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PointData 1 Entry method = Coordanates

PointData T x: =0,0.75,1,1,1.25,1.75,2,2,2.25,3

Point Data T y: =0.5,0.5,0.75,0.25,0.5,0.5,0.75,0.25,0.5,0.5
vlzls o Ptis Betas-x “ PointData -y9 9 sHWIs! mMw OB Mydmd
dzOB tstclz Ct PP 1) sBzHEZ2Is] L tsBtcOy j dedry Istsyts¢

1 00

0.8
1

0.6
0.4
0.2
0
0 0.5 1 1.5 2 2.5 3
sjfjte o IssycoOn, f{tcj HGURIBtdz] dzd3B ) €20 dz®B 1§ iy
ofm' o j dzd yd dzd , Study 1/Solutioml tetsL 9 6w L Ckz
U 9 kzDedzed Valuesfls ¢ s Iz L ts dz PdiigHf/apation : wed?2

ftodL dzgOyj ded?2 Hdzw B YdMmdzj dzdz? L dzOyj dz@ o Ist
Derived Values RMB > Point Evaluation
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Expression 1 Expression =T
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(0, 0.5)
(0.75, 0.5)
(1, 0.75)
(1, 0.25)
(1.25, 0.5)
{1.75, 0.5)
(2, 0.75)
(2, 0,25)
(2.25, 0.5)
(3, 0.5)
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e am 33 ‘“— E E = B -

(0,0.5) (0.75,0.5 (1,075 {1,0.25 (12505 (L7505 (2,075 (2,0.25) (2.250.5 (3,0.5

R e R, R ST

= | LD | o0
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293.15 313.43 308.84 319.13 315.06 J04.57 294,63 J02.73 296,16 295,29
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EELOOWLCE, Odj ' Hd&v odL dOyj dd" L &ZOWj
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Results- Derived Values RMB > Point Evaluation
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BOls | ¢ dEdftde dnGj de@ Hi,dz' L dzOyj dzdz® Csj Y. y' ‘' dzks O

B + + w—~  Replace Expression

Expression: Type filter text

ht.kmean Internal boundary fluxes, downside ;l

Unit: Energy

Global
WM™ Heat sources

4 Material properties
Thermal diffusivity
Effective thermal conductivity
Thermal conductivity
ht.alphaTdMean - Mean thermal diffusivity
ht.C_eff - Effective volumetric heat capacity
ht.Cp - Heat capacity at constant pressure
ht.dz - Thickness
ht.gamma - Ratio of specific heats

| ht.kmean - Mean effective thermal conductivity|

ht.rho - Density

J f tsEdgdression L' W o dIs! fht kmeat,tc OL dzO Y dadz" wetsg
9 HtsBKOLdId o IOBAZdY" , wehts 9adCtsdzOIsd €t
LMB > Evaluate T New Table
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RMB > Maximum i Surface Maximum
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Definitions
4 Heat Transfer in Solids

4 Domain fluxes ~

ht.tefluxMag - Total energy flux magnitude
ht.tfluxMag - Total heat flux magnitude
ht.trifluxMag - Transktional heat flux magnitude
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Total heat flux magnitude (W jm"2)
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Integration L4
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fdeSisd, WwG¢' LbkMmte' yoOsls: mMw &O23j oM Hd.
f Ote
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s 5 d30 dzH {fdMm
Help ] " HCtdo O SCtdlsj SMisdzgz HBs9 " H
Properties l " HCtedo O fdzlz y B tPmferties L O§ dz¢
o OMlsdotsmisj?2 OCIsdodzsets okzL
Settings l " HCtcdo O 9" Cdzs 9 dzOMIs d o ts A
1, g WS L OL o d Yy O 20zO0Ods Isdzs" OdiAEZ) &
HOdz
Rename l " HCtde O o' Cdets ff jtoj 2 dgj dzlzg
BsSH | d&z" .
x
Mew label:  Helmholtz Equation X
ITI Cancell
Copy stsff " ¥ okLsdz 9 BEW ]t 5B dRastd
dZOL 9 O_Bisck@O o MisOodlsd S " &
Duplicate l Mis©o dzw ° ® HJjWk]jots WgsHJ dz ¢
HEZBdz® 90lazL d&zO flseotstes ‘ Is! fiw dzd ¥ Ud 1
[ B dzt 9 Odzdz? HBf EMIsddts H W g
Hdzw o fm''n. L Wdiswesd B3 ° defmistelz o3 0z
H' O’ s90dgdzy ' oMfMls©oaCd L
Delete Il JHOdzv " § slssydzd? okLdz L
Disable ' 4 OCIsdoekz’ i slstsydzd 2 oL sz
fsmdz' Hiso des s CdzmlslzC Yyt 2t
dzj OCIsdo dzsgfis flEO ‘dzOIs o d3W dzis & .
Enable Il Cdzg yoO' f(wolssydzd? okzLBdz o
H Yy! sets o' dz HRo uvh HGZOWLdo
dzj OCIsd o dats@ s okL dzO o jtcls(
Wi teOo smis’ .
Move Up 1 jtedd3 hize Is! f slstsyded A tsa Zfryts dz
Move Down OBts odzdL .

S tsd30 dzep® as code to clippboard 8 d C sted Mlsso z° Is+ Mw

HSHOISG
oS tstcdmistso zt Is

9 .

COMSOL
?BGts

ftd

Mul ti phy s iOMs ts izl Godgddrw
B ' ' [i48 dapy ad3toHe]tolz’ . :

clipboardL Of o flizfs WEhdskOdzv d o BEYW jt& 5§ j Oy 2 dats’
i Group by Space Dimension
Copy as Code to Clipboard k & Create
E Delete Del | =
7} Disable
1 BEY O od d&syilj oMmMksOadlsd IsjSMmls

fis o tstc j dzts ¢ 5 Cofy tagis@ddzto Elipboard - Create H dz [z L Hizlhholtz

Equation (hzeq) w S d2 oMlsOo dzj dzts L

model.physics().create(*hzeq","HelmholtzEquation", “geom1");
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Cdzr €d d&3d dad BO° B3 dz2O3 ek i dmkze Olsc
tcdMmMlssozs s+ COMSOL API, s @&Od3 yw dat
30 dEMpdt Is Omport H SL 9 SdzW ¥ s ! J S sthls maO@LS d /¢
d . [ SMy Stclskzo Olsd s d20 w{ s Isklzs , IO
wWodzdzW ¢ H Jw Bl 6 s otOdbEv ISt dinlsd .dz02 yOfmist
o, w gt tcOdz N j Miseo tstcr 0 Odzd )] H btzts
Stlszo Ozg M3y HRisls pasPzisisizo Olsd dsy 2O SO
Mlse tstej difizte ts ¢iplOEROSdAsZ Bt oz Bls o st dikzdzh sz W C

COMSOL Multiphysics.

V 9kL d 9o, hts ftoj HMMlsOo dzv 6 Is! Adg Befdyg 'Is to d Y |
Add After. ]l 5dzqd B3 Miswis! W s d3@dgsed dzdndséd ts i jsdpdiz’
COW " ydedrm obkzL dz' 9/ " demlstezC y' 2. Ad Jdzj dzg d
GJBhid sedydzed~ obkzL d&z' 9, s &zt €d fted od¢ tsdzO
f OOy sted BSH j dz’

4 ¥ Ge.umetrvl

=1 (1)

| Circk =

Farr

Materials @& Build Preceding Fa
4 72 Helmholt

f ¢
d¢ts
S
02 a&z
o g
02 oz
} ¢y

Build Selected F7

4 o Helmt Add Before ,
= Eq —
ISy 7erp | Add After k| P If
o Initial 75 Eeelf
= Dirichl Copy as Code to Clipboard LN .
& Equat /5] Else
f Mave Up Cirl+Up '_)_E End If
L tetsLH' W d , hts totsL f o' HO'H GfCaO Higls o to J talisdz
ftedS dzOHd L OMlstsmizeo Odzdzgy SOSCdr Ed@Soadzd~ oL
I sfjttOy’" ' o Hjt] o' I@mHjic 'z o didE dzlz sal
o zL dzd r | ‘ Cdemilstelz €yt oW dzd s s gdc | dzdew dztdzdgh
dzts ¢ ' ydats d3lzu G Ssdfeds H €Az 2 oo Qrdzdi’ pafd L dZO YO i st
fsBkzHtsod sB yd ddzjydzgizls L dgtse j alz' H j o] o d3ts H J

1 OG0t L dzd By d20  f Jtfeji tef] ) Odz@ dzdy § & diarde
f stclzh 2o Olsd {cdisiz’ HAdsdaAROMEd ¢ dzOH dzf BBy dzO
GteOdzd ydzedr Ekdiise o dh j oMeshde@ dzt W | GdolndirgizO O
ddzgs' MyJj L dzOmMGBGH K Jdedzo zL dz' 9 dzj| @Pigts S dzO 8 d oz
L dzOy j dzdz¥  tstcw H@dbal Pefinitions.o o ¢ dzy'

L BOW T ydz' oL dfdj e " Olsd o ' &J » OrOBdSe df
Jj&B holsd o "de"kz cwOW' ydzz cwkzi z. 2 5B,
sdz, LORGY'Is! 2Bet & ots CdsfSts &dh
jlswads ' oddL OBt oGtk Caf ®EEOR 't
Witgdists e s )y Isd i 2 2D ROYGeaik adORIC 2 Ly . MO A3z
UWidfe j m ot deday LedzCH ety LodzOyO‘ Is! Mw o' Hte' L €

4 g Temperature (ht)
w Surface 1

a g ontours (ht)
B Contour 1
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J ftcd ¢ dzOH ' fsfijtcjHds St OO OWO (WG
mils o tstcj diZlemperaturelztit) - Surface 1L Wk dzC y' sdzOdz! ded d3 L
teSL tcOnzdz B0 5° dottEdnfials Caontours (htp & Cantdr 1 L
Ctodzalsztedzed d&zd dz' dz' W d&3d Istsclsy wmgj fisjp dizy Gotirislz tc dzts «
9 GtOW ' ' yUemperattedz thtlz 1 dzw  yuv GLts] ' s 2s€tsE dz' o
a3d h ' fJtcjswgedz Is orenmpésdture ght) ¢ s ® Y H o tzz ¢ &
o' HdzsMmwis! Mw Hts st @& PJ de€apixur dimdzhzn " Is
Ld3" dzd © SCtdz to Ctsdalskztedzdr dz' dz' 2 9  a joHs B dzdz"
h ¢ Odzqd ¢ S(ddzjsde] deH d Yol dz' sz dats € ctc OW ' ydz' 2
Temperature (ht) dzOB EZH ] o9 dcdzW H Iz

295

] stetsy dzt  coc Cdidiagraald Contours (ht) dzts ) dzO o
Cydzf BOo s Cdzstf C s BB h fs vy
¢ 5 &30 Deletz

[ dz'¢ j tclzo @glztizy o sd3 i3S H J dZ ' h o
By dz0 o dStstcdMmistsoazo OIsd ¢ Otew y'
&kdh . 1 0 jHjdBsS HJWE" L dzd =

T FliodSdzd¢ CtsdzlsjSmsdes™ HBo " HE(
Crl -FliadSdzd¢ HBo ' HEBoats’ HEBCEAB dzsOy"'
F3io ' HC dz6 yO' " b HOUS a2 oL tsdz Hjtej 80O s
FAio Cdzt yO' obkLtdz, WwWed2 HB yY! st BRSO H
F7TioadStsdz@d jtch Odz' dz ts 1€ tiswiyRjdeHrc z o Odzslzrd dg Iz L
CtetsC o Qdfarmput e Sel ect ed Step) , B L
(Build Selectad)ls@BdzHlEBuUIinl' dzvIzmkKIzect ed
FBifmsodzg Mlst  jtejBEZHBO 2 G jutEdp dst&" ¢ ((BBRUL
Al 1), $Femdald Mg wziaz ( Compute),, BEHE'
Shit +F10T o dSC dzd S ©' Ctdzlsj €S Misdzj d3j dz®
DeliodHOdzY® {fslssydd?2 obkzLtsdz 1 {
CTRLT ATioadw'sdn’ tB' " CIsd 9; ctOW "' ydzsdzgz o °
Cedzd OCIsdo dzO MmMlste' Yy¢ © ' dzMmistez d3j dzls © dz' dz(
WsCkm &3 3 LOSCdZOH SO Mmlste’ Y& d

) Ok o Oy j dzdzw ftots f Odzj dz' . dzfLIEtS s jod@ld 't VI fnj
fdmisj ds® * Widssdhd WB 57 GO d SR tisq & Ardsts O
Byl fesflzmisdisd.

v Wi ndows XP o' HMkzls daw Mlste" y¢ © ° dzml
L sodz N dz 2 9 dc dzv H Csizto dzgsegts o' CdzO COMS
MlsOdzH Oelsdesets, wWCd2 & MBesthlsWichd OyBE1 Hls
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G s dzts o daslZ dzj diindsdz: dzts’ f Odgj dz7 L' weoadzv ' st v e
LodyO2dz Hdzv HSROLEj®B WMsndsswg dz, o € dzO
f tso ' Hsddzj dz ‘ CtoOW " ydzi o' Cdes JtwcOCIsdydz
cdmMzdzC 2 §5C0O0LO0OdZO 9 j ton &0 YOOMS RO #i6 iz o
LOf h jdesets ' H EZftOodz dzdz" &3 Wi ndows XP.

Materials
] ftcOQo " 2 yYyomilsd dz fjtehsets teWHCO {dode dz
[ tczed?2 GWHEBSE  Odzj dz' " demistelz d3j dzls © o a3’ Mlisc

L OC dzZOH S Od3 G sdzts o datlf 'O dzj dif) Is tc 2 dgjdzlo@Jdr’ * datg) " dzdz’
Yy sz y twwHCE ftOotstekzy © HECtdo O Is! Mw
ZOoMmszf dets gz dzOdzt dzS 2 f sC OL OdzO dz' 9 O f sdztso
L O ¢ dzObefhitiors

= Definitions f'\ Geometry .5 Materials ‘U Physics /5 Mesh ~ooStudy  [S] Results [l 2D Plot Group 1
) 6000 BB PUWUO]ls’ CdisfCqd CtdOdkH, "t o' H

= | A% % % PR RS S| A AL 00| G- M=

1 O¢ dzOGedindtry , Materials , Physics , Mesh, Study ' Results Is Q¢ 5

9 HSBtOY Ot Is! §Odzgidz L' MmMets s G detsf € Ozd
] Wi nd@l@)szO7 mMiste™ Yy By kIs! L' Wo dzw Isd w

3" M lEwids3O dzH d L Odzj x dzg' 9  H odH' dzj desets © H

WindowsX P d&tsy kzls! L' wedwisdmw Cwdzlsj S Mmisdz” ff Oc
1 Odzj dz Cdi30dmz® # 2 L dz@ e Oo dz' dedzV” WO °

tetsL IsOh 59 OdzO dzO H dzd d3, ftcOCIsd ydzts dzd )

Windows7(10).

¢!\ Graphics

QaQaRE|L-xe=EEOe @8

1ioj SO o' Hag dedz' Mls! Mysmisjt' ¢O Is! Mw
Hdv o fls O&ERpession( fiz®dg £ dzd 2 tod Mk dzs§ )
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v G-
Type filter text

Geometry =
4 Model
4 Component 1
Definitions
. Geometry
Windows 7 4 Heat Transfer in Solids
Boundary fluxes
4 Dorain fluxes
Convective heat flux
Conductive heat flux
Total energy flux
Total heat flux
Translational heat flux
ht.cfluxMag - Convective heat flux magnitude
ht.dfluxMag - Conductive heat flux magnitude
ht.tefluxMag - Total energy flux magnitude
[ ht.tfluxMag - Total heat flux magnitude|
ht.trifluxMaa - Transktional heat flux magnitude

Il Windows XP LO®B Mmls: o' CdzO o' HBBtOY O Is!

a -
Component 1 k Definitions 4 Convective heat Flux r
Genmekry * Heat Transfer in Solids  *|  Domain fluxes b Conductive heat Flx 4
Global Definitions  » Energy 4 Tokal energy Flux L4
Mesh 4 Global » Tatal heat Fluzx r
Bl T ¥ Heat sources k Translational heat Flux 4
Material properties 4 ht.cFluxMag - Convective heat flux magnitude
Out-of-plane fluxes  » bt dfluxMag - Conductive heat Flux magnitude
Velocity Field » ht. tefluxMag - Total energy Flux magnitude
Temperature r ht.tFluxiag - Tokal heat Flux magnituds
Velocity and pressure  # ht. telfluxMag - Translational heat Flux magnitude

1 Sodz hdz 2 odc deOuts o il a d¥6d MW o H fls
stsdals ] Wi lHatzCo * HCtod o O st v CCdn@syfCrdisiaw daizoff e (

oLz Hjtjo O &sHjd , d& ydd dzj o' His' L d
Windows 7.

l 20" sz s " BddSkz & LOexHd BEHJj ®BS
fOdaj dzj 2 * o' Stsdz MdMmlsj &k COMSIOL MEINtS pohx

ftOys  sj ©® Windows d6BREy foskin S os ddddtds ! f
By s Okt 2 Lsods hdz' 2 od¢dzWH.

1531 OdzOh Iskzo Odzdaf. ctcOW " §

[ dzw CJ olzo Odpgatizdzitz@P ey dzd d3 Gt OW " ydzd B3 o ° € dat
f Odzj dz i cOo dz' dzdzv . W’ " CtsdzS HiSL 9 tsdzw
L SB Oy J dzdaV , LBJjt' 6O 2tets o WO2dz yd
HiczGC zo Ols( .

[ dzv B " dz¢ 1 oW el (fidcdBia t€ s ' Mdz2 28" Is'a &z © diz
owCdrn dfdzpo B, " 5o dBG tcODYd dFted Lodz@goRdzy |
okl az fistosfHits e d Sted Mis O dzdps W iggid dItstsw @ day d L OH (
H]WBstecdidzo Odzdz? Istedo dd3’ tcdzse s Is' teaPi iz deEigets ¢ s
MisOdztse { Ists dzdzd 21¢ XSykzg1 L ydadz' dzH ted ydzd &3 tslso fs
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053 totsL sOh 50 Odzd BB o L H 5.9 d&s B ©tc HSOzoR@Es dad @ ¢
1 9j ik HF=1000Bp4dkO ff v kso OdzO o j tolsd ¢ Odz' dat
LY SH dzj 20 5 e jtendz ¢ctOds

dzv  tetsL 9 6 W L O dafiae z » 2@ SOlsgitighysics to d L dzO y j dzd
tcd ¢ dzOH dzd 2?2 Solideghanits 2 W S sted mMistso z¥ yd 26 ts,
Of diize Olsd MY B¢ BBGBBIISY . yptehO®B@O)zdh j (s
J Bd3j BiQdz 9 dB tcOIs GOl j o't 0OdzO o @dABA IS € QLS
B d3J M/j g tc’ f ldzj daslgvL. Z dz! SOIs* mMd Mmils j &3O 5B Y
O telzy j dzadz? ,'O PR BH BEPEOLts ' dzh drn f OtcOd3j |
dlsottc’ Is! dBHjdz2 YoMz Hse dz' Mist C sd3OdzH :

File- >New- >Model Wizard- >3D- >

Structural Mechanics - Solid Mechanics (solid)-> Stationary
1 84 tedz’ Is! o Oc Iz, h o' eidfieved dEe & dzdple difby'j dz'
o' Gdiststclz W' L dBaeledzsts Physidgts.H | dz'

J Comsol Mwl t & g BPBR®EAgls - yd mdztegsd £iz0 L d

L OfMls ts ) folae@gide’s gzO SO L dzOyj dzdzvy  OtcOd3j Istec
f OtcOd3] Istc’ oPardmeters z U d&z@zOh sz §f o € &zOH ' dzd fr
we' ftiHMisOodveEls! Hapo @e" ESEYdz] dif 55 Q
ojdzdyddz L tseodz hdz ts¢tsFsdhnbfe@ufO=a6-joe’]. dz¢ G t
1 OH Odzdzy 1 Otc O.d&3] IsdeS b dz@3Aslsl jj dA ts 3O dzH Iz

Global Definitions : RMB > Parameters
) 1] Mils o stc| Gasantsters ollza. dz© ts ddadze) ‘0 @ sH ! KBj dz0
f OtcOd3] Istc' o , Expglessmn € usddulgydzdzy . 1 vdive sz Higktso
L
1

I
g
L
G
s

Of so dz 9 Ols MW  Oo s s BESsriptigniztse. o BH v 1§ sigs dz§ s o
Of sods s IOBddY® §OLOdKjlie' 8 SO, WC ft

+* Parameters

" Mame Expression Value Description
a 2[m] Zm CTopoHa
r 0,5[m] 0.5m Paniyc
F 10000[Mfm*2] 10000 Mjm? Tuck
5 a™2-pifra2 3.2146 m?2 Mnowa rpaHi

stsdemistclz® 9 Odzdav 1 tedfj s @Y Is o dztSeRpmetryo & b dzC tsdz02 Is j

" delstelz Syt

Geometry - > Pimitives -> Block
Geometry 17 Block 1 (blkl):
Size 1 Width, Depth, Height =a,aa (sted Y tsdzw
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Position T Base= Center
LMB > Build Selected
dlsotste’ Is! Isted yddz' dgnted. dzOmiskzf dzd di3d * dzMmlis ek
Geometry -> Primitives ->Cylinder
Geometry 11 Cylinder 1(fryll):
Size and Shape T Radius=r
i Height=a
Positon 1 X,Yy,z=00, -al2 (sted XY tsdzv
Axis 1 AXIs type = z- axis
Geometry -> Primitives ->Cylinder
Geometry 11 Cylinder 2(fiyl2):
Size and Shape T Radius=r

I Height=a
Positon 1 X,y,z=0,-a2 0 (sted XY tsdzv
Axis 1 Axis type = Cartesian
TXY,2=010 (sted Y tsdzw
Geometry -> Primitives ->Cylinder

Geometry 11 Cylinder 3(fiyl3):
Size and Shape 1 Radius=r

I Height=a
Positon 1 X,y,z=-a/2 ,00 (sted XY tsdzv
Axis T Axis type = Cartesian
Axis T X,y,2z=100 (sted Y tsdzw
LMB > Build All Objects
10 HBftdRsetst s jtecOyYy' = d&ztsq'daaizean ths ¢goczHEde * di30
Geometry -> Booleans and Partitions ->Difference
Geometry 11 Difference 1 (difl):
Difference I Objectto add = hlkl (W)
I Object to subtract = cyll,cyl2,cyl3 (yd dz' )dzH tc d

LMB > Build All Objects
l tjLiEzdz IsOIs BkzH] fYBERZHBSaOdd?2 CkB L yd
B s Yokl y! sej i Ot OGED ¢

1 sBlzHEMIE] deyj dzglztglz dzfiy tzls C L dzO dzOM Is Iz 9 O dzdz™
L Ois o Yz o Odzdz" 3.
Component 1i Meah 1:LMB > Build All

l de BOljtcl @hisdzO2Ils] CsdROdHE
Materials -> Add Material
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l cOostelzy o' H GtOW ' ydzts GAsld Materid dzOv 99 'Wlldde'd * Is
Material ) Hjtej o HisMiskz{ dzd = BuilzQ In | itcCoi@rdie o 9 0
(B Isssdidydz' Is+ Atk toSCdatpdnant, wWCO tiLIsOM e OdzO
9 CHOISs'LdCted2Isy] 9 Cdas ff €@y B)dglH ¢ & e ~ldz sz
L' Wo dls! Wateriadstkz .ICendzete (matl) 2tsets 1) L IsOB dzd v
f OtOdzj stc’ o . ] Ozsys¢d dOofftetslsd HJWEdma 9
oS tstedmistso z¢ B! MV 'L dfsuitfipsds s y dz'
1 Ozo Oy j zdm & 1 o aLdRQ@ edsieh ¢ @ds@is j ted AP Gric @ed3j Is tc
From material , M tesBlzo OlIsd BBYydmdzdilsd dsH j dz B J I
az' 9 sz dzd ¥y dzif ts€E3ke s cReOIsd&terials L 6w o dIs+ Mmw YJ t
6 Migd cw S d20 I difiggaasedzS 2 .

4 @ Component 1 (compi)

= Definitions

¥4 Geometry 1
s Materials

1 OHO2Isj GO o OteifBdad y dzd d & tgeEgeipls offzfipls oz & y
Physics - > Boundaries i Boundary Load
Boundary Load 1:
Boundary Selection I Selection =4 (jtendw CAtOdy CkBO
Force T FAo=00, -F (sted Y tsdzw
{MC " dzsDdiz’ h dfF- O s~ dz¥ GcteOde MY oW dzgtseo Odz( -
o ' A),’ fstsls tolf B Hpds@odOC d3° dzlz ).
Physics - > Boundaries i Fixed Constraint
Fixed Constraint 1.:
Boundary Selection T Selection =3 (ded 3 detc O dz' L Q¥zte 'Of dzj dzO
ste' di3 ctcOdzd Yydzdh Ac OI2 dgts ® Is K tc Jp kz@ @ dglz B BOGE " Zd3ok=Od3 AN ¢
otdzO o HdzsMdIs! MW HEts Gtz d dzOo OdieMars W GC°

f O dzfphgigics .
Physics - > Domains i Body Load
Body Load 1:
Domain Selection I Selection =1 (%)
Force T R, =00, - sold.rho*g_const (sted Y tsdzw

vklsk o] HiNs®p dado@stsH d dzd y°  [EHBCO  ddgiRaf | CUs s to
Y v B3ts @ @alpd 3 Ystish ls Op de@q &3] dzp Gz’ Is! Bz Iz,
o d ¢ stelEgfSdgd@y c EkzMmiseshlded. e jls@® dzeztsf sdise s Istsys &
glsOgiaonst f s5L dz@gPMC Stcj dedgy o ' dz! detsects f OH ° dzdz®

l S tsdzO21Isj tByYdmdzj dadz? € tsdBOdzH ts58

Home >Compute
l ¢ ReguytsL ' W o d Is ! Siyess(selid)dzic@ o d dg' tddediftef’ S tcOW ' € o
Surfacel h s df tfiplgj cds~atag @ WAI fdtedz'f 'jL 4 I O.

1 s j toredgiCaf § €L dzO@¥dz dz' Stcso B B®Y L d2O0yd
9 J dzd yd dz dzOls tff dseo gfjdBsn teldtz -

1 BB dAf BsOd3j Iste, wWECd2 o  HBBKGOY O' Isy Mw  dzO
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Stress(solid) - Surface 1:

Expression i Expression = solid.sz

Coloring and Style i Color table = RainbowLight
vlzlsoid weo dzw A6 w ¢ wW @ d Canf ©fONGDEIRS] 9 I ©id
Mechanics(solid)) 0] 1szi3'tf dedz@z0 3,020 tclz ) j dzdzw ( o dzlz
94 telsdSs Odzihdslz @il , sH d dzd ye § dztsh fJtejtc’ L
o ' Ay’
[ dzw dzO s EHAStE B § gtz c 3Oy " mMd milsj &3O ISK
Deformation. v dztsl3lz Isgj ¢ Mistste df'fk »  tERpressin dzaiz ¢ O'L "' Odgg dzO
CotstoH d dzO jaBjj € I Gedz). 2 S cOf B OYFW dStcdzOy "' & |
Bddzd " 3° dedddgBmh Is OB dzd 2  Scddej fdctony | O dzls tsB tc QY j dzdz
L3 daq k&3 h j dzdzv €ty dzt®L HOE WOL S odzt ¢ fls
Stress(solid) - Surface 1- Deformation:

Scale T Scale factor = True , 25000

LMB > Plot

A 2.26x10°
x10°

0

-0.5

A

-1.5

-2

4 N 5tress (solid)
4 ™ Surface 1
2.5

=% Deformation '
-3

Yolox ¥ ¥ -3.05x10°

HftcOo O o' H Is ' dzO wLCtdPBtag Qinjlsd@te Wi € © Eliscll?! fisldc® o
L dz0y J diz0A Wiz y 5, dzds'8 dzO0 GteOW ' Sk dzf o' HAB@ tc O
h COUasdz BicH S RENAR diz' 3O dzr dzj BOSC Md &3O dz! dzj
S,,Ldz B3hpdRis O'dzte d cidgtts o ' Hdzg' §tcOf stcy

Results- Stress(solid):

Plot Settings I Plot data set edges = False
Color Legend T Show mximum and minimum  values = True
LMB > Plot

lojtedz s ke Oek dzO Isj, hts Aattsyo Is' dzts Mmisd f
2O tclzyg,dedgH OlsdgisB Ists  * Mdzlz ¥ Is te tsy Ashrylssdlzdzdls * 19w dz
HsBtej odbteddsz® Misdms Odzdzy, Odzj § S56Odets {
YomBddzzO0 dBtsy s+ 9 ' H Bz dgl¥ o Qalimidvdzlzdgtygdz" o °
MisdmdzzIs* 2 Yy OMmlisd dz' M) ls WikShOlzdatzO tHEzlis g j depdgwdAd £ g (
© ' HBEHgHS digpvo Odgdlf'tsIsued Bdes f ste” adgwIsd dBBOS M
L 020y dedzv zOWf todzty @ dizdfip dedzatsdey'L WO 0 * H dats™ BOtS
l ddzd € O i fistOdzdzl 9 J O o i) fz@eipitgjlzdzs,, dzO  tso9 j ton
odzzlstc’ hdz' .y dz8slsoystdsscas o MmdMmlsj &3 " Mdelz Co
Cidtelzo Olsd 9o ' NOmEyzddzdaias ¢ 'L Ok HA O lsodn
d dzj &3 dzlkff i3 ' dzims e lzdz dadkls g § ¥ J H )ded & OH OF Is+ fv
dz@Oh Iskz 9 O dgdgw' odL dzZOyos Is MftsmM' " B 9o HBBEKO
9 CdzOrUl View s zL dz' 9 oMmMlsOdztseo dzé ¥ Is! MW L dzOS
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mMdzzy B so d = J W2 W jeozldzEy R Yy A3j dzls” 9, (Bt

M Cd ' ®Mj2, Mmitsh 8 fso' lsdjddy 1 M0k
Stod o d a5 te flzdB Rk to o' S illew o L dzOY 05 5! Mw K
Mo ' s dBD" Is OO MY sflsj o]y j dzdgy ' L dgOS
J dzj B dels® o ¢ j tsd3i Istdadf fij zfiaS| T L dp@Pls afoigibeifirizO
4«1~ View 2 v View
: E?F;nftinlélﬂm Light 1 [ wireframe rendering

W Directional Light 2
W Directional Light 3
*: Hide Geometric Entities 1

™ show geometry labels

[ Show edge direction arrows
[ Show arid

[+ show axis orientation

™ Lock camera
+ Light

~ ¥ Scene light

Light intensitys 1

[+ Diffuse light
[¥ Specular light

— ¥ ambient light

Ambient intensity: 0.3

=
Color: | White j

1 OL 9 doyz@Riew fMiso stoe 8 Is! fyDefindionscS el s dzytaizlseCO
CdzOydzzlsd ftcOo 58 tydztstErlzts sdzzdzdh "o g ®iGWsl €
9 df OH dzts ¢t Nfgwdzslz Leskora Iz ‘ LISO ofnffiHed] Milsoe tstoj dadz’ € t
Odzj IsOCdr ozl d& WiEy L Oo ¢ SH dats
L 9 kzViedz' O9 Is ts dgfsls  fyls 45 ts tE¥ise Iz Listmfis Mt oW d3ts © O dzd
HY J toj dz. Ifiirp ‘Slsds® o M d fiflesid dxfle ofti ffigez 20 y s Is
1 MY tow dists © O dzj (Diractjiopas Jligllsf so sHdIs! v w¢  fe ' |
wWetsets oadatsHWIs!; L dzgj MG dzgy] dedesfyls
T ssySCtsej PRointlighf) dztha(sy j d2O0 OB sySkz, wWeC
od BQHsAPo Olsd ;'  tsdztsy j dada™
1 dz' - ISepthight;, CttedMmlskzo Oy hsyj L OH Mo OIsdzO{ |
et dzOf v s §
T WOtcHeadligh)f e Ctc" f dzj dzO@ Hts ¢ C Q@istspds s’ L Pd"
dz

mMe " Isdls+. 9" H 9 0OMm)

W H S HHO®D Odipfigtjbeze | tc | zOdzjnte B AsizOdztVievitz@ s H Ols d

oLtsdz o' Hftseo Hdzsets Isdfkz.

Qo9 Is s diz0fyle aytedis® off O eziABEMeratec s L IsOh 59 Odz'  dzO dzC

jladded L OGO s stclz, B MyjL dzOa tsH Y j dadzv ,

dted. 1d JEEses] Miftdo 3 dz OB lz, WIEC

W' ydedds o' 9desdgdo dlsj ! 2O tBO' Cls. ff tow (
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[ sHdW ' CEOg@Gd3pls teld oCamerdze d dzOdzON EBKERcB |
L3 dzt ¥ yd LBBtO) jdadz?, O dafj GJtd3dste’ ¥ Is' ¢
s oz oCOsdfjstiEts Y dz@ sf B B E s Cdesf ¢ BB "
1T dzOIsdmME Odedzy ftcOQoats’™ Cdesf Cd BN o CctcOV
L Mse z° L 5B tc Oy J daedzW
1T dzOIsdmM¢ Odedey Mj o j"H OB CazPFW PY delzd? tsB dzC
fJted &3 N jdedz?w 3dh' BOMMIsOBEZ® L 5BtcOy J dad
1T 2lstcd d3lz © O dzdz" dzO Is d Byizlz'Istisky dz' ¢ dzO oL h I detsf €
fdted 3" M jdadzv 3" WL @lsdey’s d Y ddptEiqsgdecidy J
dZzOfMmdz' HsC, L3 dgt' LtsBtOy jdedaw (Is' dz
tcd d3lz o O dadz™ dzOIs dAfdzlz Is S H d& zO9 "L ZE @z 5
j tod 03" N j dadzv 3 M ' tsMBoj UetdsdS dz' tsoig' te' O L] tkhmtizy
ydm!: 6 OV ydetsdzge o' Cdge od L 3" hE2°
rdzv Issets, htse Ma e Oisdizisitg Kievdd |g odig ey ‘ dds' df
H Y tealdz 2tHide Geometric Entities 1 Of tod € dzOH mMif csB
f st J tcj HdsBROERZNE dzderOds'd  j toj H dz' ' 9Jtndzt Gtc
fclstc’" Bdets Mmlsoatstcdlsd c¢codHEe, 9 WwWCBdilkz daj
CitdBjte’ " . 1 JdECtsdz02Is] CtsdB3OdzH
Componentl1 Definitions : RMB > View
Componentli Definitions 1T View 2 : RMB > Hide Geometric Entities
v rf Mmis ¢ tstcoz'L Bide Geometric Entities 1 (f s j 62 H dB d Mz dats
dz' o stb2tp)d o  Gadmmetric entity level o d B j Boundary tc* o j dz’
¢Jjdiibesftcd Osd j dzifdsjodehech dz” fj Sy~ o dBBEKE
CdzH d € Qe[ R to] B dzon ton dzd 57 (deEOudndsdzjifdpfLdzts CO
dz' o stolzrydgzy € s dzls € @rdzitizA HgHsHf ®:@how Objects in Selection
9 G tstd o zL Hide Geometric Entitiesl. ]| ¢ tcOW ‘AysiezlzH ] f tsSB Iz HS¢
L SBOY J dzdz" B J L L Ouz040Islg Plzdpch 201 s fipidscladts Tz (

A 2.22x10*
x10°

0

-0.5

Geometric Entity Selection

Geometric entity level: I Boundary j

election: anua - -1
Selecti | Manwal = i
[en ] é & -2
p g - -2.5
ctive iy -3
o . y.lax ¥ -3.05%10°
1 Jtoj 2 H' Is!Results- Strezg (siz@d) 9 2tet 1) 99 JH' Is!
Plot Settings I View =View 2
LMB > Plot

1 sojtendzgj o2 CctOW' ¢ BEHJ fjtcjBEZHBO Odzd 2

f sCOLOdts O ftsfjtejHdz sz dmMizdzb iz f tcOo St
[ d dzO dzOh Is z 8 O dzddide Geomeétric Ersities wiz®L o tsdzv ¥ Is

o Ol wiwC' Jdfaspdefd L @RGEWPEE! MY o €

" HESBtOY O8Is: MW dz20 cteOW " " € GBRQIs & ° qﬁ]dﬁé})q

Okzo Oy ddiis, Mt ' fltEzGeonteidcOhjecto ¢ & ts dizn Is O dzdzw

sLotsdzv ' At Olsd y' &z tBO' CIsd L ¢ jtdj ste’
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1 Oz o Oy j dedzH o Iz HidedseorsetfidfEktities Mlso tstes 8 Is! MW  dz
View 9 L dzOn ¢ ts @3f\ipwizio dzls ‘dzrf. Reduldz§ dViews o sdzd dzj
HESH O Is! pw |

ztsB HOW dzy BRdzts ¢ dzE Ik Odz] dgdz Skefss(sold) dz' Is
Htf S5 J 6 ® g
Results- Stress (solid):
Plot Settings I View =View 1
LMB > Plot
Il sojtorndzj 82 ctcOX U toig AR BYEdOzz0 ‘dzOo . § toljntds ©
fslstc" Bdzts L tsBteOL dIsd o j dzd yddzz o ] teFsyzd |
od ¢ tsted fif Is® O tS(8lifep CledW 'd€@ fsCOLE’ tctsL ff SH
omj tej HJdz Is* dzO, totsL W OteBBo z8 yd ek 'L difftelzg -
fif cUs’ dztislBH 2 ‘Sd3s[ dz SOC D dePBERBESEcss dzOMmisz 1 dac
Results - >3D Plot Group
3D Plot Group 2:
Data i Dataset = Study 1/Solution 1
Plot Settings I View =View 1
3D Plot Group 2 -> Add Plot 1 Slice
3D Plot Group 27 Slicel:
Data T Data set = From parent

Expression 1 Expression =solid.sz

Plane Data 1 Entrymethod , Planes = Number of planes 6

Coloring and Style I Color table = RainbowLight

LMB > Plot
+* Plane Data
Plane type: I Quick j
Flane: I YZ-planes j
Entry method: I Mumber of planes j
Planes: ]
IV Interactive
AR shift: 0

1 94 tcdz’ Is! zo Oz lizl, SiCklseo otcBlPlane @Eta L OL dzZOyO* Is+
C' dz €' Mmls IPlaries).” otc ' 3 SlsAg G s, 2§ tdfstc Odf fs s @ dgts
Interactive ,Ists L O HE{ tsB@SHEsisBdz® 2fzf ®] &3° " Olsd o
Lte' L "9 wWC IsejtH] Is' dzts.

1 dewisd L GJBd ste’ clog tc8 dzj BLJ h Pdelz2  d3ts HL
SOCEBY HBYdise s FierzL dz' lots ddg d ffilpls o stfce vz Is dzg W
CGteOW ' ydzd -~ o bkL dz' Do d te@klc dhis § st ' Japz®y@dzd W €
ClcOWMSE®OY Ols(d .
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dlsotstcddiss h ] Hdzk Istcedo dd3 tcdzzc tc ®BOW ¢ @iz
WEsdlz B Iz H dESdp B H 5B @@ H & JX Istsjetl)) N j)dadese
" dzls § te3olip Methanics fsL dzOyO’ Is¥ digyy. L d3° dedzts
Results - >3D Plot Group
3D Plot Group 3:
Data T Dataset = Study 1/Solution 1
Plot Settings T View = View 1
3D Plot Group 3 -> Add Plot 1 Surface
3D Plot Group 37 Surface 1.
Data T Data set = From parent
Expression 1 Expression =solid.disp
LMB > Plot

v jtc misH @BEOWSIO0.
3D Plot Group 371 Surfacel: RMB > Filter
3D Plot Group 371 Surfaceli Filter 1:

Element Selection I Logical expression for inclusion =
x>-09887<098& y>  -09
LMB > Plot
« NI 3D Plot Group 3 + Element Selection
4 T surface 1
* Fitcer 1 Logical expression for indusion: w=-0.9 BRz<0.9 &k y=-0.9
Element nodes to fulfil expression: I All j

] tjLbkd O BEHE'IS! v d#ade jiiginteydg dh2  deea
f 56 OLRAJROMIS Y des sz tod Mz dz€ Lz .

x10°®

OHN WU

y‘?_,.x
vkl dztsce ' wHz(.28& 2<@OELHY> -09 cLERY L G jtsd3i st
h Otce ' odzgOdzdtEt@®W ' Sk oM jdzj 3j dalsd, CtststoHdc
LOHOdsdzgz Ctodlsjtc’ & .
1 Oz o Oy 'dzdizf isttels dzd hdg® H Y j t6j d&ZzOR HOdzdm, WC°
M sCk. 1h @y QW¥c'O® GA v GddQ W' db difftdafls dzj f tc O
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[ B8 d&zO L Of totshf jis dzitseH@lg d € st d i dzg LOMIssmiz
1l B9 jtdzl dzgsmw H s  ©Bepultsy @Giyesssalidh dzO 6 © i 3 E, dzdzW
[ d BOUY]d &, hts o HJWEJdaAH GSHOEHD RIS B8 Isdd  Bdg st
tesLilsweglz' Ist fyw . z®sMmve ' ffidc ddzj tc Ha HASWddsa. Gsdydz’ dzlz s
H'  &z2vw dzC d B J Issdzz O tec dfiiresEsolid) da)y dzjH s d ¢ tc OWC IS L
Yyomilsddzd Is° dzO tesL Ilsvfctdslslz ‘fifgts d@O WwWiCts o j dg'r .dz'
Cdz) stesd3 wWgOMis Plediz@ssls /Isw .z o O@piis e 5 dzZOSC dzOH J
" hozzr yd? GcteOW ' & T dh 2 fYtejterndzjod?2 GCOW
W' odzt Iste©@ BEHJ] 9' HEBO®BBY OfEd uytdcods ddg 'd3z’ ¢
fsojtendz , o WwWEGFOH H2OGcdey jJ ggddc s o dzOh &z Gt
HiSH O3t fSyfaces keded®@W ' £s5B o' dz dzaj o' Hte' L dgv o fyw
Surfacel, HEHO®RS H&Y d sets SOCE y MOk H
9 JtcOL I OB @ o ffiAy alzdas - dz' o dStstedMisO ddts sH d dzgd
Yjteotsded?2 SCBdz' to. c¢hts B ' dz hj dzg u®€ tsd ‘dzj
M s o jtendz ©dseglct®OFEl & O iz d Hzdod 2L sd
o 1 f dafoplgd o dSBEdMISO’ d@3ds W' dz s, WwWCd2 dz
9 HSBWOLdIsd Is° dzr € d H t5@ffls @dzd 2 ) jsdzdz @y dz' L
toj L Iz dz @ad@ds ts § dzdphzjn Y O M lis d Gadfaclis o j tor dz’

l dEtsdz0’ di3s " demlstezCy' ', wWC' t6j Odz' L kz¥ Is!
Results- Stress(solid): RMB > Surface
Results- Stress(solid) - Surface 2:

Expression 1 Expression =1
Coloring and Style 1 Coloring , Color = Uniform , Red
Inherit Style T Plot = Surface 1

T Color = False

T Color and data range = False

i Deform scale factor = True

T Height scale factor = True
] sWided dzts MM J dzfm Intfetis Gtyleo  to(slz it @zzC 2o Odzdzw Misd
f slstc’ B dzts, hse ctOW' ¢d, tctsL IsOh s9 Odz 9 ¢
sWtstedzdz] dzdzv SHd@ZOSC SOk HJWBdOY' tal®dl d
SHA&ZOC B9 ' f OtcOd3j sted,lBO&Plsypr ¢ dzsPW Is dgtzd = |
Inherit Stye (mtf OHGC 9o Odaedzy  Mmistyfclsy )d. MAlok d w3 tdz’ o
CtcOW ' Yydese s o kzL dzO, sL zZOyo od¢ tstcd Mmls O©dadz™
Hdzwv f slssydesets ctecOW ' CO. | teOW ' ydad ¥ Caslrists dz
Ctc@QWldos &t OW ‘cuctetlf 'd, o kzL@&dseQdEr dodfsh jsdo yy' 2
M d ROtHctsL IsOh 59 Odg fteOf stcy" , WwWC° 9COL ¥ s
EmMf OHCsolzo Ols( .
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+ Inherit Style

Flot: I Surface 1 j

™ Color

[ Color and data range
[ Deform scale factor
[+ Height scale factor

4 OH € Iz 9 O dzdzV mis d dzv s OC ®wYC ' tsudd W@ |, tsWhistds d:
¢B Ols+ ¢ ' & fMiclctEifplstisazsOIs d ydzs ff tedia ogifip'lzAs * & @@BW " LS
EmMf OHSCso k¥ s+ 288t Misd dz! .

] Zoh s ftcd & dzOH &3d o' HGC dzt yddzd M «
LOdzd " ddzd Mt OH C Iz 9l0siztzfi  1© j WS dhik Qs &2, ‘s dzdizv
i sls toysizto &zlz Hi®B jSdzto Hz L Defdanation .| tetsB d dZs Y J
Results- Stress(solid) - Surface 2:

RMB > Deformation
1 Odzdh ddzsmw HBHOIsd W' dzv ste. [ dzv y'! sets o d¢
Stress(solid) - Surface 2:RMB > Filter
Stress(solid) - Surface 2i Filter 1:

Element Selection I Logical expression for inclusion =
solid.sz>0
Element Selection I Element nodes to fulfill expression =
Atleast one
4 N Stress (solid) i
4 ™ Surface 1 + Element Selection
=% Deformation . . T ,
4 ™ curface 2 Logical expression for indusion: solid.sz=0
=% Deformation 1 Element nodes to fulfill expression: I At least one j
¥ Fitter 1

1l d B 'fidf dofflerizent nodes to fulfill expression L dzO y jAtedstone

HSH®' o dBo i CEZ dzyjj ddgdeizj dzls d , Hdzw wedr "tyo
L OHtso sdz! dgw ‘' Is+ Mmw Ctedlsjte" 2 L. L OHBdEdEda s o d
L OB Otc ofigkj dabfy dimiz A3 jodzlyf &s'o dz' Miss OB YOMIsC o

Ctodlsj
1 O jtoh " ! (wBERZHtBSo Iz ¢ tc OMot (Cd20 fif stz yd@fdadzw teizy
az' e tclzy

sJfjte o 11 9olkL dzCtresstdONdjoydety tc' StclztHdolze d
wetsd3lz dzji 9o s §ldciSRzI© © tkO dg’
Results- Stress(solid):
Plot Settings T View = View 2
LMB > Plot
JeOW " € BlzHJ fJjtciBlkzHBBo Odzd 2, ‘ od §tBOVY
oMk des 3z ted Mz dzS 2 f tcOo sStelz y.
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A 2.26x10% A 2.22x10%
x10° x10°
0 0
.05 4 -05
<1 -1
215 -1.5
-2 ' 4 -2
2.5 - 2.5
-3 z ; -3
¥ -3.05%x10° yolax ¥ -3.05x10°

cS BOYydvisy 2B Hddes L OMistsmts o OdztSurfacksl * Swfie82 ¢ tc O
Gt OW ' ydzStress@dabd). f d

U o BBreds(solid)f so jtedz' Is! MW HE s jtejHAY BGCB
Results- Stress(solid):

Plot Settings I View =View 1

LMB > Plot
Il Yy sz rysStej flesmdzd Isd o d € ts ReLdysr @ dzdz'n ddisth gz dz
tctsL HQualitz ( ¢ & ' Mo/ k)L Ifface 2tetsL Ctod 2 Is Qualitg S L H ‘odz
My d REeckver o d B J Withindomains (effj tcj Hd dz2' . sB ZOMIsj 2 )

 Quality

Resolution: I Marmal j

Smoothing: I Internal

|
Recover: <| Within domains v! }

l S sdzZO2 s PIE sdz3@ @@l ' ¢ ISttxzdse uf dg's @y IstE® .y
ZOMmiszf dets dzlz  toy NdzidzS WS § 5 kG 16O  ddz' ootHEHEED Wik 1€ 90 6
o d¢ dzt ypih@tse oS¢ dg®(Wghiozgomains ) ts i y ‘Recever.

FF

1" H yYyoOfm tetsL 806w L Odzdgw L OHOY' B3 ssHiBAE MC
sBydmdzs 8 Is+ v  dzgz® g p dzdzvs H WL & ° tsmdzts o dzts’ )
94 SCIststcO f jugd e .h judddzw' (o J dzd yddad, o dzOh tsd3kz
LOLOodyuoO2 tBydmdze 6 Is: mMw L O HEsSH ts@Y acsfsy d dzd W
1 tod Yyl sdikz ) COMSOL Mul ti physics 9 (
f sdz' detsdz’ Odz' dzd 2 OdzestedIsds tsB yYd Mmdzj dadzw f t
OdzG ste( is dgts s dz® ° u’ts”‘Hdz‘ L odStstedMmls ©dzdzv 3
Hygwe:" 2 dzdzts 3 d dz' ¢ " Joauyp@igdzd § to o[;dzﬂdsgﬂizlstsaf

M stetsyd dzdzv yOfmkz B ydmdzj ddeW ftsm" Hd2 9" HI
SHdtsfig& ' dzyJ dedes sz j dzj d3d dzls ' . AJh S tc dz0 9 tBHE(C
oj &zduddzed, tBYdmdzE o Ods'OC df IsRe' HSHSEJ I ls 6 Creizls o
Istsydz Mmis' , dz' ¥y ttsLtcOn tso Odzg' o twLodowL Clz.
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[z dzs€, s dzg tesL tcOn 2 dzC OR odCtedmisso g€ B smw
dgetstcdMmilstso zo Olsd difctasde ddstsikiz' ‘O dz'L ddeo2y J @dzw tc 5|
J ¢ dz €5 m¢ ' deyd dadzd n J dzj d34 dzls ' 9, f =" H
"Hdzso dz¥ 8 Ist MW  dzO BMdzse ' didetsy d dzd J dzj d3d dalk
C"dz¢€d yw Isjrdz SO 9dBOCO B ' dz' hdgv dsy O
d ftsBkzHBo' Gt OW 'I¢ ' @tc @S daPzderiz@ oS mlr® dix® Adz0a |
d o d¢ sted fiRedddadz Wittimtlomains . A J o' H dztso dz¥ i
zoOmisw s, dzaj odSCtdzzt yd LecBdapz o Odzdzy totsL
s OCdd3 ,9d dEOdy * 2 dz@3iR@ hj IsARed®\datzWithin domains
B\ J e PitgjlaizdeO s fipdawse0 I € 6 day § didedsd dels Sl dzis O dz
lsG)dzde fOtc® GctOW' €' 9 YCOLE', w e dzti3ts Y J
Yy ' 98 Gidfels'S tzH dzd - .
1 HBHStG[GLlC{EBﬂ%HOIS(M@@BXJdZdZW " dg®§ tlzf dzv VERS
MisOlsdz' s f 5B ZH IzoWDlihsd>0 ¢.teAQW * d&zts co' qual@fi2z o d te
N4 dz20BdzO Ylsdfdzt Misd dz0) OBEZOMEBEL ) ~dHz) ) 2 56
tc' o dzf ') JldzdzzOf lollzlsw G zo Odz! dz

 SHOR detselz 3 D cGteOW ' ydzzStrese adlid)e, ENE WSt te
sB d3odzz Sudace ] ° o MisOo d dizs Midste dstis jou@l B itgirtc @ todz
dz' 2dzveHlz L Se@ace 19 H C dzs yd its  H j W s tc d3EspEedsiny |, '
LOf dh J dzgtssolihszP@c OL A" H " t6 ] OtzBEEO MiIs z f dats © f smdz" |

dzmilstelzC y' 2 :

Results -> 3D Plot Group

Stress(solid) - Surface 1:RMB > Copy
3D Plot Group 4: RMB > Paste Surface
3D Plot Group 4 - Surface 1

Expression 1 Expression = solid.sz>0
Plot Settings T View =View 1
Quality T Recover = Within domains

3D Plot Group 4 - Surface 1- Deformation: RMB > Disable
3D Plot Group 4: LMB > Plot
l tiLbkd IsOI" BEHJ2HdsBLEdoa®@Md GZOMIs 2§ dzd

vlzls d3dp C iz yd dzd o 'sH dgts & dz¥ o O dzdRecovifrts= Withirdzd -
domains .

l dH" dzd Isd L tsdzlz totsL IsvW aliz p @fiAs G4 8 ° "gEOH @z
BOSC Md 3O dzr dzj LzpO0 g Hzdze  ® HisdPMistso z° Is! MW i tc
1 OL o d Y&k tc ] dz@@ dzifzdz®L ‘1ol CGlcOW ' tyezg g Mdzizt 62
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9 H BB tc O l&sts dp@ds dtasia®angedt’' dzj , W Chts o fMmlsOdzse |
Manual data range, ’lsi@stsy dzs L OH Olsd o toclkz ydzlz.

+ Range

|— [~ Manual color range —|

— [¥ Manual data range

“ ﬁS‘UESSerE:;di ! Minimum: -978968.64754
Surface 2 N
-|Jllllllllllllllllllll
Maximum: 0
t Eydz dzOdzOh Iskzo Odzdz" dzj L B dzgsls: Ctsdz &8 o
ddhj ' HOd , WwW¢' djxOk! & 3 LOHOd]HE ¢

B d2' iszd3 OBts L d3j dz el AL Is 3OS dnwf @tizeds o o lgfts U &

] s9 | tsdaffyy o Resutd Stress(solid). r 4§ 0CIsdoalz2Isjy 9o ¢
Surface 2 @ kzlkSirface 1H J OCIsdokz21sj ' H folL tsdits H]jlsV]
Mo tstedIsd C€ ¢ " ¥ Swwees@blid)y das " v G'tede ddpH O dadza dizd )
Stress(solid) - Surface 2: RMB > Disable
Stress (solid) Surface 1- Deformation: RMB > Disable
111 oBurt@ 1 o MsOwBOSC Md ©zOdz! dzjo Jic@O 17 decrv dzC
ftod C dzOH tolzy),j ded@v] MdzGsH] odzCH BN t6& GOO0AzO H
Stress (solid) Surface 1

Range - Manual datarange = True

- Manual data range 1 Maximum = - 60000
LMB >Plot (zOfls iz § dzd 2oz' todsidAzdzts C
CEhBOS M BERsds tsBt.OISd &z dz¥ , Ists dz2O0O {59 J to
L sdzd L tetsL tz®§ iz P dzezdey ds.
Stress (solid) Surface 1
Range - Manual datarange 1 Maxmum =0

LMB >Plot (zOMiskzf dzd?2 tdkzdssS fwOotelzy
A -6x10*x10°

A 0 x10°
0

-2
-4
-6
-8
¥ -9.79%10° | ¥ -9.79x10°
cr ' tt&de dzO (o jton dz 9 HY s9o ' H ExplessionL ts dzO
fjtjodhlz' LOHOdZd?2 &OSC Md Bz *k.
t SL G dzv dzj d3ts  fifdglz y BsE@fjls sz 0 O dadeformationz L dz' o
ltedtf zmis d dzts hts d3d B OY O' &Ko fHsdetS d daff Istd | telzO
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2=-095 Is0z=-05.f jdstsy de®@ cztx easB dIsd, o d SHjEd O o

HOdzdr, WE' LM JdasffO Pelstc’ L O3] .
Resultsi Data Sets RMB > Cut Plane
Data Sets- Cut Plane 1
Data i Data set = Study 1/Solution 1
Plane Data 1 Plane = XY- planes
Plane Data 1 Z-coordinate =-0. 95
Resultsi Data Sets RMB > Cut Plane
Data Sets- Cut Plane 2
Data T Data set = Study 1/Solution 1
Plane Data 1 Plane = XY- planes
Plane Data i1 Z-coordinate =-0.5
Results - >3D Plot Group
3D Plot Group 5:
Data 1 Dataset =None
3D Plot Group 5 ->AddPlot 1 Surface
3D Plot Group 571 Surfacel:
Data i Data set = Cut Plane 1
Expression 1 Expression =solid.sz
3D Plot Group 5 ->AddPlot 1 Surface
3D Plot Group 571 Surface2:
Data T Data set = Cut Plane 2

Expression 1 Expression =solid.sz
Inherit Style I Plot = Surface 1
LMB > Plot

x10°
0
-0.2
-0.4
-0.6
-0.8
-1
-1.2
-1.4

] ste’ o9 dztk 9 OlIsd L 5B tc Oy Jtalzdetz] oLtstistdqjogOdizs) - dzOf J Lictg 5
CteOh jweh s totsL SOMizthtOsq dzQ o H desizglz Yo tas@WE  Cld
f sBkHEZodOBtcOY j dzdzv o MY " dz¢ dz" 26 ez 59 d A3’ tcd
L 5B tc O3 Halid® IS i dztf fj) dzls s d s Lifftgeedf j ©jLLOC todd ) * dzh
1 esB d B yd .
Results ->2D Plot Group
2D Plot Group 6.
Data | Dataset =None
2D Plot Group 6 ->AddPlot i Surface
2D Plot Group 61 Surfacel.:
Data i Data set = Cut Plane 1
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Expression 1 Expression =solid.sz
2D Plot Group 6 ->AddPlot 1 Surface
2D Plot Group 61 Surface?2:
Data i Data set = Cut Plane 2

Expression 1 Expression =solid.sz
Coloring and Style i Color legend = False
Inherit Style I Plot = Surface 1

i Color =True

i Color and data range = True
i Deform scale factor = False
I Height scale factor = False
RMB > Deformation
2D Plot Group 61 Surface2i Deformation 1:
Expression 1 x component ,ycomponent =21 0 (He9 O )f tsdzw
Scale 1 Scalefactor =True, 1
LMB > Plot

1

1 1 1 ] I
05F -
ok .
-05+ -
_1,_ L J 4

1 1 1 1 1

0 1 2 3

-1
Isyd HwlkZGE] LBBWOY Jjdzdz" L Mzdzzlsts o fAde®OBOWS yc
10 IsOSdnm LBBKBOYJ dzdaW n € 15 to (drfdztsds Gf Sisin doEQOUID
‘ 3" dz' ZOdz dets e 51 dzy dzOW sy o L dzOyJd dz G
Max/Min  Surface . ] eOW " & d s @OEdSE y UsH{H szls - az0 f s
Is* &zO/ sB d&ZOMIs* stsy<¢d 3" dz' wEGR ‘o 99 3O tgt A3t
Expressio n. [ HdzsyOmdzsts L yqdqdz Mmlsetstes * s+ mw Is O
CststcH d dzOIsd, d nL disGshpissti@dgas zodg ~o.
1l dSBsdzO21Isy ' demlstelzC y' -’
2D Plot Group 6: RMB > More Plots - Max/Min Surface
2D Plot Group 61 Max/Min Surface 1.
Data 1 Data set = Cut Plane 1
Expression 1 Expression =solid.sz
2D Plot Group 6: RMB > More Plots - Max/Min Surface
2D Plot Group 67 Max/Min Surface 2:
Data 1 Data set = Cut Plane 2

x10°
0
-0.2
-0.4
-0.6
-0.8
i
5
-1.4

Expression 1 Expression =solid.sz
Inherit Style I Plot = Surface 2
i Color = False

I Deform scale factor = True
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RMB > Deformation
2D Plot Group 617 Max/Min Surface 21 Deformation 1 :

Expression 1 X component ,y component =21 0 Ho O Y sdzv
LMB > Plot
] toJ L Iz dz' dHdGd] dgtsd3d€ tc QO oz y § dz' zZz0 vtz |

GOS Md 3O dz' dej °  §d3 g’ ) BD Wi dpddedius] ded s z § ded 2

tcd Mz dzts € {ried@o tsitc iz i3tfizis g sdizizenitsL Mag/Min Surface )
B3 Y Or ctoOW ' ydes® octokzfd LOSC, w¢ fsCOL Odzts

1 T X105
1 e r -3 0
4 [l 2D Plot Group 6 05k 4 -0.2
B surface 1 '8‘2
Al Max/Min Surface 1 OF - :0:8
4 [ surface 2 | i -1
=% Deformation 1 : 3.07 -1.2
4 % Max/Min Surface 2 1 e » - i -1.4
== Deformation 1 min: -1551871 : \ ,min: -86984.0
-1 0 1 2 3 4

1 9B Is! o Oclz dzOMatsMin Suffae 2 2 g@OH Bz ‘ctc OW
Surface 2d30fMh IsOB dad?2 St j W' ylpbtels, "OJd2Azj siBj € B st
194 tedz Is! sOC sy ozo @Tdhgsdg® o S Mwh SH O Is OB
CststcH d dzOIs Od3d Is Utk (§HCAE) IS2te jdegiag /iy Saddke). o Z L ts
Sste' i3 GcOW] €L dzQ yoOsds? d BOC Md BOdz! dets G ts ‘
L d&zOyJ dzdzv o dteOL 22 f s { sootg Goitiz@dm d ditiz ¥i3dz0 * B i3
fts dz' dz'ts’B ' Origy dpgV@YMING Line L dzO-r BHJIs! BkzHE' Is
‘ BOC Md sz sz dzO  d&/MN Volume | tc@® ~ € H dsls[/f iz & 3O o
BOSC Md BBz Bz 615 83" Hgs' dellz d3lz
1 jtoj2HjdBs HEts totsL @dzW HOdzdzw dz' dg' 2dzedr G e
Midelm Hjhts o' Hic' LdgV "' Is Mw 9" H dgWH dztf &Y 5dzlp C
Miso sted d3s dz' dztle® diEft@d oca@ Wi dg' 20 ctcOW * ydz' 2 G to
Results - >3D Plot Group
3D Plot Group 7:
Data i Dataset = Study 1/Solution 1
Plot Settings I Plot data set edges = False
3D Plot Group 6 ->AddPlot 71 Line
3D Plot Group 7171 Line 1:
Data T Data set = From parent
Expression 1 Expression =solid.disp
Coloring and Style T Line type = Tube
I Tube radius expression =0.02
I Radius scale factor =1
RMB > Deformation
3D Plot Group 77 Line 171 Deformation 1:
Expression 1T X component =u
I 'Y component =v
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I Zcomponent =w
Scale T Scale factor = True , 25000
LMB > Plot
S zOydz' Is! h jE shdsy Gddzts #cls® Is O Das@ ©tdz Gt OW ' ydzts
htsftcdBtwOIlsdcBicOY j dzdzy S BtsteHd dzOlsdzs”™ ' IS¢ d.

x107®
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OH NWBEUO

[Isy fjine ctcOWch §BEE®D®O HY j o] dzOudyH D8elftisn 1 o M
sSHdzso d d3° tcdz' CGlOW ' ydz d dzj o34 dzlsd tctsL W Ot
if s &&Xpression . J dzOh sd3lz o d tfealH Cdigp i joOMls O o dzw d
o Csthp@]h j.dzdz o §j todz' Is zo @xGXHezd ZO clE PN I 5 (
HyWtstecdszo Olsd, HBSHOQh ¢ DefedaiwNnsets HBY' tods

v OC dd3 idedzts @O W © ¢ L alzOdtsHf[ds tdets 3z OB 5 Is
HY J ey@xdzd -~ oM’ SH dzgtso d d3' te dz' Jd dzj d3d dzls d, dzO'
9 Hfto Hdzs HB o dtEQueksion.L. OHOdsBEZ o { tsdzf

1 Okzo Oy j dddegvistced o d d3" tcSiplREz6 t@@WY" GH € Ha) dzts tihezO dzts 6
CtlcOW. €S LoV OtcB SO IZ2° 9 Hftso Hdzs ol ©H OB azPd;
J dzj d3j elzlst Bislstd s d é3te tg gz Exlzd -

r dzw fsBlkzHtseod dz' dz' 2 dzticgt® tc @ERCY D tsizg d |sofC
HY Jto]j dzs HEBRIEBD' kaf@L Olsd Hdzvw de' st B OY Odz
Resultsi Data Sets: RMB > Edge 3D
Data Sets- Edge 3D 1:

Data T Data set = Study 1/Solution 1

Selection T Selection =1,14,77,84 (o Jjistg| € O tz!j dAckOB O

9 0 j dgdlectis OfF " wdet€ddEZ  { to ddzOtb tisHczH EalgeRizd =
stcdMistso Kiew2! Mk s W itctsdzls Odz' dz' G tc Odz

J Cdzg y' bViem¥L OzO0H B d3E ¢ 11+ ~ GO wWzBefallt §D View

ZzO ttsL IsOh tstslliatdﬂ))a(ﬁuc{@tMﬁQH U)o df OHdetse s MY

Go to View 1

Go to View 2

1 jJtoj 2 H J dgiBizanaic O@ * €
Results - >3D Plot Group
3D Plot Group 8:
Datal Dataset = Edge3D 1
3D Plot Group 8 ->AddPlot 1 Line
3D Plot Group 87 Line 1:
Data T Data set = From parent
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Expression 1 Expression =solid.disp

Coloring and Style i Line type =Tube
I Tube radius expression
I Radius scale factor =1

=0.02

RMB > Deformation
3D Plot Group 8i Line 17 Deformation 1:

Expression 1T X component =u
I 'Y component =v
I Zcomponent =w
Scale T Scale factor = True , 50000
LMB > Plot
®x10°%
3.5
3
2.5
2
15
1
/ oS
[ dzw dz' dz' 2 dzgsets Gt OW ' CO " 2ddE) s fptgoitsd H
Yy! sdesazO2Is] dzOMmiskzy dz " dzgflstez Syt o .
Resultsi Data Sets: RMB > Cut Line 3D
Data Sets- Cut Line 3D 1:
Data T Data set = Study 1/Solution 1
[ Oda’ Of seo dz' Is! 1 n IsCutd.ing At A = ° 19 dzs dzQ dzO M |
tcd Mz dz€ s d3
+ Line Data
Line entry method: I Two points j
¥ i Z
Point 1:  0.75 0.75 -1 m
Point 2:  0.75 0.75 1 m

[¥ Bounded by points
~ [ additional parallel lines

0,250,5 1.7522.25
Orthogonal vector

Distances:

X
Y.
2.

-1
-1
0

sl 5C OL Odes dz' 2 dzj
5B d3j ¥ § defs @ 15
h j5fOte) dz' dzgd 8 o s

o' Hieb L COED Y tawQkCdEO yg JAss i@y dziz o b
{ s BHZ HIs d -

dzts

HY Jj tog HOdzd n
HO @GO Ozt ugfl O 636 s to Hlxf HaDts Off3ld o st e
)

fC @OH O

Htc' L C"' o, tetsL SOh s Odad 7 2

gPist, € ezt §

L 5B Oy j dedz™ € § & H ) SoetiBH & I @fizi{ € | 1 dz'

tcdmizdesC ) tcOo Btolz y

sifd S d SEBOL d B dzO

HBSeR® s

L OH Rdiad f digh " i tztzy € (
' dz' 2 dese s OV CO HWEBSted3sOY" & .
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3D Plot Group 8 ->AddPlot 171 Line
3D Plot Group 817 Line 2:
Data i Dataset = CutLine 3D 1

Expression 1 Expression =solid.disp
Coloring and Style i Line type = Tube
Coloring and Style I Tube radius expression =0.02
Coloring and Style I Radius scale factor =1
Inherit Style I Plot =Line 1
RMB > Deformation
LMB > Plot

%x107®

]

j i l‘nl |

SO RW B

1 94 todz’ Is! o OcG Lz dzO Is jLine 2hias if xH Epsipfifi(dRdz’ G t
sW stcdsdzj dzdzv dz' diin@ Hzts detsy dzseGRY O t€ oOdz fsfdzisd® B ‘dzd d3
Csd W' y' ' dzls sds.

CChts BHdsodd3 tedzgj HYJte]j dztB HOdzdr ME dzOH

dztsdslz By dz0 fsBlkzHRZzZOOBdeso d 0zd HAMP2U 2 W € d 2
tetsL W Ote B sQud diglz’ dz' 2 dzd &3 d dzets BY ° € O d&3d
Resultsi Data Sets: RMB > Edge 3D

Data Sets- Edge 3D 2:
Data T Data set = Study 1/Solution 1
Selection T Selection =4 (0 j 0B tgtc d L ts dasjCedimbx)z O
Results - >1D Plot Group
1D Plot Group 9:
Data i Dataset = Edge 3D 2
1D Plot Group 9 ->AddPlot 1 Line Graph
1D Plot Group 9 - Line Graph 1:
Data 1 Dataset = From parent
y- Axis Data T Expression = solid.disp
Coloring and Style T Line, Width =Sold ,5 Ho O ) tsdzv
RMB > Color Expression
1D Plot Group 9 - Line Graph 1 - Color Expression1:
Expression 1 Expression = solid.sz
LMB > Plot

A 8790
%107 [f ! T Y 1 x10%
Sk r - -0.9

45k i -0.85
ak |l -1
35k A -1.05

-1.1
4] 0.5 1 1.5 2 -1.15
Arc length ¥ -1.15x%10%
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{534 Cagpotd®y O i3S HYflzjdts | " g JAY S ACS Yts$ itsj B 6
dzOf tclzy §,dzolz2" yd n lztEswBs O OH Ols d Cdz" .6 dz' dz* °
dzlclzy j dedgtr HEts LnEGdgth 1 i3d HBH Odzd H ts@plots dz' 2
Expressionl.

IBC Oy B3ts, dzOQ Cf tigtoH 290 Olsd L sB e Oy j dadz™ W
Yy! sets Ij it dsTalzO H ez Mds whdzts d3i "tesdzts  doiste I dsG i) diziy didis ™
dzO 9 j ton dzt G Us@dp'O) Jstzdr®. MOBBSEEE Is' &zO B LEH
GteOW " ydz' 2 ¢ tclz{f Suface Oc¢ tOW tLd@s cis ¥ s H  dad Yy dzd o3
Csdz" &6 oMm' n Ssytsc2 ] Ost@dz o dzGsH fiz08 s d dz'
Miste' dz€C s d 2 GteOW " € 00 419 sArdwvdzBidate ooy © ¢
(o @ jdijlostcdzO H' OGO®BO) ftcedo' wL Iz° 94 ¢l
f syoEss' dzi y’' thsutcls QsERB@ dA{ B o gisB dz'9)j.C ssc(
ZO B3O d&z' 9 Odz dzd h J dzO oyt dp'tidds C dotg @’ , H Y H d&
HOdSukace Isd 1 Iz
Resultsi Data Sets: RMB > Surface
Data Sets- Surface 1

Data T Data set = Study 1/Solution 1
Parameterization I x-and-y-axes = XY- plane
Selection T Selection =4 (@ jterndz? QteOder SCkBO

Results - >3D Plot Group

3D Plot Group 10 - > Add Plot i Surface
3D Plot Group 107 Surfacel:

Data i Data set = Study 1/Solution 1

Expression 1 Expression = 1

Coloring and Style i Color table = GrayScale
i Color legend = False

3D Plot Group 10 -> Add Plot i Arrow Surface

3D Plot Group 107 Arrow Surface 1:
Data i Dataset = Surface 1
Expression 1T x component =0
Iy component =0
I zcomponent =-1
Coloring and Style T Arrow base = Head
i Scale factor = True ,0.6
I Placement = Uniform
T Number of arrows =30

1 Color = Black
LMB > Plot
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1 dzO y JAdznzw base = Head o € OL E2° dz®0O Istf tso jhtdsh dz' f so
tesL SO s Odz" €' dzy’' Mmlste’ dzts € .
1 9dyo? dats, hts & ftdlE dzOHdzdr L OHOYOR L C
f s5d00, -1) od¢tstcd Mibtsotz® Iskz dg® v g ‘¢ IsHs'touda] y di'ts dzw
[Cte' i3 B jtorndzi odnrm o] Clststcdzd mn HE O tc@®dl
9JCItstcdz’ H® Octc O .

l ftc@al@BERZHE2IS] d&O (o j tcn dz Is * fzPtg H" JOdzdBO C
(u, v, w.

w dzzdztsy dzd @ * Mmls Mo stedIsd HYEthE] 2@ s iyt
Study 1/ Solution 1, o WS dsc ddgjs Ob )" d dzj o34 dzlsd G J
Mlso stc  tzdfdr' o 2 s s ff * Selechon dts dz0 s B tis'Ods ff dz
G J sd3j Isted ydztdevel), fiy z b deitin@sL fOuslalte | dzgilztlhy dzls d . ¢ JAtg d3d
Matyd dz2O fHtedntso zo Odedzy Iz j asz3yielw@R{Quifdse/ ¢ ¢ dgCoa
L sBteOLddBts s dzr €d L tse dz' h dzs dzQf tsdz'j Ae - UaAs dzlsizons
o4 dzd Y qjaigf " J dadz" .

Data Sets- Study 1/Solution 1 :RMB > Duplicate
Data Sets- Study 1/Solution 1(2) : RMB > Selection
Data Sets- Study 1/Solution 1(2) - Selection:

4 N 3D Plot Group 10
™ surface 1
—| Arrow Surface 1

Geometric Entity Selection I Geometric entity level = Boundary
Geometric Entity Selection T Selection =
1,2,3,4,9,30 Lodg hdz f)se jton (
1" mdpis o tstej dzdzv Csf "7’ HY J ] &zZO HOdzd n H dzw

Selection wed?2 HBLOGW sBteOIsd Hdzvd2elzH ] ¢
odCtsted Mistslo ar@ists[dplr o Jf OHC EZ B BttOdzd L 59
1 94 dz Is! SOC sy Ehd@ekz kot sy dzdzvh ¢ Sff
fJjtoj 2 tg] detofigw tSumly 1/ Solution 1, dwWBj g g wd BSH | d
BkHJ dzO Sidp QASdulipn  1(1) .
1B 20208 ' to  Swudy dzspiltion 1(2) By 20 o dS tsted Mmistso |
fsBkzHBO9" 9 GlOW " €
Results - >3D Plot Group
3D Plot Group 11:
Data T Dataset = Study 1/Solution 1 @
3D Plot Group 11 ->AddPlot i Surface
3D Plot Group 1171 Surfacel:
Data 1 Dataset = From parent
Expression 1 Expression = 1
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Coloring and Style T Color table = GrayScale
Coloring and Style i Color legend = False
3D Plot Group 11 ->Add Plot i Contour
3D Plot Group 117 Contour 1:
Data | Dataset = From parent

Expression 1 Expression = solid.disp
Coloring and Style i Level labels =True
LMB > Plot
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Home - > Definitions T Parameters
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» Parameters

4 () Global Definitions " MName Expression Value Description

Fi Parameters a 2[m] 2m CTopoHa
Materials r 0. 5[m] 0.5m Papiyc
F 10000 [Mfm 2] 10000 M/m2 Pressure
5 a™2pifTo2 3.2196 m2 Mnowa rpaHi
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cube_with_holesmph wed? Bzdzs 5K g 6if i das s dpiz f o
I " HSted2j vyj2 W02 d

ledf Emlsd B, hH tseda@dy dfftslstc 'L O@RO d&' dzz M d dzkiz
sfmdzseoz. |1 s5dz0 HBstc' 9dzs ° 9o 0OL Is' dzO ff dzg i Lt
9 d ¢ t5dz0O dzdzv Is Qézdze 5 o 5 BOUQMIIO L Mul tj 'hdzisi @
" deflstoclz dzj dalst e . 1 Q2yfjte tsefndsC t tafdR iy IsLDedlixtlzry Walaes ¢ * dz
9 zL dzO Vdduing Integration. ¢ dzj yJ?2 MmMfsm' B HisMIs z{ dac
fsmMissBtctsBC d( 4o Resdty s Olg'CoB d 9 O Bzdzs ff siste
L d&zOyj dzgdz?" B©BO' dBz s dzO OB L O Odzr dzgz M dzlz
CBBRf tsdej dels° OBt oMt HJilzsls sRpdsty a3 O] 5 i 5

sSOCd?2 def HBEf WOYOE Odz! ded? MY s’ B  5dWde@' ¢
OB 5 dzts CLOOEZ! dedrrde-dzH "tSedets » 2 Is ! LBt ¢OId L dzOy,
GMmlsddzz 2t tj yso d dzdf , OB @stc @K Ig [§intsdz O & dits dg.
CSh s L cdasS @R tsdzO ¢ dztsB O dz! dzO L 3" dzdzO Milso s
oditstcdmMisso 29 Oisdfz axis vfipwr : tcd § tsBkAfHAEHL ORG
f tsls 5y delsfaidgzBC OB ' dgh s 3z € s dytftcfidzdidzis H dzW3ts v {5 daf
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ZsC Odz! dzd = L ds QA G dp O OErm OB q fizls 59 &z 9o@]s d
dztsls Oy © .

| dztsB Odz! dz' L d3° dzdz Cted Mdz' o § dzdpy @ VO 'dzts dz
L Odzj »Olets yts ¢ 5B Yo fMuifstodEded®dH , o tsdzd g™y dzdz” ,
w g sBydmadzs 6 Is+ mMw o C i tsdzj dzls h dzw 2 tsd3 |
tc* o dzV dzdav , ‘ L dzOyj dzdzv wCdnm dzf €1 ©®dzy 3] Isizd
n OtcOCIsj tah%l@lﬁjtsa& ‘hybis) s o Stc 9 Olsd HWEE  Cordsd fOizty jdzizl
wWEsd@3z MmMlse st dzts @Qjﬁtsdg,ﬁﬁiﬁzdﬁgls‘;utz@uz dzey Is°
L Odzj X dusts o d' Whi@lg' Isits to ‘dzais,q ‘ dafflet@@y v ¢ ¢ dztsB Odz! dzlz

[ dzv 5B Y d fmiizjdedets | wWCO ffdicjwdnls GE figks‘tcls 5 dzG®
odSCtsdzzeo Olsd ' dBYeE k@ OHzdzvw € J disy 4 BERISd 9
BsHJdz . v [ ges Py tc@allddaiziAin o ¢ B3 B&s) dalptOy
odLdoOIsdmw o BEH' WHCdEHR] Isds’ iyl JHd@sscsgpAbd L
(ComponentCouplingg). v O¢ "  HIfs M zeRds Gstistd cp ipldstefairr  ff j toJ H C
L dzOyd dz! B 3 (BSHJdYdBd @ LdGPROA | & HdasEs
OBdz 3 ¢ i3t (Qzjlaf@Osd sOf ' tBtesBSCd tjL kzdz IsC
"t it HOE ! MY, d&3.BEYES eids@, to]jL defsy ZIs! B L
~nOOCIsjtedMmisdSd tsHj dz , Wi 0 Viexfafmh.y dz¥ & Is+ MW

JTJwOltsted Lo'wLClk (Coupl i ng Debmtiensat or
Csdif sdzgj dzls©, L WG ¢ tssith e @ussts & dipre lgH Giad g O
dzi Bydmdzs ¢ Is+ fmw ., [H&ZOS ' Mdzw Mmlilse tstej dzdzw
w e tsdikz J BOY "’ BBs H JWdLk  dddzdzo3’ figy® B ZHB IS sy dzts G
C sl tsdzj dzls O. [ dzw Miso sy dAld &dJ EcOfigicsSalz
M { d fgwponent Couplingtf Odzj dz' ° ddhefisitioris d3j @adtsHodzts 2 o3 dzdzC
C s di30zH OJ § OH dztizts & O dgp teshEABIitions.

ltedfzmisddis, "t di3d B Oy OL &is{ ts B3t gidy 4G lis® 2

A ffydz. [ dzv s kzyd S sedmissoze Old Y j
\Y

Integration . I sHdodd®smw,. w¢ yj ttseBdls: Mmw
Defintions -> Component Coupling I Integration
dbCIsdoalz2Is] 1 fn ls &€dwpgneits & Kcomplly + Bxdinitions -
Integration 1 (intopl). wdz' v s j tcOls wipOl o Cdgl. jIzc" tdeAsodf dzdzy
Operator name . reedg H " Is!
Label: =uwtlzls j ctcOdz L © tB' ' diZsd3
Source Selection T Geometricentity level = Domain
[ Mis Odzdzy ' dénlskcdz £ t3)d3J" Is t®@ ok y disoB20zOueiplids jj @lds @ dz'0 dedzw |
fso j lotdafg d ds' s Mtsy’® 2 50 Odzets 3z ¢ Ge@ dz tylidzts d3lz
sB &zOMls® "I 2d@ 5 ° dzH d ¢ Ols s tSelettiont, ' WooldUs.! IHAg Y dfo
mMoOodsd dz, S tsdzStcj sdzz tsB IZOMIs+ .
[Bdzts 9 * Is! toGsdz® g dzlf ds'C € datpdatg ‘Solution & 1 | okzL &
Study 1.
vt iftg te®ilsitsps Mise St dzd 2 "1 toHstiig Izlg iz dadigss s
odEtstedMisOdzdzy o dzOh ' 2 dBsH j dZ
Results -> Derived Values T Global Evaluation
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Results- Derived Values- Global Evaluation 1:
Expression 1 Expression= compl. intop1(1)
LMB > Evaluate i New Table
l i3 H j dz'ls MMsoOvBodghle 1 o s P L 2 dz' s Olsjizdgy 5B Y
IMe" a2 ¢€d " dzelsjctelzo Odedzy tsHddzd Yy oS tsdzlzo O
sBO" &3 Is' dzO.
comp1.intop1{1) {m"3)
4,7019

cS¢ BOYdlj, dO jlof' ftmistse o6edaon odS Sto
"H dzlsd ydzts o d ¢ tsted dnjs @diagapldal I@adrgion dzts ( IstsB Ists

9 z LD@ed Valuesi Integration T Volume Integration).

1 Oz o Oy j dedzi@edniiglidzentity level o Iz L RiEfditions - wdzls | e Odz |
sB' ‘ i3S ) t§ ‘dgndy 9 S d3jHIsY ‘dZls | ¢ tc z 9 O dmidy O BdgfdandzO
(f s9 j Bty j,B Romt) ( BsyYysc O) . 1 ted o d eEtlgeB ZHe] 9 &
sBydmadzs 9 Olsd mw Cdcd B @ dr'tSdz 82 dzff Q ts ) Isiz tc' o dgw
9 ¢ OLI®OBYS Iz, Is tsinteggetfop tc Ofstsdcj tcdzj L dzOyd dzdzv o
cShs dzO0 jIsOf" i Is' o dzldg]j ciiasliptap(Sgolf dg VicoQfseddEls df! ¢ O
ssyts¢, Iss BEZHJ] tBYdMmMdzt 9 OlIsdmw MEzdBBO L dzOYJ
[ JtcOlstste Integationw L Sotsy dzO@ o S sted Misso 29 Olsd
sBydmdzj dzdzv L dzOyj dz@ dzO JIsOf ' BtesBSCd t6] L
dzO0 BVWHERE J Of BsH | dgdd O dfdigvd, frpls o st Qs ipzdzy d
dzs € Odz' dzd 1 QtYdic gdzfG:H, Milso Stcd d3tsy odadwB © dz'dzdzls * 1k
CcChs o o0Oh 2 ddBQ'dz' o 2L dzO EefipGamtided = L
Definitions i Variables1l, Ists Mlsoa st Is' 2ttt CCtsd3OdzH 58
Home - > Definitions i Variables 7 > Local Variables
CChs @A Ists, sytEmBIXigdtOB dzd y* L 1Od3'HdzdzdsABts 6
C dzts f=iflete, WEOISONtso OdZO " H IsOBdzd yJ ¥ .
] 1 eClanpdm@ntl i Definitions i Variables 19  j teh s 3z toV
sOBdzdy® L d3 dzdzd- 99 jH' IS :
Variables T Name=Voll
I Expression= compl.intopl1(1)
Study 1: RMB > Update Solution
vdtiite fjtejo eddis oDy iz @zt s Oo b fff dztlzts L
Results -> Derived Values T Global Evaluation
Results- Derived Values- Global Evaluation 2:
Expression 1 Expression=compl.\Voll
LMB > Evaluate i Table 1

intop1{1) (m~3) Voll{m"3)

[Hdd ' 552 ngol tshfsp)wds saef C s misso o Olsd |
' LdzdR o dwOLi mt.oplQEREE ERBYL]S! &GOk s’ dC
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dlso stod dzts dzts € MMdeslozlz " 5 d3'dzdzdgls d Is - L dzO yJ dzdzv
Yy sEHsiclkz e sdizz teW H € k Col@eeded ryDefinaidns idx@riables 1
99 JH" Is! :
Variables T Name= Massl
T Expression= compl.intopl(compl.matl.def.rho)
Study 1: RMB > Update Solution
194 todz IsH o Oclk d2O Ikj, w¢ oditttdmistoct
Is* &zO. 1 dzv Htsmiskhyf BOIs F o ttd sipls’ o d C stcd f
ftotsdy ydogvf d o dzOdegflsd o sMilsj 2
1 Oz o Oy j dzdgwdzw f tsf)d dzO dzdz" dz0 o &zOMisd o sl
odCstcdmlssolzo Oz @ EtOH BO W J MC tod § ds@uct dsd &
o zOMlsdoe sMmisj 2, wed?2 daf OL p O @Y C dizZOw . o @ dzls 1 fie
ckmisddzd toj ytso ddzd (Bisy dz0 j dpdpfatiet.tion Is oot Is ¢
i tso dzj root. dg@mpl.matl.def.rho ) . W eztsis z folzj dadts uik]] » O~
cwW' LdSdeei H odSsdp@inds tse 22 Is | "HJ ddOdq %' € @49t
solid . rho .
10HEESCE" d©3s dzOMiz.
Results -> Derived Values I Global Evaluation
Results- Derived Values- Global Evaluation 3:
Expression 1 Expression=compl.Massl
LMB > Evaluate i Table 1
complintop1{1) (m~3) compl.Voll (m~3) compl.Mass1 (ka)

4,7019 4,7019 10814
1 0 dzOmiskzy dzts 3z @fipflsrplaDis Gz etftfinf @020 dizd = L d3' dzdzd -
4 W Component 1 (compl1) - Variables
4 = Definitions
a= Variables 1 " Name Expression Unit Descri
[dv TTerpan za of'emom (intopl)  [vaoll comp Lintop 1(1) mz
J-| Boundary System 1 (sys1) Mass1 complintopi{compl.mati.deforho) |k

1 Okz o Oy j'dadakzOIls d W ‘G Astely Sslde jff tdyoblag 7o 6 © d3, i dzt
Hts9 ) dodzizH, s Odz's YO Rds Y dzO L O H i s BZBasUues e’
(o dd3’ tcsfoCudgimwnery .} sHde ddssm:! , W& yj wssdls’ |
Il dH' dz' Is! oGegnetryb kL sdzOW " ydzesdzlz 9o ° € dz' o
odBBtclz tsB diZDf5lY ntzlz oSkleft DOz, 2 ficts L Is © OdzO 1© dz
9" C szt dzOydz' s} sl de@ Cz@ERMely ¢ dzOydz Is! fs

Mesure.

BumipropaHHA
.
JR— 'Ir ‘-.\‘_ :
= B = H
- = virtual
Operations =

Other
L 9" Cdz'  Messagass ZAzLde' L OL o d yoO?2 L IsOh 59 O
CdeW st 3Oty B & RO f zsh 2 Y se jtordz tSBOdsSG K
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Messages
%

COMSOL 5,1.0,130
Opened file: cube_with_hales_11_04.mph
Volume: 4.707 [m*3]. Surface area: 22.66 [m"Z]. Domains: 1.

cShi JalmsOdeso dIsd toj ) dd3 odeOBlsttdiazlz & Be@atzdtizts |
Boundaries &, ® | | o qite'sdzd{ls] tc dzz dEBjdEGiSREOH ,C B O,
f OdzjGeametty § &zOy dzz s d  tMissure§ dztistitsy ] s " @ dzeRidaj iz’

H s HO dizW st df@ous’ ff alds® IzPEHAs | 1o 7 da’

Messages
Select Boundaries ‘“

— COMSOL 5.1.0.180

= E BB \-—\ Opened file: cube_with_holes_11_04.mph
Volume: 4.707 [m~3]. Surface area: 29.66 [m2]. Domains: 1.
Area: 3.217 [m~Z]. Face: 30 (dif1).

CShis |1 ofmMsOdzasadlsd toj y dzBls ¢ f azls ac'Bedectc § dzt t
Edges B, § 558 a3 ' &dldd ', dOfddLikOH;, cCd O ¢ ol
f OdzjGeametry ¢ dzOydzkzIs Missure§ dztdstisy ‘S so * & dzeRidai itz
H s HEO diz¥ s t8 df Gotiplz d3OHetEar Y dsdzls O2d G o d A
Length: 3.141 [m]. Edges: 80, 81, 82, 83 (difl).
] teiyddi o ddett®dnts BEESEEZO H' L &zOdMY ¢ tstteH
ssyS¢d, OB 9 HMIsOdz o' ¥ HoaBBO IssyYs Odd.
Coordinates: (1, 1, 1) [m]. Point; 52 (difl).
Distance: 2.828427125 [m], (2, 0, 2) [m]. Point 7 (difl) to 52 (dif1).

wdzH d ¢ GlstskOdnls j 2 , G o Oz Yts CotgjCosjtcteg] MBOEzd -~ o
HiclzGC iz Is+ VL W dzfristfyaedizd

ydmdzse ° 9 J dzdMes$aded dz3ts ) @dzO C MO S B W g @&ls dss a3’ d
9dCstcdmlsOlsdiz adPdrdzidters@zy, o d L fZOwmQ dztds 6] dz'
l 5o jtodzj dEsmw  HEs totsB sSisds ois'sd dgtgb Gadatf dgipditaizs H
L 5B tc OO dz/Ldzkorcen  dMzC 2 yd dzd Is Is* dzts dzO tsMdats
Is* dzO Ltsdaeds) " dzv fd zO, wWCO H'C ZO Is' &zt L 9 J

| dzsB Odz' dz' L 3" dzdz Mlse stet 6 Is! Mw OdOdzsG
Voll ° Massl 9" HdztsmwIss mw His 1€ tsdAd,s dzf g s {c jdstk
o dL dzOW Ytz O dg'dylz dzole® -~ Otc OGC Isj te'dzt R ] dzts, 0]
® " H Ltsodz N dz 56 txzOV @] ldds-taj@y  (ddsedfefipigytfizsdzOyd Is d
GizsB Odz! dzz L o5’ dzdzlz .

dlsotstcdd3ds IsOB dzd y¥ G dzsB Odz! dzgdr L o3 deded = G

Home - > Definitions I Variables T Global Variables

] 1 Mis o tstc | Glabad Befintitms éz@ariables 2 8 f j toh sd3kz  tov
sOBdzdy® L3 dzdzgd~ 99 jH  Isi:

Variables - Name= Force

- Expression= compl.Massl*g_const+F*S

Study 1: RMB > Update Solution
1 OCGOH O’ HROEedhsts ffisL dzZQigPME stcj dedzv o ' dz' dzsEe B8

v OB dzd yvw G dztsB Odz! dzdf &f GuUdAB'Hdzdzd = dzOB Iz9 O
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4 () Global Definitions v Variables
Fi Parameters

a= Variables 2 " Name  Expression Unit Descriptio
i2) Materials Force comp1.Mass 1%g_const+*5 Mmjfm
1 OHtelzC ' d3tsc dzt=igO@UdE! dedorce L d3' dzdzts
Results -> Derived Values T Global Evaluation
Results- Derived Values- Global Evaluation 4:
Expression i Expression= Force

LMB > Evaluate i Table 1

comp 1.intop1{1) {m~3) compl.Vell (m~3) compl.Mass1(kg) Faorce (M)
4,7019 4,7019 10314 1.3320E5

B L& flskz, Istjs OL dy cAEdEDHe O i t5 §f feddzd t
d Sl L 3 dedets’™ Hts ,f joo dat’" 2y Ofidsd@lzdh e lsda
J 9 dzts’ Yyomilsd dagse tis ' alaPh | HiHsES fHspY i Alz' toj B §
C
d

fbflsd B sz ds SBkHkzo Gso L &mdY

tc Olsteisletsig s o g A js' dgOtOB d Y dz C5BO MY s
& L ddt sd&"cO' o fsBkHSs' &sCOd dfs

dlsostcd it o kL sdz dzsC ©dzO ddF~ B jHls Bddeigchinj, dzO
L daPdg s dets i3 tc
Home - > Definitions I Variables 1 Local Variables
Componentli Definitions 1 Variables 3:
Geometric Entity Selection I Geometric entity level= Edge
I Selection= Manual ; 2,3,15,78 (tcj BtoO )sfmdztso c
l fjtehsdBz tewHCEk IsOBdzdy" L3 dzdzd» 99 JH' Is!
Variables T Name= Sz
I Expression= solid.sz
Study 1: RMB > Update Solution
1 O3 L dzOH 5B d dzs e d § ts o MandakBldsds didzts M uisd3’ 2dixiE’ s
odL dzOYj dz dzO ' dzh sdBkz o, 99 df to tsdsjdtwlrfy It fiyls ¢ (o
9 z L\Mdm@dblesl, wC° af ofsL g2y JABBS H § dz'
IsBEZHE' i3t Cctc@MOR L GH GQdes O3 € s dzls 2 to ts 3.
Results - >3D Plot Group
3D Plot Group 12:
Data T Dataset = Study 1/Solution 1 @
Plot Settings I Plot data set edges =False
3D Plot Group 12 ->AddPlot 7 Line
3D Plot Group 127 Line 1:
Data T Data set = From parent
Expression 1 Expression =compl.Sz
Coloring and Style T Line type = Tube
I Tube radius expression =0.02
I Radius scale factor =1
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Quality T Recover = Within domains
RMB > Deformation
3D Plot Group 127 Line 117 Deformation 1:
Expression T X component =0
I 'Y component =0
I Zcomponent =compl.Sz
Scale T Scale factor =True , 3e-6
LMB > Plot

' ' ' ' '
et I+ R ) B N S R % |

T - - -, - -

oy LS
19 tcdz Is ofGedl? , f NEj e & d3d dasY dg¥ yd dgd H dzts o
f s~ ' WRezdvBr = Withindomains .
r dzv  dzO sstfystastiHst) ') s ¢ i@ | € Steeddztodzlsiztc o ff te
dz' dz' © .
Results ->1D Plot Group
1D Plot Group 13:
Data i Dataset = Study 1/Solution 1 @
1D Plot Group 13 ->Add Plot i Line Graph
1D Plot Group 137 Line Graph 1:
Data i Data set =From parent

Selection T Selection =Manual ; 2,3,15,78 (tcj Bt O )sfydetso d
y- Axis Data T Expression =compl.Sz

x- Axis Data T Parameter =Arclength

Coloring and Style T Line, Width =Sold ,3 Ho O )Y tsdzw

Quality T Recover = Within domains

LMB > Plot (ZOMiskzf dzd?2 ceOW' ¢ d otly

4

x10% ff
-0.6
-0.8F
1k
-1.2 +
S1.4 k-
-1.6

1 1 -1.8
0 2 4 5 2 0 2 4 5] 8

Arc length Arc length

cSCh sdsbodiizdsfdy’ ¥ o ' H dzts o dQueligzy 1T Reseverv=daf » Ists
CtcOW "' € BERHIGOD WA HIOIHE O ip 5 delifAigA) tc O stclz y
wimdzz* OS5y MY tsig? B3] tesd ~daddgChozdfvd da ' dz@i| d d
YOofMmisddOn 6 Jtsd3j iseW d3,r dfv' fgzirmscoliEzd disicf GO o L
Variables , L tsdzlzw Gidisis d@3j » fftslgft dpfd® MB dgdzj s By s sls'
MdzL ®H O~ o9kzL ZOASHLOERD CdedBY{'ds. © " HY S0 " Hdzd d3 o
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sB yd mdrp getizdzj dzdzv H s, ls@ROfstedcs dz@3 dz' f tc B zfigB z |
Qo ls s B3OdsfSyslttsd Mistso zo Olsd o dteOL dzO o' Hf tse ' H

1 OtcORy sted yde d Pz dzts Isjf jto, hts O3 ff 5l
9 L Odzj Y detsiyls’ dJ Btc@.C sreden’ y ' ©OA® dadftis Y[ dz@ dzd
f OtcOd3j stc O, sB yYddamslgOlsizfs Hig EHa! 9 6 W LOY C L d&3°
sBydmdzdilsd dotsH j dz¥ , L dzso 2 KO ©dzls Yds Bzt to
mMdmis'yfdizxdzz® IsH § b temizic z Bge@etizd L 2 L Odzj y dzets s |
f OcOw3g vt Y BGOE®Dtc Od3]] tsaed ez Is d  fijlzo B icgddds B O dz! dzd
f Otc Od3f EBVISOL Multiphysics® dzh d = ff Otc O d3j I3 tds'Isdz edf3tz)j dzB Iz -
Study o mMisOdztso dzt 6 Is* MW L &Z2OSd (OBt MmMlsotster * I
o3 ¢ dpd2'3J Isted ydzsets OdzOdz' L Iz.

CCNt fOCPuggistisdzj Iste’ " ® ] fdidsjHLpjdxiplspAsds o 2d dz
tcOH ' kM), daskR[ody Hdz' 1 ) ls d&z s Bedidmefric Sweep ' 92 G S
l1loaCOLPBOM3] Iste M tc'L mlas j dztc 5 @deGoz" L
f OtcOdpg fetstcd Mistso z° s Mw ) f syoOlsCtsodn OB
BOIsj to' Odzt dzd?2 CBJ W' y' " dzls Olgis LSdsJdts ‘), G jdaso
sts CtcOn j o d ¢ tuwdignmBnisep z o Qladsf sd3" y dzd 2 ) O dzO
odRdC O s Mmw o figls @ ditisen dafjHeBHAf ceigs Y W Lodz@tudy i
Step 1: Stationary.

Il dEBsdzO’ dzs o dzOh * 2 hisH j & H 5 jAiigy 3 dzd 2

Sweep) f 5  Otc Tdgjslgtif 2 dzO o j tc~ dz¥ GlcOdz . [
Cdemlstelz Syt
Study 17 Step 1: Stationary:

Study Extensions I Auxiliary sweep = True

l 11 o kzL &€p1l: Stationary o tc ts LStudy dzxtensions OCIsdoalz’ Ist {
sOB dzd yvw odBtilzs ZO@RBFIstcfs SOBdZdY' L §tcO¢
9 dif OH dats Gasd Bdjjtalztls + Add. 3 3O dkllzd ME d2 L O6wedls: M
Parameter name, odB j tc' IsF v QHddaydiigdz fnlslsal]’u s

H' Of OL st 15 i telfdfd3rangetd 10000,10000,100000) : A H a3
LOf dMOIsd E odcedzwH &ZOMmlszf dzgd = ' dzmistclz € y ' 3
Study Extensions 1 Parametername= F( Pressure )

I Parameter value list= range(10000,10000,100000)
t 5L BtudyExtensions o Iz LSte@ 1: StationarydzO B z H | @iz s il dz

4 ~db Study 1 v Study Extensions
Ifj Step 1: Stationary I~ i
4 [Tr. Solver Configurations v Auxdlary sweep
A g Solution 1 Sweep type: I Spedfied combinations j
" Parameter name  Parameter value list Parameter unit

| F (Pressure) j range(10000, 10000, 100000)

1" mozvy 4 tsdz@2 9] =swd) figkiz). dzdzw
Study - > Compute

Il Odzgj dzv 7 o dl@RsydjodstNB R Yydzd - H g & ro cEOWH C &
Data L 6 W o d Is! fmPararmgfed wpli€ (F) L L dz0 yd3 tz@ets © d3g, Is teHOdzW
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Wetses ftsBlRzHto Odets SBc@is'dev. 8 FIHdL daBmpy ddslzr L
10000,20000,...,100000 WC Bz LOOOdS ybd
1 9Jtdz Is! z o ©clhess (sofid) - Burface 2 - Deformation 1

f slstc’ B dzts Is gdfipldnd degodsd € 5 B SYL defdzls@s ydq da® ddsj ,
fsoddzj dz MY OH © ttBarEdEQIs dyywy dzj o© HBEZO O’ Is: MW
Stress (solid) Surface 2- Deformation 1:

Scale T Scale factor= True , 25000
]l sHdztso d d'tetzdpdd~ BEZHEEIS! MW GtOW ' €d Hdzw 9
dzOf tcd & d&zOH , w G BlzH EzIs! 9 d ¢ dzisHs@Qlss¢ distg @ Ws'C
SHdzso d a3 teldzPlot Group@.§

-5
x107" L 1 A -a790

22p T x10°
2F /\ .
1.8f i 0.2
— : 161 1 -0.4
4 7w 1D Plot Group 9 1.4
4 b Line Graph 1 1.2 |7 08

&) Color Expression 1 08k - 3y o
o6 / -1
0.4 H i ¥ -1.08x10°
1 15 2

1
0 0.5
Arc length

sO0Cdd3 4 vyddesds ff j toj B 2 HIDPht'Gloupd® ctcOW " ¢ d
} 5w mddf f3ts O dzd y¥ &' ¥ § Ote O3j Bamcfeticlzd &3d
Sweep  Auxiliary Sweep. [ Mils Odzdz 2 Liczydets odCtstedmls
f OtcOd3j sted ydets sz OdzOdz' L ° dzj ,9 JI€ tisplddzts Isi dg" dzt
f OtcOd3j sted L 59 dzGlcdrdayd dltz’ o P'azébp Wp@d Y Odsdets,o € 15
tc' o diy P 5. Pabntetic Sweep O dzOdgtsy dz0 L d3f €A ® d®Jslgiidd
Cjtkzwhlj Bic(stsBlstsa h d dzlz, Hitso )y d dzlz.,] tsB | @ 3§26 €

COMSOL L Odzj 3y dls! o' H Itets, wGd2 §Ow@djls
Parametic Sweep O dzO dz' 1L d3'dated Vilse e fistsiH jak' ¢ j s Iste'
' Sk ' c¢cW' LdSke. 1wl'd odStsdk' ! Mw

dzso se s L dzOyJ dzdzv ' v tosfijgizv tsCtsxysdets ¢ s ¢ filps o 56
f Otc Od3y B dHBOZz @zleometry, Mesh ‘¢’ L @ dzts o dzs ' sSinls ts tc dzts
o d¢ slszziw tsB yd Mdzj dadzv .

1 to dAuxiliary Sveep OdzOdp oL, Oy O° Is! Mw hts  Otc Od3,
dzj  j toj oo dets. 1 d3" dzd o dzsfmywis: fqw dzdh jJ o ¢ W' I
tdLEzd sOIs, tslsted &30 dzd 2 zO0 (i jtcj Hdy R
L dzOy J dzdzw H dzw dztso 5° "sjteOy’ T W eBd{ QecsColds
Auxi liary Sweep Mts dzo J dod Sdigdzilz" dzaf Iz L dB@dinetry © Mesh. A J
L d3j dzy &g yd tpdizj detsC tcOh 2 Istsydz Mmis .

1 Okzo Oy j ddd®tcOd3j Isted ydad2 0OdzOdz' L By 2O o d¢
f OtcOd3j Istc O.

] tsdzHpobeg. v W o " Ist  ftsB ' j € f oot ddmidiEds, @iy Cw C

HO8 EQB 5 €).J defn € its dalslseits’ drt i \Odis O d3y Istfaf s 88O~ 1 te (g

C @Y 0¥ s tojdardszO digis’™n W ° L d yded » '8 didin Isacq 3Gl distis

COMSOL Mul t tsqedizp s o' 8 W 00 d3tforizhes). wr | o * fdzj

ftodL dzO U j Yasalzls to ts dz? st widdB' L &3° dzdzd = H o y Osfife
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sByYdmdzs o QuatiigiatzH d CHBOS BL B ' dzr W gdgzys ™ dBtsy «
L HOo OyoOdzd/ MmJ demste O dzqd , zOf tcgiEida@im’ , LdgEOUzi
ftsdzj ots’™ L A3 dedes’ s ofp! sz Is' dzlz.

]l GIBOL Mul t ispdygh ScGdziudzlz@ydg@tj Wiz deS y
ftoesmMsstcsodnr ¢ tsstcH d dzOIsh. st gSCdzs "y j MiAs Asch wlzlzd Xz F
"dels jteW j2M" @ o de jH] dadav LsdzH CcHtkzCE' € H
9" HYf s ' Hdats’ L d3' dzdzts’ (9 MsOlduydzedrs L OHO
Hd 203" T wdzdp®kz) . st d3 e, HAZW Motsets WE
cMmisotstes * € o dzOMdz' HY Jjtoj &ZzO HOdzd - .

g MG HisMiIskz{q dzd = sdf " o L sdzH ' 9o dB3ts ¥ dac
odlf OH dzs Bz gdfinitions § Iz dAABes ( L tsdzH ) .

4 @ Component 1 (compl)

4 = Definitions Functions » | i Domain Probe
Probes 4 '. Boundary Probe
Component Couplings 4 T_—- Edage Probe
Salartinne i r Domain Point Probe

=1 Boundary Point Probe

#  Global Variable Probe

1 jtwB' Isdfd L tsdzH " 9 A jgf 6 55 ) Isést@isdamtiaiair( probes),
cf so j teddigdeH d (b o u n d a rgjtdgis’r Lotd{arligedprobes. ] tsdzd
HisL @ sdaW tHidyYdz' H N s @5 d o3 dz' &3O dzr dzj , kOS¢ Mmd
L dzOyj dedz? ctitsdzjots’ e ojdzdydded s B dZOMIs' ,

l totsLcdzv HIzo Odz' 2 Boulydany j. dg'dzH ) Is & tistc df dstgH Hidn Is © o
dzOf tolz 3sj dzg@zv dzd ¥ dz' 2 Gt Odz
Componentl (compl) i Definitions: RMB > Probes i Boundary Probe
Il 11 Mmlse tstc jCdampanisnt loi tDefid@ns - Boundary Probe 1 (bndl)
MY tstetsHyinde Clay’ © 9 d B 5 KilCleak SlstiprC 'ts & H S H @RHISJCOIs 516
dzd y dz' 5° GteloEds' " az®»j H " Is!

Probe Type 1 Type = Average
Expression 1 Expression= solid.sz

Study 1: RMB > Compute
1" mMdzw o d € 5 dzOCkadplite & tsaflubapafs Milso stcs 8 Is! MWYO HoO O
H O dzd ~ProbeSolution3 ° Boundary Probel. 1 j tgh Ctsif ' “ &
Study 1/Solution1 (1), HBE G c¢cL o kAS|ig CUAs "L fetse | tolzdz] ® dzj O3
G j B d3jllsdc' ‘dbgrived Valuesfmils o stc® ‘ Is ' Bgwhdary Prolts dzls  ff Iz
Point Evaluaton .l 2 tsc¢ts fipftd Sp€tize tc @dzts 2z 3 jtsdadd2se? o3 dzdzd
dzOB ' tc Beuddizdg Arobel, O Hisedgjon d3' Mis d Is ! solidszd tg O L
oL W EIEHQOC S iz ¥ dzH @dAslssd Yy dzji tsB U dBouizdadzézvbed Iz L dzC
Mlso sieE®B dz@Prgbe Table 2 "Hickz SEZ ] tcj H dz' L d&zOyJ dzdzv
soid .sz fted t' L dzad A L dz0yJ dzdzV n L (sth @G O dzj lstc ®
(dz2OMmMszf dzd?2 tdmMizdzsC dz' astlzy) .
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F Stress tensor, zco |, Boundary Probe 1 %10°

10000 -42991 0.6
20000 -52980 0.7
30000 62970 -0.8
40000 72955 -0.9
50000 42549 -1
&0000 37933 -11
70000 -1.0293E5 -1.2

80000 -1.1292E5 -1.3
30000 -1.2291F5 0.2 0.4 0.6 08 x10°

1.0000E5 -1.3290E5
LOCtsy OolsO®izQL § ¢y detn@odedey j' tls v Hdtso d B3 to
ProbePlot Group14 ‘s d'EHE' Is! MWis GO WGredph) L O dzj ¥ detsyls

MitHde §S s &' 1 Losjoddd [ ddeRfs © tizls OBy ( tiztizf j toj H dz
cdmMizdzs¢ HtcOo stelzy)

J mMdmilsj &3 " Mdzlz ¥ Is ¢ 2 doas@dntpont Istsbobintdesy d = L
pont , WME'tsy® &O HOs Oy , s Cdzlstetsdz ¢ Is+ W
A'LisdzHd WwWodzwwkds' flalydadzj dedev c¢ctitsdzjodne 9§
tesL SO soa Odzadr ©® B EZOMIsWE OBt dzO ff tso j ton da"

dlso steod daigOh " 2 stepHGalanf 2 L dzH, wCd2 o' HMd
sthC o daedydz 2 o jtehddz CkBO.

Componentl (compl)i Definitions: RMB > Probes i Boundary Point Probe
111l fMmilse tstej dzengptenend 14 IDdAGItions - Boundary Point Probel o
md Sy’ ¢ 9 d B S'tedzH HCEHSARIGSYjodz' 55  (clddBdl 5 &S =hafk O
sBdteOIsdmw 0201 §ls?2 BcEOGzH ) Is!
Definitions - Boundary Point Probe 1:
Point Selection Txy,z=-1,-1,-1 (sted ) tsdzw
Definitions - Boundary Point Probe 17 Point Probe Expression 1(ppbl):
Expression 1 Expression= solid.sz

Study 1: RMB > Compute
1" mMdzw o € & te@idpuiteo ¢ ° Rytad Sets s o HgeémMw H O @ H Y
H O dzdPrdbe Solution 4( Is dSplition ) " Boundary Point Probe 1( Is d Quiz
Pont 3D L  ° H dPdant PrbeldExpression {ppbl). ] ¢dzyDerived Values
Mise stct * Is Rgint Pelie LEwpidession 1Is d fPaint Evaluaton . A j 2
oz L sdz ®B 3¢ @patds s BOIsd Yydets iz Iskodfgw if @ | tdsjtsH d
Is OB ddfrape Table 2 v OC 5y QOottsdiz@isdqudz ¥ o Is O idaf ¥ ju
G tc OW "@ucdafobePlot Group 141 jteJ BEH B9 27, Is 'ddpH & DO " I
Ctcd 9 BL sBtcOY O L Odzjsy dg'ofylesh d ted MIsthdzso d o
L 8o dz' h deO®B Otlzls OB (| dzjlztizj dz0 O 8 @zd yapts dzz  dzO M |
COW." CIz)

1jteh d2 jfdteeditsH jfdse el o ¢ 'Rdmylts T Tables
L SdzH s ZeH dgOBaZdryts B tc Oy j dadzv  y § i glztiey @) Bzts to j L
2 dzO fnldsor teldts p dp@i3s @20y dz@Protee TabefG@ph.  § © H o L dzts o3,
C sifstkB o QAR s ° H Odz' tslodsts Q@ Idgfz0 fif sk tsdizH X dz L C
Ol 0 Yz o @dzlzlz &31s ¢ fme tsy¥ fg d2Odn!j ddxizv Is @B dzd y © (
tc d ¢ dz@robe Table 2 | ‘ ofm CLsdMssdn'we diD dipf "
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CtocOW(' &€ ZdzOM s sz  f tcd ¢ Eriha Tablel@apleltc EOWE Ay dzs’™ ¢
ProbePlot Group 14). A j o O d&g@dgwv dzO zOh Is z o Tautkzdryd &3 o
Window Settings 9" Ctsdz o dzOMlsdoetsMmisj 2 L tsdzH' 9. )
COHtcj Mkze odr ' Hdz2E' 1OBARZJY' ' COW' Yydetsets

= Table and Window Settings

COutput table: I Probe Table 2 jil

Plot window: I Probe Plot 1 jil
1 Ozo Oy J dddz¥ IssyS tso d n L sSdzH O~ sy dz0 fiplise Stc!
i ' H o Hointrobe Expression , 9 SCtydesdidz L wWECdma s
o ZOMdzd o PO WS RYyJ ) fsmjtej Hdz =B WisWis" H efsid
WeCsd3z LOHO  Isi mMw ' BOW LBdZHEBO B L d3° dedzts ™
BOIs/! " afnps Cd2 o L sdz 9 1L @HOrRaI® Egisto Aplzes © dzdzW
Boundary Point Probe L Oo yfplgfe stet * Is+ Mmw  tPaird Brobef * H o Iz
Expression

[ dzv s tdzpalzlz inPdgts L s Giebal \taridlie Probe 0S¢ L tsdgH
dzj o d € stcd Mmlisds gy dsls” 9 HdzsmwWIs! Mmw HEBQ o fydys e
dzOH O Is! Mw o dzOMmdExpressigy deGE, OL'z " 8+ flwsdzo JcOL ,
BkHJ L dsyagCladz@Zbbls z ztiglstcz € y*© -

Componentl (compl)i Definitions: RMB > Probes i Global Variable Probe
Componentl (compl)i Definitions i Global Variable Probe 1.

Variable Name= Rhol

Expression 1 Expression= compl.matl.def.rho

Study 1: RMB > Compute

4 [l Component 1 (compl)
4 = Definitions
a= \fariables 1

Variable name:  Rhol

% Boundary Probe 1 {Brg1) ~ Expression + - S~
4 +* Boundary Point Probe 1 .
# point Probe Expression 1 (ppb1) Expression:
_# Global variable Probe 1 (Rho1) compl.matl.def.rho
[dv THTerpan za of'emom (intopl)
vt0O¢ MOodsts, w C ‘ Hdzw 6 jte] Hdz ~CompisegzH ° o

Mlso stw IsL " dz2 C O Oglzdzld hpr Y Jt6d &z HOMZdr dz
wdzW stcd3®y 'Lt"Msddih L B jtc' ¢ O‘oldzdi)pr Prebe Solytiiz 8 y & d3iz
G ' dAprived Values Miso tsted * Is! fiplobal eViarialdedzProbe 1 | ' dz
Qo lssBOBg ydetgdze'* stcjppr zdzr sOls tesL &3 hz° Is+ mw
Probe Table 2 v OC t5) Ootsd@sduydz ¢ 9 5 ®O Pk ¢
ProbePlot Group14 ff jtcj BkzHBo k' ,Is! dgP2Hsde OW 1S€ MM s C tod
L sSBtcOY O L Odzj 3 dz' Mmis G 1z &) iz tlzdzO 0@ tdals OF j dzdat
1o d yO22daets L Odzj ) detsfyls dzj 3O ' oHick Oz gzt y M
SH dzOE 8O yJ dzdz”

r dzw L te'ting detisfipiz@ aizds Mmis s o f Broke TdbIOB dzdh G lsd o 22
1] y' sets ok HBOERGZE Y  oColuterts Haeadersiz'ls O € w ¢
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L SBteOY j dzts dzO0  dzO mdg'izdf siasERtly o friciy fiisz @ C@pdiats ff C Iz
Slted 3021 lOBddyt, wWCO LtsBtOy j dO dO dof

F Boundary Probe 1 Point Probe 1 Global Probe 1
10000 -42991 -1.8501E5 2300.0
+ Column Headers 20000 -52930 -2.4339E5 2300.0
" 30000 62970 -3.0278E5 2300.0
Column Header 40000 72953 -3.6166E5 2300.0
1 F 50000 82949 -4, 2055E5 2300.0
2 Boundary Probe 1 0000 92933 4. 7944E 5 2300.0
3 Paint Probe 1 70000 -1.0293E5 -5,3832E5 2300.0
4 Global Probe 1 20000 ~1.1292E5 5.9721E5 2300.0
90000 -1.2291E5 -6.5609E5 2300.0
1.0000E5  |-1.3290E5 7. 1498E5 2300.0

t OL tsdBdzdjy Isis o dzvelste Cifw'c G ZArobe Plot Group 14.z s G tolz f °
9 HsBtcOL dlod ¢djaORidAgtzlz ¢ y* °
Probe Plot Group 14:
Legend 1 Showlegends Position= True , Middle right
Probe Plot Group 14 - Probe Table Graph 1
Legends 1 Show legends= True

LMB > Plot
—— Boundary Probe 1
| Foint Probe 1

— Global Probe 1

%x10°

'
U B w R
1 1 T

/

0.2 04 F 06 0.8 x10°
1o jtods s EZoOceclkz dzO Isj, hts ctcOW' ¢ RfoleB ZH t5¢
Plot 1, O dzj o LOodphcktsd&lz ofdldzs L wttdzdt O o
G tc zRrape Plot Group 14.

1 " HinE dss a3y g ME OL O], LlafsdizdE fls o tsize
ody OHdsecshEd et~ Isod fH figdz' LHS s’ og s OExtz@alz' dz
~nOOCIsjtedMisdSd ojddudde (" dzlsj cteOdz, M e+
tc j B tgdzdzHDgmain Point Probe Is OBoundary Point Probe H tsSL o tsdzW ¢ Is
9dBtcOIsdmistsjuld fgdz® B tsif BZOPIEE Halzls tc t5 dz¥ odOBAYJ 1Atz
o d tc GQlowl. Variable Probe L tsdzH B ydmdzt tzj o J® @Yy Y dk <
Gtz ste®° OBt IsYSsd.

CShstcg § Oc zo Odzdz] pugtHSIGdS" dzd Ists C dzOydz L
Update Results ® ¢ stg* 1,1 higaiRiw @ Isd dzO dzO 'OIsAt® dOsizdar O dz'
Il &3 CdzOydz' s § tepstsy Reirdig C s d WY HzO2Isj ¢
Update Probes, N tsB f jtcjBEZzHEZO® Olsd olststed dzdz’ o kzL dz

1 ORROWIsO2 K], d Mg ls Cd3d 2O 9"  Hte' L dgw ¥
L d3" dedzd m»  dzd Nfij dzvis iy dadiAts  afts dph dz'ts dgAE)dE g S te& & Is
hj €' dz2 C O ouulaleeRE »odzOr [o.d C stcd Mistso zo MIEd & dafzt
L d3' dzdz' |, dZOf tcd ¢ d&zOH , 9 W' o dzgv dzdgV -, G tc O dzd
5B ydMmdzj dz
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M 4 dedzidzH s a3ts ) M@ e dzdz® © Olsd o HJ dzOd3" ydzd
Ck oasdzd BERZHEISY LOd]YOIsd o' H tyoOMmiz,
¢

O .Ul MBZiME sMisJ 64y § dzdz" L @ RIS jjdzdzd d
d fls tso KeoAslast3O'Isf firdatizs d  ts8 A drciky dftig dz Js dedz”

fslste" Bdzs 9o to' L dzd - odff OHE OR, dzO {
&ZOHIsts HB9 G ts, OBts C tsdzd (deEQ@FCS,doClfplgQHaiiz® dzO
FdiisofGed el ysodqdzO it 2h dzO pts IV OCOHOMSEIA
Mul ti physics Edzse d L Iz fodddgSixftc d 5 B 1 o o i
Oody OHSC @®r HJd O ydeded e p O O ®E) ,( ftod YOMI
(frequencyd o mai n) , Is© o O Rflsts d a dz{ s @ZQE@RHE e d Y dz
OdzOdz" Lz (par amavkep)i c OB auxiliary

ztsef j o] HBO@aldtsdfOus i diatizs 11 d M)tz dg'te s §o j BDIs d
S Odzv wWgtizdzdss HMlse € t5tc d M litse &z drt®ds ufdia®id’ g2z H j
fsmis' 2dets j Oz Gk sigd.sH 9 Gdz@wpd2andition.
ltOL ' f OtOdid Isteod wizs ® O deCRdradevic o ¢ Salzey
Configurations 1 Stationary Solver. l oL’ Hd O sy @ts s ) OH
9 Iz L Tam@-Dependent Solvers ¢ Salzey ‘Configurations. [ Misd@ delz ¢ tes5¢ 5d
9 9 J H pdzdgis & tigldzjdxiBtop Conditionz dzts o d L tzdf \q dfi4f diffs dzO .
dzts ¢ " gdptt@L tsaRs )y C diZosdz@\DflsdfdaD B filse .

1 sHdo d dsts iy w ¢ d3ts ) dzO L ddzedIsd sB Yd
HSf sd3" Y dzd?2 § OteOd3d Isted ydzd.3 J @ @20 dEO Lz 1 @ Alad] fnidd] i
odzOh " 2 L OHOY' ® HBERZOO' Ist Mw, Cesdzd MmJjtejH
fstc'dz®f tof C dzOH 1 00B0'0dx'd"jOGC OH O s, hts MmJted +
O clzyg, dedgizd 3 dz' 2 SEG&OdzL B t6° G O' Is! Mbndle) L tsdz
Istsydz Miste HB L dZOC@OYpmeshigtej Hdz' 2 Isdm¢

t sL € ted 2 ISjudy & - Sddlelz Configurations i Solution 1 - Stationary
Solver1li Parametric * H 8H O2 Is j StapCodelfion oWzt ds@izH s ¢
Stationary Solver1i Parametric: RMB > Stop Condition

0]
H
dz
tc

© N = KT
OFLa Q9

1 O
o d
1 k2
o d
B Iz
L O

4 "o Study 1 v Stop Expressions
|f Step 1: Stationary
4 [Tr. Solver Configurations " Stop expression Stop if Active  Descriptit

4 E_Snlutinn 1 =

g{{ Compile Equations: Stationary comp 1.bnd1<-100000 True {==1 = [+ |Stopexp...

uwew Dependent Variables 1

4 |7 Stationary Solver 1
Direct
Advanced tl+=

4 . Parametric 1
. & Stop Condition 1
== Fully Coupled 1 Add solution: I Mo j

4 (1) Information 1
A\ warnings 1 [V Add warning Step before stop
Step after stop
Steps before and after stop

v 9" ¢Cdz 9 dzOMmls d o tsf)ls@ Stop GdnditiricgzEds o fikdazais € d&zO
+Add, es®@istso Odzlz  dztfizSiop Ebptedasion s, o' ff jh sdilz  tov
IsOB dad YWE Isd 9 ts9 O dzts diitop xprezSionfiglotg eHf YW o Jte OL
Stop Expressions - Stop expression = compl.bndl< - 100000
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] Htkctdko fHdstdoy 0 Is! v kdss O, ftod W
utsdzo jto BEH] BBYdMd 9 Olsd 99 j HilkzdR] o Puc@Lds
' Bz dzOh sk o O dBmy if ®  f) Kz® afPry v BA dedz H B % tOdzds ¢ i
Ese ' ydzd 2 efRE@L OL), iy @ dfdz dAdegative( ,<0).

1 tOf sisddwarning 9 S OL &2° yd bktejBO HtekzC ko Ols
FPdzdso O LEzfddzSd o d¢ 5dzOdzO.
1 OzOh Isz 9 O dzdadd selutibmf af dHi€ zO YO Is+ , hts ttsB d s

o  C 5 dz0O dzdzl O stz dz' 1§ Plgcdkj teez? o' = ¢ ' @ist dz
o' N CtesC Lo,k dadf dzsHyEts v C B¢ 5] ZRBD OB W Hsjc 2 d
sy W

Output at Stop - Add solution = Step before stop
{3 j o dzOBB YJ iy drjsddp'dzdz’ L, z {Cdidrdls da@yf tdcjizn g dzdz
dz@zd 3 dz' 2 ) ls @i fdzn- J00000 | /%5 IstsB loE® |dsofifnifis odgts H Iz dzj
flls Odzj 000" i

1 S s5dz02 s € ts 3O dzH

Home - > Compute
} sydzd Ist By fy sfadsi dzj 29 dzyf d dzdifste oW L de@ WjtedadB ] Is te ¢
F=60000 .

z 5BH ' L dzOUsdf@py J dzdzv ZzO vwOtdhz BRzdts LiEzfd
o' HCtodlsd AWanngsl@o. 1§ jkzsh dd? bstelyy o
Warnings Bk H | dzOHtkC 5o Odzs' dfNtg de@a® 3* jsdedgislz L S t
Msdze jte L bk ddedofmw.

+ Warnings
Stop condition fulfiled for F=70000 (Stop expression 1).

A& * dglt 15t dsGD' s Bis ¥ dz0 kb 4z@ 2zls d Helg th dp@algiiy o(d Y O 2 dzts
hs MCsteslsdls! Mw ¢ dProbeTaple?2. W HGC ' o OB dzdy'

F Boundary Probe 1 PointProbe 1 Global Probe 1
10000 -42991 -1.8501E5 2300.0
20000 -52980 -2.4389E5 2300.0
30000 -62970 -3.0273ES 2300.0
40000 -72959 -3.6165E5 2300.0

50000 -32949 -4, 2055E5 2300.0

50000 -32938 -4, 7944E5 2300.0
19 jtods IsdzO kls Pptslz o Hicj H O¢ tiplsGia f Yde@eyd tsdr@udofipl
BsHjdz' IstejBO o Hdatso dz¥ 9 Olsd .
1 Okzo Oy J dedfMcs OL wed?2 od¢ tsted Mmls®apkexXprisssidpy o
fsoddz dz tetsL ' L dzOo Olsdmvw Mmtsdzb gztc ts f3lis s ©° esdzts
odCstcdmlssalzo Olsd L d3' dzdz' 9 dH dedgT ISRtz fiFts » 25
o i tstedmMistse zo Otz P ezelidedg-dzO0 B 5° * fisdz@alz ¢ O dz! dzd -~
L 3" dzdzdfrte j W ° 30 & d3 C 3 tsdzj dzls ©O.

1 Odzd " d dss o dzOh ‘@Stoiz@®omdjtidn;, Oz sezj OCIsdoe Iz
htsB LEfddzC O tsBydmdzj dzz2 dzfj o HBLkZoO OdzOMmw.
Study 1 - Solver Configurationsi Solution 1 - Stationary Solver1i

Parametric - Stop Condition 1. RMB > Disable

114



1" HB ' ted Asdg'daigdz dzd C Oy J d3ts ftets L d3' dedz' L OHOY
Is* w g fmls o V/arjpes. v B M w2l B3z A5 s3O‘Ise{dg  dzdz’ H C
odL dzOyJ dzdz? W S dn dzi sy dzd o ts. UL O f OB d L @&
tesL o 6 vQdz jupfiE © OBt HAW jtoj dzy' Odz' dz' o' o dzv dac
1 sMisOEsdPEGEF f dls ©dzdzv wedds ftsoaddzj dz Blzilsc
G tcOdz , htsg MmjtejHdz 2 IsdIW00 dg@ ‘Wistifizses zH da'
f OtcOd3d sted ydad 2 L @de@ diZS s © tfssCu@Lin@tepjo dz! dZHigB 2
tesL SOh s Odzd 2 H0000"| QOG0 /&5 Hpdzj wW¢ 2@t
Issydz h§ .
g4 syO@ls@WioOh ° ' IHAHBHIEHDEE] Is @ dp@ diZd 12 .
Study 17 Step 1:Stationary:
Study Extensions I Auxiliary sweep = False
"d 6 sddgisB yd mMdzj dzdzv §C s BOdzH 5
Home - > Compute
1 OHOYO BEZHj] ttsL 906w L OdAB000 \te/dolz L WsSofiZ N alaf sdi@n
f syolSsoadad L dzOy Fdadvrdiz Istf O tdOQIEjdsie Ots B Y d M dzj dz
L sdzH ' o, oCxdzd LoOgOLdzj BEZHLEIS! Wz ds® y ' fryisogrdzdtd
9 4 dzd yd dzO dzd . 1 & dpHidDY o €&icProbe Plet Group 14
fipd soatstewlis! mMw dz20 Issys d.
1 Ozo Oy j dgdedzH d iy dzO@ Mlso tstcs 9 Olsd o MisOlsdn
f OtcORRd stcd ydese s OdzOdz' L iz o dz¥ W IgO d&e'd3lzo p did Wi ek
1 " mdzw f j 6 5B y(d fgrp ditiohe TagieH2p dz'ff j dch * 2 B € HSJIZtS
dZOH Iz ¢ 59 Odats42901daO | derizsay 5 ° bnddy’ dpdgsO® 3" Misd Is
L dz0 U4 dzdzV dz0) 2O sigddedly' 2 (G e @ef yWis ' dziz®. B Oy O dzac
L dzOyJ dzdzv d3 IsdmEz dz0 tsmdzseokz ° 6 Odz dgd ds M4
100000 \ bndl\ =100000- 42991=5700¢€.
103 § slstc’ B datzlz dztets t§4sd =~
s odsisL d3' dzdzlz wWCO BEHJ] & Misdlsd h kS Odzj
1 OLo jRgs. A, fsCd s dzi o' HisdBz o j dzd yd dzlz (
odStstedmilsOIsd o ¢ tcCBirtfdgylkbad Edise ™ Ek o kL dz
l " HEtd2Isj CbniponentdL- &d@id Mechanics(solid) - Boundary
Lloadl' 99 jJH' Is!:
Force T Fo=0,0, -Fout sted Y tsdzw
[ MC " dz2 € d L skodz daCdz’ 9 j ts § bk G tc O dz' MY oW d3ts o (
dzOf tew dgly, Is # ‘tsfig tc b H 6zts to JLipsT@XIs do3* dzkz ) .
[ BHO®®h & W' L dydzz d3tsH j dz@  to' o dzFodkdzY | alZW H
Yy st sdz02 s S sdBOdzH Iz
Physics -> Global 71 Global Equations
l 11 Mmlse tstc jSdits Masharack(solif® Global Equations1 e Is OB dzd
tc" odgwdzr 99 JjJH Is!
Global Equations I Name= Fout
Global Equations T f(u,ut,utt,t)(1) = 100000[N/m"2]+compl.ondl
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skl & o (S sted fils Qeizf dg' dHAIAALO firf g Ods Bydz@ o * H
z25B 99 jHjddz? MlsOdkzts Hisflsky dzdds, 4 slstc’ B

OB dzd y' 1 ts'lss bl tgoNpE Istc j B O ‘o dgdi v lsid st dzdzts T, O

MlssoifoyfteOL, WCd2 f§toddz daltsie] ©dziz O fip j dz®

odH' d&zj dats Y BOLOdyjodds SCtd stesd. Aj 6

dzj o d L dzOmg dzl OH Olsd totsL dfout date ff ls ' @uulzit)’ dzdzts

L Of 5o dz" lthaits 6©®CH W& §sCOLOdts d&zO0 dzOMlskz§ dzts

» Global Equations

Flugip g t) =0, wity) = up, uelty) =y

" Mame filu,ut,utt, ) (Mfm2) Initial value {  Inmitial value { Description
Fout 100000[M/m=2] +comp1.bndl |0 i]
i 0
t 136
* Units
Dependent variable quantity
I Pressure (Pa) j
Source term quantity
I Pressure (Pa) j
t 5L d3° tadd® dijlsy dzts’ ("ECOdets” ) L dpitsdz@@dpendent OH O “ |
variable quantity O L d3' tcfizutaits 9 =0 L tztdins -

Source term quantity .

I wiLkd O &d th B azEEaH00 bond(Fau e aq tz
HESH OIsC tso ZFouzjug) ‘g golzlis dzO2 Isj] € tsd3OdzH Iz
Home - > Compute
1" fmdzv B udMmdzj digdy s odf Qi gAfedpés Giglple 2B 2H | MistsW
L dzO Y J-UBAPOES L tsdzH So 5° bndl.d3' dztizis s s fjtej Hdz 2 Is
Histe' 9o dz¢ HEOUS[dN\Igi2] .
ztB8 dOHtkzC ko Olsd L dzOyjHerizyw & &€ ©OAB? Is jdzj ‘o dz
Results -> Derived Values 1 Global Evaluation
Results- Derived Values- Global Evaluation 6:
Expression 1 Expression= compl.Fout
LMB > Evaluate i New Table
1 ZHJ Miso stc jTddke 3 is OB dzdiap™y j dzdEoutiz=670703" dzdz&h s .
ydma ¢ sted Mis Ols d 9 GteOdzd ydz' 2 Edizss o H dzw
fMjtejHdz 2 IsdmMS dzO tsdzts ozlz 0 G Gs00 2. 9 dFdp @QMs g 03
L totsL adg dadsy j dzdzy L tsdeadd,e sW C L dxiz@zddst ¢ tPoiedzts o
Table 21 msHtclzG J , W tcggtey ded Is d wehts LtetsBdlIlsd |
Lisodz hde sd3lz Isd mCa7 0dZ® %9 J td3h dz¢ @ te O dz
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[ 4 OCIsd o z2 IDprived aluesd - Global Evaluation 6 Is OSolid
Mechanics(solid) - Global Equations 1. ¢ © 1 1  &dhd MEé&hanics(solid) -
BoundaryLoad19 9 j H ' Is!

Force T Fo=0,0, - 67070 sted XY tsdzw
1 jtoj sB Yd fndf dsdsO deH@=H0 Y Iz
Study 1: RMB > Compute
Isls" d3 9 S sdzO21Isy CBd3OdzH Iz
Derived Values- Boundary Probe 1 LMB > Evaluate i Table 3
l Hickz ¢ 53z ' Ididsstdadiahje3 L ' W o BIOY MprdezO y j- H8A00 B
Md el HdOB &R S, deitsd y dz' 2 cCE@daisHEAE 9 f OH O
MitejHdz & sdMS s dz0 thmdetsoe iz

State variable Fout (Pa)  Stress tensor, z component (M/m-2), Boundary Prob
G707 -1, 0000ES

sy il e jtodzzlsd diZsH j dz o i jtojHz
sMils Odzddefifls tcz € y ' 2 Hj OCIsde Oy ‘ f tso j todzk
Boundary Load 1 dzO o O dzls Goytj. dzdzw
] d3° dzdz' (maBppgerties.
) ' sdiiz f OcOGtcOW d3d Milse stcd dzqd BOGOIs
tesLfsofms HY jde o dzOMmMisdo slhis' o ptzdzQ¢ dzef C {f tslB 1B
Yyomist, ¢ BEheEpEfiCdH B Oy Mlsetstdlsd Is
HsfisOlsdz! 5 9 S sdzOIsd ¢ sdBBOdzH Iz

Definitions -> Mass properties I Mass properties
1 ¢ 'Cdmponenti Definitions milso tste¥ * Is 'Mgss Properieslidmassl)
wed?2 BEHJ i &gk figg @odz" s dizd - ' acdg sl tasdfiqus
Coli3f sdzj dzls @ stoiese s o &z Sare SelectiorsL o §C @ 2 s f
tc' o j dz G Dotraily,] Bowmdary , Efige © B Boint ) o Mg S yr o

ddzts )y d daddzv wWC s BERHEIS!Y o 6zbsHdlz bdldn Y &astsyc
) wWetsdsz L OH O' Istofffvdzeq @dzOMsaf daPis & sy dytiz) dz®
sB Y kP miszy dz ~ O tts@COlis [B3c ifEpsiaQ dizls tc Is @M ts tc
" dzj SR S ces dztste gt € ~nOOCIsjtedmisdSd B Ydmd
L 3" dzdzd mo W3BIHI ‘ddS* Mw o' HY soh' s thed BOh i Otz tc g ¢
9 Iz LMES® Propertiesl(massl)
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Label:  Mass Properties 1
Mame: massl

Source Selection

Geometric entity level: =
Selection: I All domains j
on )| |1 L]
— (g =
4 W Component 1 (comol) = B
4 = Definitions Active n ¥
a= Variables 1 ._
a= Variables 3
-.":: Boundary Prql:ne 1 (bndl) ~ Density
4 % Boundary Point Probe 1
i ¥ Point Probe Expression 1 (pob1) Density source: I User defined j
A Global Variable Probe 1 (RhAol)
i Mass Properties 1 (imassl) Density expression: 1 kgim?
[dv THTerpan za ob'emom (itopl)
Integration frame: I Material (X, ¥, Z) j

+ Variables

Frame: I Material (X, Y, Z) j

[¥ Create volume variable

[¥ Create mass variable

[¥ Create center of mass variables
[¥ Create moment of inertia variables

[¥ Create princpal moment of inertia variables
1 3" dgefipds O Is!  H tsfiy ) HAf G265 dg@ dzfiz O st U dgEzy dizl dzdz
Study 1: RMB > Update Solution
1l toj L istalskdlds! dg®@ mis z § dz' L 3" dzdz’

1l 4 dzd yd dzO wad W L d3 dedets’ L O L Od3ts
[ BO' o3 massl.volume

[ OMO massl.mass

AJ dzlste 30 Mm mass1l.CMX, mass1l.CMY, mass1l.CMZ

[ sd3j dzls ' dzj toy | massLIXX,massl. |XY,massl. |XZ ..
|Bdzts sl ° dzj to y massliplX, massl.Ip2Y
| Sdzts 9o dz' d3ts d3j (¢ massl.pl, massl.lp2, massl.|p3

[ dzv Istcj dzz o Odzdzy dZOHEZC L' @3t @ sd ©d3 Hded MsEiFstE
L d3' dzdssl. volume .

Results -> Derived Values 1 Global Evaluation
Results- Derived Values- Global Evaluation 7:
Expression 1 Expression= compl.massl.volume

LMB> Evaluate i1 Table 1

complintop1{1) (m~3) compl.Voll (m~3) compl.Massl{ka) Force (M) Volume (m-"3)
4,7019 4,7019 10814 1,3820E5 4, 7019

fjth drn Cls@s dfb@l o ) § 2 s dzOH CHZOEg Gdglt 1S58 0
sdgf ' o f OHO' L kKt kDkd 5 L OLOL ©
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1 Oz o Ol datlzv € 5 3 19 dzlg felf "dz' g t©OWassPropettieso .
1 Ok o Oy2jldzdas o dsgslztc dz$ s d3tf Hsddzg dzis Hz0 yifj dizsizv
L Ofis 5 M tslodg’ Odedastarea .
4 Model
JD Ceumpunent 1
4 Definitions
Component couplings
4 Mass Properties 1

massl.area - Area
Global Definitions

1 " Ho jH] B (ol izl Odz" dedyPefitins B tstct & Is i
CtsdemistezC y* 7, w gt Hsf sdz0Oc 08 Is+ ' ff, toc OWyl¥ deOs
s jtcOsted, Ltsdid, &OfMd. I y' B' ‘Gl
odCtsdaz’ Is! Mmw L 9 d¢ sty Gdedzy di3f tols/t W tdsagts * +
odL flzBdgts ko Ocdts sl @ das.e yd mdzj dzdzw

S O dzv to'dzelzdglr ydge® H O @fs 1[4 WAL dzj Ot dB'tc O ydzd n
Lo dyoO? dzd n HdW J to] dzy'CAlde teddgfz¥ Iz teffjra. dixaobal
Equations .

ek

==

1551 sBbHEg®dBj stc’

]l sBRZHtSo O tetsL tc OAKdgehus@ Mpla@sL t gD ] Istc” * v,

fijtehdr CttsC ' o CRNBQLAMIBpBYdEEZY lo Md Misj d3' C

" dzfilstclzdzj dzlst 9 IsO Sy jttOyYy' 2, ftedL dzOyd dzed~ +
| Bdzso dzd dizd S twetsC O3 Mlseostcj dedzwy 6 j sz Iste”
1 Ctej Mdze getlzeizd Is o] yedgd & &2O0B L B oz ya'lsf esMiststcts o |
tesL d3' Jpdatsmls”

1T ad¢ sted fiplsS © diaizgvdzOtf' § Ity 2 , f(J Btdz] dBjootsf@y)) dzake dzv
Mo tstoj dellew WizS &z Y tsSBEzHBO Odzd -

T odL dzOyj dedz?y M smMsBlz odCsted MisOdadavL GnYf tsc
Hsf sdite s L Oo j tcHohdznionz® B Ferts fsgemidy

It dzfy el tyg dztlz@ U j dz2'  H dzv fyuste fipictg jdaday j d2'j tsdid

Geometry (§f OdzjSdigj Mdejrdalzy Hotso dd3 tedzd - d3SH | dz 2

Mistc' Ggdindtry f 5SS OL Odz© dzO0 dzO Mzl gzts dzlis B tc P i) [z dzB Iz

Istc! sn dzO2B " dzr M yYyOMmists alxXdmitc d(MdyimdEdz)o :Q dzd -

Booleans and Partitions Is @ransforms . Rtsy dzd o sHnjswldsfim L dzd

o)Nd (L dzO? sd3d dzd mw .
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Geometry Materials Physics Mesh Study Results
=/ Quadratic lj I-_ELI KA % | chamfer |
150l A Cubic ! K 7 Fillet
Line Rectangle Cirde Primitives Booleans and Transforms Conversions
= Paint - - - Partitions = - - “» Tangent
Draw Sefttings Draw Primitives Operations
K_A
w
Primitives Booleans and Transforms
- Partitions = h
f E I Cirde . Union . HHH Array
= Hlipse | = intersection [ Copy
a REEtﬂI’IglE Difference _,{1 Mirrar
[ square | o Compose | |+ Move
/< Bézier Polygon . *) Rotate
. . = Partition Objects
= Interpolation Curve . | LA scale

| ] .
' Parametric Curve

S0 BsH

dz
¢
: 174
O

LA Q7 O

g
q
te
te

' ¢ 0

1027 tesfmls’

sBO" SISO

ftodd3 sda@d3kp.ds sied
Mlso Sl L |sjdz °
Mo stoj dzs G s

wdzh d 2

BEH | df'sizY ¢ Ot | fgdd) dafial3” Isd o o

stcd Mistso z 9o Qs detr@s i) ldzts ) i alzdzts
ftesmistste’ M YR30k 3!
ded ydets®
O dzduyiztsipts dz' H dzd 2
f'H 5B dzO Mds

dz' Is
G

Ml Y ¢ tzlh © O alzso & Is G iipO W

915 j1ecq@ Isepdz@ls o s ls ' U
@5 L&D d ¥ isE IEsdz0f 5y Ols d
fr]

B O a3 ) Is odtystEfz4 Is 6 d 1y dz
H (aQiatdz"

3 Partition Edges

®  Point

ST Polygon

C s dzig § 5 3y & @ dppinvazolid) dz' tseB 'A('j RIs ds.j te d3' dz
h s d&Os Is! mc "’
g sdz' H dz sB' ' €I
h dz' 5 ¢ lsy Gyls dodZtés gz @ gtz
sB' ' Clazj 3O tstc LAREZ Isdimy' sh sz

weda diBsylzls! Blzlsd L OH OB tstc 'uLSdz'

hd2 Mmifsmh' .
L O9BEZHBOY OdztsG@ s

o dzz Istc*

Csdzmlstelzé o Odzdz” @
Mfdmélk cjtdlisted:
L sd3@bzf d Prinvesd3’)ls digd figls §(d3
HiSH O Ctoj MdBjdede” s W ' d2tifzve yée
odz@ Ol tod@eioptflz @ ddz0®  § S dztsy j dedzy W
s’ & B istsfedatafi-ls* o, 2NIOEZ Y dzd
L O HIG { Hstdisee s d
sl Is CohEsaNdE s dafd @ gy dzOMmls k2

fs SCdzsfy' W' ckted,
dz "oz ¢ @K Ydzs Bz o °

‘ektsd;
dz' 5t iz & ndzlz Is,83 50 DEOHEEE XcotsL di3' to,
Ydets ez L &8 tzC ez

‘ekted B 11 f

Ctsdse " dzizo Ols
ts {bgote@Ys {f j. tc Oylbz &
L ‘dglifference,

s ! wClk mdz' H

Cdz’ OOmBdg™Y 9

dBsSH § dz°

f j to jdfinfedzection s Ot
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odEtstedmistse iz Is! MO dzday dzwW *° Wdtrdgs dddirl®e tsdzd =  dzts ®
M¢ dzQeedd ‘. L s dtc ® jtc ] Is o wrengfaruation{ Move, Copy, Mirror Is ©
ArrayH tsL o sdzv 8 Is dzis q3] (Wdpie)df *  tRipdscp sted Isd Copy), S s
HL JteC Odz des o' HisBtoOL dlIs dudth dzis ftzf Midar) ( Is OS]
tesL dgdetsy dIsd °~ & CtkfAtray). 2 oadcecdzwH' &OMdo
1l 3D BBsHjdzvr od dai BBy JIsi W Cdolapbfdizg sd ©Oglz
Bsy Jijdsje ®OEEY | WjjucgdzOL e tEf wgfOhd Y 6ls* d3ls sy §
fchfacOBPtsB 6dLSGs HS BdRISe s s jtecOY' 2 §fjtojls
T 8 J8Ofglsv ¢ z(Ex@uzy HisL 9 sdzVv ‘CEBIPIS Tt d iR 5 tcj
o sty 2 §dhzshdd , Petfo " fzEME " 2 0O
1 s j BCop Jj tclsCRiadave dgOo Ctsdzs o “ M'2D Mo RicY
sted o d t" jeztizj
T si j tc@UE'LYE o ISviEedpday d C(ts dzlz f4tcd dej M @2y L
W' ektcd oLHtSoY Ctodo tsdz' dis t@diadcdgs ed@defCAstz |
wdzh d2 " HR' H { SkEWs®d o dd i3 fissktzdHtts ols* dzO. |
wodzs Ctsdeflstelze ‘' Is] LOBCdzzlsk Y tso jtermndzt Iso jt
GteOdz . 1 sls' @3 ISOCO o jtcon daW fijtcjlsotstes
dz0 L ‘d Is ‘Ofrpwic O dzd Y dzd d3 (OB ts f tso j iR dijt®@ddg) y dzjds
s H j dzt 9 Odedgy dzj W o dzs o d € tsted ISk A digj ity  {f |
9 ¢ dzs yjSodf & j ¥ qoR.h & 'dAQls tc Hglg! ddis Ge@retyy df' e2D
ted 3 qagO g d fdzlz Is [iseid| SptEIfflSCO € to f ) ddgOlzdif' dzts” d dz' L Od
Ctod dzderd stet 8 Is! MY M dziswdpdz < tsde
1 b Mdetsh 5 dplss@ o3t tediz® ) Sdztc 1B @IS ds,tc f Mss o 2
G dzsB @tedddzj Is tc d
l ' H i 5 J fiplsipjoists) sadis Oy O IsGebmetrys | & ] 629
BBsHj dzj 2, Wz Ms@Isl fitwgmis B E ©y dzj dedzv tesL 6O
tsB dzO fighldf " ts df siadsqots zfg Iz & & © dadalz nls h)'lsg PO dzlz ©° f 5B Z H
Yy!' sets MfdmSckz o §smdfist§ s ifiss o Sucy dada iz j al
CGJBdiRjdste" dz@eometry o L dzO A ‘AN dz' Hso df wids+tsd -
C sd3B ' dzlaoj@dfdevn jltal | HD alss@Beometry d3* fls ' s OdidalrO " |
sHddzd y' odd3 tisHOdzts " wtso ) d dz
lted ttsBtsls® L cJtd3jsted ydetss ¢ dz€ s H ] to
MisOdzH Otclsdz® G j tc@yl:  CtstB 8l dzdadzy ezt jstigls O C
ddzj Coftf * 259 Odzd 2 sB' ‘' Cls aBBtsy J Blzlsd o Mls O
fsidz' Hise dz' MistsL t3H (& dats fif) Iy dzts
[ MisOdzdz’ 2 FoemRniendikssembly ¢ ' dzCGgometry o dL dzOyoO*
L O jteh Odz! ded?2 MM B Wistedszo Odegdz? ¢ j sd3j Istc”
1

10 L Odtse Ylzo Odzdzviddy mevd Chiddedtdidsjtsdatayn) 5B U tsH o
mMdMmlsj B3O o d¢ tsdzlz”’ dzse " ydzij B' ‘' H dzB iz s
Mlse stot i o) i tepdetds y 020 Bffls ddzj dzj dzO B
o' HBC tcjoddalzjlsds” " dz' dzdwW € disjey © dig y HaR2 Y tc f EzezOH
L OHGalzde dzd » d3OIsj o' Odz dzd = 9 dzOMilsd o sfMisj 2
T ¢dz' Isj cdzOIsd o 58 LB ' 6C O (assembly). 2
we Cdzj Sy’ B' " Cl'e (LOXR fflsstecd fifls zte 8O
MOdz BAH jdzOyYdIlsd MY dfastaf L IBZ) diz G OztsH 5§ S5C
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‘delstelzdsj dzst 8, WG paly do DO MW dz0f BEOd
odL dzOyOlsd " H3g Pflag dzjH jdzi § J @ tc Odlts.o Yz 9 O dzdz
flso tstes 6 s M OolssdiOlsdydsts fted W stedkze Od
| ¢ 'Gaometry ' fydzv FornWdidd/Assemblygsy s BlRld L
dhj obkL ddkdd' B 0@4T Bicd NS dpdarslsyj ¢ jsdj
ftcj HiNlsOo dzj dedz? W& B OL ©oQidz lo jiAr dzClyj tieiiiediads
oS dzs ydgs HB y' dzj ? HdMStejlsdL Oy’ ~ * f sk
s dzts fBGIDAI 90 C ST j SR lsiisfn@igz H 2 o' =8 * G|
Cjitsdjb
) oS @SB EZHE B k' dzs, WC | dodtz@® Ldzs 2O

./ =

dlsotste' Is! fstetsy dz¥ BsHJ dzi .

File->New->Blank Model
 SHO2Is] btodElgHtgddd 2 ¢ i3 tsdzj dzls .
Untitled.mph (root) : RMB > Add Component ->3D
1 0 W o dols 'diw@ponentl L o Iz Gebmafgy 1. s to j Mdzj dzdz® W' & HE O
o LR ZOH O Is' Mw L C' dz ¢ CtsC' 9.
l.ulsotstej dzdz? totsebig’ OFf tesd déledpietryd b d &s dz02 Is §
Csi3OdzH 2

Geometry - >Work Plane - >Work Plane
Il 11 fMmlse tstc jWhatkdPened e dzOf OtcOd3j Istcd Ll Gsddzgfh Is |
o " Hf s " HO! IstcsHstfyligis) d z& B LEZHJ Mt o fXH Olsd
s dzOydz' Is! Shds WorkiAatiel £ 0 c stc’ . f Adgppzizod OCIsdokz
Work Planeli Plane Geometry.
2. stej Mdzj dadaw W' ekt 9 1 O tsr ©F Wk Blfrdzts h  dz’
" dzgmistclz d3y dzls Odzd dzts®™ ff Odzj dz’ i $riap SBolidc s getsf ¢ &
Snap 9 ¢ dz¥ YO ted Y dd3 ¢ {f mischlg ed @tz e dzidgm Plazt Hz&
(grid).1 © t @dzifdEXan dzOIs d M dz' Isline, ¢ dgFgickid j H " Is! €
) CGteOW " ydzz tsB dzOMlis: C, dz@ ds@ d2EL 203 2 B QIEOO Is d
ted Mkz GO o 1s &Y' & tc | M) dzJdz@RABO dzts ( ¢ sdzd o ts dzC
L ORE dzj Cztk® dpdzffds Go S dztstf C ts¥° o dzdLh ts dz’ .30 dztc 2 O
Qo lssB@BOIsd ydzsmizpPte nsaztsiedadd 2 yYslsdtcd ¢ zlsdzd € .
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1 ] 1
0.8 0.8
06 0.6

0.47 kY -
0.4
0.27 F ]
I:I- & E B |:|,2
o
-1 1 T T T L T
0 0.5 1 0 0.5 1

l " Htc] HOG 2 Isj? ctgsdisfzQIs d sB 9o 5 dz@0,0)H (65,8, o dzs
(0.5,2), (0,2).1 dzv y9 ts &ts IPalygonlz’ Segments f sdz' Hiso dzts o (|
Mjodzj dzlsd " zBRa@E Z21Is] L dzOyj dzdzv ¢ @owttolH d dz0 e

points .
4 A Geometry 1 + Polygon Segments
A Wnrk Plane 1 {wpl) ] 1
oA Added segments
4/ Plane Geometry Segment 1 (linear) 27 B
Bézier Polygon 1 (&1) iR
Seagment 3 (inear) - -
1.5
Add Linear I Add Quadrz I = B
addcubic | Delete |
Control points - -
o o 0.5
1 1 0 m 0 L
2 0.5 2 m " 4

19 jtedz Is! ERZoOclkz dzO Isj, BW®=z ieekL i) ry[fg otmis tdd c
[ SHO2Is ] HS B OGOISEHS BR dadz§ @eapW OMIA BSEE 90
CsdzOdzH d
Work Plane - >Operations ->Chamfer
Work Plane 1(wpl) - Plane Geometry- Chamfer 1 (chal)

Points T Vertices to chamfer=Dbl: 4 ftcOo O daed y dgv o j teh
Distance 1 Distance from vertex= 0.25 (tetsL d3' t6) W OMEC d
RMB > Build Selected (Z2OMlskzf dzd 2 tdmkz des S ¢

Work Plane - >Operations - > Fillet
Work Plane 1 (wpl)- Plane Geometry- Fillet 1 (fil1):
Points T Verticestofillet=chal:3 (f tc O jOtc 8 gzt h)d dzO
Radius 1 Radius=0.2 (tcOH"' M MCtokzc dzj dada™
RMB > Build Selected (dzOMmisizf dzd? tedMlzdetsc 1t

27 27 B
1.8 1.87 B
1.67] 1.67] B
1.47] 1.47 B
1.27 1.27 i

17 17 B
0.87 0.87] B
0.6 0.67] i
0.47] 0.47] B
0.27 0.27] B

— [ — -

0 1 | 0 1 |

0 1 0 1
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dlso SEf/tcsWib Jgamte | dzv f BB RGBFtcw i3S C s dzd C1,ds0@d d

ftow BsCElsdzd €' 9. 1 G'lslaaz jydiRtselddHnsfdr@ditsf H O dz
Work Plane - >Primitives - > Rectangle

Work Plane 1 (wpl)- Plane Geometry- Rectangle 1 (rl)

Size 1 Width, Height =05, 0.25 Ho O ;f steky) d3' tod
Position T xw, yw=0.5, 04 Ho O ;f Sfdydztsy j)dedz? € kzls
RMB > Build Selected (Z2OMlskzf dzd 2 tdMmkzdesS ¢

Work Plane - >Transforms -> Array
Work Plane 1 (wpl)- Plane Geometry- Array 1 (arrl) :

Input T Input objects =rl W " G Iz totOs IHdiES )y | dzdzW
Size 1 xw size, yw size= 1,3 ¢ dz €' Mmis fipldsEff pge B
Displacement T xw,yw=005 (o j Clats38 j dzdgw | dzj dj dzls ' o d
RMB > Build Selected (zOMmiskzf dzd 2 tedMlzdatsS o M t
Work Plane - > Booleans and Partitions - >Difference
Work Plane 1 (wpl)- Plane Geometry- Difference 1 (difl)
Difference i Objects to add="1ill
Difference T Objects tosubtract =amr1(1,1),arrl(1,2),arrl(1,3)

RM|I3>BuiIdISeIected . (Idz.Ofr]lsIzu’dz.d? tzdfr)llzdzlsg ftcOo

oo o o
B oo b oo oo b
| I I I T N N O N A |
coo o e e
oo RO m oo B
coo L
oo M ORom o M
T 1T 1T 1T 1T 1T 1T 1T 1T 11

o
fa
o
fa
=
fa

]
=
]

T T T T 7 T T ' T
1 0 1 0 1

0
Hlso S/ tcsW ' dz¢ BGlotstclz.
Work Plane - >Primitives - > Rectangle
Work Plane 1 (wpl)- Plane Geometry- Rectangle2 (r2):
Size T Width, Height =0. 6,1.5 Ho O ftdzw),;, twtsL &3 tod
Positon T xw,yw=-0.3,0 HoO ftsdzv; f Bdztsy j dzdz
Work Plane - >Primitives - > Circle
Work Plane 1 (wpl)- Plane Geometryi Circle 1 (Xt
Size and Shape 1 Radius=0.3
Positon T Base xw, yw= Center ; 0,1.5 (sted Y tsdzw

RMB > Build Selected (Z2OMlskzf dzd 2 tdmkz des S ¢
Work Plane - >Booleans and Partitions ->Difference
Work Plane 1 (wpl)- Plane Geometry- Difference 2 (dif2):
Difference 1 Objects to add= dif11
Difference 1 Objects to subtract=r2,cl
RMB > Build Selected (Z2OMlskzf dzd?2 td Mz desS
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0 1 0 1
B.ulso stolp tledz® tsB J[tflg Gedpdgdivef ted L dzOyYJ dzO@ H dzv s
5B J tolsOdzdz®, L W HBE A @D Otz B sy ' 21 dfvdztsdzid dz' HiSH O
stej BO 9COLOId B’ " dzZsOy' ¥ o' M' ts8BJ tols O dzda"
Work Plane 1 (wp1l)
Geometry - >Operations ->Revolve

Geometry 17 Revolve 1 (revl):
General T Input objects =wpl (tesB YO ) dztsh d dzO
1 OH OdzdzeMe ts B tsy ' 2 9 '{figlas toflsld GedzH s S B G B¢ Is |
9 4 ¢ 9GS 9 d dIz@iHase d&g9 Iz .
Revolution Axis I Points on the revolution axisi xw, yw =0,0
Revolution Axis i Direction of revolution axisi xw, yw=0,1
RMB > Build Selected (dz0 f Is Iz tf diztf Rfoisises j to)zlz Is t5

AS=
1 Okzo Oy jldzfilpy 5B j tols O dzdaw dz4 f tso d dzdz@  ghjtdc § f
sB J t6ls @ 'Slis'tel§WOIsd mw By J )
4.1 OHHSr O Isted o d d3' tc dgdte Iz Hj it gty HIAdS " otz@ W d3ts € 2 Is dz
ftedLrdgky y' sets 9 jtondzt ctcOdzr ftsBRZHBY OdelsG s
tesB sSYts’ f dztsh d dzd . 1 © dzg' 2 ¢ d&z0 6§ dEgxdggry C o
Iz Is o ts teffj telzfizw d3d .
Geometry -> Work Plane -> Work Plane
Work Plane 2 (wp2):
Plane Definition I Plane type= Quick Mfsm" B ode)stelz  dz
Plane Definition i Plane= zx- plane
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Plane Definition I Offset type, y-coordinate = Distance ; 2
(dzOMmiskzf dzd 2 ted)mlkz dzts ¢
Work Plane 2 (wp2) - Plane Geometry:.
Work Plane - >Primitives - >Square
Work Plane 2 (wp2) - Plane Geometry- Square 1 (sql)
Size 1 Side length=0.3
Positon T Base,xw, yw = Center ; 0, 0 (Is tc tff ts pzw
RMB > Build Selected (20 Mlis z §f dzd 2o frig didr) HAAIL"
[ tc@rude § tod L dzGuagWof® ¢ Z o O dgtsB S Y B’ f dzts h d
ftesmis’ tc. fltegs W ' pdRdzv L Odstso ylzo Odzdz &3 o d € tsdzlz°
dzts te (3O dz! dzts d3EzdHsED IS dbmbtsdd OL OlsP de dz2dmw C 2 o Isw
ftetsW ' dz¥ .
Work Plane 2 (wp2)> Geometry -> Operations -> Extrude
Geometry 17 Extrude 1 (extl):

General T Input objects = wp2 (esBtsYO ) dztsh d dzO
Distance from Plane I Distance=04 ®"  HiINB @™ ¢ B o Odzdz™
RMB > Build Selected (ZOMlskzf dzd?2 twdMEzdess { tc

K-

1
b ls aZjstc~ g & WL ] FwhE H dlded Lifddkr 2 Har 'QRtsY |
H S 5 Swiedp | te®y&daipiss dfQ] tc | dets¥ Ise 2tz o L H |
h dz (Stedots’ ) o M , L OA IOGE wifs. Ist
I 2w y! st djCsip HHE2DWO Isifde® trts Ctcdolz, oL H B9 Y
odSsdzzo Olsd MW stfddtOC dejj fipidatfatigts. sy ° XY, Pdz€ Gdp dz'lz
f dzsh Yzdg o ' mdets, s y' tesBtsy'tcdfsdish ddzd Isj

1 sB Iz H @Us2ds).

Geometry - >Work Plane ->Work Plane
Work Plane 3 (wp3):

Plane Definition I Plane= xy - plane

Plane Definition I Offset type, y-coordinate = Distance ; O
Work Plane 3 (wp3) - Plane Geometry:

Work Plane - >Primitives - > Circle
Work Plane 1 (wpl)- Plane Geometry- Circle 1 (c1)

Size and Shape 1 Radius=0.1
Position T Base, xw, yw=Center ; 0,22 (sted Y tsdzv

RMB > Build Selected (Z2OMlszf dzd 2 tdkzdetsS dz' o st
dlsodtcdolz § J toj dzj MJ dzdzv .
Geometry 1: Geometry - >Work Plane ->Work Plane
Work Plane 4 (wp4):

Plane Definition i Plane=yz- plane
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Plane Definition I Offset type, y-coordinate = Distance ; O
Work Plane 4 (wp4) - Plane Geometry:
Work Plane - >Primitives - > Circle
Work Plane 4 (wp4) - Plane Geometry- Circle 1 (c1)
Object Type T Type = Curve (Mo ste® ' @B GO oz} )dL ks
Size and Shape 1 Radius=0.3
Position T Base, xw, yw=Center ; 25,0 (sted Y tsdzv
RM|I3>BuiIIdSeIeclted (dz2OMmMszf dzed?2 tdMkzdesE o Mmj to
25 :

O
27 cmm mmy ) SRR - y
- £I 1 "\\" : < 0,57 ‘LrH = e F

o
+ ] "
1.5 1 ) = I
1- !5 : .. ; B 0 I /'I .O-
| \ osd [H o el
0.5 I_I ..... \ - 0.3 ‘\\-I_I--' -
1

1 0 1 0 2

t SL Omizalpy By dz0 o d ¢ Sdzp iz 2 § Stcd © Bz B Iz whis dslif vz
Miso tstcd 36 tsHedgSWeEg tf Is  f S dztiss dedzQ RiEs frids' "L dzt dzs €
BOId d20 ko OL ‘', hts fjtej dzad g dadzw od¢ tsdzkz
f OtcOd3j Istc @ tsCdsEH>p O s YWdas Oy dls d ,0 zv&mponert 1
(compl) T Viewl o € dz¢ ydIsd Shtew wgdges direction arrows, © 9

¢ tc QzE BIE dz2® dzts § § Elpdeciedess), oL kOB B oz@ez ydd3s, o' ¢
o ¢ dz¢ yd Is dSeldstiEdggsa3

Work Plane 4 (wp4): RMB > Build Selected s 4 o] H dz' f2tc Qeadndddzts €

s BtddctsL €ty tcls
Geometry - >Operations - > Sweep
Geometry 17 Sweep 1 (swel):

Cross Section I Faces to sweepwp3l (f dzsh d dzOtczeso diz f J to.
Spline Curve I Edges to follows wpd:34  (dzOflskzf dzed 2 ted)miz dzts ¢
Spline Curve I Reverse directiorF True (@ L o tstdikls dlzOY v &3S Iz
RMB > Build Selected (dzOMiszf dzd 2 tod Mz desS
y o y 4
Heez || Wz T
S B

19 jtedz s ko @eversedzextiosyTye . W C O o § dgfdiOdzdz”
C 50 B o dgPdREdmkCHASo 0 5°  (* dzOCh j f j toj dgj
&j o k2 B'C
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Geometry -> Operations - > Sweep
Geometry 17 Sweep2 (swe?):

Cross Section I Faces to sweep wp3:1
Spline Curve I Edgesto follow=wp4: 1,2 (dzOMmiskzf dzd?2 ted)mk des ¢
RMB > Build Selected (dz2OMmlszf ded?2 tod Mz dzts €
¥
o
T
v

5.0 L dzOW] dece® & OB f SR datedtizdz . [ofjlSOigids tatirts d
o G Gaamétry1lL O di&[fform Union (fin).

RMB > Build All Objects 2Oz dzgd 2 ted)ikzdzetss

sczdd fsBOYO 5] tSLEEYHOL] ' d yj w¢
GO 6 S ZOH H d &0 g OWHDtidly Bynamics, Is t 1ol kz L Rk
Union & f{ ddiiéhkzi dzse ts Ols d  LFds® wnj adsembly . & dzj IStSH '
ojtendz 2 ftodabk) | f l5tsjcC IBlasOlsd lso ' ts §° H C°
CShs od odCtdzzo Odzd ' dzfgls teEE ' d3 otc dIf tEADPC
G' diSe@netryly [ BEZH] ®&BOIsd odcdzvH, L sBtcOY J ded 2
ftcOQostclzy. _
43\ Geometry 1
4 & Work Plane 1 (wpi)
4 ' Plane Geometry
/" Bézier Palygan 1 (B1)
¥ Charrfer 1 {chal)
7] Filet 1 (#1)
1 Rectangle 1 (r1)
EEArray 1 (&)
Difference 1 (di1)

l;l Rectanale 2 (72}
(=) Circle 1 c1)

¥
Ml Z

Difference 2 (di2)
[ view 2
4" Revohlee 1 [revi)
4 & Work Plane 2 (wp2)
4 % Plane Geometry
Square 1 (5g1)
[=y view 3
(5] Extrude 1 (ext1)
4 & Work Plne 3 (wp3)
4 5 Plane Geometry
Circle 1 (c1)
o[ View 4
4 & Work Plane 4 (wp4)
4 5 Plane Geometry
Circle 1 (c1)
-2 View 5
# Sweep 1 (swel)
Sweep 2 (swe2)
* Form Union (7i7)
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| Ok o Oy j dgdzvdzr yj (Bsy dz@ B Lk dzts EzY dgts o & dsls 6 dzts
GOV ' )tz dsTerdka(On) .o

vskzls HBt] ydets GtotsH | BsdzMmlis el a @EOde Q dedl ldste df izz
~n Otc OC Is jlste. gihs ldzep CizH O

Geometry 1: RMB > Measure

9 " HEC tfdoedeMdasure o d d3' to't gap ted3j Istc'. = | d3@adsyomtiic

entity level sB qtcO‘ d6j dgv doj tsd3j Istc” o mMyg<¢y' od
UBHY dzd LfO dzj alztlc tsL H Med®urements Q9 Is ts d30 I3 oW datlzw 8 Is 4 |
tcjLEzdzcEOBdo dzj &3 ¢ sdRpistc'o” MEEmMOISd o B Bl
stsytsllsts BEZH] tBYdMdzt 9 Olsd MW oH A hEs@ARO 3" >
ojJtern' 9 CtbsYCEEHUESEER)E W 0 jtorn " 099G odzzlste’ h dg' ts
(Is s y87)O

) tcj L ZfzOjddO Is aq’dz,M@sweOdMDB ddGs dzv H Iz, L 5B tc O
ZOMmls 2 dzts dizlz  te d fij iz Sufid dz pirkid HstddAZCUs o 1© DB Erice  (

11 md3' ¥ GBtOdddkd BT OMgHsStclz ¢ jDoognlsted Y«
sBydfmdzs s Is' P45 80 gzt 5O j tcZE nf ( dzOMis 2§ dzd
ted Mz dats € tfste BOEASIEE) s dzO

aac|irg

13l

[ Build Al

;::_:fl (=]

=

{58 Build Al
Geometry Type
AL Geometry Type
Type of geometry: I Finalized geometry =
P . Y g Y J Type of geometry: I Finalized geometry j

Geometric Entity Selection i , ,
Geometric Entity Selection

Geometric entity level; I Foint -
& J Geometric entity level: I Diomain j
Selection: I Manual -
J Selection: I All domains j
N |:|| 62 1
‘ : 87 B - o] (1 .
Active |_IE| ey 3 I-_|E| =
L Active |4 B
5 . ]
& &
Measurements 7
3
Distance: 1.1 m
¥ distance: O m Measurements
¥ d.istance: |:|1 1 m Vohmne: 3. 345 3
2 distance: m Surface area;  21.39 me
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[ d dzisf dmidfd @syj m MisdcE{tejddglzitcdzd = St OW " ydzad
o] dzkd byl MOBsMls' 2 dats.
Iy
L 5

e J
o O dCsiedmlssobky yd ktedodd ttd ¢ @EWO yd
B tc OdgQ dziR0 ) IstdelffptiatodElr’ fdzts B.j L o  des s € )

Torus

Sphere

Cone

y Ellipsoid
Tetrahedron
‘ Hexahedron
L y
Block - o N Pyramid

4 n 2

._;2

-4

stsdiz0&zdztb Cd  sEHp g a3l tedzdzs dodsa IsaO " 5 0Oz dzizO
Ctoj MdGeandsy ' d&fiplz d3j dzls Odz! .dzts”™ filste’ Y& d

[MC " dz € d dzjtcdamip'fizf ie'j 2@ dz@©OIs' Mw, Ists Milso &
Is* dzts dzj d3tsy dzd o tds.d dadiftsdz'tcH deAdj~tf jteg ' ‘ CLIB " otc C dzO L
(Ossembl y). 2z tekzGedmetigs o Stcd tsfls © deamen Wiz o 2z L
) ff talen Union/ Assembly - Action fmdz' H 9 d B tc OIskgrm andzO y J
assembly . wdzOCh j Htod o BElcczO dzdzslsEC B3Oz g 50
ftots § tsd3qd € Lz .

1.6.1J BtsdzMm s e @ucYra H d

161 §F [ - dsHy § dzeo
isLobwyjdis LOHOYkz " dtc] dadgw Is j OB cas
f " Histedd&gz’ Is! Mw Jtod dgzdzt s 2 Isj B jcOlskzte" |
dlsotste’ Is! dBsHjdz §hmdz Hise dz' Mist € sdBOAzH :
File->New->Model Wizard->3D->
Heat Transfer - Heat Transfer in Solids (ht) ->Time Dependent
1 ZHjtdss 9 6ve Zottsidds' tcdz' to° @ dz9 dzdz'€dmpqoiE2w 1 y ! S
(compl)o @ j H ' Is! :
General - Unit system = None
lJBBI W BSHjEZ MEEZOHO ' Is! MW L SHdsecs ¢
l1ted OFC Isd o @eo3éry bolAfLCds dzO2 s § sMmdz' Hise dz' Mis
Geometry - >Pimitives - >Block
10 LOMBso Yo Odzdzv d@3 § Ot Od3j Istcd B dzsCkz 144 B GC
L d3' dz¥ FiIsj 1 O g jofn dtIeEIE O y O dzdz" d3 BufildsAll Gbizist y
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1" H ¢ teldld iz j Hiz& Transfer in Solidght) - Heat Transfer in Solids 1
l totsL HEquddion y°' ° f Odzgisiz’ O 2@ fdzdf Pdz o d e dzv H  dzj
o' odgv dzdzv sy f dzsf tetse " H dzsMis’
/‘C,%+fC,U®T+DCD]=Q+Qted,
K
HT-hECOdzO W kzdzeC y' vq=1kPTlitlg jiefOdrtdzotedR - CHistg I8V Cy," * d

sif sl esDsgdntlicyj costt cLOH'  dlsd. 1t
eux HYy HZq

) dzOh © 2 LOHOY' dzj oditcdmlstseo 2 Iswigw |

ftcj HMIsOoadzjdz2@ o HtOo' ' 2 YOMmilsddzs HscH datizdzdzls !

kZzedzs . v Rz ' o dgC th(mjb)T)zqudZWH
V!

Il 11 é$ldatTdalsferinSolids19 9 j H ' Is!
Heat Conduction,Solid I Thermal conductivity -k= User defined
I Thermal conductivity -<>=1
Thermodynamics,Solid I Density zr,<>=Userdefined ,1
Heat capacity at constant pressure I C,,<>= Userdefined ,1
1 Jjtejo ' telsy, h sHeat Trandfer ia SolidsOl o tc ts LDanainz’
Selection ofnj ¢ Yelettion 5B tc O dzUs ' 5 ez @Af§ Olls s te 5 o3
1 OHO21I] YyOlsStse bz Isjpd3fliltc Odslizatcaties L dzWv 1
99 JH" " Is! :
Initial Values T Temperature 1T T=1
1 OHO22Is] cteOdzdydzz Isj B jtcOsktck. | dzv Y’ GGt
Physics ->Boundaries ->Temperature
¢S Isdo z2 IsTemperkturestlz  dzOIs d ) dz' Alstive 9 & datsstiBGuEdaly

Selection * o fipflectiph & d B j Al bolndaries .1 B3t 7 Gt C
1234, 5'6HtSHOH EzIs+ mwSelacton fij §f ddistlizmpatature o  f s dzj
Too 9 J H. Is!
1 sezH&EQljIsCE. pPdz? I ybdsEEr® j H' IS
Mesh Settings I Element size = Normal

"dzOIsd Mdz' IsBuild@dzstf §tlBOW ° ydzsdzz o * € dz oudC [ tSB |
m s€d. o CEkB

1 Ok : sB yd mdzj dzdzv Is t
sEdBz daj RZOBOCO2s M PRECALECEBLHE Y Ot dgO? |
HdzW ¢ st dBOdz dzs’ ¢ ' ISG g O f tfists” miglz’ '€ g’ I8 &
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l Hjtej 8 OCdBHW z&IsStep 4&:EZTimis dependent | 2tsets
LOHO?2Is] YMmdz Hise dg' MiIs! Bsd3j dzls®™ & yOMz, o
Study Settings 1 Times = 0.0010.005 range (0.01,0.01,0.1 )
it sLoa 6wy " Ist LOHOYEZ, odCtdzOehd Ctd3OdzH Iz
Study - > Compute
] Hjte] 9" dyis Regulis L ' (fylso! dff) W didei@perature (ht) L o kL dzts
Surfacel, h 5 &3 Misd s Wizdz€ y' sdzOdz! dzj L OB Ofe
ftej HNIsOo dzv ° Is §f Y lHB®Dts Nz tistithedz@IGEodnwours (ht), v € O
3" Misd Is! C sdzls z tc dzd 2 CGleOW " ¢ Isi B J tOIlskzted
dzj " deW st d3OIsd o dz' smM¢ " dz € d dzO {dgjoLjdE ~dddzO
Histc' o dzt H Odaduylitsl f o @MZOqlefz.  tcOo s  C dztstf C s 0
Temperature (ht) o dpdgldrdzs o d B j to' Melete. C SHRAIHRE © 1
9 dH Odz' ldsothednald@éntours (ht).
1 sBlHk® di3ts CGlOW ' ¢ tetsL f SH' dzz  dslg alzt g ‘tol®Is
Istcd o d d3' tcdzkz G BD@WKtGraypizlz € dstel3Odin s ¢
Results -> 3D Plot Group
3D Plot Group 3:
Data T Dataset = Study 1/Solution 1
Data i Time(s) =0.02
Color Legend 1 Show legends =True
l ¢ tc OW "BuedfBD Plot Group 3Mis o stc’ Is* MullfsliceH 9 L tsdz
3D Plot Group 3: RMB > More Plots - Multislice
3D Plot Group 37 Multislice 1:
Data i Data set =From parent
Expression 1 Expression =T
Multiplane Data I x-planes, y-planes, z-planes = 1,11 (stcd XY tsdzw
Aj €' dzv ©° fiilfs toderd § dzf dztsh ddz'. C sy dats’ St
Range T Manual colorrange = True
I Minimum , Maximum = 0, 1
Coloring and Style i Coloring =Color table
i Color =Thermal
i Color legend = True
Il S tsdz02Is] Plots ZOPHSAsS ted BZO° Is L 5B tcOY j dzdzW
tstels ts 6 ts dap dzts iz &z, hts ftesatsSHWIs! Yd ted Ld d3yd dzk
L OBOtco dzj dzdzw d3, wC ] o  Hftseo' HGEA=00lRhif j tcOIskzt
Time=0.02 s
T 1
0.8
0.6
0.4

0.2

0
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3" dzt ¥ yd o 3D Hlot Grdup 320dz0 y j dzdz'Data - Tims (), o d
ZHils] tGltcddszeo Olsd OdOdzsE " wddmMkzeteOW ™ € d HC
l HJdOB ydzdr L OHOYOR dsy dzO BEZHEZO® Ol

Yyomkz o Iyl Usitej 8 P&zt tc )i s 51 620 Is Plsafc Bzghd |
Graph, w g mMdz' H ftedobdwL zo Ols dCutirdet Is EOyQHESH 56
ftosMlsts HEs beyts¢, s EHB "diddzl SIs OO EY a3
Time selection 9 d B cAllslg§ts BEZH | B EzH 59 Gdasdz@Qpdfdzde'd -
tetsL 9 ®W UsSely sty B3 {g® M Iz .
1 sBlzHE &3 GOW ' € L Odz] y dzyi@idn ozl (. 3¢z tc Ols
Yy! setsPdfits Mise sted d3ts  Is sy ¢ wafjC sHizOQjotd jddzts dan@ded:
Results -> Data Set -> Cut Point 3D
Data Sets- Cut Point 3D L
Data 1 Data set = Study 1/Solution 1
PointData 1 Entry method = Coordanates
PointData T X,Yy,z=05,05,05 (sted Y tsdzv
1 Jtej o' telsy o & jsHBOMHERS “Is sy d

dlsotste' s/ ctikzflkz tsHdoadd tcdzd- CcteOW ' ¢" 9 Ct
Results - > 1D Plot Group
1D Plot Group 4
Data T Data set = CutPoint3D 1
Data 1 Time selection =All
1 0 Mmiste® yy' df Olsizy ir§ dzAB RIo® €sroup 4. ) dzd - o d E
Csi3OdzH 2
1D Plot Group 4-> Point Graph
Point Graph 1:
y- Axis Data T Expression =T
x- Axis Data T Parameter =Time
1 8sBEZHE?2ISjL Ocdg QMBI | t®Is ssdy® Cos dsO dzBl@& ) Iz
CSCh s tedpg@®ON lsis? Isj € tsdzb to tc ts Colgriegfztizind Stted o ts5°
1 1 o IPaindz@aph 1.

1 OHlzS ' ddts L dzOlg dlagigy dzISldk ' BdsY Jots @ Istz’ d3tsrd3dzvdzls
Yy’! s&t® L Oerived Values milseo stg” Is! o Roint tEdauatids d § 2
ZOMmiszy degts C B3O dzH ¢
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Derived Values RMB > Point Evaluation
l 11 fMmlso tstc PantsEvdduatmrizlio dzQ o * Is
Data 1 Data set = CutPoint 3D1
Data T Time selection =All
Expression 1 Expression =T
LMB > Evaluate i New Table
] W BtedzOy ' 2 dz2' 2 L sdz" TabldzlHlg O Sifls o dz@f Ietddirdis O B
tcd fifldzddz B QPHfiiag O s s Mistso f yw .

[Tobynveatn rpadix Tabmii

1% o 35 MR | % BE# -

Time (s) Temperature, Point: (| Temperature
0.0010000 1.0000 0.93156
0.0050000 1.00000 0.62954
0.010000 0.99856 0. 43506
0.020000 0.94055 0. 32646
0.030000 0.79333 0.23262
0. 040000 0.62396 0.16965
0.050000 0.47457 0.12501
0.060000 0.35554 0.092424
0.070000 0.26429 0.068275
0.080000 0.19583 0.050504
0.090000 0.14434 0.037346
0, 10000 0.10719 0.027545

v OB dzdBY WylsilddzgO y j dedzy s BB j tOlsktcd © BtOdz 2
L OH Odz' Skep B EimeldDependentos ff Sty Settings TTimes. A
dz3ts d3J @8O 0.005 001 .. 0.09 0.1 9"  HsBtOY j d& o dz' 9
IsOB dzd y ' .
1 sBkzHEZ &3t cteOW " € MJjtoj Hdz t5° Isd &BYf J tOIskz

Yy!' st oadCtsdzO21Isj " defflstelzC y'
Derived Values RMB > Average - Volume Average
l 11 Mmlso tstec Yaurme Averagglodz@ H * s

Data T Data set = Study 1/Solution 1

Data 1 Time selection = All
I MmMiSy' ¥ odstEEzOaazkzie"Ild' 01 ctcPWOdajdz' o jLHES d8'

Expression 1 Expression =T

LMB > Evaluate i Table 1 - Point Evaluation 1(T)
llsOBdddblplBzH] HBHOds Mlstsotf j y+ L' L dzOyJ dac
Cks' 9 to' L dz( HdgB d3d dzlisd j t¢ @ i UL Bz Coydfdbiddsdgts Cdyd M 4
¢ dzts flEjrable Graph, WCECO LSO s OdzBtsdzBHz H 2 BB dzd 5
CGleOW IO O dap~-Myd Mo wCdn BlzHJ OLWISO L 14
stcHd dzOIsdtcze se s fcjistegslstcdsdzts. Ctocd o e @dg: B Jz H Iz
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1 1 1
0.02 0.04 0.08 0.08 0.1
Time (s)

w fn dzlz e d?2 Mt B fBlkZHttead GSttOW ' €O L C
" H yYyomk. [ dzv  y' sets fsBdzd s ,dzsW iso sl d
"dzZlsj ctcOdz 9" H Isj o3 j(t@DBlstHz tefigfj tdf jtsH dis B Off txf3lzts BCOZ' BOE
Resultsi Data Sets RMB > More Data Sets - Integral
Il 11 fMmlse tste jntmsat 1o 99jlzHL " dEO
Data 1 Data set = Study 1/Solution 1
Settings T Geometry level = Volume
l cte OW ° ydzth POtcraliizgdH sSH O2Isj dZOdzOh Isz21Isj G te
Global . 1 dzwv yY!' sets 9dCsdO2Isj ' dzgmlstezC y'
1D Plot Group 4-> Global
Il 1] MmMbosHGldbldss 9 2L O
Data i Data set = Integral 1
Data T Time selection =All
y-Axis Data T Expression =T (99 jH jdzdzg?" odCtsdg s iyw o |
x- Axis Data T Parameter =Time
l S sdz021Isj Plet s dizOdgHsire &30 2 Is § CGleOW " ¢ Is ©,¢ d 2
fsBkzHtso Odzd?2 (5 IsOBdzd ydzd a3 H Odzd 3.
1 sBkzHE® B35 CGteOW ' € Mt Hdz B IxFaE. J tc Ols
4 syolsC¢kz IstcjBO MlsoatstedIlsd HY jtoj &zt HOdzdrm +
Results -> Data Set -> Cut Plane
1 11 Mmlse tstc fukzBRlahslosmig tHdzAs !
Data 1 Data set = Study 1/Solution 1
Plane Data 1 Plane type = Quick
Plane Data 1 Plane: =yz- planes
Plane Data 1 Xx-coordinate :=0. 9

] sBlzHIE jSB tc O)yJ dzdys] tc j] dzCE tHIQRIZHELS ©

dso sy jtoj dzs HOdzedrR, W Cfj BzZmdgs UI&GJJ@MSWU
ff dzshffgedcj.od 2y sets oadStsdzO21Ilsj " demlstelzC Yy
Resultsi Data Sets RMB > More Data Sets - Average
Il 11 fMmlse tstc Aviztage ko oo jzH "dD'

Data T Data set = CutPlane 1

Settings T Geometry level =Takefrom dataset
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l Gt OW ' ydaiD PotcIrafijizdH S H Q2 Isj ° &ZOdzOh skz2Isj] cte
Global . [ dzv y!' st 9 dSiBdzO2Is] ' dzmlstezC y*
1D Plot Group 4-> Global

l 11 MmMbes stcHGldkmIRse 9 B L HzO:

Data 1 Data set = Average 1

Data 1 Time selection = All

y- Axis Data T Expression =T (9 9 j Hg dzdz®B) dzd y°

x- Axis Data T Parameter =Time
z2tsB 20 c@PBBGRLdIsd dzjejdzHEZ, od¢Bd&kO2Isj
1D Plot Group 4:

Legend T Showlegends Position= True , Upper right
1D Plot Group 4- Point Graph 1:

Legends 1 Show legendsLegends=True , 6Center 0
1D Plot Group 4- Global 1:

Legends 1 Show legendsLegends=True , 6Volumed
1D Plot Group 4- Global 2:

Legends 1 Show legendsLegends=True, 6CutPlane 6
1 ©F dzYf ‘Bls iz Ko OBC Ld30 ditots ©

1

— Center
— “olume
— Cut Plane |

] Hd dzOd3' ydzd »n s@OH @QQP&KERE v C ‘ ftcd § OtcOd3]
odStstedmlssodzp @d f cFezezkOHEZ Miso sStcd dfoman 9 O L
Pont L sdglzH ] o' HMds jHigtgacelsriiedz o  y Ji dadsniin Cle
LsdzH BEZHJ] tBYdMdzt 9 OIsd Mjtej HdzE Isj B J tcOIsk
g4 syOlsEtztcddsts IstsyStsod?2 L sdzH.
Componentl (compl)i Definitions:
RMB > Probes i Domain Point Probe
Definitions - Domain Point Probe 1
Point Selection I Line entry method = None
Point Selection I Coordinates 1 x,y,z=0505,05 (sted XY tsdzv
Definitions - Domain Point Probe 1- Point Probe Expression Ippbl):
Expression 1 Expression=T
LMB > Update Results
vl jste sipgififissmMisstcso d2 e L sdzH.
Componentl (compl)i Definitions:
RMB > Probes i Domain Probe
Definitions - Domain Probe 1(dom1l):.
Probe Type 1 Type = Average
Source Selection I Selection = Alldomains
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Expression 1 Expression=T
Study 1: RMB > Compute
] tod L 2z 8 Ptsb yd mdzj eztiziils mdgswsjedndz ¢ L sdzHs9 ' €
fsBlzH DB Ydz] ¥ detsls® L tsdzHts9 r oL dgted@izd A dzd

Probe Plot Group 7B zHnjs o stg pCditsd © Is©OC " 3y MOd3 , w¢ ©0O
t Temperature, Pa Temperature, Du
0.0051387 1.00000 0.61987
0.0062042 0.99995 0,534565
0.0072196 0.99973 0,.55375
0.0082351 0.99950 0,.52623
0.0092505 0.99906 oo
0.010266 0.99831
=
0.080738 0.15173 0.042451 L ! !
0.088049 0.15332 0.039583 0 0.02 0.04 ; 0.06 0.08 0.1
0.095361 0.12337 0.031815
0.10267 0.098948 0.025520

162. 82 stsdkzdo Odzdz? o oz’ s .5 jtelsts’ BO&Sd
[sMd H' 5! BOd SCtddo Odkzy Sk S sV ¢ 5O d&z® ¢ dz
VIEOR ko Odzgdz?y W OCkE, hts BORSO yddedls: ©f
YUjlso jtelstsets fsteWHCE
uj = - a® ujjjj,, 0<x<L,0<t<wm, (1)

Hja’=K/r,s -L G d dzdz® Y ,siec izl teimdtiiPse @z20S d ( 3O MC
Hiso y quigdt) -0 j tolsd § Odz' dzj Lxag'Otizk dipdgts d3fs tets| € Oz

u(0,)=0 u(L.H=0
17(0,£)=0 U (L.1)=0

1L zd3’ dzs, s dzO €' dzyv s BOdZ¢Cd odCtsdzze Is!
u(0,t)=0,u(L,t)=0 (0¢t<n). )

I dSstedmissobks yd lsjtst' ¢ kstsd dE ddz0dets &g 2 d3tt

® BOdzYy" ftetsf tstcwj,.2 daff ?) C LodrefiffGudfeddg dizB € ° dzy v

9 ' dz dzts BEYdgCtEls Bi'tstc’ o wWzs o dglz dzelgts IstsSH OlsC s9 ' @

uj, (0,t)=0,uj (L,t)=0 (0¢t<nr). 3)
I tjLkzd O, StddoOddz" BORSd tfdmks s
(2), (3), ' {§syOkCseddd kdtse Odd

u(x,0)=/ (x), ui(x,0)=y (x),0¢ x¢ L.
ldeyddiss Ctsdzd e Odzdz? B OdzL 1, tsH dsdzdo dds * dadH =By
¢ daywiRjada e fsyOlitses' kdssd dBOsIs! o dc dw
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u(x,0) =sinp x+0.5siN3p X

o) (4)
utl(xO) 0
O dzOdz' sdyded?2 ttsLodwWL BEC "t LOHOY' 9" Hfsc
w(xt) = codp? )S|npx+05cos(9p %t) sin(3p x). (5)

] spbwgdmj dz2 ded?2 L9 ' WL 8C L OHOY' L @s H 5t
2ats(5) .

COMSOL od3' ‘' ttsLodtwl zaxplsd dimd Mls jedzd s ts
LOOYY®o ddzdzO BREIsd  jtoj f dmOdzOt totc lisg) eads dAOts to v
cS¢hts o9 jMmisdvHupL daOm| J tzdzy dzv dzdzv  Ul=) Vi, dz@ el Iz H ]

a’=1) . | twjLkzd sOl' L OHOUYO s Adiedj dkd tc
g Uil +Vi, =0
Lo (6)
[- Uj, +v=0
L GteOdzd yded d3d Iz dstse O d3q
u(0,t)=0,u(1,t)=0, v(0,t) =0, v(1,t)=
f syl soddzd Ediso O3 ( 4) .
l ¢ sddpPRiggz’ H € ssdzOftds :
File- >New- >Model Wizard- >1D- >
Mathematics i PDE Interfaces i Coefficient From PDE(c)

1" mdzw dzOlIs d M € Ondiztlpy  fdtitgd physifsiterfaces HsH O Is! M

dzZOL 9 O dsH J dz' . {f Oubafvied &PHesics Interface ) tetsL H' d
Dependent Variable 9 f Nunber of dependent variables 9 9 J 2, SO 9
i ts dgpendentvariables 9 9 jH " Is! ' d3j dzO U '€ Odzd = W 2 dz$ -

Review Physics Interface

Coefficent Form PDE (c)

Dependent Variables

Field name: u

Mumber of dependent variables: 2
Dependent variables: u

1 Odmdz’ s @ suavlzte foS' 1 § o d o '» s EsRdbyt’ Study odejtc' Is!
o Otc' TondElependent . 1 Oo J teh ' Is! Milse stcj dz@¥ d g § @JzdrOd3
C dzts § [ pone.
1" H G t6ldld &) Ga@ponent 1 (comp 1) 99 JH' Is!
General - Unit system = None
] JBBiste’ W BBHj &' M ZOHEE dsH Hpvils jL HdEs.c 5 €
Geometry - >Pimitives - > Interval
1 @ Odsso Yylzo Odzdzv d3 f OtcORBjIstcd o© Hic' LSO LB' G
B UWin. 0o jteh ' Is! CledpGs) ddzdad3 mitfjdsalgibpbatta] 1 °
1l sBzn&EQgjIsC 2. Pdz¥ | ybiésHr® j H' s’
Mesh Settings I Element size = Finer
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" dzOIsd Mdz' IsBuildCAlzsf T2 ctcOW " ydesdzgz o ° € dg' o(d
9  Hte' L ¢ @ uctsls B qIsG.

Il " HEted 2 Isj Coeflicierst BorndPOE (c)- Coefficient Form PDE 1 |
tctsL HEqudrion dz0Qo jHjdes L O 0Odz dzgd?2 odcecdzvH C5j
rt v.l

“tu +d u?+DC@ cbu- au+g)+b@®@u+au=f,
T u

o aug b
HJU—%@- G OdzO -8 g Gz tHpicw—.

cV+ X
def]lSJd3G) tc" odzvdzr (6) 9o dBOBSLduUdsEBEz L OfcC
al Oo au§+pa a0 —1é£ %+ g: 8

ZBBQBJW Qwisuzh{mslzdze Is OC mgiss Bdd dHdiatsH zo 9 | Mis d
L dzO0 y 4 dzdzv :

1
[EEN

Diffusion Coefficient

o
I
w0
Qo F%%
o o
-apoOr -I-apOr

Q
1
B
=

Absorption Coefficient

Source Term 1 f=

<SR
|-ADOr

. y al 0g
Mass Coefficient I e,= %
¢

o
-|-aD

v J dzL =igaf b 0J gotstedz @Oz H 8¢ ZOMIsd. ' o
1 jtejo tlsjy IsOCBY, h @pefficient Rprie BOE 4. dz' 2) to®dz] ‘daiz’
Domain Selection Mstsl s/ IssBlsts tsBtcOdzd?2 ©  Htc' L 5C.

1 OHO2Is] GctOdzdydz Ekdisad, odSsdzOoh d €Ctsc

Physics - >Boundaries - >Dirichlet Boundary Condition
dSCIsdokz2Isj Mmls Didhigt BouRdary Conditioz 1 ° dzOIls d mdz" Is
Active 8  tc t5 Baundatlz'Selection : wehts otdzO hj daj dzOlIs
CzOydz' Is! 5 dz' o(@Elsry DO gdg)s,” o3 §ie " dfis@GoytS Bz 2
HiSH O9 dafl d ¢ Bliststisj $w'd B tSeléction. | tcts L HDIriatiet
Boundary Condition o ftIekrod o jH-dstcOded ydz' L dzOuw'j dzdzw
V.

1 O2H' Is! o Initial Valeeg 1 d&zO f j tcj 9 ' tcls j , Donflaits  ©
Selection - Selection MiIsts’ Is* tSdzf debpiede L CO) . 1 BIs’ O

Initial Values T Initial value for u Tu-=
sin(pi*x)+0.5*sin(3*pi*x)

Initial Values T Initial value for v Tv =
- p2*sin(pi*x) - 0.5*9*pi"2*siN(3*pi*x)
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=0
Initial Values T Initial time derivative of v T » =0
19 jtods Is! zeo Oc Iz, hts flste’ Bdats L @QH Odstsfy &f U
L &3 Mistsds o @f ©sits | @& dzkcdid Ists L OfdMOlsd § sy
Hdzw W vz C dzofpds uj (0,x). [ H dzOC  H dzw d3tsiy lizC
LOdzdh disd dzzdz' tso9 f syolsC s8¢ C " L dz@a J dzdz| J O &
L 3" dzd Is+ mw sMC"  dz €d ¢ swyPtsd sl d&zaitsw @dzdag' d
odCstcedmlssalze Is+ w .
1 OdzOh Isk21Is] yomtse ddtse Wasijdejod@ddz o' 1 Idfivts rowfzatsa:
Step 1: Time Dependend 9 | H ' s
Study Settings T Times =range(0,0.05,0.5)
Il MIsOdztso ' Is! Stjdy Beftingsl ¢ Oy Relative tolerance L OHO2Is
o' Hdesmdzgze ff s~ OBODAE . sB Yd M dzj dz
IS tsdzO21Is] C5dBOH Iz
Study -> Show Default Solver
o' HBtOL doM d SfudHls f tcgzg Oc dztked &z (W EChts o
it sLCted 2 ISjudyd® @& lizd 9 Iz 2 IsSSjudy el z Salwelz Configurations -
Solution 1- Time - Dependent Solver1 | 2tets 11 99 jH'  Is!
Absolute  Tolerance 1 Tolerance = 0.00001
l S tsdz02Is] BByYydmdzj dzdzv € tsdzOdzH B¢
Home - > Compute
) G 'RdgyltsL ' W 9 d Is+ Tip*PlotcGrodg 1@ tclzf d Gt OW ' Gineso L
Graphl, fhts &' fMisdls! cu,@We' Stod Lteks L eotdvds jiSids b y @i
1D PlotGroup 1l j H " Is!
Data i Time selection = Manual
Data i Time(s)(1-11) = range(1,1,8)
o isOo M df ygeas® 8 dipdizisazls if &8 HE&ONOSAf Sdid H.dzw

Initial Values T In itial time derivative of u T

z <
z0

+ Data

Data set: I Study 1/Salution 1
Time selection: I Manual

Times (s) (1-11):  range(1,1,8)

l 11 dlxRloti®oup 1-Line Graphl9 9 j H ' Is!
x- Axis Data T Parameter , Expression = Expression ,X
htsB o' Hdzg] Misd ctcOWX elLdH Sty st to HBIJ@IAEEISA. e’
dzj G J alzH § J dr Plaz@Group 1 - Line Graph 1 9 mils O dztso * Is fJt
Show legends.
+ Legends

[¥ show legends

Legends: I Automatic
| jLkd Ok od GlttdkO Isj cO¥' Cd dzj2ls
zOo jHjdedrR ©® cdzjGjdzH' €.
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[ dzw f stc' o dzV 'dalidss tc GWis BSzdH 2z dzj 2 Istc O dz! dzts o M
ydmj dz@ ded?2 twLoodowWLsE ° 0OdzOdz' Isdydzz W stedzlz c
dlso stc’ IsSBH dgticelzdf g’ tcdzd » GtcOW " € 9 CBdBOMzH 5
Results - > 1D Plot Group
1l 11 Mmilse tstc jRiAOE@oup 2oLogg@ * Is
Data 1 Data set = Study 1/Solution 1
Data 1 Time selection = Manual
Data T Time(s) (1-11)=1,4,8
Isls'" dd He' Yy odSitdzO2Is] SCtsBOdzHLE
1D Plot Group 2-> Line Graph
] 1 Miseo stc jLdxs Grisph & B L de@ SeleCtiaz' tsB j to' IS 9 H
( 2 sScdsH d C10 1o v ofryfjlsSafdv8 s lzo o j H ' Is !
y- Axis Data T Expression =u
x- Axis Data T Parameter , Expression = Expression ,X
Legends 1 Show legends = True
Il 11 Mmlse tste jLidesGraph Doz L tedA®Selectianlz’ o d B J o' Is 9 ' H
99 JH'  Is/
y- Axis Data T Expression = cos(pi"2*)*sin(pi*x)+
0.5*cos(9*pi2*t)*sin(3*pi*x)+0.07
x- Axis Data T Parameter, Expression = Expression ,X
l tjLkzd OIs’ CGleOW "' ydzO ctekzf © BEZH] & Mmisd
H dzw Istc! tsn B P.IEls ' 935 Yy Amikze (€ stcd Mils Odzdz™ d3
tctsL 9 Ol3v@ € @dzO 't tistef dgiAizBd) . [ dzv dz2Otsydzesmis G to C
tesL o OB c stclz  dzO dzj o j /S E X dsIsO'dzlsle &
L OB tg Olisds MYt by IS

0.8F




l ftcOd®B EZHE2 IS CGteOW " ¢ o' Ldzdy' @ toyxLirp]od LABS
z

) ZO2H " Is! Opftdtlsdz ftsidsS ( BOC d.dBlz o3
I5BEZHEZ2Is] Gty oiffEds Ll dmj &z decets *  Odz
L oW BEEZHE2I] ° fste’ o dRsy (xt)es@QMt).c d Wik

1.63. & [Md Md BJ ISt fuudzd o O dzdztzj St O dats

1" dzeslizy Md d3d Ssticdd duedd dadzy 139 el O cORWYEB®H L OCte’ f «
ZO Ctdzlskztc’ | ISUCffr]IZBISJfr]W tg‘9d2WdZdzwd3q‘

1pu_wu, 1pu u(t,R)=0 1)
a’ ut®>  ur? oropr
[ BLajalcPH Ok (1) L ¢ sé@is& & d tdeOd dssh, O dd
w g sftdmizs s C sdzd 9 O dAfias y Qs SthtdyF B tsiiclriste d3 xdz!
f syoOl¢ se s rhdavd HYCtS diflstz ® dRE izta =1.
dlsotstec' Is! dsH jdz2 §tsMmdz' Hisea dz Mist € sd3OdzH :
File- >New- >Model Wizard- >1D Axisymmetric- >
Mathematics i PDE Interfaces i Coefficient From PDE(c) - >
TimeDependent
1" HCted 2 Isj Codmiponenzl(ca®pl) o999 jH'  Is!
General - Unit system = None
skzls Y J o Is O eSplitfhpoordintatds L H ° ez  d3tsy J Is g H' L dzO
fsd3 dzvIsd) " &3 O fftosmMiststetsodr L &3 dzded =, WG

Unit system:

I Mone j

Spatial coordinates
First (1) Second (phi)  Third ()
r phi z
] JBdB) ste’ W MmMe zZOH O Is+ Mw L SH dzisG 5 9 Htc' L
smd Md d&3d stcd.Ydz® zdgtz R Jsgz! 2 sSG 5.
Geometry - > Pimitives - > Interval
10 LOMBsSo yzo Odzdzv oz f Otc O3 sted o  Hite' L €O L B
3" dew2Isj oA 1 O9 j t6h¢ ds@ y Grplsdzisolss GufitsdaGbgxttsiiHye * L §

r=>0

ICI ID.2 ID.41 ICI.G ICI.B Il
Il " HCted 2 Isj Cboefficient IFarriz®DE (c) - Coefficient Form PDE 1 ]
tetsL HEQuaton ' T d&z'f Odgpo j H] dzs L Oc Odz dgi2s tcalzf{ ¢ dz

rty}

e, w+d Bl p@ cbu- au+g)+b®u+au=f,
"ut?° ot
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Hip=F. 268 yj ' o dz¥ dzdz" dajf terfmedm s d o ddrO (s

ur

L dzO Yy dzdzw
Diffusion Coefficient Tc=1
Absorption  Coefficient Ta=0
SourceTerm 1 f=0
Mass Coefficient Te=1
Damping or Mass  Coefficient Tdya=0
Convection  Coefficient T b=-1k

1 20y dedzy Cas'p¥ Ogd " telp " 8 j L L dg'jde J (odalzeds!j ts asdods
9 1 slstsydz'Cleficifn@aep RREL ( ))ofMmj € y' ~ tois Dot
Selecon Mlsts’ Is+ 1, IssBlsts GBtOdzd?2 9 Hte' L ¢,
1 OHO2Is] GctOddyd Edised, odEtdzOohd € sc
Physics - >Boundaries - >Dirichlet Boundary Condition
dSCIsdolz2Isj MisorichjetdgoRindasy Horiton 1. J et 1
tc 5L HBoulglary Selection dzOIsd fMdz Is'Active st ik o sdzO N
OCIsdodaP) j 8 odH' dz' Is! i tc O'aglzH JsCROUSHIMGH g * aH s H LO
My ¢ 9'dw tSedetion. 1 tcl@ichiet Badridary Condition o fisdz
LOdzd" Isj L dzOygd dzdzv O .
I " HG tcgRIlsojlz L 220 Flux 1° fJted S5dzO21Isj Mw h 5
( dzH d C1QIstsdetc O dzd YydzO EdRBso O dzj L Ofmstshmtsealz’ Is!

QolssB@BOIsdydzs L OH O Isl’—lﬁfn"tO)sz3tsa s Mdd3d Iste’
point1
1 O2H' Is! o Initial Valeeg 1 d&zO f j tcj 9 ' tcls j , Donflaits  ©
Selection T Selection lsts” Is4 tHdddyw (' &zZHdGC Olststc 9 °
Initial Values T Initial value for u Tu=1-r"2
Initial Values T Initial time derivative of u | —04 =0
1 OdzOh Iskz21sj yYyoOmsead?2 ' dzls]jlco Dz Htepfiik@mes € Iz
Dependento 9 j H " Is!
Study Settings T Times = range(0,0.05,10)
Addz d&3d LOHO' B3t " dzZlsjteo Odz yoOmkz (9" H O
ydmyg dzt dzgd?2 ttsL 90w L B¢, O IsOCBY " dzlstco Odz «
BkH] LBJjt' cOIsdmw.
l MsOdzseo " Is! f cOff stcStudy Settingstf | € J RBlGtved y
tolerance * L OHO2Is] o' HdzsMdPOO s~ dB S 2 tsB YdMmdzj
l S tsdz02Is] CBBOAdHLE
Study -> Show Default Solver
9 " HGtedoeh d ' StadyLldedj tcg ® @S di3tsH j dz' . i sL Cted
0O¢ Isd 9 z2 IStudy &-tSolsrdZonfigurations - Solution 1- Time - Dependent
Solverl |1 12]/@dtg H  Is!
Absolute  Tolerance 1 Tolerance = 0.00001
] sBzHEQRBIISCE. P | ybisEiEr® j H' Is/ :
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Mesh Settings I Element size = Finer
" dzOIsd Mdz' Is'BuildCAlzstf O 2 ctcOW ' ydzesdzz o ° € dz o d
9 Hte' LEO L Issyfcolzdd ttsLBdlslsw.

l S sdz02Is] tBYydMmdzj dzdzv € sBOdzH B¢
Home - > Compute

) G ' Resplts - Data SetsL ' W 9 dzW Is! fgYz Studg 1¢50lubolr 1 °
Revolution1D1L totsL 9,007 CsEK® B dzd, " & tEOMIsP Y OIsC Iz
CGeOW " ydzai o' € dzts, 10 Rlat Group @dgj Mis d 19'kz L=ksEY W LC LR
ut,r) Hdzv e fp' R i3t BY fipfande 00z . v Sodg] L OH Odzd
1] o kL &®pl: Time Dependent o ff Sldnes. 1 sBEkHtSo Odzd 2 G
GO dzz? s tc B3O Is e 2dzr € d Ctwdeadrs BOGOI. 1 dBJ
y! cseddo zL1i@PlotGrouplo o j H ' Is!

Data T Dataset = Study 1/Solution 1

Data i Time selecton =Manual

Data i Time(s) (1- 101) =range(1,1,14)

Axis TManual axis limits =] € dz¢ qd Is

Axis TX minimum , X maximum = 0,1 (Ho O ) tsdzv

Axis Ty minimum ,y maximum = -15 ,15 (Heo O ) tsdzw

Legend i Show legends = True
1 DO dzdzr dimefs)sfdd] dMS & desd3j to' 9 Bsdzj dzls' o YO
COW " €d ' dz € d a3d& @Oxgiddalz'c | ditmdg|pglidd = Tru )
9 GwOW' ydz 2 ctwlzf"’ (O IsOC sy Line Guaphmyl) tc dz' t
9 HBSBKOYO' d&O ctOW' Sk IsOBdzdygyodrHttso ' HC

12k
1

—o0s
01ls
0.8F — 025 | ]

Mx 0.35 |
0.4 — 045 | 4
02F 05s ||
\ —06s
e

0 — 075 P

-0.2

o 0.8s |
041 —0.95 [
0.6k Is (4
—11ls
08 125 |
R —1.35 |
,1‘2 -
i i I i

0 0.2 0.4 0.6 0.8 1
rrrrrr dinate

OV Ydz@D Bt IGHh@ 29 ' HSB O O C@iyXyl HdetsL o ¢
Bsd3j dzls z ) Odpzg@dey € i dDeg& iZTime (s). I f) lsdx=izts & dzv
9" HBB Oy J dadz"dzm=izzjdzizlds o O M iz .
2D Plot Group 2 Data T Time (s) =0
4 C BBt ez dis HYRpwljtidnsID HLOdZdEB o tdats o j H MisC
Coizs. 1 v 1 14/ BafarsSdr®Revolution1D 19 9 J H ' Is!
Revolution Layers 1 Start angle, Revolution angle =0, 360

‘dzOIsd mdz' IsPlot. € dztsif € Iz

s zZOydz' Is! ftcOo s C dzRip PletGrouzR? Surfafesl ' ¢ ' dz
HiSH O2 Is] HeightBxessodzl | 2 56 ts Sdalé fachor df fiplslO dzts 0 * s
BOMhIsOBdzd?2 CtsiW' y' ' dzls o jtelsdC OdzPilad m | ®sL
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LsBteOY J dzdz' , Ctc' GO OelzPtc tksmissiemy Of SSSGH C
®dHOded Bd Bdsultsiz@lews-View 3D 3L dz' d3' Is+  fHhpwegridsd ¢ Oy

Fi Parameters

| (== Materials v View
= Component 1 (compl) [ wireframe rendering
" Study 1 [ Show geometry labels
4 @ Results
4 3 Datz Sets [ show edge direction arrows
TE8 Study 1/Solution 1 [~ sShow grid
"I‘ Revolution 1D 1 [¥ Show axis orientation
4l "-'rl_‘m""’E ™ Lodk camera
= View 2D 2
[ view 3D 3 I Light
+12 Derived Values
l Cdzg yolsd ° od¢Cdz¢ yolsd Ustorf sielats dzdkStzny Giiigl, Is § Iz
WCO tSLISOh o OdzO dzOH GOV ' ydzd 8 o ' € dzts ds.

1 d3° dzt & yd o 2DIPIbt GeotzpL2dr©®© Mt Qaia O Eime (s) L dzO y J dzdzW
Bz dZlsz yomiz, od BEZHjI] Blstcddlze Olsd daso
sdz sStFOAWOIstcO® HEzW (Y dtsets ctcOW ' €O BERHJ M
Yyomkz eodSitstcdMmissobkzo Odzd GHA&ZOSSokdTHOA Istskz 2
ftosmisstetseo " 2 L sdz' fslste" Bdes cotokzydzze L O
[ dzv Wy Sclts aDAlodBoup 21 Surfaceleo 9 j H W Is

Range i Manual color range = True

Range i Manual color range 1T Minimum , Maximum =-15, 15

Range i Manual data range = True

Range i Manual data range 1 Minimum , Maximum =-15 15
1 SBtOY jdzdz? §S9 ] ton dz B34 3B tcOdzd o dzzdz tso
m sCtss) , 12 ¢ B s i3tz ¢ d) f 5¢ Otc gz dzSlkds B dzC
slsted B3OS IsOC ‘Wsy the &®O )Y j deddd3; BkzH] (Slstc’ B dz
CleOW " Yydesazge o' Cdz". 1 dzv y! sets "  HOJH' Is!
ftcOoalz Cdesf S22 *, dai o ' HiEMCO® yd, Jjtg dz f

deso § & Myd . y

Time=0s Surface: Dependent variable u Time=1.2's Surface: Dependent variable u
| | ™~

z
z
Yu L,}c b L'x

1.5 -1.5

1 sBkzHEZ2I] CctOW o dztcdeds ik B O o j tolsd ¢
[ dzv y! sets MtsyoOlkSkz HBSHO2Is] o HfBe ' Hdz] +
Results -> Cut Line 2D
l 11 fMmlso tstec Lulzlsre 8D lsopLj 2O Is ¢
Data T Data set = Revolution 1D 1
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LineData 1T Pointl T1r=-1
LineData 1T Point2 Tr= 1
l sBHEBBiHEOY J dzdzv HY 1§ dgQ dRbts H O dzd -
W ; :

0.8 E
0.6 b
0.4k b
0.2F b

| U |

0.2 -
0.4+
0.6 -
0.8F

1k,

-1 0 1

vsjfjtc Msotttc' Is! cGtokzfz BHdodd tcdzdr GCtoOW '

Results - > 1D Plot Group
Il 11 Mmlse 5tc jRiAOE@Eoup IDLOGED * IS4

Data T Data set =CutLine2D1

1 slso dif€ sdzO2Is] Ctsd3OdzH Iz

1D PlotGroup3  ->Line Graph
1 OdzOh sz 9 Odzdaw 11 flme Staghddtsic @ dzdohdsLjdzOB | L L
tcj L zdz sOIs CGteOW ' YydzO ctelzf © BEZH]J 3" Misdls
d3ts d3j dzls ‘L €30 g @aAyix(0,0.05,10)

1.2F

1k
0.8
0.6
0.4F
o2l A
0=
0.2k
0.4k
0.6k
0.8k

a1k
1.2k
1.4k

Arc length

oJtodz Is! o Bdds Odzh O casteffL. o' Hdzj Mj d&2ZO H B
OdzdCat Line 2D 1. |\ O9 j HGteOW " € d BOdzts ' dz ste 3O Is
&ZOHtsBdZV Is Mw Hdzw Y wsBERZHtSOd OdZ BOY' °~ . 7 dzv
Results i > Animation i > Player
I 11 Mmilse tstc Anlpmitiors1 soalzjL HIZOIS !
Scene 1 Subject = 1D Plot Group 3
Target 1 Target = Player
Animation Editing i Loopover =Time
Animation Editing I Time selection = All
Frames 1 Frame selection = All
1GJjdaj elz21Is] COHte(d Odz' &3O & Gengrate dg@dsed fdadzts " d
L Qo jteh j dedzl Of Izighy ] iz Odz BFy ' sv CCOLZSYELEFON 59
GteOW " ydzd d3 o ° ¢ dats 03.
1Bty s sl ea@dzded ¢ Wz@dmembrene g v g 5 o '
dZzOd3 hj L dzOHtsBdIS! MW.
146

1
H
L



IfBO (Lo O6WY IS¢ LOHOYUE s Msddp Otkdy ¢

2 o
WCO LOCtK' § dj 20 d&zO stbtm'ﬁ#pﬁ%ﬂﬂﬂ%@s © 1
ut2 " Ty

L GtGG)dzc[udzlsL‘u\uW:tzOdysa]IS@HO?lsJ f syoOls¢ s d?2 i
u(0,x,y)=sinpxsinpy, ' dkdz' selkz ftyOlStsoak hodHGS"

esLOOWLBS L OdzOd Bdu([,ok;gf)%cos(ﬁﬁaﬂf)%inpmpy,ac{Gdz
fsBkzHizo Oahd cGtcOW' € to' Ldedy' tots) &sSBEZHEZ?2 d j
Odz BOY' ¢z SCsod@pt@O s dis’ 3j 3B t6 O dz

1.7.1 Ols j B30Is d ydfls O G Ols sted .
v IsfjtejHd » fdSdZOHOR & ¢ dz2 €O wOL " 9
stetslsC 58 sfdh jdis ftcOQoaddzO "= fYBERZHBO (.

[ Olsj B3OIsdydz' f jttOy' L dOyoOsls: Mw Mmlisc
VdOteds BT, JjOY dzse' ydai L O Jted yd dedgv , d3° oziz

1" dzCOdalf W 3 Isd ydzt, e TN 'Hdzj I dedz? HEB Misd f
H' dzj dzdz" , HISHO® Odzdz” o' Hdz d3Odadz") .
[1dBOY" "~ K 5% > oxp=drdz"
ItsG ydz' : s§§ Oy " ( dzse ' ydzj w , dzts@ ' ydzj
16 stedlsjls Otd¥ &) lsduddn 6§ Oy Qb  Looddeue
sfjteOy' 2 odStstedmlssolzs s M Ctkzed HEZYSCJ.
VL 9dteOLOr COMSOL Multiphysics sy dzO
CtdzfisOdalsd * WEkdSy' . Wi * &l g0 fE eged u jjde e
CstedMmMskzo Oyj ds. ¢ SCh s O IlglsGfyjtc trudy LR | Hizdzts € 1St tf
OBts WkdSvy' ', It IsjCfyls, w¢d2 od o9 jH]jlsj,
Yjteotsdeddds (fsddzC0O) . 1ted ¢  HojHIggdedzd$ BS
f swfdet o Oz 2O ' HSOL SO,

[f)) ftedC&zOHd HjwCdh LOjLjtcose Oded R ' «
¢ 5 dzfr) Ispd @ 40592..),
epsi d3' dz' B3O dz' dzO@ o ' (RS iy iR dRiGle & Of tcd B dzd 1
2.220%L10
T inf ,Inf Tdzgj MC " dzgyJ d2dz’ Mlis
Nan, nan (Not-anumber)i dzj o L dzOyj dzj L RO QAP ; sOC j
T %" Ldyuyde fyls Odzy const dz@ff ted §) O dadz” o * dz' dat
Rconst ( 2dz" o J e Ollpls g@OG OL 59 O
Ew o dzO tsiH(d@idftsists B+s 19;
L di3' dzdz®;, yOMmk
1 &ZOL od ®BOIsj OIsd yded 2os,¥ sindzCexp’, Jog I4GO C' dc@h gwag
1 Jtod a2 ydgdss f sL dzOyg dzdgv wsMmdetseo dzd s L dzad .
* dzh d dabfs)x), acos(x), asin (x), ocos(x), cosh(x), erf (x),
exp(x), floor (x), log (x) (dZOIskztcOdz' dzd 2), lopdGEXPtcd W d3

= =4

=

= =4
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HdMwisCtse d2) dosGadkd¥id{a b), sign (u) WEdSy' v
L dzQ,@iz(x), sihh (x), sat (x), tan (x), tanh (X).
| dBsHjd"E L& ttdshls' bl 2 D, b gEa0ds dk
Hy COtclstso dr X, g, BigtaapP&kOls 7 By O L &3 dzdilsd o

G ' dz€agnponent J Is @patid coordinates By 2O 99 j Misd
f L dzOyj dedz? ftosmlststotso dr L d3' dadzd - .
4 %) Component 1 (comp1) ~ General
= Definitions Unit system:
A\ Geometry 1
Misé?&gw | None E

Spatial coordinates

First (x) Second (y) Third (z)

X v F

) sMd Md dzd Is te d y ddyf Aisymogsict | dzv =« 2D Axisymmetric
yqddz' dzgHtcd ydz® S ttsteHddzOlsd, phiQize d yo022  tsL dzOyC

L adtOL O YOMIss odS¢ tsted Mis ts o uAftdsL! dgdy Y O fij |
tesLob6wL C Iz, O tcd € dzOH , Ho tsaxd iy tispatsfg ksO dedzo b
Hy S Otelstse’ CBBtstHddzOIsd dzO f dzsh ddz' , Iss k2 ¢
fsn' Hdedr Mdz’ H odCBtedMmistse zexPlayd wadzO s, z §f dz’
uxy.1 Off toed ¢ dg@iMt, sL dzOy0O‘ yYyOmisd dedzlmtf 5§ tois fipls s to ts
CotstcHE,da®dIBs Hf so' HO' Htokzed?2 YOMmlisd.dzdg RN tf
fesMisstetso® CtsteHd dzOIsd BO¥ fsiv, 'lsdiE 'Is s HA3) dfCr
odStcdMmilsse o Olard upbits L wiz® Wpsizdzy  Is. tHdagtso 6 W L t5€
L Oddjlsip ' H tOMiEts dey 20 oS tedMmisse b OlYSE "y
fsL d2OyOos Is! mw  dzO figtls iz gxolzd @t , yuft dets dyxt ,  uxyt
uyxt , uyyt , uxtt , uytt , wodt ,  uxytt , uyytt . wdg' W L &3 dzdzts
L Ot L | O BSe@iddslzo Oy dzf dBsyd 2Atset Ld3 dzdIsd.

1 dze ' fMlsidz LYds Ldgd@ T is tcd M is s 9 z oCO0dirtc j Is dz' 2
By 2O H' L &ZOIsdmw L 9" € d&zO, wej 9" HCGttdoe O
Replace Expression O B IBsert Expression, tesL SO so Odzdr 9GSt
o da@a ' o .

|Insert Expression (Ctrl+5pace) |

y-Axis Data += > |G-
Expression: Feplace Expression

filx,0,-1)

yOflsddz® ok Misk y! sc¢ts o' Cdz0 §COL Odz® dzO
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4 Model
4 Component 1
4 Poisson's Equation
4 Gradient of u
ux - Gradient of u, x component
uy - Gradient of u, ¥ component
1 - Dependent varizble u
4 Geometry
4 Coordinate
¥ - ¥-coordinate
¥ - y-coordinate
domn - Entity index
Global Definitions
Mesh
4 Buitt In
4 Mathermatical functions
abs(x) - Absolute value
acos(x) - Inverse cosine (in radians)
acosh(x) - Inverse hyperbolic cosine (in radians)

CShts o' Cdets 9" HEC tod o OdztREpace Exprégsip, olgts tstictzH oF"
CdzOyOdaedzr d3dh je s dgGizj Q) diigs di s yEikpsaizadon .o © €
lde' to jdzj d3j degls© ' tscts 9 InsertizExpreffsiorfnaddiy Is GooddBWts |
' Hftso "  Hdzd 2 Isj € fiyls € & @dffticmdiypretaton f sL d Yy

ste' &5 WkdSy' 2, H dzw GBS H H EtmE®jdedzvdz’ 14sGHls

LOMissshEi §* Oz dz s jcOltgy. [fdhjdts HJ

T d(f,x),pd(f,x) THdW j toj day' © o Difiadzy L dxddgd@'dr f 5= ' +
totsL o OUWH €lz6 S E 5 dftsde® HE &G s te didi IsLbds [z 620 fg g dzdz!
1 O tod € dx®OH d(ux,x) * d(d(u,x), X) J Co' ed@defndelss i H d dz
teL tcOn ZdzC o 5 GBitEs&E@AME{(iEX)=0,) OWR HiStc' o dz¥ °
M ted Hdz? Sz a5 s B dg@3g3s [ ded) top® s fs to OdzO dzts ¢
stf jtcOdsstgidatso dz0 o ° H 3" dadz' fipd{ b, x) tH tisde"W @ @25 *
dzlz dz¥ , uxQ dejsdzlzpd St tc@ustidesta' e dzv H O’ Is+ Mw  w G
L d3° dzdz0O. 1 Of tc (@K |, pd(o"g ®OBE HY Bo j tols Ot Is
2* u. l df@ex,x) H ste’ auxiasl’ | O pdfuexx) Hist' o dz® °
sz ucBisc dzZv H O s+ Mw W ¢ dzd(w,® )z jedz@itdzs d3°  dz
IstsH ‘pd(¥ € Histe' o dz¥ °  dati{ d2v,t) Hitsdate Guidas+iUt *v, O
pd(u*v,t) H St o dg¥.'  dzlz dz¥

M if (condiion , exprl expr2) i zdiseodzd?2 odtOL , ftso jtc
Istcj Is' 2 OtcG zdzj dzls ' o 'L fpisitf dytassfiigdeiditon © .
1 Of ted & dzOH , If (BHQ i Bfex) W owdzdzf J to jdtQ@adds OL
Hdzv 'M? fikded @ € dzs xg@68 yd

1 [t J tocOifdetgaie  (expr , var lower ,upper) tsB yd fmdzs ' dzls j ¢
o dcOaxpg s L d3'valzdalz® o ° HlmverL Cpper ] | [ 5 dzO
odSCtcdmlssozo Olsd i & " W dztff BT Aric OiEiadd{tds(aiz
LO LOMtso Yykzo Odetlz®®05 H tstc’ o dg®

T{fjee §° vz dBse 2§ @daizy i dz@ls O W dfs iz
sum(expr,  index, lower, upper)
1 Of tod Sul®12,,i 14)=1 2+2°+3%+4°=30.
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1 [§j cOlmeimd ' tmeavygy B YdMdz® s ' delsjctcOdz

Mjtej HdzO yYPis@3ntEniy (t1,t2 expr) B Yd Mmdzs ° " odzls
o d tc @prize ' Hs A3z dzls Iztl m © ) 3t dB). dzlsulrdzls j oL tal@tiz © * s ¢
ydmgd dz dets. [ 74 & O Mgt jsieda dsigds L © yOMmsd3
timeavg (t1,t2 expr) ° " Htc' L dimeintls ! dndd3, o " s toj L Iz
" dzls J G iz’ @diAsA? it .  dzO

J 1 j tcOmremax((tl t2 expr) ' tmemin (t1,t2, expr) o d dzOy O Is
BOSC Md BOA dig’ O dza dEO yJ dzdzexpr alzPtc Oa ZHte" L ¢ 2
tetet,. £ s JtcOlssted B O odStstedmisso zo
tcjLizdz sOIs ‘o ®dadztsuspfipds o tsdzwr o' Ctdz o dzl
Results c €M ts oekicOLtc’ d3 L d3' dddzts O dzjwy@ffidz o * H
ftesMiststctso d rn BOGHdedgf B3, " €3O dals B3R dz' 2 st
sCtoj B cPlisBgtclsO’ JosmMisttoso sL Odzj W ¢y &
L d3' dade@dzj 3 d Is o' H ftotshistctypdiskts § 8O H C
v=timemax (t1,t2,u) f & tolsg®'C find dgAfdsy © Mk 1AtAL2) o
Ctoydz' 2r sty Or EdzS sose s ' dzlsj oo Odzkz

T ({fjtcOihsttcdL dzOyj dzgd?2 Hdzw HBMIskz iz HH sy Qifif

sBtEHc j L Zdz! Is @Qlgf'dad.d3’ ydzro " MO HKOGL o Sdzw * ts
L dzOyJ dzdzv de@sLDriL CWwe s di3lz ; Y @figiEie @sdgikls tdtaztal
OROdOLtEe HBYf sBEGEtsE Bsy 20 BGlsted di3OIs d
W' CMmse Odzs iz L dzO y Oded2'y O O DB jolsdimdn dz' o L
HsMiskY HB o &zOMmdzd = W i oyt "2 dizeffidzd dp yH] i
Bsets fJteh dd3 Otcc sy ggO i) © z0 &g @O &zOE ts
yd mdzO) czed?2 Otct HBdgysdzlé &votxzvd d tcOL . 1 Of t
L OHOY' dzO 9 dzOMmdz" with@uE?) u J etz H fislf Q@ dc@IS' S t6 &
IsSted Is' 5° o d&zOMdzs™ WkdeC y' .

T JfJtc@tOissol ) HO* HBMIsEY Ht YOMwIL O dy B Hizs G
wed?2 d@edijitozls o WfAfMfitcmistso 28 yd, wehigsjstcj B
s JtcOlsste Bsy dz0 oadSCtstedMmMistsolzo Olsd ftod &
¢ ' dResulty ‘ dzj ftcedf EmMisddss o dSC tstedmilstseo zo
[ sy dz0 MmbatstedlIsd L d3' dadzlz B jjde Qls s 8 ,C O
odCealipsOlsd =~ 2 A @Ilstzd icfsB &G . | Is

Il Mmdmisj & dzf @zl ctsls s tc tato (G ts =+ I wgD B F1c ' o
L dzO L a0y , at 1(.), at 2(..) Coat3(.) .l tsdzd
sBydmdzs ¢ leor ® dlcBdzz s ' W06 g g tsdzs 3z f tod
o Issyy’ L L OHOdzd d3d SatOtafHSddiz@idifsdide. 2 ° fistf
dzz dz o d d3' tedzd m  § tc d gl isE[Hodztme o dY' tdsENFQtQ RdEQ |
THotseadd3' todzd » atBidzBtcd &8 Pdg” Bz = (© B &ZOMI

at 1( Xo, Yo, expr ) sB Yy d M dzt expreod e@Ltsdlzd 36 j sd3j s~ O
Is t5 Y X Yo) - [ dzv Ctstej Slsdzsets o d&itsth 6l Gegzeda”
"' fMdzz e OIs g fticdd3' Isde ' Hf 59 ' Hdats’ tetsL d

CststoH d zOls Odd at 0 ff OFwEIE ' dOHS, & o df OHE Iz,

" Misdls! 9 J teh d dzz o ® dztiz§ \OP'ls j s eda@d fzle OL
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CetsteHd dzOIs Istsy$ d, hts  dfi j to jfHedidzdiy it Jot
ftesmis tstcts o t54n sty tisLdzgisisdadg dz° .
1T {1 JjtcOlstatiendmax( t1,t2, exprlexpr2) ' OdzgOdztse ' ydzd 2
atimemin (.. ) h ¢ Odisdsj dals t, ¢ @Mket,), o wCd2 o
exprlHtsm¥e O’ &BOCMHdBzdlz (B di, B gg s ¢ Is
oW 2. ¢tcc zd3jldzle g f s ddzdz’ B EziIsd CdEOdEMpls Q did
o 5 dzd dzJ B 2Is! tsB yd mdzs ‘oddsgfAn W st jOtc Olis
[ 14 cOlatimerdax * atimemin &g dz0 o dS stedmistseo 29 O
JsOf" wBtesBSCd tojLlzdz IsOIs' 9 B Ydmdzt 9 Oz
T [ 44 tcCslsbi® tgexpr ,var 1, expr 1,... ) totsB difls ‘H s Obzfs® € & d3
Otcezdzj dzlstsegpr, o OISz BEZH] OUHOEKAEaEZEOIS
f Otcd Oteekzdzjdzs" 9, CtsydO L wedr ME dzOHC
L Od3' Mis- dzd - fMdz' H f* " HMlsOadlIsd ) i
subst (x"2-y"2, x,05 vy,03 .
widzlz® o J &ed MG ¢ " dis'tfe) o tHlfj i i3 L dz0 2 B dPdndi3ts
f°Ld N
ltesH J i3 dzgmistelz® dzs o d € tsted Mls O dzdaw s j OISk
Isj Mistsg Kz 3B H § tsls Oo tflxEls Gvde yd@j B * U dzidEr®ydz' |
otsdzd ftotsH ] BIsdzMmistelze Is! Isjrdz' Sk L OMIstsmMize Oc

1 od S de@PHSL 0 O W y | 38 zt®'dpdzvixRdgvdzd @ @ts @A )3 [0,1]
Du=164x +y?),
L GteOded ydzd 3y tc iz B3tizg O d3q
u(x0)=x*,u(0,y)=y* u(x2)=(1+xf ,u(1y)=(1+y?).
1" mdzv  Mils OdzH Ote Is detdzcHig ts fitpllicRdBtD Wzt © @edz'H SH OIsC ts9 d
zB dz2O dzdr 9 HYf e MIsd, & Meotsttddhs L d&3
odCstcdmlssoalzeo Olsdmw s jtcOIsscd .
dlso Btoc'dissH j &z fMmdz Hise dzg' MiIst € sd3OdzH :
File - >New->Model Wizard->2D- >
Mathematics i Classical PDEs - Poisson's Equation( poeq) - > Stationary
I 11 Q€] dzstitted.eph $rdot) ez H * IS
Unit system -<>=None
vlso st Is! fl )P s iz @ giGus@o 2 Y OMmls d dakoO fiidy tsecz@v d
Home - > Definitions - > Functions - > Local - > Analytic
Il 11 Mmlse tstc Caztpandntld Refimbzéhsi Analyticl 9 9 J H " s/
Function name=f
Definition T Expression= 165 (x\2+y"2)
Definition T Arguments=x, y
[ d2@ s dzls tifdREéz H 22 Is | ¢ (S QRO Ldzlohdgt \sd' " Blot. s ¢ d
] iRy ste’ v MBHOH @R" s MW C1v OEHePERPY B GC IS 256

Geometry -> Pimitives - > Square
J 1 Ilse stoj dzts ¢ Squarelz L d®@@zd M Is j L dzOyJ dzdzv i C
L ORRts e ykzo Odzdzw oz ° LOC " dzy' Is! fwsBRZHBSOEZ G J ts5C
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Geometryi Square 1 (cl): LMB > Build All Objects
1 © Mmilso slicg] Qefet@isly HEZQLIs M SCE L § OttOd3d Istc O d3d
Componentli Mesh1l : LMB > Build All
1 OkzOh sk21Isj §OttOd3j Isted dBBOIsj BBOIsd Yydaets®™ s H J C
Poisson's Equation poeq) - Poisson's Equation 1

Diffusion Coefficient rc=-1

Source Term T f =1(xy)
1 OHO21Is] GtOddddalz? ZdswHdzd dzO0 ' L
Cey dzts’ Istej B ©H ByismidkiesBpUmdiry Condition T
4 O YsdzO2Isje:" dzgmlstez ¢ y*

Physics -> Boundaries 1 Dirichlet Boundary Condition
I sls'zaz} 1 Mmis e tste Pidetjlet BautmargzCoadition X ( HX=1,2,3,4)
fs ydter' L OHO2I]] ®Gc@didgslz’ dz@ d3tz® ifls z v dets o3z

dzd n H ' dzw
dzv  y! et

(l—i—x:_]:
3
v 4 (l—i-y:):
2

x

1 Of tod,C dodaw dz' o5’ Mlststetsdzd C 9 OHOBSO f tsilste’
Dirichlet Boundary Condition 1:

Boundary Selection T Selection=1

Dirichlet Boundary Condition Tr=y™4
1 " mMdzw 9 9 J HJ dzdzgV dz@tdHOoE]lsyddia| ~tEZ 0B @ e 8@ dzO02 Is |
5B ud Mmdzj dadz" .

Home - > Compute

l ¢ 'RezultsL. 6 W o filp'ts
Surfacel, hts & MmiIsd

r ) 4
0.8k . 35
3
0.5- -1 2.5
0.4} - 2
15
1
0.5
0

fgvd o' to dz® ¢ RDCRlot Quaigdl L ¢ teolAfL Ozts o
5! CLOW'S BBLoOWLCE

0.2F

0k

0 0.5 1

1 202 H j d3ts L dzOyj dedzgv totsL 9 0w L € &tsodz' X tog) digrflsitc *
stsyay' BHdA 2 btsyy' dz0 SCd@Edttcy’ sct [lsdds®d
L3 dededm BsHjdz', WwWC' BEHEIL! & Misdlsd f slst

dlsotsted d3ts o kzL sdz dELagdzHdaf~ L o3 dzdzd -

Home - > Definitions I Variables 7 Local Variables
1 Of 59 dz' Is! fjteh” IC totfy tm & @ Wt s/ oTE ScryjgianS |
®d L Od® ‘datf'dd] H i EHOm dgddiglzy )
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Component1i1 Definitions 1 Variables 1:

Name Expression ] 5vW Mmdzj dzdzV

up0 at2(0.5,0.3,u) 1 dz0Oyj tetizr 9 O 2L Cdedzlz Is
Is ts yu(0.5,0.3)

upl at1(1,0.5,u) 1 2Oy by Yy’ @(B0BHzd

up2 ato(L,1,u) ) 2Oy dzdzv  w(1,1p j toh d oz

[Bdetso ' Is! wBYdMmdzj dgdz? Hdzv Istsets, h B datso’
Study 1: RMB > Update Solution
1 OH teXzI€jidz0 y j dzdz" upQ, diBipldzdzeR~ o d € tstod &) B dsEbkad y d
Evaluation
Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 1:
Expression 1 Expression=compl.up O
LMB > Evaluate
Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 2:
Expression 1 Expression= compl.upl
LMB > Evaluate i Table 1
Results -> Derived Values 1 Global Evaluation
Derived Values- Global Evaluation 3:
Expression 1 Expression= compl.up 2
LMB > Evaluate 1 Table 1
] Is OsTdadh) ‘B ZH IzIs! dZOHtlz¢ ts9 Odz dzOmiszq dz' L dz

comp 1, upd compl.upl compl.up2

0.11559 1.5625 4.0000
ltedf M diis, hts dzOd3 ftslste’ Bdz® L 3" dedaPg W ¢
Hiwedn btySon, dOftdSs OH, tofs ts Est®HAdECO

y=059 Ists®e@D40608 Istseilsts d&Ofn Z ukesng)ls:
sl By 20O B ydmdzt 9 Olsd L @mly s & ds cusdzO U {
totsL o0 AzL iz Istc’ " dz] B i3k Is tigksO Rlss'Bd S QB Ols sto s d

dlso stod dzsts L diis,dedzle Odgt8 Hf Odz'dzd y¥ L o3’ dzdzd.m dzO1
Name Expression 1 sw ndzj dzdzv

us sum(@t2(k/5,0.5,u)k,1,4) 4. u(k/505)

[Bdzs9 " Is! . tesLo OWL 5C
Study 1: RMB > Update Solution
1 OHtezC EZ2Is] L daByJ dzdzy L d3' dzdets’
Results -> Derived Values 1 Global Evaluation
Derived Values- Global Evaluation 4:
Expression 1 Expression=compl.us
LMB > Evaluate i Table 1

l lsOBTadedsBLEH | HESH OdasL filsisde® Y. didetlzy d3
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comp 1,upd compl.upl compl.up2 compl.us
0,11559 1,5625 4,0000 1.4164

1402 OB  HAOtteid®sOdz tcsL o 6WL Sk oL HEBSO Y
fjeEEo0HERH Itelst @OM Y [IOMSEs. 5 5 dls |

By 20 t Buj@ fuds § & iis ¢ s integmtl(.) © O .5 6 O
ulso sted s L d3'Uidzdzly S Bts HitisdEits ' s dzj , . =EOCE) hdzidz™

sOBdzdy® L &' dzdzdn dzOMlskf dzd?2 oW H IS .
Name Expression 1 sv Mdzj dzdav
Ui integrate(at2(s,0.5,u),5,0,1) Fi(x05) d

[ Bdztso ' Is¥ Lo OWL 5C.
Study 1: RMB > Update Solution
1 OHtelzC EZ2Is] L d®yj dzdgv L 3" dzdzts’

Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 5:
Expression 1 Expression= compl.ui
LMB > Evaluate i Table 1
comp1.upQ compl.upl compl.up2 compl.us ui
0.11559 1.5625 4,0000 1.4164 0.42916

l otsH | dstscden s B i € st o fls O daday ) ISEOfdgstdSE ifixos Q.)  ff
dlso tstAfLditizdz d3tsy gitziddz’p3 B 2 H 2 Is ¢ 3" Misdilsd o dtcOL
o dCsdzizo Olsd fp2 " p4®E3] oz is ) Gftc JsHpliase O s Miso stc
L B deEm(VxAy)L W 2 deC Y 5 dz0 dAf was s i ©ak Bz e s to
[ BHO2Is] 9 IsOBdzdy® L.d3 dedzdm dzOMmisizf dz' tov

Name Expression ] 8w fdzj dzdzgV
pl X2 -y"2

p2 subst(p1,x,0.5,y,0.8) p1(0.5,0.8)

p3 x0.25 4/x

p4 subst(p3,x,u) 4Ju

p5 at2(sqrt(x),sart(y),u) ulvVx,\y)

[Bdzs9 ' Is! ttsLoOWL BC.

Study 1: RMB > Update Solution

[ d&zv 5B yd Mdzj gz ydrdes'dsdzdets ™ cOdz' h § filmits tc d o N
Evaluaton 6 (L tetsB ' Is! vyj mMOdisMmis' 2 dzts) .

comp1.upd compl.upl compl.up2? compl.us Ui p2
0,1155% 1,.5625 4,0000 1.4164 0.42916 -0, 35000

v fittjo ©Cd o tcOwWs f i@ lizcptz i) EHEO Wik @B'e dedzs Is
o
k

sodd3" tcdzlz CGtcOW ' ydzzSurfacec 2, ff 2z h = &'z lsfslss
dZzC y' sdzOdz' detsdfts‘ L Or @kflc slzdzfs dzdzw
Results -> 2D Plot Group

[
H
w
W
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2D Plot Group 2 ->Add Plot i Surface
2D Plot Group 21 Surfacel:
Expression 1 Expression =p4
LMB > Plot

i 1.4
0.8} R 1.2
0.6} . 1
0.8
0.4 1 0.6
02} . 0.4

0.2

ar 0

0 0.5 1

¢ zOdzts ¢ * Y dzts {f fo Otwyjj & HiOdsdtRzZE s B D h dftc ON * €
Results -> 2D Plot Group
2D Plot Group 3 ->AddPlot 1 Surface

2D Plot Group 371 Surfacel.:

Expression 1 Expression =p 5
LMB > Plot
1.2
1 4
0.8
0.8 3
0.4 2
0.2 1
0 0
0 0.5 1
vlsosteddsits N j 2HBHEHOHNuY odsk atzdys dzOmisiz{ dz
Name Expression ] 8w fdzd dzdzgV
p6 at2(x,0.75,u) u(x,0.75)
1pu
x,0.7
07 at2(x0.7,dUxX)2 : ux( )

Bzt " st tBBLOOWL SC .
Study 1: RMB > Update Solution
[ 2w f jtojo ol d u’te@qyisalzbdztsfﬁisLaﬁeB‘@&@ﬂ @zO
hts otdzO L Odzj ydls! x's ' tuls téscHagBde@ L dzaEAEgizsdis"
CoOHOERuso Ste' Is! HIOYzAB ] dzs d C sdz0 90 h d led3®dzH
Results - > More Data Sets i Grid 1D
[ YJdtoJ ZO H OGEd ro IS dfficlf Mistso 2z Is! Mmw H dzw sB Yd
LB dzgdzdm IstsH' , Ctsdzd dzj 3O f slstcj BGJd 100 tc © O
tesLtcOn zZdzC s 5 5B dZOMIss ' dzlsj tco Odz.
Data Setsl Grid 1D 1:
Data 1 Source= Data set
Data i Data set = Study 1/Solution 1
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wdzh ° f Otc @dgj Isfipls[o tsatc | dzBatatsSet®izGric@D 1 L Odzd " Is §
dzy L d3° dzdzd d&3d . 1 Bafareferd®Ound f Nalme L Odzd h dIs! fmyw
CotstoH dazOisgo y WIAJH' L €O
dlsotsthHizco i3 oz Gt Od ' dgddz de'tedz’f 2] 2 G tc C
Results - > 1D Plot Group
1D Plot Group 4
Data T Data set =Grd1D1
Legends 1 Show legends = True
Legends 1 Position = Upper left
1D PlotGroup4  ->Line Graph
1D Plot Group 4 - Line Graph 1:
y- Axis Data T Expression =p6
x- Axis Data T Parameter , Expression =Expression X (Ho O )Y tsdzw
Legends 1 Show legends = True
LMB > Plot (S to J IodERZO fi) Istizcktaid i bzdz
liilej tcOYJ'LRIOUIsd dzdpE ™ ( f sdzs 9 d dzO f sn ' Hdzts
G tedL 5 dzlsP jizic §iztE 9LO H t6yC-9.D), Lz & ydlsOChss ¢
L Odzj ¥ d Is 9 " H XiFHddz ‘' Beds datsdl O sighiD Rz i 2
Group4 dz' dz' 2 dzd?2 cwp®PW ' ¢ L 3 dzdzts’
1D PlotGroup4  ->Line Graph
1D Plot Group 4 - Line Graph 2:
y- Axis Data T Expression =p 7
x- Axis Data T Parameter, Expression =Expression ,X
Legends 1 Show legends, Legends = True, Manual
Legends 1 Legends =2 (0 9  H glsirydatf jyc)j dzH
LMB > Plot (S to J 2dBZ0 fi) Istizcftery fi§ tzdz

3n

251 —1
— 2

2=

15k
1+
05F
0

1 1 1 1
4] 0.2 0.4 0.6 0.8 1

[MsOsYdO 508 dz@y Y dz0 dstiz@edzdz® M ks 5§ tats Bz  te d flz d

+ Variables

" Mame Expression
upd at2(0.5,0.3,u)
upl ati{1,0.5,u)
up2 atdfi,1,u)
us sum(at2{k/5,0.5,u),k,1,4)
ui integrate(at2(s,0.5,u),5,0,1)
pl W2y 2
p2 subst{p1,x,0.5,y,0.8)
p3 ¥™0,.25
p4 subst{p3,x,u)
p5 at2(zgrt(x),sqrtly),u)
p& at2(x,0,75,u)
p7 at2(0c,0.7,d{u,x)) 2
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) Okzo Oy j dfdg" dz' ¢ totsL odaRu(L+y2)OH Oys  od H tBts:
fitejo ' tedlsd of' B GdApdzOdiztiz iz mPe s,
o dC 5dzOd L Jjei#swo®on if&YJ ts

y

ljte] &' fta€Oyj L HOIsdzsMmlis’ sf jtcOlste’ 9, , dfdse 6w
9dC Bdz0’ i3ts € B dzdizm-sOudy gy REAfOC © L OC o’  dzy dzO0 ¢
BO° f Om@ftsyOIsC solz Wstodzz dez dz' tsh & dzQf sy
tesSL GdzV H OdzOM6.3 9  BIzAZEOS ' L B JOQ juligmpedziEnne o. mply

l " HCtd2Ilsy yj2 WOo2Rd ° fjtejLBjtoj" Is! L
dz? se6s BOGOIsts L d3 da.

1 tod G d0OH" H € tod 2 Is yibrmekhtitaPedz mph 1 O ¢ OB, hts o dz
f 5B IzH s @20 R’ hdEE3] s OJAxstip@etric ( ) H d dzOTipe y dzO
Dependent ) 3515 jsdgtcH J dzOIsO oL Htseay 9o Hte' L O, w
fsL d&zZ0Oyo' Is!rinfpv] do 9sQiud@ddzs Iantg@hent 1 (comp 1 s dzv -
Is © B d3¢jatipl coordinates

Spatial coordinates

First (1) Second (phi) Third (2)

r phi z
‘dz ROt 8, WwC' BRHEIS! it dEsdzO0ls
CstedMlsso o Olsd dzd M iz’ dB@ Isj 90O tfs's yrs[Etets e d
dzj azp@ s d o sfts | afedilE f dzy az0 didschdss talzdz'  BsH j d
flswis! 18OC' ©fjtOksted, Odj ksH' ' o &s
sflstBtse ¢ da ' HUORHj dgy o S SdMsskzbEz OKkOR &

l sBkHE' @3 ¢ tcOWo C dgjdatsgd fpdb+3L € bo difsmtdzd y d
s Jjtc@lgptc.] S sdzO21Isj dzOMmiskzt dz " dgmilstelz €yt
Results ->Plot Group ->2D Plot Group
2D Plot Group 4. 2D Plot Group 4- > Surface
2D Plot Group 41 Surfacel:
Data T Data set= Revolution 1D 1
Expression 1 Expression= at(3,u)
RMB> Height Expression
2D Plot Group 41 Surfacel T Height Expressionl:
Axis T Scale factor= True, 1
LMB>Plot
Il EH] (BERHBY Offiad 8 W ‘daiz'm Is dig ifatlims( & 2 daq =3
0.6
0.5
0.4
0.3
0.2

0.1
0

0.8 | —1
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1 94 tedz Is! ZoOckz,a@hwWifoptocsd) cOBEBN] dz2ls § tSL
yomk o wed?2 tcsLcedzvH @R¥d gV ydedze dg O W c®OSy ¥
with (nummoment expr ), Odzj ff j thlddgi ddBsd3 © H J dzOd3' ydzd
ftod2 30" datsd3j tg O d3tizgzj @S B3 @MilEd y j dzdz”
1 sBkHE® di3ds ctcOW S52@3dctsy @ a Sdgz didicasiap' yd o
s jtc@btst) .1 dSsdz02Ilsy d&Omiskz{ dz " demlstez €yt
Results ->Plot Group -> 2D Plot Group
Results- 2D Plot Group 5:
Data T Data set= Revolution 1D 1
2D Plot Group 5- > Surface
2D Plot Group 571 Surfacel:
Expression 1 Expression= with(52,u)
RMB > Height Expression
2D Plot Group 51 Surfacel i Height Expressionl:
Axis 1 Scale factor= True, 1
LMB>Plot
1 ZH] YsBERZHBO Odd?2 dz2OMIskzy ded? ctOw ™ C.

A

0.5~w T 0.8
0.6

0.4

z 0.5 0.2

O R, ]
Yol 705 ;70,5 0
%2 5B H' L dzOIsd mw L-dzO U kL dgdlRGE 1§ 55 di® T pzls & d3ts )y dzC
LOMistshize Olawh (B.f J tOIststc

Results -> Derived Values 1 Global Evaluation
Derived Values- Global Evaluation 1:

Expression 1 Expression=with(52,)

LMB > Evaluate
1 ZH ] Misle ®aczdalper 1 L Ho BABRBO Mo f yw di3d: d3ts d3
sB yd mdzj dzd d3 50 de@izyj dgdeydgizs e s ).d@3gs dzd dzlsz yOmkiz
Time (s) with(52,t)
0.0000 5.1000
0,10000 5.1000

0,20000 5.1000
0,30000 5.1000

93,9000 5.1000
10.000 5.1000

UsBIsHz5 2 tetsC 2 tohlHf 59" HO
1l Time Dependent H s dz' HoyizjLdRdHral Evaluation sB yd i) dz¥ ° od
L OH Qozf & dExpression, H dzv € oz IO MG has  ff Bata'
Series  Operation 1 Operation B tcOdzts L Ne@ey( dzde® \ j dzdzv
L Od3ts 0 Y Iz g Gty 63D .
Data Series Operation 1 Operation =Average ,
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+ Data Series Operation

Operation: Average IEI

MNone

Method:

Inteqral

Maximum

Mirirniur

RMS

Standard deviation
Variance

st tBa@Ede3] sHiBB®BY d3gzy M fv SH dzj T iy JAOYH] dizdzV ] ts
Bsdz] dzZsOdz yOmk. [ MC " dz=50 s HalzO&BD 5 di3tE dzy d P B)H ¢
sts Mmj tej H dZ M 9af OHOIdd] L YOk saledd®ny j dzdzw
f so d dzdzs AlMBeES IsHB tc Odzts dzgy Bd dzg" j] HoBBn BsSdd d

[ ], 20OBBEZC Zo Olsd Is OB tHalg yte Cots ¥H 1 B EHE5.IH)H ©
Rsy 20 0L Olsd H to zIS dz@ jledpdzdz 56 5
Derived Values- Global Evaluation 1:

Expression 1 Expression= with(52,)

Data Series Operation I Operation = Average
LMB > Evaluate i New Table
] Cde stedzOy -t 2 dz' 2 L s5dz' TabeH2] o lpls @@ mcig HAS s olsG0

"¢ Odzj L5dzO | dzdzw

Average: with(52,t)
5,1000

gbkzHwyd L CteOW ' € YoMt odisdizz § 'ts ) dEO N dg 30 fizétzdgy
HEMWEO' Is Mw o YizBRB®B) 3] dgissP dets. Y OMEz, o
BOC Md B3O dz! dzj ' dzllstf i) tf Eatingeradgk( t1,t2 expr 1, expr 2).]1 *° dz
sBUdmdzd ' K@) O Y C éPria g0 0 BOC M
9 Y4 ? (s jydild) dzt  expo 2 itedte @UOU) B Yd Mmdzs L d3' h
yj dzstelz  d3j d3B eud@z]d.,1 Ok ©®B Bt B35, hs & dBBO‘ 3
9 J Mmd d3d Is teld) yrotmmetric () dc3tsH J dz! . sz tsBYdMm
totsL 0 duzL Solalzz Iste® h dz2' 2 Istsyy G jBd stc’ i tslste
SHdso d i3 edidgsas s@ 1. | d tc OL attimemax(0,10,at1(0,u), t)
ts B Y didy dz dz0  j tgzd®¢t, ¢10), w<¢ d2(0t) HEsMW G O BOS fd
1 OH to z QQIAS cdits
Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 2:
Expression 1 Expression= atimemax(0,10,at1(0,u), t)
Data Series Operation I Operation = Average
LMB > Evaluate i Table 2
l Ispgabe 2B kR HESEOdEES L dz@NpJ didzv d3

Average: with(52,t) Average: attimemax{0, 10,at1{0,u),t)
5.1000 5.1117

L i ] tafnesagO.. ) s thantery , wWCO g’tecf fshizCk
9" HC dzt yo Cdzlsj el sdzv y'tr ) ®d3 ul@lfr]lslmh;{ildgrfIZLCc
Evaluation2e dtcOLo d S sdzO2Isy B ydmadzj dz
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Expression 1 Expression=
atimemax(0,10,at1(0,u), t,  'nointerp)
Data Series Operation I Operation = Average
LMB > Evaluate i Table 2
]l lsOBtEdey?2 B zmjsH Qdgte’ Lic ¢ L dz@plOzdzw 3

Average: with(52,t) Average: attimemax(0,10,at1(0,u),t)  Average: atimemax({D, 10,at1{0,u),t, 'nointerp")
5, 1000 5,1117 5,1000

1 5B Iz H Holgjdicgjdes tc Odzd 1§ BZBEBErzidzsc s L d3' " j dzdz
BsY 2O L O HsH sdiatéts ), Hsdfv) o' Qlsiomigl.dgd’ H L WIS
s J tc Odfirsetma®(0,10,at1(0,u), t).) OmMskzlk fizPtetntsL d yde® o st ,
at ( attimemax(0,10,at1(0,u), t),u) dzj ftcOYH'sic i3z d3j d3B tc G
BOS Md di3O0dz! dedds L a3 M jdzdew 53 yJ delstelz  ostsy dzO B
at (5.1117, u), oditcdmlssolze yd o  Jjtohtsdzkz Otc lz i
Yyofiilz ¢ dzj Hisy" ' dastda] Mg O lsodfirfiemdx®,®,at1(0,u),u) :
UtSH' BEH] MO8 HY 2 yofgmweO’ Is! Mv dFD§ Md d3C
9 YJ? disdzj dzls B zH juztsmipd G dzédsdas@IE PBW L d3' dac
Results ->Plot Group -> 2D Plot Group
2D Plot Group 6:
Data 1 Data set= Revolution 1D 1
2D Plot Group 6- > Surface
2D Plot Group 61 Surfacel.:
Expression 1 Expression= attimemax(0,10,at1(0,u),u)
RMB > Height Expression
2D Plot Group 61 Surfacel T Height Expressionl:
Axis 1 Scale factor= True, 1
LMB>Plot
1l ZHijlso stelgCdgds zf dzd? WwWEd¥ " FtocOC s ydss ZmiE o O iz
odhj -d3@ YPPOMsotsdiz Ctotsy

L | |lal 1] 1.2
1 | 4 5

s <N 0.8

0.5—12 ‘ o2

0- 0.4

L 0.5 N 0.2
ol <05 W 05 L R0

] f sHOdzoMfdeDo On yY! et HftedS dzOHE Ltezydsets o
cteOW " €, wdiz'ls ¢ lip@icCHe' Guldel glzts gtz L d3d d3B tc O dzd
i tsls tis'tsmi dizgts © d Wi jotdzjj dzts H O dz(Cit Line Zddkj ) o totzlydalz *
dzOh ' 2 dtsH j dz .

1 OROdzsc ey ' ¢ tafst)d boWBE 1 seQH ' Odpj dbtgiddss.

Results - > 1D Plot Group
1D Plot Group 7 :

Data i Data set = CutLine2D 1

1D Plot Group 7 ->Line Graph

1D Plot Group 7 - Line Graph 1:
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y- Axis Data T Expression =at( 3,u)
x- Axis Data T Parameter, Expression =Expression,r
LMB > Plot @Jjtrdey Ctedo O dzO )zOMmiskzy dzesdBz tod Mz ¢

) 8sBEHE' BB ¢ tgéli-%f’f(htﬁ)a i 5 BotO dzt® dp! j ittt df st =3 .

1D Plot Group 7 ->Line Graph
1D Plot Group 7 - Line Graph 2:
y- Axis Data T Expression =d(at(3,u),
uts 2 N Jd GteOW * € B zai ¢ tc Offdimikiglu)is o OzdB ts
at(3,ur)
x- Axis Data T Parameter, Expression =Expression,r
LMB>Plot (dzedy dea" SCtedo O dzO0 dgOMmiskzy desdiZlz td Mz dzl L

0.8

0.6F -
0.4+ -
0.2F -
0
0,2 H -
0.4 =
0.6 -
0.8 -
-1k 1 1 -v

0 0.2 0.4 0.6 0.8 1
r-coordinate

1 Mmd Mipdez’ Is!* s fmen@O(s Istt@dexpr ) ' timemin (t1,t2, expr ),
w gt L &20r SHWIs! BOS Md egir dglzO' o ' Odz' Oddtsdizlz © ¢ t6 @
tIAA2.cCN 5 oexpteOOdzj ydils: Cto' d3N | i3’ dedsth)’ls st Bz
L A3 dzdzd 3O C fiisdsizz d3 ' L da® ~dg'Hdsd3 MW ) Ctoy'ds 2
ftso jtels@ defiffstetso tsL O dzj AR € dr@ He(OCalr 3ts © dzd -
f sL dz0 j dAdd Wnemax (0,10, u(r,t)) tftso j teds@S d 32 d&3d { ts
(OAtA10) @ € ts) dz' r2tc st Iz dz$ s 0 tSOAMAL, ' dpldsjB tdsasQ didz dzS
ldta(r) d3tsy dzp 1 OHIOISHtcts® Oz Gdz! dzts dliFs BH & ®geds ' d
o wWCd2 &=l diydzd@Eizy] .
1 © 9" HONAL (iasB ZH E2° di3ts Gt OMG.EJu o dtOL " 9
timemax(0,10,u) . 1 jteh d2 L defCRH ' OB ded statk Lic O dgg
B dzj dzls t=R[RCAMTE € tsdzd Yyd dzlstc Odzt dzO ssys O HtSfr
L3 N jdzdaw ,icBONEIEG ZFDE M d3Odz! dzd- L d&3° M j dz' Is|
Results -> 1D Plot Group
1D Plot Group 8 :
Data i Data set = CutLine2D 1
1D Plot Group 8 ->Line Graph
1D Plot Group 8 - Line Graph 1:
y- Axis Data T Expression =at(5.1117,u)
x- Axis Data T Parameter , Expression =Expression ,r
RMB > Duplicate
1D Plot Group 8 - Line Graph 2:
y- Axis Data T Expression =timemax(0,10,u)
Ists?2 yJ cteOW' ¢ BlEzHj imfned0Catia)Odzd 2) o JtcOL 53
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LMB > Plot

1.2F

1k
0.8F
0.6F
0.4F
0.2F

0

L L 1 1
0 0.2 0.4 0.8 0.8 1
r-coordinate

c¢ BOyYydlsJ Cwedo’ dzd My ' ot OH OsdEO C. M d 3O wizh di
L d3" hJ dedzv H 34 Wg &L Odag fistdzO2 Isj dzQMmiskz g dz' ° dzi
Line Graph 2: RMB > Duplicate
Line Graph 3:
y- Axis Data T Expression = timemax(0,10,at1(0.2,u))
AjJ2 odwOL tBYdmdzs O S Bl iz i dzOgls iz
Mtk YO setsBlicOQo e dzv H' IssYy<d
x- Axis Data T Expression = 0.2

Coloring and Style T Width =8
Line Graph 3: RMB > Duplicate
Line Graph 4
y- Axis Data T Expression =timemax(0,10,at1(0. 4,u))

x- Axis Data T Expression = 04

Line Graph 4 : RMB > Duplicate

Line Graph 5:
y- Axis Data T Expression =timemax(0,10,at1(0. 6,u))
x- Axis Data T Expression = 0. 6

Line Graph 5: RMB > Duplicate

Line Graph 6:
y- Axis Data T Expression =timemax(0,10,at1(0. 8,u))
x- Axis Data T Expression = 0.8
LMB > Plot
1.2}
1k
0.8
0.5
0.4
0.2F
0 1 1 1 1
0 0.2 0.4 0.8 0.8 1
[udodHdets, s E Ctydts' IbtsySd W@y "Qddzddsic t
B d3d dzlsd yasigd?,s Gy @ ©¢ Is+ dzj uUind B tRQECHFCO Idz].
L a3 M j dzdz¥=0.201,060.8 HsfMw e O s v o tedtadda' O d3t
o d tc @menax(0,10,u) fiortsE e 0L Odz' LIsBWOJ O G tc
BOS Md B3O dz! dedrm L 3" P § dg Ssyss¢ ftp S0 dzo Gzve B
My olfdPHOOW " Ctsdz fjtejtc" LE 9 wWed2mr W' CMmt
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1 Ok gdaf OC md 3O dB" dzjjHdgd2C d » BRI HB BB tcOL dIsg M o
wehis ctoOW tinlemax0dom)OL f sB ZH z9 @Ilg dCutdd®int w e
wodwisddzd . ywdzb S dyf s g MdeisdZzy ¢ OO L dzO Uy BdztS G
9 z L eobtEvaluation

1 totsH ts9 Y dpdsfisls adaeBOddafz s j tcOIstste’ o

JTJwOlasl®, u sBydmudast o 6w L s¢€ ) f eisihlsstctse
fso jtelsO L3 hjdedzy y' * u(OtbbgE fHlCdlkda QW
WkdSy' o, Isusdg ‘Isftsj  dgdigvO Wy jCdzls tc O dz! dets 'L Olsiag v Wafs .
yomikz.

Results - > 1D Plot Group
1D Plot Group 9 :

Data i Data set = Study 1/Solution 1

1D Plot Group 9 -> Global

1D Plot Group 9 - Global 1:

y- Axis Data T Expression = atl(Ou) @9 jHJjdzdzV ) o I1sOB dzd y
x- Axis Data 1T Parameter = Time
LMB > Plot

1 d tc @memin (0,10, at 1(0, u), 'nointerp ) tsB Y d figklziddO dz'L dgf M j dadzw
(3OS Mddz0dz! dzj odzedL ) L Oy dfi®BHA0, dgj d3BotafChdimidzlz *
Cdzls gy toff iz yOMEz
Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 3:
Expression 1 Expression=timemin(0,10,at1(0,u), nointerp’)
Data Series Operation I Operation = Average
LMB > Evaluate 1 New Table
] ‘ W s tc d30O yfr) IQ adss 1@ 1S 1BHB digitibey 3, o wC' 2 BRHJ] dz
hzC Odzj L -dzBl0P] diglztlz’ 3Oz dzsets L d3' N j dedgw yJ dzlst

Average: timemin(, 10,at1(0,u), nointerp?
-1.3109

| d wtveint (010, at 100, u) 5B W d fpdzels 529 *dzls | 1 e OOzl
pulot)dt.

Results -> Derived Values 1 Global Evaluation
Derived Values- Global Evaluation 4:
Expression 1 Expression = timeint(0,10,at1(0,u))
Data Series Operation I Operation = Average
LMB > Evaluate i Table 3
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]l OB dafey 3B zH Jj HUSSIAY dasTiaOry | dzdW3E995 9 ¢ OL Odzs G !
" dzls (& s Oz

Average: timemin{0,10,at1(0,u), nointerp") Average: timeinb(0, 10,at1(0,u))
-1,3109 -0, 33995

19Jjtodz Is! o Oclz dzO Isj, h s 5B Yd Mifizij tdzpav
EmJtej HdzjdREGVGle Odz sBYdmadze * Is+ mMw Ek oM’ B3t d&3J
hoduhj, wehts BB Ydlsdmw HoBMBRO ditsdij dzls Oc
My eOy! o zo Wpefatin =Hery ‘0e).

1 d tc @meavg(0,10,at1(0,u)) sB yd mdzs mMd tej H dz L O
L d3' M j dzdz¥r=09 Isr%ﬁir@,t)dt.

Results -> Derived Values 1 Global Evaluation

Derived Values- Global Evaluation 5:
Data T Time selection = Manual
Data i Times (s)(1-101)=12
Expression 1 Expression = timeavg(0,10,at1(0,u))
Data Series Operation I Operation = Average
LMB > Evaluate i Table 3

Average: timemin(0,10,at1{0,u), nointerp”) Average: timeint(0,10,at1(0,u))  Average: timeavg(D, 10,at1{0,u})

-1,3109 -0,33995 -0,033995
1 d tc @(B,at1(0.5u)) sB Y mdz " j ddaf=0.8¢6 yRBs d3j dz8. YO MmeE
Results -> Derived Values 1 Global Evaluation

Derived Values- Global Evaluation 6:
Data T Time selection = Manual
Data i Times (s)(1-101)=12
Expression 1 Expression = at(3,at1(0.5,u))
Data Series Operation I Operation = Average
LMB > Evaluate i Table 3

Average: timemin(0,10,at1{0,u), nointerp’) Average: timeint(0, 10,at1(0,u))  Average: timeavg(0,10,at1(0,u))  Awverage: at(3,at1(0.5,u))
-1,3109 -0,33995 -0,038995 0.41929

]l d tc tegrate  (at 1(r,u), r,01) tsB Yd fMydaizls j cfj]irct)jir, w2’
Wikzdesy' yOomik sbBligHzees OWH £H Qo h d o IsOB dzd y ¥ )
1D Plot Group 9-Global1 dztso d 2 W HBSE
y- Axis Data T Expression =integrate(atl(r,u),r,0,1)
LMB > Plot
g4 Ogsmis ' 2 dzts dzOdz@'tc@Iﬂi’ lﬁp dzj G’J dzH Iz

— atl(o.u)
—— integrate(atl{r,u}r,0,1) | |
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l d tc @meavg (O, 05 ,integrate (at 1(r,u), r,01) B yYd Mmdzs ° My tod |
T . . 1 5[ 1
YO NGS5 § s j toj H dz tsgtsls%gqﬁ;(ﬁax(m)@

Results -> Derived Values 1 Global Evaluation
Derived Values- Global Evaluation 7:
Data T Time selection = Manual
Data 1 Times (s)(1-101)=12

Expression 1 Expression =
timeavg(0,0.5,integrate(at1(r,u),r,0,1))
Data Series Operation I Operation = Average

LMB > Evaluate i Table 3

Average: timemin(0,1 Average: timeint(0  Average: timeavg(  Average: at(3,at1{l  Average: timeava(0,0.5,integrate(at1{r,u),r,0,1})
-1.3109 -0,38995 -0.0389535 0.41929 0.52202

[ O21Is] dzO bnds@udzdss B ﬁqs@m-lm%dubgmdﬂdmdrmq’lsi
HiSg BB LB ' dzX M j dzdzv Oft@GHetftstedse O ‘ dzlsde@c 9 \Rjdzlzi Iz Is Is
CCh s oedpcOa s j tw@leEtg (tl,t2,expr) L Odzj ¥ dIs 8
ftosmMisstcso d - ddOtf ot CafpRaly , t), st Md .o H dZ L O
sBydmadze * st mw  or LGSy WO Rz deisupys G 5 o 'duitASk Hejo O d
WEedaC y. ‘jJitej o' €O yYy! et o dSitdzlkz’ st mMw  Q@dzO dzts
s jJcOWmEemag @B,10, u) i BzHEzo Odzd SCttdolz ¢ dzj sB B B3H
fsBkHBsod Isyisotsets OV €O ddd oS tstedmisC
Results -> Data Set- > More Data Sets -> Cut Point 1D
Data Sets- Cut Point 1D 1:
Data T Data set = Study 1/Solution 1

PointData 1 Entry method = Coordanates
PointData 1 r =range(0,0.1,1)
LMB > Plot

0 0.2 0.4 0.6 0.8 1
r-coordinate

sf syl fYoBkzHE' @3ds SCtodolk MjtiHdzg = L d3" °
" dzls j oo OAZA3Y OMiz
Results - > 1D Plot Group
1D Plot Group 10 :
1D Plot Group 10 ->Line Graph
1D Plot Group 10- Line Graph 1:
Data 1 Data set = CutLine2D 1
y- Axis Data T Expression =timeavg(0,3,u)
x- Axis Data T Parameter , Expression =Expression ,r
Coloring and Style 1 Color =Red
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1 s’ &5 fsBlzHi’ d@ts M (e H'dz' dzQdly f Q Isizczp IsGEsHED s t
N 4 dzls J 16 ® BAZAS.
1D Plot Group 10 - > Point Graph

1D Plot Group 10- Point Graph 1:

Data i Data set = CutPoint1D 1

y- Axis Data T Expression =timeavg(0,3,u)
vlzls ofigfem/@3, u) sB ydmdze fnj tc QAmARL 3L © ] dpd@f ts Hgts
odL dzOyls Had C s i3z j dz H Oded = .

x- Axis Data T Parameter, Expression =Expression,r
Coloring and Style 1 Color, Width =Blue ,7 (Ho O )Y tsdzw
LMB > Plot

012

0.08

0.06

0.04

timeavgl(0,3,u)

0,02

0

L 1 1 L
0 0.2 0.4 0.6 0.8 1
r-coordinate

{1814 ©BMisOdadz’ 2 fgpctOPH de L USa3 tE@pHdRdDVdz! IS f §
Y O &AL A3.
1 OGOHO BsgdqudBdYS S 2 CGtleOW " ¢ 35 ) dzcC
9 dCstcd Mis s9 z¥aiptf Graghlz L  dizV fted C dzOH & G t4f @B ZH L
L d3 h jsdidey MO r Iyt fiistdii tdilsi=04 OdgjzdzB tc © dzd
Results - > 1D Plot Group
1D Plot Group 11 :
Data i Data set = CutPoint1D 1
cShts oDath t§dmes (s) o9 lisdlzC toj Isded 2 RBtsalzj dzls
Hisyz tsdsz PomtlGdgph B EkZH] ftBEZHBO Odzts  tsdzts
sBteOdzed 2 dBsd3j dzls.
Data i Time selection = From list
Data T Times (s) =04
1D Plot Group 11 ->Point Graph
1D Plot Group 11- Point Graph 1:
Data T Data set = From parent

y- Axis Data T Expression =u
x- Axis Data T Parameter, Expression =Expression,r
Coloring and Style T Width =6

LMB > Plot
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Point Graph: Dependent variable u
F¥

06k
@

S o5t *

T 04

& | ™

E 0.3

c0.2f L
201fk L

[ | T
|:| 1 1 L L

0 0.2 0.4 0.6 0.8 1
r-coordinate

dslzlsls' adds dBsdzd dzlstsds ftcd YsBERZHEBO smis O dzdz
x- Axis Data T Expression =r .
y

l Oydzdeddid Jjdzj &3 delsOd&gd COMSOL Mul ti physi
wedr Mt L, oYdgOlE®® j H j dzdz? M dME . -wr
e’ L daets Bz :
ﬂac{glstgo[fnlstsalzﬁqu;dzisu’glz mMfdmMCE
T odSstedMmistso z¥ yd 9 9 J HJ dzdgv udfmd &z yd ted
dzO {f te d L0a®)23,29.7, 30;
TodSstedMmistse ¢ g &3 yddr@d Ldz® ® PUOHF ] dz' ¥ ° ¢
HizY s8¢, dz@9.25 30adsQ}
ﬂaq’Qtsth’frjlslsaIqucf fr]l]’o[fr]lsg o W' Gktedzdrm HIEz>
dzO § tc d Eoski®oi6 pild pil3 pil2}) ;
T Hdzw 99 jJHJjdedgw o' 9odatsdy tcdets tetsL f SH ' dzj dzd -
range (start , step , stop ), Hy Otz dgijstigls f tcj HMIsOo dzw &
f syolsS¢tso j C' dzyd 94 L dz&ep Jidzdrzls J jedz jOddy dd
J dzj d3j dzls Od3q .
1 OL dzOf jsdgtsB d Bsy dz0@ s Hdgzo Olsd. 1| O8 j H j (Bl

1.y 04 dMm
range (0,0.21) 15 20.

sBtotsB dzv ‘' Is! f00.2040.608HO0d.526 ¢
21700df" (Wi y) o) di3' f)ss
range (0,0.2,1.0) range (2,0.1,25)
sBtotsBdzv ‘ Isy Mw wWC B' ' HdZOdzd?2 My dMmMsE
00204060810202122232425.
3.1 Of 2frnge (0,0.2,1.0)
ftcdLotsHdIs! HB QP98 GBI AR2R20. MY dMC Lk
4.1 Of{ 2frémge(0,1,5) ftodLotsHdI! HB (BABGESET dzdzv MY

Il MmMdmlsj d3 COMSOL Multiphysics 9 0ydzdosec

WikzdG y' 2 ‘ sHddzdy' o dd3 tos o Odada” WL dydz
CstedMmlszo Oyo oBLkHtSO Odzdr HBOERY BOIs ¢ Y dededs L
Ot lzdzj dzlsd ftso jtolsOs Is! BjLtosL o3 tocdz L
OtcG zd3j detfBP tetsL o' tedz’ Mls! 9 tWWH' Ctsdzlsj € f

fsd3d &zC d . 1Pif edEE¥zPH fls Olsid v, ok jja dfs @adZz® Y Of
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uftcO9 0O 9 Istsdila,OLhots YO diglCinj SR dzeBf tc dzW HB 15
oditedmlssa z’ Is! mw B Mz jSdEO o HIE dcded| f)!ls ts otlz © O s «
9 wWlmsfnilsttsL di3' tedetsc 8 Aneld Hd3j HdEstfizts o dA ] u teHs'L d3°
tetsL &3' tsldz( Mis € Iz dzn Of) d3dptdy’ dolisclztdj v "/ & 5L d'J telxtf u d d
t[l/ s] MO BJLiBL i3 todatst . 1 tegnu(tfldzs] s ®&H | o
Ctsted € Isded . lted dgj Ststoj Slsdesdzge oS tstod Mis O
O AL BOOdzY) o B ¢ sdz B .

[ detsy j dedzgv tetsL d3' todesfyls j 2 B3O fto' stedlsjls
G)lj ted ¢ zOHY2[ np & QO Mdz¥ * W2[MM) “WCtcjLlzdz IsOIstsc
dzd WAHzA] = 05 mY.vtsH W Snj U2 nj ftej HMisOo dzw &
| dzd uOpldatf=50[ sm. ¢ dzOdzts¢ ' ydisZ[n}, W18 8 § dzd-[if dspzO
JHMIsOo dzv 2 nisloe dH & ' fMls
[ detsy j dzdzv tetsL O3 tedatsfls j 2 B ts ) HiZOH O d@%AMAE d )
tc
J
s
O

S‘Q—Q—

d &30 dzdzv mkz 3" mdzd - IS sd{ &z HisH oz ' o .
H ) lscO igdy d dilzts  H dsly’ ofigfldcdi@gkg+ o [M3] . s e’ d3 ISBBG E
Y 4 dzdaW odisdmlssoaz’ Is+ Mmw H dzw L' " HdzOdz
Ydsleddl'm) J ¢ o " o O4lF]) Mgl J] ([J] 7 Hy Skzdz' ) .

ltcd HBHO9 Odzdz' Hotsmn ©jdzdyddz tsHdZOC tso 5°
o ddzd , O dzj L OH Odzd n ) te' L dzd n tsH ddzd Y
L zdz! IsOIs o shdztseo dzz  md mis j 3RS w25 dayf y -+ .

JsatstedIs! fmw 075 [w] , L dz@" [c&zta) udzts o dishry mdmis J
ded y! BSH| dz' .

s BWRHEt 94 dzdydded Bsy dzO HBHO9 OB B
IS B3O 9903 0°, s oBdzO ( ¢ ts5dzm|svGEdzlsiQ)) tc "dgl
Odztited vy sd3se °° tetsL d&3' todz' Mils: o  HY ts9 "
OBR@ M) BO SHJddy! &sHjd odL dOyO’ Is' f
Ot d&ztsIsd Ly JW20 2odkA tits ddntiglédumph (root). l 2Bcet 1
fghit z system di3sy dzO BBt OISd (OB o' HE d&z¢¥ ydlisd)

* Unit System

E 3
sy dzd?2 Cli3f sdzj dzls s H | dz Isj Y &O° o dzOMmdzkz
11 o IConp@ents MY grig System te 5L HGendzdt . | ©2 yOMmis'™ h §
L OH ts9 sdz! dz'Bame as( Bldbak  system ssB Ists mMdmilsj &3O
Cts
L

rQe @ S0 o~

s
tc
dz
dz
s
d
d
H

S 073 quﬁI
= @F S0

tc
d
[

f)
J

u
Y
d

B sdai@AFDBO W C O tsBttOdRZO wdzls off' ‘L' OHBS Hsj d
d3' dZdZCf: H dzw UtGlef]lSiStGISE)Cf: QlSiStGHCdeOIS
4 & Untitled.mph {root) * General
4 ) Global Definitions
Materials
4 9 component 1 (compl) I Same as global system j

= Definitions Spatial coordinates

4 4G try 1
ED'_FT_ v First {x) Second () Third (z)

X y z

Unit system:
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1.8.r s9 ' H Chpxjofids J 3OS 3] dzels Oy v

ddMmlsj 3G COMSOL Multiphysics §fmsOyo’ Is!
HEC Zd3] dzlis@2' o MlsOdztso dz¢ ' Is+ MW ©OL sB3B-ADFCOMS
HT ML . W’ o d dg=oilp O gzts a dizOR Gd ia) IR] FHJOJC OMS O
¢ Ols O.dAslac .

[ Bo' HES9 O MdMmMIlsj BO o HECtdo O Is! MmMelp,if tod

hstesL IsOOBo Offiztc Oo ts Bz 9 Jlon fztzO B tBEBOAZdo C
Mul ti physics, OBt &Qlsizips Adedatedd . dzO0 ¢ dzOo ' h

_u:m*/ Help

l tjLEkzd Ol 9o fttOs' 2 yYOfmlsdde o' CdzO {
Isj dzgss , o' WL Odetse L OCIsdodzedd3s o kzL dztsdz H J
stsdzB ' dzOy' @l -FldeO'oH Pted o O EEw j dzid ‘df dste3izH
B Misdls! Mw MfdmMsS o' ' HCEAB] dsOy' ° COI
PDF. Aj o' Cdes ftcOys ' wC MOBsMmis' 2dzd?2 Br c
ste' @3 Istsc e ‘o fdgf#gsls wCd2 i fMisdls! Is° Y

Ctsdzals j € Misdzgs8F1) H 89 "LH CHESSC(@fizsjFakls Oy * * &

Client Server r

Help 4 Help F1
T Licensed and Used Products l! Documentation Ctrl+F1
Preferences & Support Center
£3 Exit E] Training

¥
!

(#) Check for Product Updates
.ﬂ] Update COMSOL Application Library
&l Update COMSOL Part Library
[=] About COMSOL Multiphysics
v OC sy oFledd] daf (il Appication Libraries | wed?2 o' HCttde O B ' I
BsHjdzj2/ ftedCdzOH' & L t' Lddn tBdEOMij2 W' L

= =

Home Definitions Geometry Mate

M New Ctrl 4+

L:_‘,_ Run Application

Open Ctrl+0

Recent 4

ﬂ]]] Application Libraries

£c| Open Recovery File

= save
F‘ Saws 7

AWE sBOdzs OC &2 L OHdr@flgtc Yy d ' defistelz d3j dzls O dz
o d fdadii4 d fMihdows.
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- Desktop -
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5% Add Material
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ﬂ]]] Application Libraries
ﬂ]]] Part Libraries
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10 y' ‘dzH & d3 9 " H S tod o Applidationfriibrarief O dzj dz@ | d B ' to
Mfdmek todS zOHO todo mmplfis®? deizts WA afQdzlsdDd
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S 5 3O kfifll Partiibrares © " HE td o O B' Bz tsIsj ¢k HJ Is(
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O "  Hf tso " Hdz' o lzLCgj MdisdBEIR Istgs 'd2jSIsd, § J ted
O odCted Mils Hzply ds@igeds tec BIsts o

10 MOo2AIs’ this Lt tgotssB: dzd/Swwew . coms ol . com/ mo d ¢
l sdz0 o3 MisdIs! HECZzd3y dzs Oy " & (LOLOdyo2 9
ftedC dzOH " o .

19.1 OHOYH d&z¥ MO his' 2 dtsets tisL 8 0 W L O dzdz?
1OHOYUO 1 BBEZHE2I] cze@W VY W dgzietfodss )C 9 OH e Ols
tsB ZOMB2]3[-22]L Stketo dxk+¥lbbh Stotsds

| OH Oy O) BBUGHIOW ' ¢ ¥k dzC y'
: 0 , lexP+y*c4
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1 OH Oy Ol BBIGHIOW * ¢ WEkdS y'
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1 OHOY@SCEjldgfdr teIs d ¢ Qdpdztizdizh 6 6 OH " EMtsd3 1 ° 90
odfMtsls’ 2 LtctsBdzj dzs cEtstedL tsdzls OdD a2 sl otz fia
sBO' &3 Mlsotstej dzs’ W' ckzted.

1 OH By Or "Effisd] ts dzd o PWZdalzyf ldadAisdzd HHa Xy  ®E to° § dzj d
C'dpyv d3d,  f 5YOIS Culxf) @S- X g5 dedez dg tso 5F f 5U!
h o d HCUMB=0.1 5¢ &zerI($'oa dH S fls! §8h dtej dedg” =
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Cut Point 1D Contour , Is @ tc OW 'Lide Graph , Point Graph, Global |,
Line ,Surface , Contour , Slice , Multislice , Isosurface  , Scatter Volume
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Function name =f

Definition T Expression =1

Definition T Arguments =x
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Results- Data Sets:RMB> More Data Sets -> Grid 1D

" LOfts9 dz Is!
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4 () Global Definitions
" Analytic 1 (7

=) Materials
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Source: I Function

[
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Function: I Al

+ Parameter Bounds

Mame: X
4 [ Results N
4 E Data Sets Minimum: -1 m
— Grid 1D 1 Maximum: 1 m
+ Resolution
Resolution: 1000
s ' dzy o U ez Uy L dzO0yj dzdstindpdm o ° Waxidzunt .

l &3 Mils Rfdsldden L Odzd M Is j Blj dz/ Bdegly dzo S OL 2" Is+ Mmw
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IDPlotGroup ° 9 dz' 2Lindf@smphts 8 zls 1S dz

Results - > Plot Group - 1D Plot Group
1D Plot Group 1:

DataSet 1 Data =Grid1D1

RMB > Line Graph

1D Plot Group 1- Line Graph 1:

y- Axis Data 1 Expression =x"3
x- Axis Data T Parameter , Expression = Expression , X (H9 O )f tsdzv
] tc 5L KColodmg and Style LOHO2Is] Mddzt, Ctsdz' t6 °
LMB > Plot
CC tjLbd O, cLOY¥' S SCke' yds -1f DlOs ty e

tcjftejLjdzlsk® Is! MWGNddAD 1 tcJ dzsd3 H Odzd ~
1 sC 0Oy J d3ts, wC D «oiE E@L disd sCte] d3
Mlse stcdIsd ¢ IsEaps waOda ~H Y J tc ]
Results - > Data Set - More Data Sets - > Cut Point 1D
Data Sets- Cut Point 1D 1 :
Data T Dataset =Grid 1D 1
PointData 1 Entry method = Coordanates
PointData 1 X =range( -1,0.251)
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1D Plot Group 1 -> Add Plot - Point Graph
1D Plot Group 1- Point Graph 1:

Data Set 1 Data = CutPoint1D 1

y- Axis Data T Expression = x"3

x- Axis Data T Parameter , Expression = Expression , X

] tc 5L Kolodng and Style LOHO2Is] Mmiedsdz'tgts gfistSdz’ t6
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1D Plot Group 1 -> Add Plot - Global
1D Plot Group 1- Global 1:
y- Axis Data i Expression =05 @jitehd?2 twHESS lsOB&IY'
y- Axis Data 1 Expression =-05 Htekzed?2 ttWHEC IsOB dzd y
» y-Auxis Data
i Expression nit Description
0.5 1
0.5 1
x- Axis Data T Parameter , Expression = Expression , 0.25
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Results - > Data Set - More Data Sets - > Grid 2D
Results- Data Sets- Grid 2D 2 :

Data T Source, Function =Function , Al Ho O )Y tsdzw
Paramemter Bounds 1
T First parameter 1T Minimum, Maximum =-11 Ho O )Y tsdzw

I Second parameter T Minimum, Maximum =-11 He O )f tsdzv
]l tetsL H Redalution 9 ALy s CMwkmisls s yts ¢ Hd MG te] s
ftow BsC 2lsdztfts & iz@GNE ' € &dfiakisd dzCGils "'dzj L d3' dzdz
178



1 S t5cdz02 Is jPlof ‘s OB G BO 5B tc Oy j dzdz" 5B ZOMIS®  H
4 &l Results !
4 i Data Sets
— Grid 1D 1
— Cut Point 1D 1 05
FH Grid 2D 2

0.5

-1

l S stedmMissy o dzts Grid Qizg B3tsy dgfds o st Isdf ¢ O 6" L
CoOW "LysiadicOM i d® y* ° HoBn L d3 dzdzd - .
1 sBikzHE &3t cteOW " € W b dpG Qe jHioAs®' L d3' dzdzd -
Results - > Plot Group - 2D Plot Group
2D Plot Group 2:
Data i Data set = Gnd 2D 2
RMB > Surface
2D Plot Group 2- Surface 1 :

Expression 1 Expression =x“-y™
2D Plot Group 21 Surfacel : RMB > Height Expression
LMB > Plot (dzOMlsf dzed2 tedhldesS o vyj dzlsts’
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2D Plot Group 2 -> Add Plot - Line
2D Plot Group 2- Line 1:
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Expression 1 Expression =x*2+y"2

Coloring and Style I Line type =Tube
Coloring and Style I Tube radius expression =0.04
Coloring and Style T Radius scale factor =True,1
LMB > Plot (2O Mis 2 § dzd 2dz' t@dTidAzdets ¢
RMB > Height Expression
LMB > Plot (oMY dzd?2 tedfdesS fteOo stelzy
1+ o — 1I B 1.9
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2D Plot Group 2171 Line 1: RMB > Disable
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ofmM' m HMlkzfddrsr ctcOW' ¢ oAddd®E) zO@d { BBEOY GG §
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Add Plot Surface Plots
Scatter Surface Principal Stress Surface Coordinate System Surface
el Max/Min Surface B Table Surface {7 Phase Portrait
EPoincaré Map #% Interference Pattern E‘Far Field
M Histogram @'} Matrix Histogram
Line Plots
[*s Coordinate System Line Oy o Max/Min Line = Paoint Trajectories
[ Ray Trajectories =, Particle Tracing ,'u{F'articIeTracing with Mass
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2D Plot Group 2 -> Add Plot - Contour

2D Plot Group 2- Contour 1 :
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Data 1 Data set = From parent

Expression 1 Expression =x™+y™M
tdnhlslk td o8 dO&zOhIskz2Isj IOC, wW¢ fCOL Od
Codiz0dmtftcdL © jH] HES f 5B Ik H ts5oLds BCdOiyldf AdRdatdsstad e

+ Levels

Entry method: I Mumber of levels j
4 . 2D Plot Group 2 Total levels: 40
i 1.78
Surface .
“ SoERE + Coloring and Style 1.53
Height Expression 1 1.28
4 Line 1 Contour type: I Tube j égg
Height Expression 1 . . 0.53
= Tube radius expression: 1 mog - '
8 contour 1 _l“ g-gg
Radius scale factor: ¥ o001 '
[ Level labels
Coloring: I Color table j
Color table: I Rainbow j

L o zCotstalar 1 B3tsy dz2O0 HH O | Blzi Htc O K tedzts Wtc dzd -
dz' dal 25 Y Ots i€ @2 ‘lsHj o Hfeight &xpression
2D Plot Group 17 Contour 1 : RMB > Height Expression
ld tsls tc didts’ W jsddale'lz tc dzdz o df dlcigvey € W deaC M I2Y dz
ted MizaZs& tstclz )

I 4 OCIsd o z2 Mejght Bxipressiaz 1° HHOR & [rls diffcdmlor
Expression
2D Plot Group 21 Contour 17 Height Expression 1 :RMB > Disable
2D Plot Group 271 Contour 1 : RMB > Color Expression
l " dz dzOC dzOHJOV Iz debtyH GEliDiEs trad@bdzd@Ws dzls Iz tc dgdis?o jG 6 C
L OB OtcoadzjHdfde * H O J A sOHIOO Lkl dnbr v @Gr Expression 19
f séxpression. 1 o jH' Is! ed tabrifsbdptr? -tg'Q) .
2D Plot Group 271 Contour 17 Color Expression 1:

Expression 1 Expression =sgr@s(x2 -y*2))

LMB > Plot (ZOM Y dzd?2 tedhbdesS o yj dzste’
lZH] (tBRZHEBSo Odzs G tc QRO § dzO fiy i Fors ol Etdc) @ dj dezt
1 OB Otco dzj dzdz? B Atc© dz' h § ‘sz’ Ist mw , 2 ° Is
L WOtk sotfs! Mizso s daso s’ WEdzC y' tsdzOdz' dat

I 4 0¢ Isd o kz 2Cslgr Exprizssitndz H 5 H'OR dsiDefdtfaltion .
st HBf RGBS By 2O syt d BOLBYFHEH ZO
HOdgd rdlzO 9 J CIsste, CBBKHJ dzO IEgpreidhts.Gts L OH O Is
2D Plot Group 271 Contour 117 Color Expression 1 :RMB > Disable
2D Plot Group 271 Contour 1 : RMB > Deformation
2D Plot Group 27 Contour 117 Deformation 1:

Expression 1 X component = X"2-y*2
Expression 1 y component =-x"2+y"2
LMB > Plot (z2OMiskzf dzd 2 ted Mz dsS O stelzy
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2D Plot Group 2 - > Add Plot - Contour

2D Plot Group 2- Contour 2 :

Data 1 Data set = From parent

Expression 1 Expression =x"2+5*y\2 -1

Levels 1 Entry method =Levels

Levels 1 Levels =0
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Cl.5-l I I-
0k -
0.5 -
. 0 .

slzls dzOdzOh Is z €cbtdedZ2’ o ‘oHAL O H Adgdw dedisO WL OH O dats’
X*+5y*-1=0.] ' 90 YyOMmilsd dzO tc' o dzw Ezpprssion ZAzQ] ti CBHHAD ¢
9 1 =wels.
S 5 dzls Iz tg dz' dz' dz' mods By 2Is! odmiskzy Olsd
ClOW " €' 9.
Results - > Data Set - More Data Sets - > Contour
Results- Data Setsi Contour 1 :
Data T Data set = Grid 2D 2
Expression 1 Expression = x"2+y"2
Levels 1 Entry method = Number oflevels
Levels 1 Total levels = 10
LMB > Plot (20 fyls iz §f dzd 20z' todsidAzdzts C
4 OS doalz2Is) (Y lssyds L sB2DOWGAdUp'2’ 9 HEBOR Is
Line c@W ¢, HYJ o] dzsdz HNGdedsAcQof{RE s B 2 H j
2D Plot Group 27 Contour 2 : RMB > Disable
2D Plot Group 2 -> Add Plot - Line
2D Plot Group 2- Line 2:
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Data T Data set = Contour 1

Expression 1 Expression =x"2-y"2

Coloring and Style T Line type =Tube

Coloring and Style I Tube radius expression =0.0
Coloring and Style T Radius scale factor =True,1

2D Plot Group 2171 Line 2 : RMB > Height Expression
Line 27 Height Expressionl : Axis 1 Scale factor =True, 1
LMB > Plot (ZOfMiszf dzd2 tedfylz dzts €
|

", - -_.-"' o
T

},r.- - l_l'l_ .

sbkls dzOH dz' dz' W dsd, ff sCGoitoutsly Oeztf e3tf B Bz L dztc O

LOHOMtsets k2 ¢ wiedh2 ydesdsz o zL dzf
1 jtj2Huj s HEBS L 6 dzY H Odada”
stcdo dd3' tcdescts Grdj.j o] d&zO H Odzd -
Results - > Data Set - More Data Sets - > Grid 3D
Results- Data Sets- Grid 3D 3:

3

Ho O )Y s5dzw

ftcOQo tstclz y

0.8
0.8
0.4
0.2

sted o d &

tc dzd ~

Data 1 Source, Function =Functon , All
Paramemter Bounds T

Ho O )Y tsdzw

I First parameter 1 Minimum, Maximum =-11 Ho O Y sdzw
I Second parameter T Minimum, Maximum =-11 Ho O Y sdzw
I Third parameter i Minimum, Maximum =-11 Ho O Y sdzw

l tetsL HRésalption o G K figw C° Mmis!

syttt

sB ZOHEZO sdzz  § tc & dz® Hesolutmn , y resolution
zresolution L Odisfjh dzOyj dzdz?y L O BOO B o ylkzeo Odzdzw d3

HdMGE &

1 d ¢ ts5dz02 Is jPlof' ts dlsdpsfids® tc Oy j dzdz? B dzOMils® H Y J te
£
Yot o=
l S stedMmistse ¥ yd Gridf Ite,j] dztyts )Rz f sB zHEZ 9o Olsd
ClOW 'LysiadicOM i die vy' ° Iste! 57 L d3' dadzd = .
ulsost' ' cwkfbk Istdo dSgfack dedrl tsaitc O $3'Do .o

o' &z oqdStedMlstol’ 5! ) zOuzizOf Octp i aiafias § J T

Isted o d d3' tcdzSie Bdzdi 5 J toJ dzO
Results - > Plot Group - 3D Plot Group
3D Plot Group 3 :Data i Dataset =Grid 3D 3
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RMB > Surface
3D Plot Group 3- Surface 1 :
Data 1 Data set = From parent
Expression 1 Expression = x"2+y"2+z/\2
Il € tsdz02 Is] PIdi, 5 dzQishitda] d3@ tc QWs'BUeddpojddd®d. 2 & o (d
Wiz dzC ' =dEO@® @dise dzj dzdzv dzO0  ff 5o Qls~ ddzO  SdEOBsMs, Iz f
ted MizdZS etstc g WPYB Otco dzj dzdz?y S E2ZBO L OdziydlIls! ©° H
oduOLBsYS Orn 256t G'tGOdZ»J 2
: 5 o i
2.5 '
o |
-
-51
175 5
s o) Y. I_ X ':'
v 0¢ MOdts, w¢ ' fHOHH dztsSucfa@lemq;Iz d3 dHseditsLd s df
Deformation
3D Plot Group 37 Surface 1: RMB > Deformation
3D Plot Group 371 Surface 11 Deformation 1:
]l  toExpressibh 9 9 SH Valsftd@L , hts ftcj HiMIsOo dzw
9] Csstc®Osy ko EtcOW " € O.
Expression 1 X component =5*/sqri(x"2+y"2+z"\2)
I 'y component =5*/sqri(x"2+y"\2+z"\2)
I z component =5*z/sqri(x"\2+y"2+2"\2)
]l tots L HScalz, wORKEMsgd HY so' Hdzd 29 ifcEodiestc j -
factor L OH O Is! MW HBOM" IsOB dzd 2 L figlzs g dzd & H dzw
Scale 1 Scale factor =True, 1 Ho O Y sdzv
LMB > Plot s jtejHd 2 tedhkzdsS oo st
] tOW ' wwded ASutlace ¢ ° dz@DfPlot Group d&3ts Y § odCstcd Mists
HY Jto] dzts HGrdADr~. ISdjftdzj © " tcd &3 Yy J .
dlsotste’ Is+ 3B PlofGroup &'L tsalz dz' HsadiBurigakz 1
Results - > Plot Group - 3D Plot Group
3D Plot Group 4:
Plot Settings I Plot data set edges = false
RMB > Surface
3D Plot Group 4- Surface 1 :
Data 7 Data set = Grid 2D 2
Expression 1 Expression =0
vtsBlsts d3d, dz0yJ B Ists, L B d tc @=0d3t8d4n vdBafatsed tc O L
HiHO2 IHjo zRefwpation 1. ) 256t HBfBRBBGEEE B |
(ojSIitedzl ftsdzj) L3 N jdedzw bsytse BOL BB S’
3D Plot Group 47 Surface 1: RMB > Deformation
3D Plot Group 47 Surface 1i Deformation 1:
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l tetsL HEXprdgSion 9 9 SH WCIStEevH d dzOIsd 9 J S s O L A
Expression 1 X component =0
I 'y component =0
I Z component = xX"\2+y"2
Scale T Scale factor =True, 1 Ho O )Y sdzv
LMB > Plot | EteOW ¢ fO0tOBBdE HO

| Wistcdiz 5@Ilsg ' Wz € tsaztso i dzts Bkdedgkion o IZLSizﬂ)acel
dzO© 9 o pWikldd? BolxHie OL x'oytsm | B d3tc gflzted » X' ®3) dz0O
dzO Y j dz' Name tdftdn devPaldnieter Bounds o L @@ 2D 2 J
4d30lsdudz,q’.-. odtOL O GCtOW"' ydedms obkzLaz' o,
s ftoesMissteasd d § s dsdzde’l d dz@ stcd Mistso zo O
dzts Gz aldas (zO - hs M dqtoOs Is! fiprd 3@:B, HHgztcy
déCstcdmistsolzeo Olsd ' dzfzdeDd , | s PRI ozd v L O3
ltcsHtso Y d 3 tctsB3BRIAEZGroup o & ls dz®tgd Is' dztso z ISt
CtoOW ' ydzz ctwlkzfz LConttfur HWw Iz is te &3d ds' i dztsaisizdz o
odCstcedmlssolz’ Is: mMw Hdzw o' HiSBtOY j dedzv d&zO
dz' dgIs?20 det=igGsy j dzdz Wk dz& y' ' 0 Iste! sA L d3° dzdzd - .
Results - > Plot Group - 3D Plot Group
3D Plot Group 5 : RMB > Contour
3D Plot Group 5- Contour 1 :
Data 1 Data set = From parent
Expression 1 Expression = x"2+y"2+z/\2
Levels 1 Entry method =Levels
Levels 1 Levels =11.0251.051.075range(1.1,0.1,3)
s dMts ¢, L OHl@wWwE,? o' Hiftda™ H O ftcOQoddz vy
X*+y*+72=C. 4l€GA&O YyjteL ' dzOBEO O L dzOyj dzdz
Coy dzse s L dzOyJ dzdztizOB tf isl2 'j R ¥ §Ed o O
I € t5dz02 Is jPlof' ts dlsdBigeadz @O Miszf dzd 2 cteOW " €




dlso st Is! dkzso 2 Istcdodd3’ tedzz G tc O Wliceyddz® dE tc Iz
odCtstedMmistso 'L is'BfipvO ¥ FHlzdp? y*° Istc! tsn o dI6 diZW adedzc
Wiz dz€ ' sdsdd sdéstc o dzj dzdzw Hy G dz CBn f Otc ©dzj
tesL IsOh tofg Otdglfhd dz2' Istcedo dd3’ tcdeséts HY jtoj dzO HC
Results - > Plot Group - 3D Plot Group
3D Plot Group 6 : RMB > Slice
3D Plot Group 6- Slice 1 :
Data 1 Data set = From parent
Expression 1 Expression = x"2+y"2+z/\2
{ SL Rlanebata o S stedmisso z' Is! Mvw H dzvO {fAdfotai® olsth
2tsets IsO¢, we fsCOL Odzts dzO) dadmis z f dzG wgly
yz-planes o M Pel» dL dzOy O ste’ " dzgsOy” ® h O
f OtcOdzj dz' dgz.  dztsh d dz'
l d¢ sdz02 Is j Plof lsdmdlde,@Z,Oﬁjlslzu’ dz,ofl) CGlOW "' ¢.

= Plane Data

Plane type: I Quick j 2-5
Plane: I vz-planes j 15
Entry method; I Mumber of planes j 1

Planes: 5 05

dlsotste’ Is! dzso z Istedo d o3 tedzlz G te\@Mslicey dzlzl * et Iz ff
odSEtstedmilstso 2° Is+ MW ts b1 @ jedgeW) * Yydels s 5~ L d3' dz
WEdC y' sdzOdz dets’™ O eifpdeis fghl dizilzy h Bt &85 Ry ©O"
stcdo dd3' tcdesets HY jtoj dzO HOdzd .
Results - > Plot Group - 3D Plot Group

3D Plot Group 7 : RMB > More Plots - Multislice
3D Plot Group 7- Multislice 1 :

Expression 1 Expression = x"2+y"\2+z/\2

{ L HMuldglane Data oS tstcdmlstsolz’ Is! Mw HdzW 14

10ftsodzg’ Is! 2tets SOC, w¢ ljtsQ(DL(Ddzis 20
l d¢ tsdzO2 Is jPlof" tsdmsih-ldk@@]lslzqtdﬁm'

= Multiplane Data
x-planes

Entry method: I Mumber of planes j

2.2
2

1.8
1.6
1.4
1.2
1

0.8
0.6
0.4

Planes: 2
y-planes

Entry method: I Mumber of planes j

Flanes: 2
z-planes

Entry method: I Mumber of planes j

Planes: 2
ulsotstc' 5! esolz Istodedd3 todzz  tsamuate’ ydel dz ¢ tot
pdSttedmlsto 2 Is! fwL SEAZO ¥ i tbhadg & TytsBazisdz@ y j dzdz"
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F(x,y,z)=Const W zdzC y' °~ Isted 53 | L dB'O&tzd & Expressior® o |
L OH O'ole['tcffl, y,z), 90 totsLewvels do'BH W s dg@y nde@wzd & ¢ d d3
o' BAzHJ H tSte.' coCdzsto Odsafj Misd ©Hdz] L dzOyJ dzdzv ,
f 5B ZHO s@Gdz" L O B(xy,dpeidzdzy o3
Results - > Plot Group - 3D Plot Group
3D Plot Group 8 : RMB > Isosurface
3D Plot Group 8- Isosurface 1 :
Expression 1 Expression = x"2+y"\2+z/\2
Levels 1 Entry method = Levels
Levels 1 Levels =1
LMB > Plot (ZOM Y dzd?2 tdikzdzsS o' o sty
cShts blewplsazo jMisd €' dz €O L 681RY5dz , O wH R
fsBkzHBOo Odes ¢ ' dzt €O fftseo jtorntsdey to' o dav.
Levels 1 Levels =091215
LMB > Plot (z0Mis 2 § dzd 2 taeHpfijtAatz= g

i el
] sL dz02 s d3d dzs s JufSkatetc OWolufle ( G tcOW ° € tetsL )" 8 o (
M< dzOH O dedzESpvdlaRy s $ dzf ©p tizf B dzh sCYsL M) 'S8 daPAnls o
HYJtd d&zZO HOdzd~ E e Ous'B BdaBEEg F dzdzy &3 M < O dzv
Istc! tsm L d3' dzdzd - .
dlsotstc' Is! dztsolz Istedo d d3' tcdziz ScatterO WWolapdzz ¢ to
Results - > Plot Group - 3D Plot Group
3D Plot Group 9 : RMB > More Plots - Scatter Volume
3D Plot Group 9- Scatter Volume 1 :
Expression 1 X component =X
I y component =y
I z component =z
Evaluation Points I X grid points - points =10
Ty grid points - points =10
I z grid points - points =10
1 s dzw tc tExpressiozlz o d L dzO Yy tsOL d ) zOf tow
odCtsdzz’ Is Mw tetsL A3 h j dedar z, BRU S Bs Y F 1©OL 9
Codgh 9 Ntec@@AHJQ2 Is § h s H YGrideIP&ts JWHDO dzd
odistcdmistseo z° Is+ MBD Plot Grdop Iktsdz W o dzv ¢
l-11]3[- 113 [ 11]. v sHXxC ststeH d dzOIsd st ' W dzd A
odL dzOy®ls dhfysr dg®yj dzozyf Pr & d 2 9 99] H Jjf dgtsiz
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xcomponent. uj Y O hHEBshd d- € tsteH d dzC
odfOHCE IssySd BRHEI! ' odetdR todats totsL {
l etsL HRadws o ff Bxpzession d3sy dzO o9 9 j Misd WEdS Yy
odL &z0yOIlsd &Y SCkzda ¢
Radius 1 Expression =1
Radius T Radius scale factor =True, 0.03 Ho O )Y tsdzw
l 8 j Hj dzdz"'Radius § Bxgzéssion sH d dAdAplf jiets Isj, Mt to
Cdz s5¢ dgllkz HiF Isizdzd d3q .
1 sdfjplor T Expression 9 d ¢ steglplslf tcffw W OtcB z 9 © dzdz’
Syt .
Color T Expression = x"\2+y"\2+z"\2

1 d ¢ s5dz02 Is jPlof 's di®lsiZe @a@@ sl gf dag W * € .

NS BT T By

T g

r 4 ©CIsd o z2 &) Plot Graufs #d - Scatter Volume 1° HSHO2Is ] ‘
' H o HsLduRiatter Volume
3D Plot Group 9- Scatter Volume 1: RMB > Disable
3D Plot Group 9 -> Add Plot - More Plots - Scatter Volume
3D Plot Group 9- Scatter Volume 2:
Data i Data set = From parent

Expression 1T X component =x

I y component =y

I z component = sgri((}x"2+y"2<1)*(1 - X2 - y\2))
Evaluation Points I x grid points - points =30

Ty grid points - points =30
T z grid points - points =1
Radius 1 Expression =1

I Radius scale factor =True, 0.03 Ho O )Y tsdzv
Color T Expression =1
Coloring and Style i Coloring , Color = Uniform,Blue Ho O Y tsdzw
LMB > Plot (20 f Is Iz tf iy Rotztsel s te 2y,

1ojtedz s ko Oclk dzO Hsguationh tsPointsdz® g gridzgmintse f s
zpoints dz' wW¢ dzj ot dzde O dZzO L tsB Oy j dadav . g
C'dzr €' Mls! byt ttsrttistsy d dz0 IOHxDssisralzfic © 13"
zcomponent, wWCd2 o dOhsikz (ol OB, dPf tcd Czgl
Yy! sz ff sdz Hts o dtcOHz s sSH tH Ods{d dzdety p dfdsQ@ mw .
o z LStABer Volume 2dz0fis zf dz L d3' dzd .

Expression 1 z component =
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sgrt (( x"2+y"2<1)*(1 - x"2-y" 21+ 2z)
Evaluation Points I z grid points - points =3
LMB > Plot (dz© M) Is 2 1 dizif 2@ Ys to 2 Y

RN
1 Okzo Oy J ddilaleO dzts 6 ' y dzls ' Mm@k Is s Buteeelz s tc Oy * CwW €
odStstcFigbEmyzo HotsodBEBEZY DrctcOW ' ydzd n

y
1 Ozo Oy gllzdzs” P L O oM dzO CotOl malzW Kdaaizlf 16 6 df g
CtcOW BE'HE dzOC d,Is dz@ 2 dzj B' dzd 2, wCo dz dz@Q®. s
L dz0 Y Jddzdg® d3L O d3ts o Yz 9 O dzdg'dp Is PaBeprdadgglols e © W € d 2
Hstc' o 2R255,120,255,255,204 : Wizjlgc M stcd yYydmdzO o dL
Csdz' .6 o jtonds 5° YOMmlsdded ctOW ' ydetse s ff s5dzts
tsets dzd y dz B Y OMmls dozkm| *. dgdz 9 e’ 8 dztildsdzts yr{ § ¢
tc' o dzREBd [ dzw Yy! sets dz0 ttsB Yt dilz fmis s dz'
o ZOMsdotsMmMisj 2 wWiedzd S © COMSOftcddpll micphepslz2 I
fsd's’ " ClERBOdH dzgd 2 W HEC  dzO fifflsiiAd]jdedjdey | Seftztizts d3
"C\Program Files \ COMSQLCOMSCA1\ Multiphysics ~ \ bin \ win 64\ comsaol .
exe"  -Dcs. canvascolor =255,255,255,255,255,255 : 1 tod dzOMmis z {
L Of EGOMEBOLMultiphysicsW sdz ctcOW " €' 9 BEHJ] B' dzd .

] B dzsteided Mts Y Cds 5 to H dp@aOdE 0 O olds ofgfvdz” te dzO M d Mis j d3O
WE s dzs ) Jsdzdp€zO f dztsh d dz o dL dzOYyO‘-Iff sfgz2v tc dzd ¢
Czlsgds  sdzv tcdzd d3. {tc oHdeizdEpisVdy C ez foded » € S
LOf dMmize s rda(gh d e dzv u'

]l COMSOLHdzv tfsBkzHBod §odzwtcdzdr CGRol@®W "™ ¢ ¢
Pot ctOW' ydz0 oactlkzf O, o WwWCE LeadyO2dzdd3 vyc
cteOW ' € 9. [MsBdzde® Mlse y' " ctelkzfd ° Is j ,
' Hftso "' HO' B3 dz' BZOdz desdzglz L dzOy g dedz® tcOH ' [
1 5Ctej BO ftcdf 2Mmilsd a3 o ' Hzlr dzdztgd ts d3lzdzO g P eztizY f
9 Hftse HOIsd SCBdzs efMmMjtejHdd CCteOW' ' ydes’' L
Bsyj o Hftseo ' HOIsd HBHOIds®BEz L dOyj dsdzsr o'
L dzOyJ dzdzv ©OH' EMO dzgj dzdz, I8 ctcOW ' & BB
ftcd A @&D.

1 t6d S 2QHeOW ' € renffo Sf sdzw todzd 7 S StStoH d dzOs OF .

dlsotstc’ Is! h OB dzts dz BinksNotlely dz! s° i3 H j d&z'

File - > New - > Blank Model
[ dzv  ttsBBISd L tj" " Gl Od&3d ,dzOstsB § Is-L )¢ dplifz @0 .
dlso tstg’ Is!
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Home - > Definitions i Functions - > Global - Analytic
Function name =f
Definition I Expression, Arguments =1, theta Ho O ) tsdzw
[ dzv o ¢ tsted Mis Odadzy da2j U GuizgvGetdzdy dasE® i s ¢ W
SHdtso d 3" tcdzj HoWd] EDjuds SO defr 2 S6 tS.
Results - > Data Set - More Data Sets - > Grid 1D
Data Sets- Grid 1D :

Data 1 Source, Function =Functon , Al Ho O )Y sdzv
Paramemter Bounds 1 Name =theta ( Bovw fsdwidets’ L
Paramemter Bounds T Minimum, Maximum =0, 2*pi Ho O )Y tsdzw

g Is o ts tBOlalsPlot CGtoOW "' ydzz ctolzf Hine'Graph dizZ' &' 2odi Gk
GteOW ' € O.

Results - > Plot Group - Polar Plot Group
Polar Plot Group 1.
DataSet 1 Data =Grid1D1
RMB > Line Graph
Polar Plot Group 1- Line Graph 1:

r- Axis Data 1 Expression = cos(theta)
g- Angle Data 1 Parameter = Expression
g- Angle Data 1 Expression =theta
] tc 5L Kolodng and Style LOHO2Is] Mddzt, Ctsdz' t6 °
LMB > Plot  (dzOfyls z f dzd 2 tacpfidacliz=g
120° 90" B0*
* Axis 150° 30°
[ Manual axis limits
r minirmum: -1 180° 0®
rmaximum: | 1.1 210° 330°
240# 300°

270"

I d Led¢dzd, riscosie b o desdimizicdz’ 2 Mmdmisj o3 C stst
Csdzs (L MmMkzdzizls ] ftcOostczy 9o  H f sdzt MO) .
fsBOyYyddis, hts efMmMjtejHddzs L L dOysStss 0
9' HO' Bdzdr ° HESH Olsrdgd A2 iy desd y Asitz! tc ixa GHELY dztigaizts
G tc ZHothr Plot Group 19 € OL Odzts 3' dz' dzQ (z4f tef | tc z@ g @zdzts
&zt estelzy) . vOdz] oBdes " Hitse' HO' yj dzlstcOdz

cShs o' HEddzkzlsd btsy¢d ctOW' €O 1L 9" HO
9d2H] LoduO2dzd?2 f cdrvoadzy R wdeOW." S 1 &icd g 1sts
Axis zrminimum Istcj B O o MilsOdatso disd dzlz dz' .
Polar Plot Group 1.

Axis z Manual axis limits =True

Axis Zr minimum =0

LMB > Plot  (dzOfls iz § dzd 2 tasxpfatizag

190



aG®
120° B50°

v Axis 150° 30°
¥ Manual axis limits
I mirirnum: 0 180° o°
rmaximum: 1.1 210° 330°
240° __ 300°
10 9C0OL Odzts® smtsB dzd o ' Misk t]’tslsts‘detS Mmisd Y d
i sdzv tc dzd dzd tcOH " MO ftcdosH d dzlz Is ¢ H S

fsBzHEZ' ®Bs o detseo' 2 odWicd = tm@ﬁmzy)u@z 2 Gt
Results - > Plot Group - Polar Plot Group
Polar Plot Group 2: DataSet 1 Data =Grid1D 1
RMB > Line Graph
Polar Plot Group 2 - Line Graph 1.:
r- Axis Data 1 Expression = 1+cos(10*theta)/10
g- Angle Data T Parameter = Expression
g- Angle Data 1 Expression =theta
l oL KColodny andStyle L OHO2I] Msddz , Ctdz' 6
LMB > Plot  (dz0f)ls iz ff dzd 2 teteofijsiActzts g
[ " otolzy ¢ tc@id SLOAXSdEs £ O @olaz®lot Group 22 1 dg' ts¢G
LicBL R dalglste O ds! dg' 2 bsyy ' r=0&LOW " ¢CO o' Hftso'

ao-

120° 60°
* Axis 150° 30°
[v¥ Manual axis limits
r mirimum: 0.9 1807 0*
r maximumnm: 1.11 210° 330°
240° 300°
2700
ztsBf sBOYdld fwOodd dzd2 GOV ' ¢ 1§ wiste? B dzfs
rmnimum 9o MilsOdzso dIlsd dzlz dz' . rdzv ¢ CteOmMde d3d
L dzO Y4 dzdzv .
Polar Plot Group 2:
Axis Z Manual axis limits =True
Axis Zr minimum , r maximum =0,1.3 Ho O )f sdzv
LMB > Plot (2O Mis z § dzd 2f tacofidaadiztaf
120° o0t B0°
s 150° 30°
[¥ Manual axis limits
I ririrmum: 0 180° 0
I MENirmunm: 1.3 210° 330°
240° 300°
z70°
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[ O21Is ] ZzO0 ko OL * , h 5 ZodmOEkdzisei) d otffts L Todz® iz
ZOdzOh Islzo Odzdeis .® L H ' dZ
1 sHdoadlssmw, wCPost@ap) SEHEOWLY A0 sdzv tcdz'
dz' st HYWIcgMEO HOddr folstc' Bzt 9 S tsted Mis O
266,
Results - > Data Set - More Data Sets - > Cut Point 1D

Data Sets- Cut Point 1D 1:

DataSet 1 Data =Grid1D1

PointData 1 Entry method = Coordanates

Point Data 1 X = range(0,pi4,2*pi)
vJJt f sPomtiGiapghls jctcOW ™ € o ° fiPdider Phot'GRoupRtclz f °
ZOzOh Iskz21Isj 286t OdzO dztane Grapdzise te @YW " S=A, J totg B4 telA
wWetsimis' 11 bsQUEPRPBMtJIDE Y | 6] dzts
Polar Plot Group 2: RMB > Point Graph
Polar Plot Group 2 - Point Graph 1:

Data Set 1 Data = CutPoint1D 1

r- Axis Data 1 Expression = 1+cos(10*heta)/10

g- Angle Data T Parameter = Expression

g- Angle Data 1 Expression =theta

] te 5L 1Colodrg and Style LOHO2Is] Mmldefsdz'gs giistEdz’ to

LMB > Plot
90°
120° 60°
150° 30°
180° 0°
210° 330°
240° 300°

270°

v kzls  oltcws(@rttheta)10 sByYdmdzs * Is! fw CupPoist&E ®F T 1
CotsteHddzOIsd tesL EdZVH OB Is! fqw wC fsdwitdy Skl

CChts o Y CwHLOW' ydez ctolz Blobal 5H Glssd disty @
fsBkHkoOlsd hj C'dCO boysS ft 7 §tsd
Global o kL dzd ftedL dzOyj dz' Hdzw f sBERZHtSO CdtoOW '
Ot VEtg s "deh st dz] fosfiststctsoatsEts f OtcC

odSsted Mistse 8 IOy Hzedeins Otkts wvdEded * dzlsj teff toj Is
sSsytss .

Polar Plot Group 2 -> Add Plot - Global
Polar Plot Group 2 - Global 1:
r- Axis Data 1 Expression =05 @9 jHjdedgw ) o IsOBdzdy"
g- Angle Data 1 Parameter, Expression =Expression,pi/ 6 (Ho O Y ts5dzw
LMB > Plot
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Q-
1207 60

150 30°

1lz0° 0

210° 330°
240+ 300°

270"
1 0 Y' sz edzitdd IvdslayC O G O©eAOH { sd3 U tistsid HedfalEO Is C
r=05,g=p/6.
y
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jdzjteeg' v, Isdm¢, Ibishts) o HOAEYE. 2 [BEdOs g
CH)=1BlkHE 5! v fdvicdtffy) cwOH2C Ldh i@
L dzPdgdz (T sdzv 9 @O wOMER BRBO ¢Hs'OW® ¢dsdd d3QlzC
M oW dstso Odztishgds{| BEHEZ®Is! Mw h dzwisdg Hj W Sttdizoe
MW jtBPodf OHCEZ) o ©OH' Odz' desiz dzOf tew i3S Iz, k
fsdzv todzd 7 reud@i * ¢ o

] " Hd3 dedz Mls! Hotodd3 todzdm CGOW' €' 9 o
COMSOLf sdzv e O o odStstcdmisOdede’ ftetsmissteso dn
ftod S dzOH' o Hoodvtedzdn CcwOW' COR dig), 9@ B
odtcOL On FEuchdl' ClsacjBO odSttdMmistsoakzo Olsd
CststoH k@BOIs'w € dz0 s H d dzd Yy dzts 3z ¢ tsdz ftsoOwL
Yy " oo  HdX=godgdey dsthg. v OCdd3 yddesds, HddzV Mlis:
HOdz! d2' 2 Lisde ftslste’ Bdzts BOId G dztsB Odz! dats o ¢
g(x,y), wed?2 fttd YsBEZHBO' BzH] IttOdh? st

r=g(cogy,sing)/|o|=G(g), [e]idzi sBs®Bd2 dstedlzs yd?2 dd
1 6 C ROH| GOY " i%[(»-q/)?stwf] 5 HOWR Z 2 LBd

dlso ste’ Is! h OB dzts dz Binkhiodely dz' ts° BsH | d&
File - > New - > Blank Model
[ BHO2Is] ©® W®BtHjd Heoteoddi tded?2 ¢ tsdi3ff sdzj dzls.
Homei > Model i > Add Component i 2D
] J i3iCsda3fwis dzj dzls © ME dzOH OIsdd3j Is! MW L SHASGE S
Geometry - > Primitives I Square
Geometry 11 Square 1
Size 1 Side length = 2
Position 1 Base = Center
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Component 1 (compl) Mesh1: LMB > Build All

] 9 d tcFarLFied= CGteOW ' ydzds obkzL dz' 9 L OMlstsmise L
Ld3 dedz’ . A j fHtedL sstsH did®iIs d ¢ o dzpzis is ) 'dayStimdy fig dztizw
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' LOSCted2sd ff ®dppaedifdcO o B tcOY" da R’ Isd{
Hismdz" HY J dzdaW

AAA oAy v & Xx—Close
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< Add Study
Studies =

4 ~dn Preset Studies
L Eigenfrequency
i Eigenvalue
m Frequency Donmain
E Stationary
VX Time Dependent
~cf Customn Studies

I dmk o AdiSEdy o dStdz’' s W o MksOdH Otclsdzd 2 f
ftsHe ' 2dzdd § dzOy O dzctioRarydsd OB s SH tigs A G BIs dzgg 5
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o] fMls®C o3 f(cOo 5B o jwRdy SdBE Ckls' .

vOCk fsmdz Hsadz MIs! H' 2 B CHOLSEts L OfcC
Untitled .mph (root): RMB > Add Study = Add Study - >
Preset Studies - Stationary -> m
] toJ Lzdz SOM9 dze * ISty 19 z LGS delz § O H 2 liriGjdHf jots
Btsy dz0 o B w|dE@)siaf dzdzv .
Study 1 : LMB > Compute
1 " vWSede W Odz dzd s tsB YdMmdzj dz o dzOh ' 2 dzagtsH
Results - Data SetsB zHj Mlse stcj dzts SwdyjliSgludam 1 H ©lded -
LB] R G fstceZOY S NSk S sdi3f ' dz/d3s alfdzz’ €
dlsotste’ s/ fodzvtedzke GcteOW '™ ydzze ctekzflz = 9o ¢
Results - > Plot Group - Polar Plot Group
Polar Plot Group 1:
Data Set 1 Data = Study 1/Solution 1
Polar Plot Group 1 - > Add Plot - Far Field
Polar Plot Group 1 - Far Field 1:
Expression 1 Expression = ((X - yy'8+(x+y)8)/16

Evaluation I Angles -j resolution =150 (€ dz' €' fMmls! Ispuyutss dzO
Coloring and Style T Color, Width = Blue,3 Ho O )Y tsdzv
LMB > Plot

s Oy dz' Is' dq " jZoom EentsSTAs ' CwOW' ydsE s e
OO k2] H' OfOLBdz L3 dod v todzsets wOF
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Polar Plot Group 1:
Axis - Manual axis limits =True
Axis - rminimum =0
LMB > Plot

[MS d&2 € d20 BHJdd ydes Bz € sz
2 x- yf + (x+ v ] = 2 [icosy - sing) + (cosy +singf | =
16 16
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L dzOH B s’ MW filse sted 6l 1B b dzfofHd otoiddsls W3S 0§ O te
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