m) 11 981

NINT 68 WLLIANABY FEM 289808A131 JR-1006, 2006 4az 981

AT

=
TS

AN
=

< t: =N

¥ e
T )

(n) 93 JR-1006 (1) 34 2006 (M) 91 981

NN 69 wUUANaed FEM uunlaifiiaudaasdnanigu JR-1006, 2006 uaz 981

AR
ATRATL,

o
v,

1 JFront - _ . _ Bottom .
M 70  nenvuaReu 198U ALAZ R AN LIS AR IMILINNINARALINNIS ALLL N

2938981A51 JR-1006
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Force on surface

Fixed on node

Front

Bottom

A2 71 nsnuuaReul1e L ALAZ R ANIUNEAF1MFUNINARELNNISAKLIL N

2RHIUATFU 2006

Force on surface

Fixed on node

Front Bottom

MW 72 nInRaRerlIT L ALA SR AN WIS AR UTLININAZELINNTEALLIL N

29EEIA51 981
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512 msivuaRaulun1saiaad FEM #145LN1SNARaUNISaALLIL

!
=

AN 73 WA UA R IITA LA AANINLATLB N URITDILIR AN
NILNLUEILANTBNNIINAABLILIIS ALLIL U 289E98A1 §18 JR-1006 (NWA 73 N) U
2006 (N9 73 9) wazd 981 (Nl 73 ) Tnamavua WNWEaRFuLsd ARnIzLEon

1auge9nsaLafafuiley Tnadussdanssyindunuiilszunn 1/4 vesiomud

5.1.3 nismuvaANaulanisaaas FEM #115UN1SNARAUNISDALLUL A

AR 74 WAPINIINNNUANALR I IUDLIAA DANIUAZLIUNURIUDILNAANNTEN
v o U o dl 1 v 1
uutaeaaasnImaaauusdauuy A Taalduuuanass FEM Alisuiaudaasdouni i
JR-1006 (NN 74 N) §14 2006 (NWW 74 2) uazdis 981 (i 74 ) Taanisinuue

uadnldRanlupeaiuiurastanlanimmegaLa s AL A

Fixed node on surface

A
-

SE1o%
ST
Py AT AN A
R e e

‘

(n) faeim $14 JR-1006
Fixed node on surface Force on surface

(7) fa8Im 1 2006

Fixed node on surface Force on surface

(A) E9eiAn 31 981

M 73 RerlIreuALASRANILINE AR VLN ITMARALNIBALLIL 1
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Fixed node on surface

Force on surface

(n) deim1 §3 JR-1006

Fixed node on surface
r Force on surface

(7) fa8Im 1 2006

Fixed node on surface
Force on surface

(A) faem fu 981

AN 74 nsnuuaReulaeLALaz AN A MTLNNMAGALNTEALLL A

52 NAN15ILAsIsUNsEuAuIadInaanlaeld FEA

52.1 HA FEA 299N19391889N1SNAKDLNISAALLIL N

ARLNINANISIATIZN FEA 18901985 u‘?‘@mﬂﬂﬁlﬂuuﬂmgﬂwm UBIHILAN
uanaifuszddud #iRnanusedn 600 N sasmemadaunesauuy n iHuandlunwi 75,
76 WAz 77 mFudaean $14 JR-1006, 2006 kAT 981 ANNATAL %umumﬁmmzﬁié’m@ﬂ
1unauuan 5

HANNTATIET FEA 189719816 Anussdann 100N IneiEuannussdadi 200 N
89 1000 N Wnauudenrun il 75 fa 77 Tasuapnsyusagegaiiatuisnninans

038U Wesanszazg Ui lalunimagauniana unisdaniauuenseuai b

v o z’/ o a o = =< Yo dl ] ' o
UNDIEIF mumw:ﬂqumwmmL‘Ll?ﬂ‘]_lwmmﬂmmszmmm 25 AP TEESUWNNTT NU
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pngaUvanIaInsauaIsaaziaaud newWluninwd 78, 79 uaz 80 ulFeLnaUszey
RUFNUBNARLAT FEU9NN NANTINAGDUNWNNAUATHAATN FEA 2848981A1 §1 JR-10086,
2006 UAz 981 MNANAL Tntl A o, . HIWTEHZEUANGIQATINAaUE UaT A oy rooe

Lﬂuﬁqmﬁmm?m:quﬁqmm@mm:ﬁqLauﬁ (25 qm)

0.685
0.641

0.596 [ |

0.463
0.419
0.374
0.33
0.286
0.241
0197
0.153
0.108
0.0637
0.0193 =

-0.025

NN 76 HA FEA UWLIL N 99933828 UR1838eA 1 2006 NIugedn 600 N
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-0.00404
-0.0677 .

NIWA 77 WA FEA ULIL N 99993828 LA 183098mN §1 981 71lsdn 600 N

588

—& Mechanical Exp
—&- FEA-EDGE
— FEA-MAX

A, iax = 0.0011F - 0.0002

\

0B~

A, cose = 0.0004F - 0.0002

FEA-EDGE
ar MECH, ExP|
0z2F -

A

] | | | | | | | | |
100 200 E] 400 500 600 700 800 a0 1000 1100
FORCE (M)

DISPLACEMENT ()

= 0.0004F - 0.0031

EXP

N 78 newlnlFaumeuszazyusa (Displacement) Anna FEA fiunanis
NAFALNIINA VRIN1INARAUNTIEALLL N Tia9 200 N 219 1000 N 294

fEAIU JR-1006



0.8

DISPLACEMENT ()

0B

0.4

0z

588

A

0
100

FEA-MAX

= 0.0015F - 8E-05

|

—=— FEA-EDGE

— FEA-MAK

0.0007F - 0.0000

FEA EDGE
FE

A, = o 0004F - 0.0

—& Mechanical Exp FEA-MAX

5

A-EDGE

031

1 1 |
200 300 400

1
A00

| 1 | 1 1
A0 700 00 E 1000
FORCE ()

100

74

NN 79 nemnfFauiiaussazeusa (Displacement) AMn[a FEA ALKNANTS

NARALNNNG 1BINTNAFZALINTEALLL N 1199 200 N £ 1000 N

293E9EIA51 2006

588

T T T T T
—B Mechanical Exp
L -&- FEA-EDGE i
: —i FEAMAX FEA-MAX
14 .
12+ = -
A, sy = 0.0016F - 8E-05
g
=
£ | \ _
2
: A, cose = 0.0007F - 0.0002
BETS
& FEAEDGE |
[=)
06|
MECH. EXP
04
o2t _ i
A_,, = 0.0005F + 0.0305
0 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 a0 00 1000 1100
FORCE ()

N 80 newlnlFaumeuszazyusa (Displacement) AnWa FEA fiunanis

NARALYNNNG LRINTNARDLNTEALLL N L 200 N AR 1000 N

URIHIAIFU 981
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5.2.2 HA FEA 299N19391884N1SNAKALNISAALLIL 4

v
o

AR WHANTIATIZT FEA m@qmmuﬁwmﬁfmmLL@MLﬂmzﬁmuﬁﬁL‘ﬁmMﬂ
U298 600 N 283MIAReLLNSAuLL 2 Iuanslunin 81, 82 uay 83 dusudanm
714 JR-1006, 2006 kAT 981 ANNATFL

HANT3ALAINEY FEA 21840158 LAY ANUEAT 200 N Lﬁunﬂ‘] 100 N 19 1000 N
uansszryLggALTaLdil Rz TuLsanezin ?tﬂtﬂUQQ@ﬂ‘ﬁhﬂﬁﬁﬂﬂ%ﬂﬂﬂ‘ﬂ'ﬂﬂﬂ?‘ﬂu

1 v 1
A6 LRI UNAT I IAENNIN889NINARBLNNIEALLL N ASWIzezg LA I

'
o

WranieuAunan1smaaeaunNNa Aa svargUAaNqn A 2990 WA 81 119 83

Q

mm
0.25
0.235

0172

0.156 i

014
0125 il
0.0936 —
0.078
0.0623
0.0466
0.031
0.0153
-0.000372

NN 81 MR FEA ULIL 9 204958128 UF0189898A7 §13 JR-1006 71kaedn 600 N

NN 82 MR FEA ULIL 9 104952128 UART109E98611 §1W 2006 71ksadn 600 N
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0.0582
0.0357
0.0132
-0.00925
-0.0317
-0.0542

NIWT 83 MR FEA ULIL 9 1849581z UA0T09898161 §1 981 MU398A 600 N

5.2.3 WA FEA 299n1931884N1SNAKALNITAALLL A

v
o

AR WHANTIATIZT FEA m@qmmuﬁwmﬁfmmLL@MLﬂmzﬁmuﬁﬁL‘ﬁmMﬂ
us98M 600 N 189n13MpdeLusedauLL A THuandlunng 84, 85 uaz 86 Arusudaamngi
JR-1006, 2006 LAz 981 ANNANAL

HAN3ALATNEY FEA 21840158 LAY ANUEAT 200 N Lﬁunﬂ‘] 100 N 119 1000 N

WARSATLMUNNTLFRE94 AT ULIUIBINIAUAFIFUNRUININTENT (30 A)

||

0 0956

0.0812 g
0.0667
0.0523
0.0378
0.0234
0.00894
-0.00551

NWT 84 MR FEA UL A 99993828 UAN199898/A 314 JR-1006 1143987 600 N



7

mm

0.383 -

0.358

0.333 .

0.258
0.233
0.208 i
0.183
0.158
0.133
0.108
0.0828
0.0578
0.0327 =
0.00768 =
-0.0174

NN 86 WA FEA WL A 199581781162 1898921611 31 981 MWsedin 600 N

5.2.4 maudainauna FEA 289u1191989N19NAKALN19D A

NINUAANTZEIZELANTBINTNAARLNITEANNANUIEAT 200 N 1NN 100 N

R 1000 N LLE‘EI‘LILﬁﬂﬂﬁum@ﬂ’]ﬁ‘%ﬂ@ﬂu%’]\m@ IAINA FEA AMNN1INARALILINARA LU N

o 1 o dl 17 =
A, wuua (A, wazuuy A (AFEA_C) ‘EmﬂmLmu\wm?m:qumw‘l,mi_l?‘ﬂumﬂmﬂu
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FUULRLALNAUIBITS 3 UL AR A A (MW7 84 v 86) duiiluluunatinsanaranaaL

o o/ v v y
AANNTALANRAIUDINARIA (muﬁm)

o

NN 87 uanaRanFaumalsyazgusa (A) a89taeangu JR-1006 AW 88

1 1
=

109514 2006 WAZNINT 89 28951 981 M199T 12, 13 uaz 14 A3UANLAAIAIARELTRINA
FEA LfllﬂLﬁﬁl‘]_lfsﬁ_lN@%ﬂ@@ﬂ%ﬂﬂﬂ@ﬂ]@ﬂ?:ﬂ;‘iﬂquﬁﬂ 284E98IA1 §3 JR-1006 §14 2006 uaziL
981 MNATFIL

HAAINNIINUAZANTINAINGIY KAAINITANAEY FEA 209N1INAGRLLLL A Teiae
FIN31 JR-1006 §u 2006 uaz 981 linalndipasiunimagauniana taegu JR-1006 HA7
ATINARALAREILDAE [e],, = 0.903 1 2006 FANAINARALAREILRA [e], = 2.613

LAz3Y 981 HANANARIALARDLLAAY |e,,q = 6.969

588

0& T T T T T T T T T

& MECH EAP
e = FEATYPEA i
: —# FEATYPEE

FEATYPE A

—7 FEATYPEC

Dar MECH. ExP |

ol A, = 0.0004F - 0.0002

“r A, = 0.0004F - 0.0002

025+

\ A, = 0.0004F - 0.0031
015+ -

o} A, = 0.0003F + 6E-05 1

DISPLACEMENT (rnrm)

o 1 1 1 1 1 1 1 1 1
100 200 300 400 a00 GO0 700 a0a 200 1000 1100

FORCE (M)

N 87 newlilFaumeussazyusa (Displacement) Anua FEA fiung
ANINARAUNWNA VBININARDUNITHA 114T29 200 N 919 1000 N

294898A51 JR-1006



0.8 T T T 58|8 T T T T
—H MECH. ExP
—=- FEATYFPE A
—— FEATYPEB
07 —7 FEATYPEC FEATYPE A |
A, = 0.0006F - 0.0139
0E- \ FEATYPE C |

. MECH. EXP

E 05+ A B

cean = 0.0007F - 5E-05 s

Hon4r B

-

° 03 B
ool A, = 0.0005F + 0.0139 |
o1l A.., . = 0.0005F + 7E-05 1

QDD QDID BSD AD‘D SDID EDID TSD EDID QDID WDIDD 1100
FORCE (M)
dl = o . o
DINN 88 ﬂﬁ‘ﬁWLﬂ?ﬂumﬂmmzﬂum (Displacement) aMnNa FEA NUAA
NNTNARKALNINNAN ﬂlﬂﬂﬂﬁﬁ‘%ﬂ@'ﬂﬂﬂ’]ﬁ‘ﬁﬂiuﬁ]")\ﬁ 200 N 5\1 1000 N
29EEIA5U 2006
588
0.8 T T T T T T
—= MECH. EXP
—&- FEATYPE A FEATYPE A
o7l % FEATYPEB _
—7 FEATYFPEC
s A....=0.0006F + 0.0005 FEATYPE €
MECH. EXP
— 05 |
€ | A, = 0.0007F +0.0002 FEATIPES
% 04 B
5
o A, = 0.0005F + 0.0305]
02F —
L A, ; = 0.0005F + 0.0003
%D 250 ED‘D ADID SD‘D BDID 70‘0 850 BD‘D 1DIDD 1100
FORCE (M)
= = o ) o
DN 89 mwxll,ﬂ_l?ﬂumﬂmw:ﬂum (Displacement) a1nWa FEA NUNA

ANTNARALNNNG TBININAFBLINTTEAMT9 200 N 119 1000 N

URIHIRATFU 981
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FN39Y 12 WARNAIAINAATIAARDUIBINA FEA NeUfuNanadaunInatesssazyusna (A) aanniamageunisdnaesdonni §u JR-1006

UNER | NNINARDL | NIINARBLNNTBALLIL N N1INARAUNNIEAWLIL ¥ NNIVAFDLNIBAULIL A
(Force) NWNQ e ep e ep e €p
A A A
FEA-A FEA-B FEA-C
N JAVN (mm) (%) (mm) | (%) (mm) | (%)

200 0.0731 | 0.089 | -0.0155| -21.1375| 0.067 0.006 | 8.121 | 0.0747 | -0.002 | -2.133

300 0.1113 | 0.133 | -0.0217 | -19.5183 | 0.101 0.010 | 9.238 | 0.112 | -0.001 | -0.647

400 0.1494 | 0177 | -0.0280 | -18.7257 | 0.134 0.015 | 10.320 | 0.149 0.000 0.281

500 0.1876 | 0.222 | -0.0341 | -18.2022 | 0.168 0.020 | 10.429 | 0.187 0.001 0.299

600 0.2257 | 0.266 | -0.0404 | -17.8999 | 0.202 0.024 | 10.501 | 0.224 0.002 0.753

700 0.2638 | 0.311 | -0.0467 | -17.6850 | 0.235 0.029 | 10.931 | 0.262 0.002 0.697

800 0.3019 | 0.355 | -0.0529 | -17.5243 | 0.269 0.033 | 10.921 | 0.299 0.003 0.987

900 0.3401 | 0.399 | -0.0592 | -17.4066 | 0.302 0.038 | 11.203 | 0.336 0.004 1.206

1000 0.3783 | 0.444 | -0.0654 | -17.3003 | 0.336 0.042 | 11172 | 0.374 0.004 1.126

Qe €, | -0.0404 | -18.3778 0.024 | 10.315 0.002 | 0.285

lelye | 0.0404 | 18.3778 0.0241 | 10.315 0.002 0.903




. nne N1INAFBLNITEALLIL N NINALBLNITEALLIL U N1INAFBLNITEALLIL A
haean
nA&EaL
(Force) e e e e e CH
NNY AFEA-A AFEA-B AFEA»C
N (mm) (%) (mm) | (%) (mm) (%)
AEXP
200 0.1212 | 0.141 | -0.0198 | -16.3366 | 0.093 0.028 | 22.950 | 0.112 0.009 7.606
300 0.1749 | 0.212 | -0.0366 | -20.9262 | 0.141 0.034 | 19.383 | 0.169 0.006 3.373
400 0.2286 | 0.282 | -0.0534 | -23.3596 | 0.187 0.042 | 18.198 | 0.225 0.004 1.575
500 0.2823 | 0.353 | -0.0703 | -24.9026 | 0.234 0.048 | 17.098 | 0.28 0.002 0.801
600 0.3360 | 0.423 | -0.0871 | -25.9226 | 0.280 0.056 | 16.657 | 0.338 | -0.002 | -0.607
700 0.3896 | 0.494 | -0.1040 | -26.6940 | 0.327 0.063 | 16.076 | 0.396 | -0.006 | -1.632
800 0.4433 | 0.564 | -0.1208 | -27.2502 | 0.375 0.068 | 15.411 | 0.457 | -0.014 | -3.086
900 0.4970 | 0.635| -0.1376 | -27.6861 | 0.422 0.075| 15.091 | 0.509 | -0.012 | -2.414
1000 0.5507 | 0.705 | -0.1545 | -28.0552 | 0.467 0.084 | 15.193 | 0.564 | -0.013 | -2.423
\2ae €anc | -0.0871 | -24.5704 0.055 | 17.339 -0.003 0.355
lelas | 0.0871 | 245704 0.055 | 17.339 0.008 2.613
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. N3 NINAZBLNITEALLIL N NINALBLNITEALLIL U N1INAFALNITEALLIL A
havan
NAdaL
(Force) e CH e e e €p
NG AFEA»A AFEA-B AFEA»C
N (mm) (%) (mm) | (%) (mm) | (%)
AEXP
200 0.1299 | 0.150 | -0.0196 | -15.1240 | 0.102 0.028 | 21.454 | 0.117| 0.013 9.903
300 0.1795 | 0.224 | -0.0448 | -24.9443 | 0.153 0.027 | 14.773 | 0.175| 0.005 2.518
400 0.2292 | 0.299 | -0.0700 | -30.5410 | 0.204 0.025| 10.995 | 0.233 | -0.004 | -1.658
500 0.2789 | 0.374 | -0.0951 | -34.1079 | 0.255 0.024| 8563 | 0.292| -0.013| -4.705
600 0.3285 | 0.449 | -0.1204 | -36.6431 | 0.306 0.023 | 6.855 0.35| -0.021 | -6.538
700 0.3782 | 0.524 | -0.1456 | -38.5128 | 0.357 0.021 5596 | 0.408 | -0.030 | -7.891
800 0.4278 | 0.599 | -0.1708 | -39.9187 | 0.408 0.020 | 4.633| 0.467 | -0.039| -9.158
900 04775 | 0.674 | -0.1960 | -41.0412 | 0.459 0.019| 3.878 | 0.525| -0.047 | -9.943
1000 0.5272 | 0.748 | -0.2211 | -41.9493 | 0.509 0.018 | 3.445| 0.582 | -0.055 | -10.403
124e €nc | -0.1204 | -33.6425 0.0226 | 8.9101 -0.021 | -4.208
lelas | 0.1204 | 33.6425 0.0226 | 8.9101 0.025 6.969
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5.3 WAN15ILASIZIIANNLAUARIRE e lassanlasld FEA

5.3.1 ANULAUAINKA FEA 2199N19NAKALUNITDAWLIL N

AN 90, 91 Az 92 uansFatieramaTeTpnadulneld FEA 1asns
yageUNISALLL N uanufhusrAuEud nneldusedng 600 N 2eedanmn 14 JR-10086,
2006 uaT 981 MINATFL 1UN19918BIN1INAGBL FEA KLU N ﬂummmqmﬁuqqqmm
fn8AIg1 JR-1006 1A o Uinnfenansaeaaud IR LA LMUSIB9N9IRATTEIZEUFN
4eqnLA§1UTLIW 2006 uaz 981 HANguanLTINsauATF InAuNtaud AT 93 ugn
N9MYR9ALAUGIEATRIEIEAT Tksedh 200 N Fie 1000 N 2098287 §14 JR-1006,

2006 LAY 981 ANNAAL

Nfrnn'l2

0.0127
0.0119

ool |

000876
0.00796
0.00716
0.00637
000557
000478
000338
000318
000239
000159
0.000796 ]
0.

AND 90 AINLARANKA FEA 289N19NARALINTTEALLL N Nusadn 600 N

284898IA31 JR-1006

N/mm 2

0.0224
0.021 =
0.0196 |
0.0154
0.014 =
0.0126 ]
0.0112 -
0.0098 ]

0.0084
0.007
0.0056
0.0042
0.0028 [ |

0.0014 [ |
0.

ﬂ’]‘Wﬁ 91 AMMNLARAINKA FEA 289N19NARALINIEALLL N ﬁLL‘J‘\'IﬂVﬂ 600 N

29EEIA5U 2006
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mem2
o087
00175 =
0.0164 -
0.0129
00117 =
0.0105 -

0.00935
0.00818
0.00701 =
0.00585 [ |
0.00468
0.00351
0.00234 =
0.00117
1.23E-7

AN 92 ANLARANNNG FEA 284N13NAKALINNIEALLIL N NWsEA 600 N

UBEIEINY 981

588

70 T T T T T T T

—& MODEL .JR-1006
—& MODEL 2006
—= MODEL 931

BO -

O 5050 = 0.0659F + 0.00007

iy a1 7
ol Ousin = 0.0049F — 0.0002 _
JR-1008
| / 7
20 N =
O 1oronen = 0.0327F - 0.0006
10 _

o | | | | | | | | |
100 200 300 400 500 600 700 a00 00 1000 1100
FORCE (M)

STRESS (Mfsg.rmm)

ﬂ’]‘Wﬁ 93 ﬂﬁ"]Wﬁl’ﬂ\iﬂ’J’]ﬁ\lLﬁuq\‘i@‘ﬂ@WﬂN@ FEA 229N13A4ALNNT8ALLL N

e 200 N D19 1000 N 1998221611919 3 $1

5.3.2 ANULAUAINKA FEA 2199N19NAKALNITDANLIL U
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AN 94, 95 uaz 96 uanIFRtieraMTIATTAnaduleld FEA Tasns
nageuNssaLLL 3 udnadussiudud neldusedng 600 N vesiaunn 114 JR-10086,
2006 WAY 981 ANNATAL mfmLé’uznggmﬂmﬂgﬁm@m”ﬁﬁqmmﬁqam%\i 39U Al
97 WARININNYBIANIAUFIGATBNEIEATF JR-1006 §14 2006 uAz U 981 flu398n 200 N

219 1000 N

N/mm2

16.69 -

15.65

14.61 =

NING 94 ANNLANANNKA FEA 189N19NARALINTTEALLL 4 Nusedn 600 N

2938981A51 JR-1006

ﬂ’]‘Wﬁ 95 ANNLAUANNKA FEA 289N19NARALINNTEALLL 4 ﬁLL‘J‘\'IﬂVﬂ 600 N

29E9EIA51 2006



N/mm?2
21.71

-

12.21 -

10.86

8143

6785 =
5.428 |
4071 =
2714 O
1.357 5]

ﬂ’]‘Wﬁ 96 ANNLAUANKA FEA 289N19NARALINNTEALLL 4 ﬁLL‘J‘\‘iﬂvﬂ 600 N

UBEEINY 981

588

80 T T T T T T T

—= MODEL JR-1006
—&- MODEL 2006
—7 MODEL 581

a0

40F

Oz = 0.0562F - 0.0067

981B SR

JR-1008

STRESS (Mfsy. )
%) ()
[ =
T T
I

G 0 = 0.0359F + 0.0516
10 ,
O e 1006s = 0-0304F + 0.0139
DWD 200 300 400 500 EDID 750 EDID 950 1D‘DD 1100
FORCE (M)

.ﬂ’TWﬁ 97 m"mlm@mmmﬁu@%mmnm FEA 299019MAZALNI8ALLIL U

Tu99 200 N 119 1000 N 299808161179 3 31
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5.3.3 AMNIAUANNA FEA 199N1SNAGALINITEALLL A

Al 98, 99 uaz 100 wansFratnanTIANTAAlRElE FEA 109n19
nageuNISALLL A uaaiusrdudud aneldusedni 600 N 2eedanmn 14 JR-10086,
2006 AT 981 MINATSL m’mLﬁuqqqmﬂaﬁﬂgﬁﬂmuﬁqﬁqmmﬁfmm%q 3 fu ALY
MIMAAALILLIL 2 A WA 101 LARINIINBIAINHLAUGIGALBITIL 398 200 N s

1000 N 28481981A1 $14 JR-1006, 2006 UAT 981 AINANAL

NN 98 ANNIAUANNINA FEA 289N1INARALNNIEALLIL A NLTIEA 600 N

299898IA131 JR-1006

ﬂ’]‘Wﬁ 99 ANNLAUANKA FEA 289N19NAKALINIEALLL A ﬁLLﬁ\‘lﬁﬂ 600 N

29EEIA5U 2006
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NIWA 100 ANNHLAUAINKA FEA 189N19AdALINTTEALLL A N398R 600 N

STRESS (Mfsg.rmm)

YBEIEIA5Y 981

a0

70

a0

40F

30

O,y05c = 0.0391F — 0.0131

Oyc = 0.077F

981C

—& MODEL.JR-1006
—& MODEL 2006
—= MODEL 931

2008

JR-1006 T

O romc = 0.0672F - 0.0067

|
200

|
300

|
400

|
500

|
GO0

| | | |
700 a00 00 1000 1100
FORCE (M)

J’]’]‘Wﬁ 101 ﬂﬁ"]Wﬂ’ﬂ\iﬂ’J’]NLﬁuQ\i@‘ﬂ@’WﬂN@ FEA 299N19NAKALNIEALLIL A

Tue9 200 N 119 1000 N 1998081611919 3 31
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6. WANISILATITUNITNARDUNISNTEUNNLAUAnlan lasld FEA

6.1 WAN1TATIUUUIIARY FEM ﬁw%’uﬁmmzﬁminiumn

WLUANA8Y FEM 289828m79 1 in1394ms1e9f FEM Tfuuuanaaainenisuiy 74
Tun1Imagaun138s (NWH 68) 1AEANT 102 WAAINITANNUANAWIUTALLUR AL
UAZTIATIIN TDAUSINILUNNARAANNIIFNNITUNNBDIgNUDA AT LuRaaudIaaiaem

14 JR-1006 (NN 102 1) 314 2006 (NN 102 1) UAE 314 981(NTWA 102 A)

Force on node

N

= Fixed on node
3D

(n) 34 JR-1006

Bottom

Force on node

Fixed on node
(1) 34 2006

Bottom

Force on node

Fixed on node

() §u 981 - D

Front

4 . 4 - Bottom .
MNA 102 NenvuaReulaauan HANISLAZALMUSTA9LINNTZUNN

1091 UAtHaRg1 JR-1006 (N) 2006 (1) uAz 981 (A)
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6.2 ﬂﬂﬁ‘%Lﬂ%‘ﬁZﬁLL%‘ﬂﬂﬁ‘gLLﬂﬂ

v
[

TURAULINNINNTILATIET UN

6 o/

ANIANUNUAKNNIEUNN NIURUN1TIATETsail
AN BuWad (Impulse) uazinangnuaslanzdudanuiouinaud aeld weviuas
MSC.Working Model a1aadn3laatignuasianzanasuinssunniauiiiaudaaduiugm
I %’/ Z’/ dl o 1 dl a v a 13 dl a g v K o
TN TUABUNABIANUILANLINNNTZUNNLURIMHILAREAN BUNAE NAATLLAIAILN
ANLINNILLNNT IFHININ1TIATN ALY Static

AR 103 LL'&mn%W‘um@uW@@rﬁaLﬂﬁ"]::‘Vﬂﬁ@ﬂﬂmﬁﬁ@@QQﬂU@@I@M:ﬁMﬁﬂ 44
N3N ANANNge 1.3 wes  aliABNRadWINGL 0.333 kg.m/s uazinagnuasiany
o Y- o 1 o a = [J ¥ a o % dl
Fudanuiuand windu 0.00333 3u# - waanszunnA1uLlsan BNRaduNIAaeaNEa
IfAusaindn 100N dudunisdaesgnuealanzanainiiges 0.7, 1 WAz 1.6 LUAT 1WA
PRILTINTZHNNINAY 73 N, 88 N 1haz 111 N AINAaAU

usanszunnidiaszildannguwadi i hldnmusiduisanseyinuulnun o qn

mqﬂummnmumnmL@uﬁmmmﬂﬂJ IAuanalduan Tun i 102 dumeunisimmey

CAE Fagu1Flunmnuand 6

Impulzex (kg méz) Impulzey (kg mis)

Impulzez (kg mis) (Imptse| (kg mis) v, time (=)

04

-
L

Impulse (kg m/s)

oa- - : ' g : : : - -
0516 0517 0515 05149 0.520 0.521

Time (s)

NN 103 nemaesanad NiAnangnuaalaneannszunniauiniaudions

ANNE 1.3 A9
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6.3 fﬂ‘iaLﬂ‘é"'l%‘lﬁﬂ']'luLﬁu‘ﬂ’ﬂﬂﬂﬂ‘iﬂﬂﬂ’ﬂunﬂiﬂﬁ‘zLL'VIﬂTﬂEIel‘ﬁI FEA

HANNIILATITY FEA LL'&m\‘iﬂQ’mLﬁuﬁLﬁm@’mﬂ’]ﬁ‘ﬂdﬂﬂﬁlﬂ‘ﬂ@ﬂ@jﬂﬂﬂﬂtﬂﬂtwﬁh 44
nnlduans unwd 104 s 106 &mFudaenIFU JR-1006, 2006 HAT 981 MINANAL AN
m’mLﬁi&@;%mﬁﬁm%uﬁmuﬁﬁmm 914 JR-1006 HAVINAL 42.4 N/mm® 14 2006 Wiy
43.04 N/mm’ uay §u 981 Winfiu 43.42 N/mm’ A LTRRTUTLAUARERN 1o 3 1
‘ﬁ"l,u'Lﬁummﬂwﬁuqmmmﬁm (PC) v naudaen (nwdl 52) SedAAnnandugegn
\Ael i 53 N/mm?” (£5) uazen Yield @?ﬁ 52 N/mm’ (£7) Tnglpan s duiilésnndnen
Yield uaneindan g uinviaiinseainasnndediunanimaaaunang

A 107 LAAINTINANANAUTUBIANAINNLAUGIZAAINNA FEA AUAINNES

Tut99 0.7 . D4 1.6 &. IInsapagnuaalazannIzunnaud

NINA 104 ARNIAUAINEA FEA 289013038innuaudiinenfu JR-1006

(AING 1.3 1NRT)
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NN 105 ANNLAWAINKA FEA 289n13nszunnunandioumiu 2006

NN 106 ANLAWANNKA FEA 289n13nszunnunandionmifu 981

(AINHNZN 1.3 LHAT)

(ANRQY 1.3 LUAT)
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50 T T T T T

-2~ MODEL JR-1006 a1
e -7~ MODEL 2006 o |
—&- MODEL 961 T

G, = 18.333n + 18.865

- -

£
[
T

E
=1
T

O,y = 18.156h + 18.719

2006

STRESS (M/sg.rm)

w
a
T

w
@
T

G 100 = 17.906h + 18.404

ry

30 | 1 1 | 1 |
07 s 0s 1 1.1 12 13 14 15 16 1.7

HEIGHT frm]
L 1 1 ]
73 3] FORCE () 100 11

NN 107 NIHTBIANNIAUGIAAAINKA FEA 189N19N32UNN lT99R2 1NES

0.7 1. 9 1.6 1. vavtAUATa8A" $14 JR-1006, 2006 Uaz 981

6.4 ﬂ’l‘i%Lﬂ%"]%ﬁﬂ')’]NLﬂ?‘ﬂ AARIN1TNAFALNNTNTzUNNLneld FEA

HANTILATIZT FEA 2189A2NIATEA (Strain) 2ean1stlasagnuealanzannazunn
aud eldgnueamnnszunniaudainaaugs 1.3 o, Ifanaduszdududlunmi 108
04 110 dmFudaamngu JR-1006, 2006 waz 981 ANNAIAL

AN 111 HAAINITNANNANAUTITUIWANNLATEAGIAAAINIA FEA TUAINES

T4 0.7 w. T4 1.6 1. a89n13UaesgnuaataneANNITUNNIAWE

7. HANISNARAUANNALILlWNsAN L dlneld FEA

7.1 WANNTAS19UUUN1ARI FEM

TuniihguiiuAssrauuansluning 23 WwluwiuasAseeldlunisaiaas FEM
waslunt A mdutlszifiunouaunalunisaanlduiunndnetin Tnedinsessazntonds
TaunpanuazafuinaaInnisnauuluntiiresdiug ukazsiutuiizeuIumdie

H
U
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0.0206
0.0193 =

0.0141
0.0129 =
0.0116

0.0103 [ ]

0.00¥A

0.00643 =

0.00514 [

0.00386 [

0.00257 [

0.00129 [
0.

NINT 108 AYNWATEIAAINKA FEA 289n13nszunnunandioamifu JR-1006

(AINHNZN 1.3 LUAT)

0.0369
0.0346 =

0.0231 -

0.0208 -

0.0138
0.0115 =

0.00923
0.00693 =
0.00462 ]
0.00231 [
0.00000539

NN 109 ANWATEIAAINKA FEA 289n13nszunnunandioamfu 2006

(AIHNZN 1.3 LUAT)
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0.0343
0.0322 =

0.0215 [

0.0193

0.0172 [ ]

0.0129
0.0107 =

0.00859
0.00644 =
0.00429 ]
0.00215 ]
9.848E-9

NN 110 AINWATEIAAINKA FEA 289n13nszunnunandioasifu 981

0.0z

0.018

0.018

0.017

0.018

STRAIM

0.015

0.014

0.013

0.012

(ANRQY 1.3 LUAT)

—=- MODEL JR-1008
—— MODEL 2008 a1
—&— MODEL 981 2006 —
JR-1006
€, = 0.0073h + 0.0075
€ 005 = 0.0072h + 0.0074 -
€ rros = 0.0072h + 0.0073
D.‘? DIB D.I9 1‘ 1I1 1.‘2 1.3 1|4 1.I5 1.‘6 1.7
HEIGHT {m)
7‘3 EIB 1D‘D 11‘1

FORCE (M)

J’]’]‘Wﬁ 111 ﬂﬁ"]W?I’ﬂ\iﬂ’]’mLﬂ?ﬂﬂ@ﬂ@ﬂ@ﬁﬂm@ FEA m@qmimumnlwdwmqmgq

0.7 1. 19 1.6 . 10aaudiiaem $1 JR-1006, 2006 uaz 981
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WL CAD 1897 sseaialdannnisaunudasiied Optical Scanner (m‘wﬂl 24)

AR 112 7 wansqnlpaafium wsa Point Cloud uuﬁwmgﬂﬁuﬁsmﬁié’mﬂmiLLmu
DNT 112 9 LAAKANIIA1A8S CAD 294 L LLIL A (Surface model) URIATEE
Tmﬂm@ﬁ@uﬁi@amﬁiﬁ’mnmﬂmnu AnANUTLENN AT AT AU AR LIS A 84
CAD 289@sHzuazinfudauaadserean M lunnswnmezyd FEA usnautinanuulumin
LA aRAs AT s i uuULuRe adldudadlifhusnaesladalung wda
@"mmmugmumﬂzLﬁuﬁu{iwmLLdumquuiuuﬁq AN 1127 LEAINNIS1ARS FEM
m@ﬂum’i’]ﬁ'éq%ﬁfmw?@umugmﬂum@mmﬂmﬁwmﬁuuuﬁmuﬂwﬁﬁ WULANa8d FEM
AFudaemg 2006 Usznausae 28,598 TR LAY 18,066 WANUA WATUBITILAITY

1006 Usznausng 11,054 Tum LA 6,609 ALNUE AR 113 LAAINIINIUUANAL

VAULUALALNANINUDILIN
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vt

5]
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A ARG
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i
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(N) FEA

WA 112 LUUANa8d CAD way FEM aasluniin
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Fixed on node

J’]’]‘Wﬁ 113 ﬂ’]ﬁ‘ﬁqﬂu&]ﬁﬂuhﬂlﬂum}MLL@Z%FWH\??]@QLLNZ%’WM%‘/U?JLﬂﬁ‘qiﬁ

ANALNe NN 1A

7.2 wanmsaasisszazauuwluniilasld FEA

ARBLNNNANITIAIET m?ﬂuﬁ'LﬁmuuiwﬁmmmmmLLdumdwﬁﬁﬁmehﬁu
5N mmLLdumdﬂﬂﬁﬁiu 2006 uaz3U 1006 Wuanafusssududlunmd 114 uaz 115
MNAIL TaefmuaAn E TesBawiarinil 13.7 Nimm? nIndi 116 uag 117 wanansv
ﬂ@d?tﬂﬁﬂﬂﬁﬁ%ﬂﬁﬂ 4 fuin (a, b, ¢ waz d) muveuwiuRsuu i efauifue

13,5, 7 uaz 9 N 289U3UATG181I$1 2006 LATW 1006 ARG

7.3 wan1satAasziianaauuulumilaald FEA

NNAIDENIUAAITTALITURTBIANAUAINNG FEA A1NUINALUTRLLDIGAEIAN
Wil 5 N 299u3unN9181n§1 2006 1azgu 1006 Muandlunind 118 uay 119 Aua1AU
NINA 120 UAT 121 WaRINSMABIANIALN 4 AWML LUFIULR9UIUANGIEUNTI 2006

uwaz 1006 FAINRIAL WaWaUiULINd 3, 5, 7 uaz 9 N qanNANAuNINga lfunqn C
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Mﬂm?ﬂ?uﬁm’mLLuumﬂummmijwmm@‘um?mu‘lzﬁﬁmu 50 AU WUAIN

3|

\iutlaagiAumie 3z1dne C iu D Nnfiga (70%) dadlunanasardesiuunailsilag

FEA
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HOUNSFIELD TEST EQUIPMENT

LTD.

H50K-S MATERIALS TESTING MACHINE

Double column load frame with 50kN capacity

Speed range 0.001 to 500 mm/min

Set speed resolution 0.001 mm/min

Speed accuracy 0.005%

Extension resolution 0.001 mm

Extension accuracy 0.01 mm

Force measurement conform to EN10002-2,

ASTM E4, DIN 51221

Accuracy 0.5% of applied force

Available, load cells:

5,10,25,50,100,250,500N

1kN,2.5kN,5kN, 10kN,25kN,50kN

Automatic identification of load cell

Large backlit graphical display

Storage and retrieval of 5 Test profiles

Alpha numeric keypad

Multi unit

Multi language

High resolution graphical output direct to

standard printer

e Programmable Limits, Force, Extension,
Auxiliary and Jog

e Automatic auxiliary equipment recognition

e PC Control Mode for use with HOUNSFIELD
QMAT-Software (Win 95,98,NT)

e Height 1620mm, Width 720mm,

Depth 500mm, Weight 180kg

The H50K-S materials testing machine is designed to test a wide range
of materials including: Plastic, Rubber, Metals, Timber, Packaging
materials, Textiles, Leather, Chains, Wires, Medical products and
components etc. in Tension, Compression, Shear, Tear, Flexural and
Peel.

Through advanced technology and quality engineering Hounsfield has
produced this machine which is accurate and easy to use. Powerful as a
stand-alone unit, the machine capability is enhanced by the functionality
of connecting it direct to a standard printer and obtain a comprehensive
test report by pressing a single key.

The Hounsfield H50K-S machine can be used in laboratory and factory
environments. It is designed to work with the full range of contacting
and non-contacting Hounsfield extensometers.

By connecting the H50K-S to a PC and operating under Hounsfield
QMAT Software, the most complex tests are made simple to create or
run. The Software does also include statistical data analysis and
storage.

Hounsfield guarantees the resolution and accuracy of the machine by
providing a traceable calibration certificate free of charge.
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1. AUABU Pre-Processing

1.1 11lalisunsn MSC/NASTRAN for Windows Tagi nagasnsa Nlanals

1.2 naN New Model

Laak in: la data ;I @J gl

plate-fixed. MOD
plate-test MOD
amplel.mod
ower-vibMOD

File name: I| Open I
Files of type: [ Model Files [~MOD) x| Hewodel |

1.3 nA7 File —> Import —> Geometry
1.4 @end 199uUUNALNINNTIATILY (113 joint_j10.iges) aninawmes AL

AT udananilu Open

Loske [ 3 Joi djfal o=
@ joint_1.igz
@Joint_‘l.stp

joint_{_1.=zat
joint_j10.igs
8] jaint_j10.stp
[#] jaint_j10_1.stp
@ Stitrnend._t

File hame: Iioint_i‘ID.igs DOpen I
Files of type: IAIIGeometry[".SAT;".><_T;".IGS;".STF’;".STLj Cancel |

H

=)
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)
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IGES Read Options

— Entity Option:

™ Read Geometry Only

— Surface Option
V' Read Surfaces
& Diefault Trim Curves
" 2D Trim Curves
3D Trim Curves

Intemnal Scale Factor : 39.37

~ Processing Options

[ Merge Coincident Points

Geometric Tolerance IU-UU4?92?5

()3 Canicel |

16 nad Geometry — Solid —> Stitch

ne Select All — OK — OK

Entity Selection - Select Surfaces to Stitch [ %]
@ 4dd © Bemove ¢ Exclude Select Al | El | Pick * |
%,[: | LDI h"'h Ereviaus | [IElete | ok I
{E{{eiile] I .d More | Metbod"l Cancel |

1.7 naA Mesh —> Geometry —> Solids

N/ Select All — OK

Entity Selection - Select Solid(z] to Mesh
@ gdd ¢ Bemove ¢ Exclude Select Al | Fleset | Pick * |
lzl':: | LDI h"'h Erevious I Delete | oK I
{E{palijej I j More | o ethiod | Cancel |

AU 1 ludeg Element Size Ay Max Size of Small Feature LAINA OK



Automatic Mesh Sizing

~ Size For

& Tet Meshing

" Hex Meshing

— Basic Curve Sizing

Element Size
V' Beplace Mesh Sizes on Al Curves

¥ Min Elements on Edge

¥ Max &ngle Tolerance B

|

il

 Surface Interior Mesh Growth

™ Growth Factor

- Curvature-B ased Mesh Refinement

™ Refinement Ratio
™ | Befine Surtace fesh

¥ Max Elem on Small Feature IB
Max Size of Small Feature

™ Wertex Aspect Ratio

V' Mapped Meshing Refinement

1

—Azzembly £ Multi-Solid Sizing
™ Adiacent Surface Matching
™ | Bemove Erevitus Slaving
™| &idjuist Eolors

Tl

Cancel

1.8 ludaq Title, Youngs Modulus, E, Poisson’s Ratio, nu & Mass Density

NUW PVC, 14, 0.35 WAz 1.3E-9 AMNAIAL WAINA OK

Define Isotropic Material

e} I1 IiUEIPVE Colar |55 Palette... | I:ayerl‘l Type... ”
— Stiffre: Limit Stress Mass Density |1.3E-E‘
‘Youngs Modulus, E - 1 Tension ID— Damping, 2C/Co

Shear Modulus, G

Poiszon's Ratio, nu 0.3

Compression

ID
Shear ID. Reference Temp.

~ Thermal
Expansion Coeff, a
Conductivity, k

Specific Heat, Cp 0

Heat Generation Factor ID.

1R

FUREtEmEs |

a—
—

Nonlinear » > | Copy... |

Fhase Change > » |

Automesh Solids

— Mode and Element Options

MNode 1D i‘l CSys |D.Basic Rectangular VI Mode Param... | Elem Param... |

Elem 1D |1 Froperty |1_.Untit|ed vl MNew Prop... | Options. .. |
— Mesh Generation
-QK
Tet Growth Ratio |1.5 tad
v Midside Nodes Cancel |
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1.9 nedn Model —» Constraint —> Nodal

ANN Fixed lutad Title kaanm OK

Create or Activate Constraint Set

N/ Method™ —> on Surface

iR
R =
= Lo Lo e =
A e ey
\ A el i
D e
AT i A A i ST,
AT iy i 3
TN

Ran faRaznan1snruaReulreUn (111 82) waane OK
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LR,

N/ Fixed — OK —» Cancel

Create Modal Constraints/DOF

1.10 nA Model —» Constraint —> Set
AU 2 lutdag ID Az X TRANSLATION lutad Title waanm OK

Create or Activate Constraint Set

o TRANSLATION i

AN Model —» Constraint —> Nodal

nm Method” —> on Surface —> 1@ANRANRMMFABINNT (11 82) —> OK

Entity Selection - Enter Mode(s] to S5elect [ On Surfaces )
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NA Fixed —>TX —> OK —> Cancel

Create Nodal Constraints/DOF [ %]

Constraint Set 2 X TRANSLATION

‘ Caolor {120 Palette. . | La}le[h Coord Sys ID..Basic Fectangular vi ‘
DOF———— 7
= # Symmetry AntiSym .

Fixed | Finned | | I

Il 17 ¥ 12
' Symmetry | ¥ AntiSum
v RV RY ¥ RZ Free | Mo Rotation |

Cancel

£ Symmetry | Z AntiSym |

1.11 nad Model —» Constraint —>» Combine

Combine Constraint Data

@ Combine " Ovenarite

— From

From Set

i To[ Mew Setif Blank |

ToSet I LI
More... I Last One | Cancel |

ne More, 1Aan 1..FIXED ludaq From Set Waanm Last One

Combine Constraint Data

& Combine € Ovenrite

— From

From Set

2. TRAMSLATION

Select Additional Set to Combine

More... I Last One Cancel

1.12 nai Model —» Load — On Surface
1.12.1 ANW 5N ludad Title wdanm OK

%]

Create or Activate Load Set

B Tite [5M

Beset

I Cancel |
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1.12.2 @8N Surface 54 WANA OK

G A e
L e et
i A 2
S e

L

L

Rl o Sl " 3

Pt ’-ﬂf"‘"ﬂ"ﬂ :
v‘(" \.‘\‘"f} L s .( o '0‘.4‘7.1111
P o T = e A

o

iy Selection - Enter Surface(s] to Select

@ dd © Remove { Exclude selectal | pee | Pk |

10[? IE .'EDI_ Q".II_‘I | Ere\ti_ou_s.l [ElEte I ok I

ﬁroupl j More | Method-"".l Cancel |

1.12.3 WUNW 5N lutag FX —> OK —> Cancel

Create Loads on Surfaces [ %]
Load Set 1 =
‘ Q_ol'o'r_l'lﬂ Palette... | i_Tay_bfl'l Coord Sys IU..Basic Rectangular _vJ
F ~ Direction ethod
Force Per Area — G .Fombphents
Farce Per Hode  Wectar % | Eopstant
Moment o ’
Moment Per &rea " Along Curve 1 aratl
Maoment Per Node  Mommal to Plane - 1
Dizplacement EaE R i
Erforced Raotation " Nomal to Surface l Seecly. I | pvances s I
W elocity
- : r=loads
Rotational % elocit T :
Ac?cillg:a?ione el | Yalue Function Dependence
Fiotational Acceleration X ™ |5 ID..None j
Pressure ' =
------------------------------------------------ Fr # ID.
Temperature . .
Element Temperature Z W IU-
Heat Flux
Heat Flux Per &rea .
Heat Flux Per Node =l Phase ID' ID..None j
v Midside Mode Adiustment = ]
¥ Midside Mode Adiustmen oK . Cancel |

1.13 nA9N Model — Load —> Set

1.13.1 AN 2 Tutaa ID waz 10N ludaq Title waqanm OK
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Create or Activate Load Set

bz Tite [10M]

1.5M Resat

Cancel

4y

1.13.2 MMaNduaaui 1.12.2 03 1.12.3 Taglasuailugdas FX 1l 10

1.14 yaNdunaui 13 Ineiuavanludas FX Au a59as 5 aue 30

3 Title [30N

2 E=

318N

5 2o
Cancel |

¥
[

2. AUABU Processing

1.1 n@7 File —> Analyze

n lutas Load Wialaan Load Set 5N

MASTRAMN Analysis Control [ %]
—Analyziz Condition —additional Info——————————————
Analysiz Tupe I‘I..Static j Mumterat Timne Steps I‘IIZI
itial Time Irzrement I
o | ittt e Aeremert 1
utputSten | htenal |'|
V' Constraints : f
318N v Fun Analysi
1= ittt 420N e
5.28M ™ lterative Sobver Restarts... |
E..30M
r~ Dutput Requests Estimated Disk Space: 64 MBytes
Dutput Types |0.5tandard =l el | i I
For Group ID_.Entire Model _Ll Loads... | Cancel |




3.

4
[

MASTRAMN Analysis Control [ %]

—Analyziz Condition —Additional [nfo
Analyziz Type |1_.Static Ll Fleriar of Tins Stz "
itial Time [Aerement
I‘I..SN Ll |Fiitial Fame reremet I'I
; utputSten | htenal |'|
I¥ Constraints |3..Eombined Set =l
v Fun Analysi
1= ittt I ;I i
™ lterative Sobver Restarts... |
r— Output Requests Estimated Disk Space : B4 MBytes
Output Types ID_.Standard _'_I Advanced... | (6]8 I
For Group ID_.Entire Model _Ll Cancel |

nm Yes WAd6Ta File uaziaan Folder dAmiuifiulnadeya —> Save

MS5C Mastran for Windows B

OK to Save Model Mow 7

*r'our model must be zaved prior to beginning vour analyzis. Fress Mo to Cancel Analysiz.

1.1 TdsunsnazinnisAuauAnsnge Fnanilszunns 2 Wi

ne Continue

1.1 Menduneun 1 uaz 2 Tneilaeu Load Set luiFae-auasuyn Set

AURNAU Post Processing

Meszage Review [ %]

[ Eata Efrars]

0 arming M essagels|

7 Information Message(s]

Cantinie

3.1 nm View —> Select —» Deformed and Contour Data
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Yiew Select [ %]
View1 Default 3 Yiew
Y Style————— - Model Style—| — Deformed Style — Contaur Style—|
" Draw Model & None - Model Only " None - Model Only
Xy v D :
" Features " Deform % Contour
5y ws Set )
) " Animate " Criteria
%Y ws Set Value i : <
» £~ Full Hidden Line " Animate-pultiS et " Beam Diagram
7 ¥4 vz Position
" Free Edge Y eotor  |zoSurface
" Free Face 5 Tirace " Section Cut
5 5 ot Eliriction o | Eonne - A :
. T ErarmaEtion ectar
¥ Render b |
|
#y Data... Model Data... | Deforr'nec_l and Contour Data... |

Push Model Data... to select Funchion,

[ Cancel |

3.3 1@@n 2..T1 Translation lugad Deformation (@N@ﬂ’]ﬁ‘mafﬂuﬁ’ﬂmmmmu X)

3.4 @8N 2..T1 Translation luta Contour (AHANNINIZANENTTLARAUAL LU

QLN X)
Select PostProcessing Data
Wiew 1 Drefault =7 Wiew
- Data Selection Sechun ot pho
: I vl 1 Lot o]
Category .D..Any Gutput e Wefite Sechar.. |
Tupe ID..VaIue or Magnitude VI £ Cortour Seotions
I Dataat Carmgrs 'Numl_JerI Spacingl
i~ Output Set =
Frogram Analysis Type Set Walue
[1. MSC/NASTRAN Case 1 | MSCMNastian Static 0.
— Output % ector
Dreformation e i Al
Masimum M 1.569194
2.T1 Translati v| Nade :
Lot = Minimum 603 0
Contaur
Hode I aximum m 1.569194
Minirnum 603 o

=Fnal et S et

Trace Locations. ..

Contour Options. .. |

Contour Yectors. .

DK

[Hitput S et nerement |1

FEreebody Display...

Cancel |

3.5 na OK — OK
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1. AURABU Pre-Processing

1.1 1WaTdsunssy MSC/NASTRAN for Windows Intl nazadass Nlana

1.2 naN New Model

Laak in: la data ;I @J gl

plate-fixed. MOD
plate-test MOD
amplel.mod
ower-vibMOD

File name: I| Open I
Files of type: [ Model Files [~MOD) x| Hewodel |

1.3 nNA7 File —> Import —> Geometry
1.4 @ena 289uuuRaziInN13mINzs (W1 lens2006_4.iges) aninawnes 7

VuTnail wdanm Open

Geometry File to Import HE
Loak e | 3 len2008 = = & &
@ lens2006_1.=tp lens2006_4_Tigs |§| support.igs
] lens2005_2.igs 8] lens2006_4_1.stp
lens2006_2.stp lens2006_.igs
lens2006_3.igs lens2006_5.stp
[=#] lens2006_3.stp [=#] Prt000t.igs
8] lens2005_4.igs Stitched.x_t

Stitrnend.»_t
1 (3

File name: IIens?DDB_4.stp Open I
Files of type: IAIIGeometry[".SAT;".><_T;".IGS;".STF’;".STLj Cancel |




IGES Read Options

-~ Entity Option:

™ Fiead Geomety Orly

— Surface Option

¥ Fead Surfaces

' Diefault Trim Curves
" 2.0 Trim Curves
3D Trim Curves

Intemnal Scale Factor : 39.37

— Proceszing Option:

™ Merge Coincident Points

Geometric Tolerance ID.DD??S?S?

Ok Cancel |

1.5 nah Geometry — Solid —> Stitch

ne Select All — OK — OK

Entity Selection - Select Surfaces to Stitch

@ 4dd  Bemowve ¢ Exclude

 ——

AE{feii o) I

Select AIII Reset | Pick ™ |

Ereviousl Delete | Qg |

H

More | Metbod"l Cancel |

1.6 NATN Mesh —> Mesh Control —> Size Along Curve

\@an Curve 1 —> OK

Entity Selection - Select Curve[s] to Set Mesh Size

& gdd © Bemove

" Exclude

D to] by
v B

§e|ectAII| Reset | Pick * |

Ereviousl Delete | Ok I

More | Metbod"l Cancel |

Wuw 3 Tutdas Number of Element, ne Equal, na Length —> OK
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Mesh Size Along Curves E

i~ Mesh Size

&' Mumber of Elements

" Elemert Size
I | it Elemiot Lines

J¥ | ity Elem o Elesed Edges 12

T |

¥ | it Elemmm Wther Edges 2

—Mode Spacing

& Egual " Parametric
" Biased 'y

| Geometric Bias

Bias Eactor |1

%) 5| Elements at Start
= Sl Elements at End
£7) Bl Elements ot Eetiter
r

Small Elements &t Botly Bnds

Heset |

AN Curve 4 UaY 6 — OK

Entity Selection - Select Curve[s] to Set Mesh Size

@ 4dd © Bemove ¢ Exclude +5
{1o] | !Ui E‘r‘l‘l

o

{E{feiv o) I _‘d

§e|ectAII| Reset | Pick * |

Ereviousl Delete | Ok I

More | Method"l Cancel |

AU 30 lwdas Number of Element, n@ Equal, na Length — OK

Meszh Size Along Curves

—Mesh Size

&' Number of Elements 0

" Elemert Size
% | it Elemimm Lines:

% | it e om Elased Edges

T |

-~ Mode Spacing

& Egual ' Parametiic
" Biased g

" Geometric Bias

Bias Eactor I 1

Sinall Elements &t Start

o

Sl Elen

1D | ta ] by |1
e
Eifaiie] l j

-
it Eler o ither Edges ok
i Eles ot Dt Edg= €1 5l Elements at Betiter
) Sl Elements at Both Erds Cancel
nm Cancel
= .
1.7 nAN Mesh —> Geometry — Solids
ne Select All — OK
Entity Selection - Select Solid(z] to Mesh
@ gdd ¢ Bemove ¢ Exclude §e|ectAII| Fleset | Pick * |

Ereviousl Delete | oK I

Moare | o et | Cancel |
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NN 2.2 ludag Element Size WAy Max Size of Small Feature WAINA OK

Automatic Mesh Sizing [ %]

— Size For

& Tet Meshing " Hex Meshing

—Bagic Curve Sizing————— [~ Surface Interior Mesh Growth

Element Size 22 [ Growth Factor I 3
01
0K

|

I™" Beplace hiesh Sizes on All Curves - Curvature-B ased Mesh Refinement———————

IV Min Elements on Edge ™ Refinement Ratio

1

V' Max &ngle Tolerance i3 I | Befine Surtace fiesh

¥ Man Elem on Smal Eeature |6 —Assembly / Multi-Solid Sizing

™ Adiacent Surface Matching -
I | Bemaye Brevious Slaving

i Cancel |
= | Ediust Ealors:

Max Size of Small Feature

li
;

™ Wertex Aspect Flatio

V' Mapped Meshing Refinement

1.8 lutas Title, Youngs Modulus, E, Poisson’s Ratio, nu lla& Mass Density

a -

NUAW PC, 2300, 0.37 kA 1.2E-9 ANNAAL kAINA OK

Define lsotropic Material

%10 J1 Title|PC golor|55 Palette...l I:ayerl‘l Type... ”

- Shiffriess - Lirit Stre: Mass Dengity IW.?E-E‘
“roungs Moduluz, E |23UU Tension IU- Damping, 2C/Co
lU.

Shear Moduluz, G Compression

|D. |D

Foizzon's Ratio, nu IU_3? s IU_ Feference Temp
IEI.
ID.

— Thermal

Expanszion Coeff,
Eunctons > | Load... | Save.. |

Conductivity, k

— - N
Specific Heat, Cp 0 Hbninent s | oL
Heat Generation Factor ID. Phase Change > » | Ok I Cancel |

Automesh Solids

— Mode and Element Options

MNode 1D i‘l CSys |D.Basic Rectangular VI Mode Param... | Elem Param... |
Elem 1D |1 Froperty |1_.Untit|ed vl MNew Prop... | Options. .. |

— Mesh Generation
=
Tet Growth Ratio |1.5 tad

v Midside Nodes Cancel |
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ALY -

ol ™

Ly o

1.9 natlu Ctrl + Q AiRduasn

nA7N Node —> Done

] iew ﬂuikpli ns

AT AN
R B
P ANATANAVL AV T
ORISR

1.10 nA7 Model —» Constraint — Nodal

NN Fixed lutad Title haanm OK
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%]

Create or Activate Constraint Set

b1 Title [FIXED

Beset

Cancel |

nA Method™ —> on Surface
\@an Surface 68, 69, 70, 71, 72 kA% 73 Waanm OK

o
a7

AT
e

Entity Selection - Enter Mode(s] to S5elect [ On Surfaces )
add C Hemove C Eyclude |+71 selectal | Reset | Pk |
+?2 = — —
i 10[: I LDI h"'h :gg PBrevious | Delete | Ok I
(E{ful e | _j More | Metbod"l Cancel |
nA Fixed — OK —> Cancel

Create Nodal Constraints/DOF
Constraint Set 1 FIXED

‘ Caolor 120 Palette... | La}'3f|1 Coord Sys ID..Basic Fectangular VI ‘

il # Spmmetry |  AntSym |

WV TV Ty W 12 Pinned | oK |
T Symnetry | T AntiSym |

¥ Fx¥ Ry ¥ RZ Free | Mo Rotation | Cancel |
£ Spmmetry | Z AntiSym |

1.11 ned Model —» Load —>» On Surface

1.11.1 NNW 200N lisday Title waanm OK



Create or Activate Load Set [ %]

i

Title [2004

Besst |

| Cancel |

1.11.2 1@8n Surface 93 WANA OK

Entity Selecti
& Add ¢ Remove { Exclude

DE s wf |

Enter Surface[s] to Select

§electAII| Feset | Pigk"'l

Previous | Delete: | oK I

E’roup I

=

Mare | Me‘thod"l Cancel |

1.11.3 NN 200 ludas FZ —> OK —> Cancel

Create Loads on Surfaces
Load Set 1 200N

‘ _Qolorlm Ealette... | I:ayi3r|1 Coord Sy ID..Basic Rectangular

|

F
Force Per Area

Force Per Mode
Moment

Moment Per &rea
Moment Per Mode
Dizplacement
Enforced Raotation

W elocity

Fiotational W elocity
Acceleration
Fotational &cceleration
Pressure

-

Temperature

Element Temperature

Heat Flux

Heat Flux Per &rea

Heat Flux Per Mode ;I

¥ Midside Mode Adiustment

— Direction Method
' Components
 Wectar % | Eopstant
™ Along Curve L
 Mommal to Plane | - I | I
 Nomalta Suiface Srecii. Advaneed..
r=loads
Yalue Function Dependence
F v ID. ID..None j
A |u.
Fz W [aod
Phase ID. ID..None j

Cancel
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1.12 nAN Model —> Load —> Set

1.12.1 AN 2 Tugaa ID waz 300N ludad Title waanm OK

Create or Activate Load Set

b2 Title [300M

1.200N Resst

Cancel

iy

1.12.2 MaNduaaun 1.11.2 09 1.11.3 Iaadaguanludas FZ 1w 300

1.13 MeNTuRaun 12 Inaine vanludas FZ 2w Af9az 100 AU 1000

Create or Activate Load Set

b3 Title [10004]

1.200N
2.300N Hestt
3.400N
4.500N
5..600N
£..700N
7..800M Cancel
£..900M

gy,

2. UUMAY Processing

1.1 na% File —> Analyze

N lutas Load Wialaan Load Set 200N —> na OK

MASTRAMN Analysis Control [ %]

— Analysiz Condition —Additional [nfo
Analysis Type I1..Static j (st of Tins Stop i
W Loads I itial Time [ erement I'I
. [Htput Stepi ntenal l'l
¥ Constraints 2 300N b
3..400M ¥ Run Analysi
I= [l ordtions |1 soon Sl
5..600M ™ lterative Solver Restarts. . |
E..700M |
— Output Requests gggg: Estimated Disk Space: 245 MBytes
Output Types 9..1000M Advanced... | ’TI

For Group 0..Entire Madel LI Loads... | Cancel |

2
o

nA Yes UAdF9Ta File uaziaan Folder duiuiivlwadays — Save
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MS5C Mastran for Windows
OK to Save Model Mow 7

“Your model must be saved prior to beginning your analysis. Press Mo to Cancel Analysis.

1.1 TUsunInazyinnIsATUIUANFNN Fnanilszanns 5 Wi

ne Continue

Meszzage Review E

0 EatalErrars]

[ ey Message(s!

7 Information Messagels)

i Show Details. . Contiriue

1.1 Mendunenit 1 waz 2 Inenlasu Load Set luisea-aunasuyn Set

3. AuUMaU Post Processing

1.1 nm View —> Select

nm Deformed and Contour Data

Yiew Select
Wiew 1 Default =7 Wiew
—#4r Style i~ Model Style | i~ Deformed Style i~ Contour Style -i
o " Draw Model & None - Model Only ' None - Modsl Only
& ;Y e - " Deform & Contour
P Se; i e | | 1 Animate " Criteria
i Positio_n £~ Full Hidden Line  Arimate-tultiSet " Beam Diagram
- " Free Edge = estor " |soSurface
g " Free Face | & Trace " Section Cut
¥ Render = | Ship Defomation " Mector |
|
#y Data... Model Data... | Deformed and Contour Data... |
Push Model Data... to select Function. ke Cancel |

3.1.1 1@an 1..MSC/NASTRAN Case 1 li184 Output Set (HAANS U84

Load set 1)
3.1.2 18N 4..T3 Translation luta4 Deformation (gnan1sAdauaa 1y

ILLALNY Z)



142

3.1.3 18N 4..T3 Translation lutas Contour (AHANIINIZANENTTLARAL

B ML UL Z)

Select PostProcessing Data E
Wiew 1 Default =7 Wiew
— Data Selection = Setion Bt pton
Categary ID..Any Cutput VI ) Gt Wods]
Tupe ID..VaIue or Magnitude VI {2} Catitour Sections
™ Data at Comers Nu.rn}_Jarl Specingl
— Output Set
Frogram Analyzis Tope Set Value
1.MSCAMASTRAN Case 1 j MSC.Mastran Static 0.
— Output V¥ ectors
Deformation Type g el
I awirnurn 4031 031338
4..T3 Translati - Mode
e [ | Minimum 2300 00274162
Contour
Node I awirnum 4031 0.31858
Minimum 2300 00274162
 final Wtput Set Trace Locations. .. | Contour Options. .. |
J Contour Y ectors. .. | Ok I
oot et nerement I'I
FEreebody Display... | Cancel |
nn OK —» OK
Ny o ¥
3.2 NITUABNNITANTITNTSATLUBIAITNIAL
ne View —> Select
N Deformed and Contour Data
Yiew Select [ %]
Wiew 1 Default =7 Wiew
—#4r Style i~ Model Style | i~ Deformed Style i~ Contour Style -i
" Draw Model & None - Model Only ' None - Modsl Only
oy ws D
" Feat " Deform & Contour
5y ws Set
) i+ " Animate " Criteria
£ 5 v Get Walue ; : : : .
» £~ Full Hidden Line  Arimate-tultiSet " Beam Diagram
2 vz Position
" Free Edge = estor " |soSurface
L " Free Face % Miace " Section Cut
5t Bt | I osiir oy
i [ efarmmation ectar
¥ Render b |
|
#y Data... Model Data... | Deformed and Contour Data... |

Fush Model Data... to select Funchion.

1f

Cancel |

3.2.1

Load set 1)

3.2.2
3.2.3

@8N 1..MSC/NASTRAN Case 1 ludaq Output Set (NGNS 184

AN 60031..Solid Von mises Stress 114 Deformation

1Aan 60031.. Solid Von mises Stress lutas Contour



Select PostProcessing Data

Wiew 1 Default = Wiew

- Data Selection

T'_l,jpe ID..VaIue or Magnitude VI

™ Data at Corrers

Category ID..Any Output - l i

Secton Cut Hption
£ Butkode]

5 N Dortonn Gectins

[efme Secton,.. |
fdurmter I Spacing I

— Output Set
Frogram Analyzis Type Set Value
1.MSC/NASTRAN Case 1 j MSC.Mastran Static 0.
- Dutput Yector
Deformation Tope 1 il )
B0031_Sold Von Misss Stess <] Elomeny Mamum S35 1450518
= Minimum BaN 0.0234478
Contour
b aximum 9366 14.60516
Element -
Minimum E911 0.0234478

= Fimal [ htEatSet

WitEut Set Herement |1

Trace Locations...

Eon_toiu Options...

Contour Y ectors...

[ = |

FEreebody Display...

Cancel |

AN 1

P
VAVAVAWES
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1. AURABU Pre-Processing

1.1 1WaTdsunssy MSC/NASTRAN for Windows Intl nazadass Nlana

1.2 naN New Model

Laak in: la data ;I @J gl

plate-fixed. MOD
plate-test MOD
amplel.mod
ower-vibMOD

File name: I| Open I
Files of type: [ Model Files [~MOD) x| Hewodel |

1.3 nNA7 File —> Import —> Geometry
1.4 @ena 289uuuRaziInN13mINzs (W1 lens2006_4.iges) aninawnes 7

VuTnail wdanm Open

Geometry File to Import HE
Loak e | 3 len2008 = = & &
@ lens2006_1.=tp lens2006_4_Tigs |§| support.igs
] lens2005_2.igs 8] lens2006_4_1.stp
lens2006_2.stp lens2006_.igs
lens2006_3.igs lens2006_5.stp
[=#] lens2006_3.stp [=#] Prt000t.igs
8] lens2005_4.igs Stitched.x_t

Stitrnend.»_t
1 (3

File name: IIens?DDB_4.stp Open I
Files of type: IAIIGeometry[".SAT;".><_T;".IGS;".STF’;".STLj Cancel |




IGES Read Options

-~ Entity Option:

™ Fiead Geomety Orly

— Surface Option

¥ Fead Surfaces

' Diefault Trim Curves
" 2.0 Trim Curves
3D Trim Curves

Intemnal Scale Factor : 39.37

— Proceszing Option:

™ Merge Coincident Points

Geometric Tolerance ID.DD??S?S?

Ok Cancel |

1.5 nah Geometry — Solid —> Stitch

ne Select All — OK — OK

Entity Selection - Select Surfaces to Stitch

o B i—Jl_

]
Select AIII Reset | Pick * |

F'rewous Delete | Ok |

% Add " Remove ( Exclude
ﬁroup I

Mare | Method ™ | Cancel |

1.6 NAN Mesh —> Mesh Control —> Size Along Curve

lAan Curve 1 —> OK

Entity Selection - Select Curve[s] to Set Mesh Size

& gdd ¢ Bemove

Y — — -

" Exclude

§e|ectAII| Reset | Pick * |

i} I

Ereviousl Delete | Ok I

2|

More | Metbod"l Cancel |

Wuw 3 Tutas Number of Element, ne Equal, na Length —> OK
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Mesh Size Along Curves E

i~ Mesh Size

&' Mumber of Elements

" Elemert Size
I | it Elemiot Lines

J¥ | ity Elem o Elesed Edges 12

T |

¥ | it Elemmm Wther Edges 2

—Mode Spacing

& Egual " Parametric
" Biased 'y

| Geometric Bias

Bias Eactor |1

%) 5| Elements at Start
= Sl Elements at End
£7) Bl Elements ot Eetiter
r

Small Elements &t Botly Bnds

Heset |

AN Curve 4 UaY 6 — OK

Entity Selection - Select Curve[s] to Set Mesh Size

@ 4dd © Bemove ¢ Exclude +5
{1o] | !Ui E‘r‘l‘l

o

{E{feiv o) I _‘d

§e|ectAII| Reset | Pick * |

Ereviousl Delete | Ok I

More | Method"l Cancel |

AU 30 lwdas Number of Element, n@ Equal, na Length — OK

Meszh Size Along Curves

—Mesh Size

&' Number of Elements 0

" Elemert Size
% | it Elemimm Lines:

% | it e om Elased Edges

T |

-~ Mode Spacing

& Egual ' Parametiic
" Biased g

" Geometric Bias

Bias Eactor I 1

Sinall Elements &t Start

o

Sl Elen

1D | ta ] by |1
e
Eifaiie] l j

-
it Eler o ither Edges ok
i Eles ot Dt Edg= €1 5l Elements at Betiter
) Sl Elements at Both Erds Cancel
nm Cancel
= .
1.7 nAN Mesh —> Geometry — Solids
ne Select All — OK
Entity Selection - Select Solid(z] to Mesh
@ gdd ¢ Bemove ¢ Exclude §e|ectAII| Fleset | Pick * |

Ereviousl Delete | oK I

Moare | o et | Cancel |
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NN 2.2 ludag Element Size WAy Max Size of Small Feature WAINA OK

Automatic Mesh Sizing [ %]

— Size For

& Tet Meshing " Hex Meshing

—Bagic Curve Sizing————— [~ Surface Interior Mesh Growth

Element Size 22 [ Growth Factor I 3
01
0K

|

I™" Beplace hiesh Sizes on All Curves - Curvature-B ased Mesh Refinement———————

IV Min Elements on Edge ™ Refinement Ratio

1

V' Max &ngle Tolerance i3 I | Befine Surtace fiesh

¥ Man Elem on Smal Eeature |6 —Assembly / Multi-Solid Sizing

™ Adiacent Surface Matching -
I | Bemaye Brevious Slaving

i Cancel |
= | Ediust Ealors:

Max Size of Small Feature

li
;

™ Wertex Aspect Flatio

V' Mapped Meshing Refinement

1.8 lutas Title, Youngs Modulus, E, Poisson’s Ratio, nu lla& Mass Density

a -

NUAW PC, 2300, 0.37 kA 1.2E-9 ANNAAL kAINA OK

Define lsotropic Material

%10 J1 Title|PC golor|55 Palette...l I:ayerl‘l Type... ”

- Shiffriess - Lirit Stre: Mass Dengity IW.?E-E‘
“roungs Moduluz, E |23UU Tension IU- Damping, 2C/Co
lU.

Shear Moduluz, G Compression

|D. |D

Foizzon's Ratio, nu IU_3? s IU_ Feference Temp
IEI.
ID.

— Thermal

Expanszion Coeff,
Eunctons > | Load... | Save.. |

Conductivity, k

— - N
Specific Heat, Cp 0 Hbninent s | oL
Heat Generation Factor ID. Phase Change > » | Ok I Cancel |

Automesh Solids

— Mode and Element Options

MNode 1D i‘l CSys |D.Basic Rectangular VI Mode Param... | Elem Param... |
Elem 1D |1 Froperty |1_.Untit|ed vl MNew Prop... | Options. .. |

— Mesh Generation
=
Tet Growth Ratio |1.5 tad

v Midside Nodes Cancel |
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ALY -

ol ™

Ly o

1.9 nmailu Ctrl + Q NAguasn

neN Node —> Done

i iew Quick Options

P e
pA AT o o b
NS

S%SS"AVA.V&AQESAVS;

1.10 ned Model —» Constraint —> Nodal

NN Fixed lutdag Title ka2nm OK
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Create or Activate Constraint Set

b1 Title [FIXED

Beset

Cancel |

nA Method™ —> on Surface
\@an Surface 68, 69, 70, 71, 72 kA% 73 Waanm OK

o
a7

AT
e

Entity Selection - Enter Mode(s] to S5elect [ On Surfaces )

& Add € Remove © Exclude [+71 §e|ecm||| Reset | Pigk"l

+72
i 10[: I LDI h"'h +73 PBrevious | Delete | Ok I

+68

[Eraup |

.j More | Metbod"l Cancel |

N/ Fixed —> OK —» Cancel

Create Nodal Constraints/DOF
Constraint Set 1 FIXED

‘ Caolor 120 Palette... | La}'3f|1 Coord Sys ID..Basic Fectangular VI ‘

il # Spmmetry |  AntSym |

WV TV Ty W 12 Pinned | oK |
T Symnetry | T AntiSym |

¥ Fx¥ Ry ¥ RZ Free | Mo Rotation | Cancel |
£ Spmmetry | Z AntiSym |

1.11 nAN Model —> Load —> Nodal
1.11.1 NNW 200N lisday Title waanm OK
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Create or Activate Load Set [ %]

b1 Title [2004

Beset

Cancel |

1.11.2 13an Node 1834 Waanm OK

<D
KA

e e
g
A

VALY
QoS

1.11.3 WuwW 200 ludas FZ — OK —> Cancel

Create Loads on Surfaces
Load Set 1 200M

‘ Qolorlm Palette... | I:ayerl'l Coord Sys IU..Basic Rectangular j

i tiethed

OICE FS
Force Per Area | | * Components
Force Per Node " Wentor 1% | Gomstant
Moment 7
Moment Per Area ™ Along Curve il
IE)d_on]ent Per rt~lode  Mommal to Plane | I | I

isplacemer SEECii. A ol
Enfarced Ratation " Nomal to Surface =l Seiaies
W elocity

- : e e
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