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Introduction

= » Kejako is focused on developing
innovative treatment solutions
to combat and reverse the
i Jnik effects of presbyopia
> Presbyopia is a naturally
— occurring age-related disease
o " s Vi affecting the crystalline lens
(a) 1
» Presbyopia™ means "old eye" in
Greek
48] o Conmx » Presbyopia — results from
~ stiffing of the lens with age
>

Presbyopia- eyes lose ability to
see things up close clearly
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Presbyopia affects nearly 1.7 billion people

worldwide today, and that number is
expected to soar to 2.1 billion by 2020

« Accommodation (eye) » Wikipedia, the Free Encyclopedia, Wikimedia Foundation, Inc,
17 June 2017, en.wikipedia.org/wiki/Accommodation_(eye). Accessed 2 Jan. 2018.

Kaufman, Paul L., et al. Adler's Physiology of the Eye. Elsevier Health Sciences, 2011



Problem to Solve

> Derive the Crystalline lens’ shear modulus value

» Using a Lens Spinning Fixture to simulate in-vivo forces on the
lens, which induces deformation of the lens thereby changing the
lens’ shape

» Using FEA modelling to reverse engineer the shear modulus value
of the lens based on lens spinning extracted geometrical data
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APPLICATIONS E

LENS SPINNING FIXTURE & <o

1. « COMSOL Multiphysics v 5.3 » COMSOL, 2017.



Working Principle of Operation

Basic Physics
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1.

Land, Michael. « Focusing by Shape Change in the Lens of the Eye: A Commentary on Young
(1801) 'On the Mechanism of the Eye? » Philosophical Transactions of the Royal Society B:
Biological Sciences, 19 Apr. 2015, rsth.royalsocietypublishing.org/ content/370/1666/20140308.

(a) Far (b) Near

ision
» Use of centrifugal force to induced
radial and axial deformation

ciliary zonule
muscle fibres

[1]

> Mimics in-vivo behavior

» Non-destrucutive, however indirect
measurement of lens stiffness

» FEA needed to reverse engineering
shear modulus values from
geometry deformation values



Lens Spinning Testing Process

. Lens Stockage . Lens Spinning . Image Analysis . FEA/Simulation

kejaoke>

Lens Spinner v2.0 --> (Model &)




Simulation Process Methodology

Study 3

Optimization Study
step
Simulated Geometry
non-deformed initial
Generated from condition take from Optimization Solver
Study 1 results Reference | reference geometry Initial Control Value
Geometry given to Stationary Simulated
imulate L .
Reference Results Study Geometry Objelct'vz fu.r;t'ons e
| »| analyzed with results
metr Results . .
Geometry from solver iteration to
Deformed | see if a minimum has
Stationary Study Geometry been reached
step Results
Generated from Minimum
Study 2 results Deformed

Geometry ﬁ. Stationary Solver reached
returns solution for

Results control value

Deformed
Geometry New control
variable value
given to stationary
solver

Forward Analysis Inverse Analysis




Un-defromed Reference Geometry

Parameter Mahm Bmcription
rell_ah /] A
refl_ab
refl_aC
refl_al DL4ITIIIST [mem] arberoir cerve polmomined coslficient O
refi_at ANSRARINT [mm | arbercic serar polynominal cosfient |
refl_af FATHIOTT [mim] ansercr cervt pobymeminal colficient F
reft_spel TBE106951E [mim] eoornate .mas ksl e peirt
refl_apalad_offel
rell_apad B L e
reft_apyl 3560077518 [mm) 2-coordnate -max axial s point
refl_spyl_offiet Q020ITIEIS [mm] s-portion comestion of £-coordinets -man axial axi point
refl_am <18 TERBNOS [mim] 1-cooednate -min axisl auit point
refl_apy2_oftiet [mm) iR Pt
refL_uial_fen 822872138 [mim] asial length of ker
refl_cutbk O [mm] cut
rell_iq Slam 1034314108 [mm] diameter of lem.
refl_eaxl /] L
refl_ss 1 [— pe
refl_sayl [mem}
sy E sedi gt
refl_ph
refl_pb L]
reft_pc o
rell_plt
reft_pE BT%
refl_pf ’
refl_npeed O[] retstionsd igmpend srtpind of dafrmud gienetey

Dafromad Geometry
Farameter Valm Decrption
Gi_ak |
G1a8
G1ac I c
) DMFIIEIRT [mam] arbarcr dervt polynominad cosfficient O
1_3E +3.59454151 [mm|| ancerci ourve pobmominal cosfficient £
GLF 2. [mm)
G1_apu1 THAI0N5IY [mm] r-coordnate -maz usl e poirt
Gl_apale2_oflied it pedr
G1_apd T.S431B308 [m) COONENALE M al ks st
1 epvl -3SE00TISLS [mm| s-coordinate -max axisl axis point.
G1_spyl_sitvet i it i
Gl A, il ans o
G1_apy2_sftset L0AETBEITL [mem] ensrinan pei
661 Axial_len BI78T2188 [mem) axal length of sem.
G1_cutbh ad[mm]
51_Eq_dam 1035914103 [mm)] diameter of bera.
Gl equl LE20620155 [mem] r-cosrdnane -min equatronal ks poist
1_east rcoominate
Gl_eayl mm} i poAnt
1 el T 32TIEIETE [mim] 2-Coordnats -ma equatronial ais pont
Slph A
618 [mm} "
G1pd @
c1e0
o1 Rl t
61 LI [mim ] podberior curve pedynominsl costficient F
G1_rspeed. 8000 [rpm) rotational speed setpoint of deformed geomenny

4 % Reference Geometry [geom2)

Geometry Construction

© eq2 [pt1} [mm a
© ap_ant (pt2) 5
. {J ap_pos (pt3) 47
Parametric Curve 1 {pcT} .
26 variables i 3
1% Interpolation Curve 1 fic1} 2
. Bézier Polygon 3 (b3] 17
I Move 1 {mov1) 0
iearpluion /. Bézier Polygon 1 (b1} i
& Convert to Solid 1 {csol7) =
[ Rectangle 1r1} 27
7 Partition Domains 1 (pard1} 37
(1L, Delete Entities 1 {del1} P
+* Move 2 (mov2) i
+ 4] Form Union {fin) S : LUl
-4 2
4 . Deformed Geometry {geom3) mm I o
© eq2 fpt1) 57
- af_ant (pt2) 'y
26 variables . ot.pos (pt3) 7
" Parametric Curve 1 {pcl) |
- Parametric Curve 2 (pc2) 2
. 27 Interpolation Curve 1 {icT} 1]
/. Bézier Polygon 4 (b4} ]
“* Move 1 {mov1} 17
/. Bézier Polygon 1 (b1} P
[ Rectangle 1 {r1) -
T Convert to Solid 1 {csol1) M
£ Partition Domains 2 (pard2) 4
[Il, Delete Entities 2 {del2) Fr— oo

“* Move 2 {mov2)
I i Form Union (fin)




Application Builder

[4] Preview [ form1 E] form1: button1: onClick X
&/ ¢ @
useGraphics(model.component(“comp2").geom("geom2"), "graphics2"); Reference Deformed Compare Optimize
zoomExtents("graphics2"); £ Sesaey ¥ ¥ ¥
Q@A L H @
1 L
Upload Reference Geoemtry File  C:\Users\johnspeyrer\Desktop\Lens Data\bet0_1P1 Spinla_(  Browse 6 i
Ant Curvature data  Pos Curvature Data Equatorial Data Pts AP Data Pts 5"
A -1411-10%m A 1562-10%m Egx1  0.002657 m Ap.x1  0.008186 m i =
B 168:10%m B -1.269:10%m Eqyl -0.006752m Apyl -0.003135 m 4 | .
€ -5204-10°m C 856:10°m Eqi2 0.01382m Apx2 0.00821m 3 |
D 2.048-10°m D -216-10%m Eqy2 -0.00682m Apy2 -0.01159m 27
£ -0.002188m E -0.01153m 11 | \
E  0.007962 m F 0.008092 m Equator & Axial Data | j
Curvature equation: Eq_Diameter 0 1.851s 0 | I.-"'I
A*(x-F)**4+B*(x-F)**3+C*(x-F)**2+D*(x-F)+ E AP Axial Le 0.008452 m { 111 rpm | | 4
Upload Deformed Geoemtry File  C:\ piLens Data\bet0 1P1.Spinia | Browse ! | A
[] Preview ] form1 form1: fileimport1: onDataChange X -4 i
-5_

// Load CSV file containg reference geometry parameters

mm|

String[][] readCSVFile = readCSVFile("upload:///file");

// Set reference geometry global paramters values
int N = readCSVFile.length;

// Iterate i from @ to N minus 1
B= for (int i = @; i < N; ++i) {
model.param().set(readCSVFile[i][®], readCSVFile[i][1]);
}




Application Builder

|(e] O |(® "N E "5".[*.'.’::.-» Re.kl;nce m{{nﬂl Cfnﬂn 01:;%:;

Debu Default Values : 3
9 = s Linear Elastic Geometry ¥ ¥ ¥

Lens Spinner v2.0 --> (Model A)

Q@A L H @ l
C:\Users\johnspey ktop\Lens \bet0 1P1_Spinla_t Br_awse. 6"mm (> IR
Ant Curvature data  Pos Curvature Data Equatorial Data Pts AP Data Pts 5 .
A -1.411-10%m A 1.562-10%m Egx1  0.002657 m Apx1 0.008186 m B L
B 1.68-10%m B -1.269-10%m Eqy1 -0.006752m Apyl -0.003135m 4 ' e
C -5204:10%m C 856-10%m Eqxz 0.01382m Apx2 0.00821m 3 I R I
D 2.048-10°m D -216-10%m Eqy2 -0.00682m Apy2 -0.01159m 27 I fi
£ -0.003188m £ -0.01153m 1 | '-\I
F 00079862 m F 0.008092 m Equator & Axial Data Rotational Speed | ]
Curvature equation: Eq_Diameter 0.01116 m rspeed 1851 0 : .r'/l
A*(x-F)**4+B*(x-F)**3+C*(x-F)**2+D*{x-F)+ E AP_Axial Length 0.008452 m { 111 rpm 37 I ,
: . -2 | Yy
Upload Deformed Geoemtry File  C:\Users\johnspeyrer\Desktop\Lens Data\bet0_1P1 Spinia | Browse 3 | ) /—I
Ant Curvature data  Pos Curvature Data Equatorial Data Pts AP Data Pts | S
A -1206-10%m A 1263.10°m Eqx1 0.00252 m Apx1 0.008176 m -4 = r
B 1111-10%m g8 -1.106-10%m Eqyl -0.006784 m Apyl -0.003303 m -5 b il
C -4709-105m C 8.287-10%m Eqx2 001394 m Apx2 0.008214 m 5
D 1.204-10°m D -2931-10°m Eqy2 -0.006901 m Apy2 -0.01155m
£ -0.00335m £ -00115m
F 0.008054 m F 0008054 m Equator & Axial Data Rotational Speed
Curvature equation: Eq_Diameter 0.01143 m rspeed 17 us
A*(X-F)**4+B*(x-F)**3+C*(x-F)**2+D*(x-F) + E AP_pxial Length 0.008249 m { 1020 rPm

. Browse and upload reference geometry parameters & Set Model Parameters
. Browse and upload reference geometry parameters & Set Model Parameters
. Reconstruct and display reference geometry
. Reconstruct and display reference geometry
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Support

Linear Elastic Material

Material Properties

Capsule Lens

"
Proparty
¥ Density
[ Lamé parameter
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Application Builder
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R— ey s Lew Geometry Geoemiry Becemisy Becemtry
Lens Spinner v2.0 --> (Model A) aaa - maa
- - - N— i (& : o v

Ant Curvature date  Pos Curvature Data Equaterial Data Pts AP Datu Pty 5'-
A -1411-10%m A 1562-10%m Equ1 0002657 m Apxl 0008186 m [
5 168-10%m B -1.269:10%m Bqy! -D.006T52m Apyl -0.003135m 4 B
€ 5204-10%m ¢ 856-10%m Eqx2 0.01382m Aps2 000821 m 3 |
D 2048:10%'m D -216-10%m Eqy2 -0.006E2 m Apy? 001150 m 27 "
£ -D.003188m £ -0.01153m 1 | )
F 0007962 m F0.008092 m Equater & Axial Data Retational Speed 4‘

Curvature equation: fq Dismetsr  0.01116m npeed 185 1 0 !
Ax-F) A B xR 3 O - R 24 DYx-F) 4 E AP Axial Langth 0.008452 m 111 rom 1 4

—_— - . 2 A
5 1P1 Spinta  Browse 31 A

Ant Curvature dota  Pos Corvature Datn Equteriat Deta Pty AP Data Pty sl —_
A <1296:10%m A 1263-10%m Egxl 0.00252m Apxt 0.008176m -4 r
B 1111-10%= 8 -L106-10%m Eqy! -0.006764 m Apyl 0003303 m -5‘ r=0 mm
€ 4709-10%m € 8287-10%m Eqs2 0.01394 m Apa2 0.008214m o 5
0 1L204-10%m D -2931-10%m Eqy? -0.006901 m Apy2 001155 m
£ -0.00335m £ -00115m
P 0008054 m F o 0.0080%4 m Equator & Axial Data fatational Speed

Curvature squation: Eq Diameter 001143 m reposd 17 1
Al B3 O x-F)**2 4 D*(n-F) o € AP_Asial Length 0.008249 m [ 1020 ™

bl (712, bavaf}

Model Builder

Name Value Unit

rhe the_lens kg/m’
mulame  [camp2.matl5.def E)2°(1 +nu_lens)) N/m?
.nu | nu_lens | 1

lambLame | ([2*compZ mat15 Lame.muLame)*(nu_lens))/(1 tZ'nu_I!ns]].me‘

Lneas Thastic Mateeial

L

—— e e o = mm— = = =

1. Switch between Hyper Elastic and Linear Elastic material models

Property group
Basic

Lamé parameters
Basic

.lamt parameters



Application Builder

Model Builder Model Builder

4 =¥ Solid Mechanics 2 {solid2} 4 =¥ solid Mechanics 2 {solid2}
@B Linear Elastic Material 1 flemm1) @ Linear Elastic Material 1 {lemm?1)
%5 Axial Symmetry 1 {axi} i &5 Axial Symmetry 1 {axi7) ’f\
5 Free 1 {freeT} i :6 Free 1 {free’} Hyper <-->
:--Da-l-n-i-tial-\lel-ues-‘l-ﬁﬁiﬂﬁ-------i Hyper <--> ,_ﬂ.analMaJ.u.es.Lamli-__-__.i Linear Elastic

1 " @ Hyperelastic Material 1 (hmm7}y | Linear Elastic Hyperelastic Material 1 (hmm1}

1
! Linear Elastic Material 2 {[emm2j i
T Fixed Constraint 1 ffix1}
Gravity 1 {gr1}
@ Rotating Frame 1 {rotf1}
= Contact 1 {cnt1}

5 Equation View {info}

@ Linear Elastic Material 2 {lemm?2) :

= FiXed TORTaHT Ty = ===~
Gravity 1 {grT}

@ Rotating Frame 1 {rotf1}
qﬂ@ Contact 1 {ent1)
= Equation View finfo}

Abn iL--':':_--"':r" |:||"-_. 1 [& Preview X [ form1
A T Application Builder
if (bvar3 == true) {
4 [£] 1S _App_reilly_Meodel_A _reference_1p2_Du // condition was true
™ Main Window model. component (' ‘Y.physics("solid2").feature("hmml").active(true);
[ Forms model. component (" ").physics( 1id2"}.feature("] ).active(false);
5 Events model. component (" comp3”).physics( o ). feature( 1").active(true);
= Declarations model. component(“comp3”).physics(“solid3").feature("lemm2").active(false);
4 75 Methods }
else {
method? // condition was false
method2 model.component(“comp2”).physics(“solid2").feature( "hmml").active(true);
method3 model. component(” ).physics("so "lemm2").active(false);
method4 model. component(” ).physies("so “hmm1l").active(true);
method5 : model. component(“comp3”).physics(“solid3").feature("lemm2").active(false);
method6 }
method?
method8
methodd
method10

1. Switch between Hyper Elastic and Linear Elastic material models



Simulation Studies 1 &2

: . . - . jm——e——meeme———————
4 ~30 Study 1 {std7} :
— . l Simulated Geometry l
' M non-deformed initial
Step 1: Stationary {stat} I optimization Sover
. . 1 Study 1 results Reference | reference geometry Inital Control Value
I ™= Solver Configurations | — Geometry | Biven o Saionary Simulted oective oncions
Geometry _l_. lyzed with I
ﬁl Job Configurations : ceomety I — fom et
g 1 . Deformed _|_' see:’fa mim’m;m;has
Stationary Study G een reache
4 "5 Study 2 {std2} !
1
S . 1 Generated from l Minimum
-~ . Def d
Step 1: Stationary {stat} : B ) Ocformed oo resched
I ™ Solver Configurations I Results contolvaue
1 Geometry New control
. . variable value
ﬁ] Job Configurations e gentostonry
solver

Forward analysis stationary study

solutions for reference and deformed y
geometrles 4 3% Derived Values | #4.

/' Line Integration G1 Arc Length (int1}

[I'" Surface Integration G1 Area (int3)— | :

Defined Physics, Constraints, and | Lne miegration 7 Al Length (s
. . /' Line Integration G1 Eq_Diameter (int9)

material models are applied to the / Line ntegration re Ar Lenith(t2)—————

geometrles /I Surface Integration ref1 Area {int 10} \_)
[ Line Integration ref1 Axial Length {int4}—mm— . ==
.f\ Line Integration refi Eq_Diameter {int7} ‘
Key dimensions extracted using
derived values, which are needed as B |
inputs to reverse analysis e e e

51 bound_ac len | 7.5875522145883390imm| D.00T5976 m  deformed geoemetry -derived b
1 bound dam | 58381155240263300(mm| Q0058381 m  daformad geoamaty -derived b
refl_ domaire 4 | 0000034462 1627330im 2] 34462E-5 m’ !
1 bound 3 1416460957 76014AT0(mm] 0014187 m
ref1_bound w ben | 8227244407 2TTISTOIMM] 00082272 m
1e1)_bound flam | 357364 1 13T0000000)TM]  G0053736 M un-defon

optimization study




Application Builder

) Preview T form1 1: buttons:
model. component(“comp2” ). physics( t").active(false);
model.study("stdl”).run();
model. study(“std2").run();
compare useGraphics(model.result("pgs"), “graphicsz");
ToomExtents( grar 2*);
Geoemtry
method2();

Model Builder Application Builder

f/ get derived values of 5 line integral st boundary of reference geometry 2, study3/solution 3(9)

. | LS _App_reilly Model_A_reference_1p2_ Dual Elasticity-FIXED_SUPPORT dvaraDl = model.result().rumerdcal("lrt11"). getReal();
4 3% Derived Values
P - . (i amater <SGI_| value = result of § line integral evalustion
I Line Integration s {int 7} svarl = tostring(dvaraoafe)(e], 16);
. . - model.paran().set( » SVAFLH o H
I surface Integration a {int3}
p . - . . { get derived values of & aine integral of domaine of reference geosetry 2, studyd/solution 3(9)
I Line Integration G1 Axial Length {int5) Svar202 = model.result().numerical("inrii"). getheal();

I Line Integration G1 Eg_Diameter {int9]
[ Line Integration § {int2}

[} Set parameter <50l dossine A value = result of line integral evalustion
r2 = toString(dvarzb2[e][e], 18);

it . model.paran().set( a SVEr2et[m*2]7);
Il sSurface Int A {int10}
T : . | get derived values of refl_bound_ax_len, refi_bound_dism at boundary of reference geometry 2, studyl
I Line Inte: Axial Length {intd] dvar207 = model.result() .rumerical(
[ Line Integ Eq_Diameter {int7) dvar20d = model.result().numerical(
o~
|\l_-) Objective co value mu0 {gevT} /i 5wt paramoter crefl_bound_ax_lens & <refl_bound_disms value = line integral evalustion
. .. o . L _. svar? = tostring(dvar207[e][e], 16};
svar8 = toString(dvar20e[e][e], 15);
model.paran().set( ref i_je_len”, svar7e %
model.paran().set( reil_bound dies", svargs 3
= Declarations
« W Mathod // gat derived values of 5 line integral at boundary of refersnce geosetry 2, studl/solution 1(1)
my;wl dvarod = model.result().rumerical{"int2").getReal(};
. o
Model Builder mathod2 e S R L T
method3 svard = tostring(dvarzafe][e], 18);
muathodd model.paran().set( refl und 57, svards” 1
Parameters methods
" methodb /i get derived values of A comaine integral of dosaine of reference geceetry 2, studyl/fsolution 1(1)
Name Expression value Dasaription method? dvar20i2 = model,result(}.numerical(*int10"), getReal();
5G1_domaine_A 000003 29896413996(m 2| 3.299E-5m’ simulated geaemetry -derived lens ar methadd T’ amater <refl_do ax value 1t of A surface integral svaluation
5G1_bound § 142456131101 163450[mm] 0.014246 m simulated geaematry -derived lens as mathod? svari2 = tostring(dvaraoi2{e](e], 16);
561 _bound diam 5 B531330852506365(mm) 00058531 m simulated geoemetry -denved lens di. i :Tlrh‘”i::d odel. param().set(refl_domalne 47, svarlls i
Met
$61_bound_ax_len 7.5636842875158620(mm| 00075637 m simulated geoemetry -derived lens a l,:;ﬂ eihacs
ref1_domaine_A 0.0000344621626702 3446285 m un-deformed gecemetry -derived le... [/ get derived values of Eq diaseter and Ax_len line integral along boundary of deformed experimental gecmetry 3, study2/selution 2(7)
asers 20WETm i aferad aicemarst R e i e S
ref1_bound_diam 00055736 m un-deformed gecemetry -dernived le. dvar2010 = model.result().numerical(”int3"}.getReal();
ref1_bound ax_len 0,0082272 m un-deformed gecemetry -derived le... i S . \ e -
= | Set paraseter <Gi_bound_disms B G1_bound_ax_lenr value = result of line integral evaluation
G1_domaine a 3.299E-5 m* deformed gecernetry -derived lens ar..
svard = tostring(dvarzns[e][e], 18);
G1_bound s 0014246 m deformed gecamatry -daerived lans ar... svarle = tosrrigg(durzngng]}a], 15}:
G1_bound_diam 5.8531186964157870{mm| 00058531 m deformed gecemetry -derived lens di... nodel.paran().set({ o1 x_len®, svargs H
G1_bound_ax_len 7.5637308360250850{mm| 00075637 m deformed gecemetry -derived lens a... model.paran( ). set( c1 s SVarles i1

1. Derived Values defined in Simulation Model

2. Method created in Application builder executes derived value instances,
then saves the results to global parameters in the model

3. Parameters updated with derived value results



Application Builder

. -
|(e Q l(@ = | | [ & | | ca| |l @
Debug Dr.'iaul.il;:alues HyPnr ey Reference Deformed Compare Optimize
- keep your eyes young Linear Elastic Geometry ¥ Y ¥
Lens Spinner v2.0 --> (Model A) ea Al UWE @a
il \johnspey ktop\Lens Data\bet0 1P1 Spinla t | Browse Line Graph: R,Z-coordinate (mm) B
Ant Curvature data  Pos Curvature Data Equatorial Data Pts AP Data Pts af T
A -1411-10%m A 1.562:10%m Eqx1 0.002657 m Apx1  0.008186 m 35 E\ -
B 1.68-10%m B -1.269-10%m Eqyl -0.006752m Apyl -0.003135 m 3 :' N
€ -5204:10°m C 856-10°m Eqx2 0.01382m Apx2 0.00821m . 250 \
5 S -0.00682 E 2] ~
D 2.048-10%m D -216-10%m Eqy2 -0 m Apy2 -0.01159 m £ 1.5
E -0.003188m E -0.01153m — 1 1
[} |
F 0.007962m F  0.008092 m Equator & Axial Data Rotational Speed o 0.5h
Curvature equation: Eq_Diameter 0.01116 m rspeed 1.851/s % 0 g |j j
A*(x-F)**4+B*(x-F)**3+C*(x-F)**2+D*{x-F)+ E AP_Axial_Length 0.008452 m ( 111 rpm ‘5 —l :' .
o [i /
v -l3p ]
N -2f
‘ C:\Users\johnspeyrer\Desktop\Lens Data\bet0_1P1 Spinla | Browse 2.5 II " /
Ant Curvature data Pos Curvature Data Equatorial Data Pts AP Data Pts -3 i" Eef .
| X
A -1296-10%m A 1.263-10%m Eqx1 0.00252 m Apx1 0.008176 m -3-2 f P
B 1.111-10%m B -1.106-10%m Eqyl -0.006784 m Apyl -0.003303 m = 2 4
€ -4709-10°m C 8287-10°m Eqx2 00139 m Apx2 0.008214 m R-coordinate (mm)
D 1204-10°m D -2931-10%m Eqy2 -0.006901 m Apy2 -0.01155m
£ -0.00335m E -0.0115m
F0.008054 m E:i ;9.0080:4 Equator & Axial Data Rotational Speed
Curvature equation: Eq_Diameter 0.01143 m rspeed 17 s
A*(x-F)** 4+ B* (x-E)**3 4 C*{x-E)*2+D*(x-F) + E AP_Axial Length 0.008249 m ( 1020 rem

1. a) Launches Study 1 & Study 2
b) Plots results to graphical window

c) Get derived values with results from Study 1&2 and saves values to global parameters



Simulation 3

Study 3

Optimization Study
step
Simulated Geometry
non-deformed initial
Generated from condition take from Optimization Solver
Study 1 results Reference | reference geometry Initial Control Value
Geometry given to Stationary Simulated
imulate Lo .
Reference Results Study Geometry Objective fu'nctlons are
Geometr Results analyzed with results
v from solver iteration to
Deformed | see if a minimum has
Stationary Study Geometry been reached
step Results

Generated from
Study 2 results

Mini
Deformed nimum

i reached
Geometry ﬁl Stationary Solver
returns solution for

Results control value

Deformed
Geometry

New control
variable value
given to stationary
solver

Forward Analysis Inverse Analysis




4 "o Study 1 {std7}
= Step 1: Stationary {stat}
I ™. Solver Configurations
#} Job Configurations
I "o Study 2 {std2}
4 "o Study 3 {std3}
& Optimization {opt}
= Step 1: Stationary {stat}
I ™. Solver Configurations
| il Job Configurations

@

L1
Command lcon Argun
- onClick B!
optlmlze Show formé4 as dialo
9

Geoemtry
15 Preview ™ form1 form1: butta

[

model . component(“comp2” ). physics( opt”). active(false);

model. study("std1”).run();

model.study("std2").run();

/f Get derived values and set global parameters

method2();

model. component(“comp2” ). physics( opt™).active(true);

/f Display line graphs with results form Study 3/solution 3(5) & Study 2/solution 2(4)
//model. result{“pga™}.run
useGraphics(model.result("pgs"), “graphicsa”);

Simulation 3

= Physics and Variables Selection
Maodity physics tree and varisbles for study step

"
Physics interface

Salid Mechanics 2 iselicZ| =
Solid Mechanics 3 fsolid3)

Optimization (opt)

Membrane (mbm) &

Mambrane 2 imbm2|

= Physics and Variables Selection
Mcdlify physics tree and variables for study step

"
Physics interface

Sobve for Discretization

Sobve for Discretization

a @ L5_App_reilly_Model_A_reference_1p2_Dual_Elas
I 2) Global Definitions
4 <= Component 2 Ref Geometry {comp2}

I Definitions

it d ", Reference Geometry {geom2)
Fipict seiigs = i Materials
:-::‘ e : * Solid Mechanics 2 solid2)
3 settings * *
p..,.,;“ ..mg‘ = L———p % Optimization {opt}

L% Membrane {mbrn}
I £ Mesh 2 {mesh2}

4 W 1S App_reilly Model A reference_1p2_Dual _Elas
I @ Global Definitions

Scled Mechanics 2 [salid2) ¥ | Physics settings - 4 = Component 2 Ref Geometry {comp2)
Sclid Mechanics 3 [salid3] Physics settings -l = Definitions
Dptimization jopt} 1 Physics settings - “ Reference Geometry (geom2}
Mamieane {mbem} [ Physics settings B “E Materials
Mambrane 2 fmbr2) Py satings =* Solid Mechanics 2 fsolid2)
L ' @ Optimization fopt]
L% Membrane (mbrn}
I A Mesh 2 {mesh2)
 fun Opamahion Shudy %
L3
{(® > optimization Command lcon  Argumr
@ onClick E
— Show form2 as dialog
| ——
| EEYS - =
| eempl E eneatt [—
| 2500 COEIIBEIETI 2660110
| 2000 O00MNOSHILI NN

1093 TR 001 MRS TS
| 1190 999 A TR 1R 4
| SAIMOGITIINIGM 19
2ATTORNIESTINNE 4
TAXTOSIIESTIRGNE 4

e S TR
ATF7 ARSI | 26601AITIARI00E 6

YA

IP62.4999999959508 1 3201 102318037216 &
A018T49999995959 1998 1T4BGLBRITSAE T
3981 40999995959 106600 168253613638 T
2009 37T SHIHIINE 8 03TIGENTIANTINE B
T2 £ 1221 1503538056 8
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2 I// RUn Optomization Study 3
model.study("std3").run();

4 model.result("pgs").run();

5 useGraphics(model.result("pg8"), "graphics1”);
6 ZoomExtents("graphics1");

8 // Get derived values and set global parameters
9 method2();



Application Builder

3 Run Optimization Study x
L] 3
Optimization == - 7 .
O i s &/ (nhs | @
(Z Hyper <> Reference Deformed Compare Optimize
—_— Keep Yo o Linear Elastic Geometry ¥ y y
Cancel Compute
Lens Spinner v a = =@
aaRAHO UE @=
Upload Reference Geé  cpuimization results Tabie || Browse Optimization --> mu0= 1323.63 mul= 276.674
Ant Curvature data  Pos. = 5 T T T
5 mEy = i
A 1.411-107m A o B B L
B 1.68- 10-6 o B comp2 E_constl Objective
5 1 2500 0.006228636712660719 =
c -5204-10%m | 2800 0,003020596253352984 £
D 2048105 m b 3099.99999999999950,0013342669289050488 £
| 3399.9999999999995 4.785014441092898E 4 =
E -0.003188m E 3999.999999956999  5.838606623521168E-19 b
F 0.007962 m F 4509.999999900999 | 2.4270520265759176-4 voed v
4599.999999999999 2427052026575863E -4 —
i 1.851 o
Curvatibe dqtiatlon 4209.999990000099 7.042020700819516E-5 =
A*(x-F)**4+B*(x-F)**3+C*( 3699.999999999999 '9.862072016910147E-5 11 rem ) o
| 4149.999999999998  1.905083753390045E-5 Y
] 3849.9999999999995 2.2537735902831333€ -5 M
!mmm 4074.999999999999 4 960462895796963E-6 | | Browse
1 3924999999999999  5.395161112561836E-6
Ant Curvature data  Pos 4037.4999999699995 1.266014493148303E 6
A -1.601-10%m Al 3962.4999995999986 1.3203102318037236€ -6 N
& 4018.749999999999 3.198174864895754E-7 0 l 2 » 3 4 5
B 4.034-10"m B 3081.249909909909  3.2660216825361363E 7 r-coordinate (mm)
€ -5299.10%m C 4009,3749900000086 & 037366973497259¢- 8
i ol 3990,6249999000995 8 12211503538156-8
D ] ) L 4004.687 2014621 8
E -0.003599 m E 3995.312499999999 | 2.0251B61896219926E-8
E 0.007799 m F 4002.3437499999995 5.043207571924438E-9
3097.6562499099986 5.056271553479567E-9 peed
Curvature equatior, 4001.171874999999 1.2616527063472051E-9 s
At (x-F)** 4+ B*(x-F) **3+C 3998.828124999999 126321461 2269 ) em

1. a) Activates Optimization in reference geometry physics tree
b) Opens Optimization launch window
2. a) Launches Optimization Study 3
b) Dynamically updates results table for each iteration
c) Dynamically plot graphic results table for each iteration
d) Closes Optimization window and Opens Results Summary Window



Application Builder

@ Optimized Simulated Value

(@ Optimization Results QF_Radial_len: 1.026 QF_Axial_len: 0.9966 QF_bound_S: 1.02 QF_domaine_A: 1.035
(Optimized)

mu0 (center) : 2985.0 N/m? Radial z-Disp: -0.084 mm
(Optimized) mu1 (exterior) : 639.9 N/m’ Radial r-Disp:  0.096 mm Fc: 0.0466 N Optomality Tolerence: 0.001
Axial z-Disp: -0.204 mm Last Computation Time: 2minds

Rotational Speed: 18.15 1/s--> 1089 rpm

Optimization Results Table : :
Optomized Shear Plot eaft: -00 as

Parameter Values Surface: Lamé parameter i (N/m?)
Curve 1 Fit mm ! ! ! I I I

2
Curve 2 Fit 4 N/m

. x10°
Curve 3 Fit 35

2.5

Axial Distance [mm]
(=]

1.5

[}

w

wu
T

2 4
Equatorial Distance [mm]

Shear Modulus Value: 2958

on

2D <--= 1D
Plot
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