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A TOOL FOR FAST DESIGN OF PRESSURE VESSEL DOMES AND THEIR SIZE AND
SHAPE OPTIMIZATION BY USING HYPERSTUDY

Gerlando Augello =, Marco Soave © , Lucia Micol Chietera ®

The design and analysis of Ultra Light Pressurized Elements requires that high structural performances are achieved by
preserving the low weight of their structures. The numerical procedure presented in this paper has been set up in order to
give designers a tool which can be suitable for making appropriate choices of the end caps (domes) for pressurized
elements and allow for a fast evaluation of their stress field. In fact, the proposed tool allows one to choose among 5
different dome profiles as well as the computation of both hoop and meridian stress. The user can then evaluate the
suitability of its choice, change the choice and re-evaluate the stress field automatically. This automatic tool leads to other
important information related to the dome characteristics (i.e. closure volume, pressurized elements overall volume, etc.). It
Is a program written in Visual Basic for Applications and interfacing with Microsoft Software Excel package. It also allows
for a direct interface with CAD software; the user, can in fact obtain the IGES file related to the geometry of the domes. As
a limitation, the present tool only deals with membrane stress fields; however if the user is interested in considering the
local effects (bending and shear ) at the interface of the domes and the cylindrical part of the pressurized element, the
present tool allows the use of FE codes ( i.e. RADIOSS, NASTRAN ) for the automatic execution of Finite Element
Analysis ( Linear Static, Buckling, Non-Linear Static ). Finally, in order to make a sizing optimization of the wall thicknesses
of pressurized elements, a procedure has also been set up, based on the use of the HyperStudy software in conjunction
with a solver based program written in Visual Basic for Application (VBA).
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e INTRODUCTION

» This presentation is related to an automated computational procedure named DOMPRO
( DOMesPROfiles ).

» This procedure is intended to be a simple to use tool for quick design of end closure profiles of

pressurized elements ( i.e. tanks, pressurized modules, etc..), which exhibit revolutionary
symmetry

» Itis based on a program written in Visual Basic for Applications ( VBA)

» It is coupled with a Microsoft Excel worksheet, which acts as a user interface for the input of the
program data

» The procedure exploits the batch mode use of HyperMesh and RADIOSS software
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» To give an example of the field of application of the procedure, Figure 1 shows a real application
case of two tanks studied, in their first design phase, with this procedure

ULLAGE

hl

FIG. 1 — Example of real application case
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PROCEDURE PRESENTATION

» For what concern the characteristics of the procedure, its main procedure functionalities are listed below :

0 data management
- Input data processing

- data summary Q analytical computations

- profile x ,y coordinates

- profile radii

- profile length JdCAD & FEM

- prof”e surface - prOﬁle IGES file

- dome mass USing HyperMeSh

- dome volume - dome FEM anaIySiS
- total volume USing RADIOSS

- profile meridian stresses - dome FD analysis

- profile hoop stresses using BOSOR

- profile variable thickness

I Bssit THALES

All rights reserved © 2007, Thales Alenia Space




) European HyperWorks Technology Conference, 28 - 29 of October 2010 — VERSAILLES, FRANCE mm

ThalesAlenia
A s s S p ace ‘_--“

=
A — PROCEDURE PRESENTATION ( cont.)

» Once the procedure starts the following window appears :

A ] E F [E] H J 4 L [ ]
- BOSOR IGES file FEM analysis Exit G merid | 6 hoop . G hoop | G merid
I hoop T mmetid N rmerid [N hoop t costant | t costant | b variable |VonMises |t variable [t variable

*. [mm] [mm] [Mimm] [[Mfmm] [MPa] [MPa] [mm] [ Mpa] [MFa] [MFPa] i

®

©

* PRESS START TO BEGIN *
* PREMERE EXIT to close the program *

— [mim]
—— M merid  [Mimm]
——— M hoop [ M e ]

FIG. 2 - 1.Function buttons area; 2.Plots area; 3. Results area.
eSS THALES
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PROCEDURE PRESENTATION (cont.)

» START button opens the windows of Figure 3, where one can choose the dome profile
(among 5 allowed) and input the engineering data.

BOSOR IGES file FEM analysis Exit

Dome profiles

I Cassinian|

Elliptical
Semi-Spherical
Taric-Spherical
Toric'-ConicaI ,

P = zgE-6  [Kgim~3]

Allowable = I 221 [MPa]

0.7

¥ Dome profiles

I Cassinian| - |

Calotta
~ Clilindro p= I 20 [MPa]
E = I 7o000  [MPa]
t cost = | 1 [mm]
| I

= 27 = a6 [Kg/m~3
rotate =V crimara + 2 yz 2866 [Kg/m~3]

Calctta
Affowable = I 221 [MPa]

Equazione del profilo

(F+n 3 Y +2oma’ (X —n'y)=a' (1+2-m)

= I 0.7

n= 2213134
230 [mm]

i = 270 [mim]

1L

[
b= 1610,000 | [mirm]

[

|

V= 505416531

¥ | 4457 1367871
Cwilingtar
4 I 19362025330
Lome

[mm~3] x| € ¥ defined

= I 2.213134

= [ a0 [mm]
m [mm]
=[]  zoo [mm]

Analysis selection
’7 1% Standard " BOSOR

Plot
Integral iteration for I
10000

dome vo,

~ & o 3 3
|

& L defined

Calotta

Equazione del profilo

Clilindro

- 1 PR fd
ITomfe =1 Ctlindro T = Ic‘a\iona

(Y +2omea’ (F -nt eyt )=at (1+2-m)

EEE = 100 V= | 53595418531 | [ram~3] j C ydefined  oppp = | 100
. Close ¥ | A4ETIF6FET L . Close
Scaffng = | Cviingier Scafing = |

I Cost - I v I 19362025330
Pame

Analysis selection —————
’7 (%' Standard " BOSOR

& Ldefined  rteoral iteration for I 10000
e dome volume

Plot |

I Cost - l

FIG. 3 — Window for Dome profile choice and data input

THALES

All rights reserved © 2007, Thales Alenia Space



European HyperWorks Technology Conference, 28 - 29 of October 2010 — VERSAILLES, FRANCE HT 2010

ThalesAlenia

A Thales / Frvnaccanioa Comaany Sp a Ce

PROCEDURE PRESENTATION (cont.)

» By applying the Plot and then the Close button, computations
window sappears

are executed and the following

A g | ¢ | o | E | F | & | H S B 2} N 1} P ] R
0 hoop | O merid
BOSOR IGES file FEMznalysis Exit O merid | O haop YonMise o n Fiofile | Oomes | Cyinder | Wessel
X i} T hoop. T merid (M merid [N hoop © comtan | & comant |b warible | 5 [ [ varisble g variabte Lenght 3 Mass Mass Mass
[mm] f [mm] inm] 4 |tom] Hémm] ?[Nimm] [MPa]  [MPa] | [mg] | Mpa] | [MPa] | [MPa] i [mm] [Kal |glKal |pIKal
Profile : Cassinian 16099995 43244260 43244053 43244055 43244053 43244053] 4324425 195 221 221 0 3fPe391] 10233229 19693626 | 40M6,0084
P [MPa] : 2.0 16099384 43242275 43208321 $324227§ 43238321 43242275| 4323832 195 22099]  22um 1
teostant  [mm] :1 C J—. 6097648 4323634f t3e2n528 s3eakae] eveznses 43znEmal 4azanse 22096 | 221 2
m 107 bllllll'll[ll:\' ot 16034489 43226455 4310053 43226450 43190854 43226456 4319.085 2e0a0a| 221091 3
n : 2.213134 t dat; 16030204 43212604 43,9398 43212608 43148506 43212608] 434,931 2e053 | 281162 4
a [mm] : 2300 mput data 16084633 43134001 43096031 43194802 43095865 4319.4802| 4309587 260,746 | 221253 5
b [mm] : 1610,000 1607,7952 4317,3037 43070956 4317,3033] 430305 2e0634 | 221364 6
L [mm] : 2700 16083381 4314729 4295411 4314,7296) 429530 2205 | 221438 7
E [MPa] : 70000 :  Poisson ratio: 0.3% 16060775 43117557 42885501 4317557 428640 250345 | 221843 8
Density[Kgémm~3]- 2 8E-6 Allowable[ ¥M ) - 221 16050332 4308,3502] 4276,5194 43083902 | 427628 C(]llb‘tallt t 220,169 | 221822 ]
Ytotal  [mm"3]: 83595418531 16035647 #3046233| #265.3234 43046233 | 426496 21997 | 2226 10 —
¥dome  [mm-3]: 19362025330 16025717 4300.4575 | 42629671 4 B 43004575 4262437 ata74s | zazea n Element
¥ cylinder [mm*3] : 4871367871 6OLIG36 4295.892| 4239456 & 4205592 130 | zzades 12
169351 4230,826 | 4224760 51 4280326 223 |2z2722 1 total mass
1697,9402 42855535 | 420899 dsooowe e oulz| 42855556 l3a44 223 "
" PRESS START to continue * 1696,1437 | 42797859 | 4192,0566 | 42797859 41902205 42797889 4190221 1916613 Hagze | 2233 15
1634, S| Tttt piieMSE 4IPAGHE 4E7IEES| 4IPLEW 1903 #3283 | z2sez 18
1532, 70383 4EATTES| 42670383 45ITTE 1905244 27013 [223.963 [
1589, 2B0,0551 41306396 4260,067 SR — 207515 |224327 18
1587 1252665 41083799 425258€ | 7 Tiapa M08 | 22473 1
Cassinian 1686.2342 42448667 H090.6266 12448667 40848097 4244365 Von Mises 66T | 228022 20
""""" ‘2senes wetonss wasesss ssassz w2t |4 ) dvwalle value| 264 g El —
= [mnl file points |2 s s s w0 autivvdn < HEGEE (226,006 z [Profile lenath
——Mmerid [Nimm] OTLE POINTS ) Ggonss  somrie somonss someszss somnoes stoemes wezaz 221 2507 [pzeds? 2 . =
——Mheop  [Himml yrdinate 2095624 33899631 42095624 S9TTETEE 42095624 397ETT 1854585 = [and ma
- < 1337005 33B2173 41937005 39475402 41337005 394734 1845338 5
A000 b5 bl rucs 41894200 59333726 41G94200) IO16T04G 41894209 3918705 18.37078 25
Mt ~F ~11a 621 16643563 41787217 39035575  #178,7217 3884181 4WB 2T 388461 182783 - - 27
Flots of 1)1()1].16 644 15608695 416701 35727477 4167601 3950.299 4167601 3850299 1818261 variable t 28
shape and stress 667 16572012 41660568 3940958 4156056 3205084 4ISC05EE 391608 1803373 So cwane ciemis 23
shape and =lress 640 16533896 41440865 38082038 41440866 ITTEETST 4440866 0TOETS  IT381T2 a2l a0l 230460 0
TII 15434330 41316867 37745 4136887| ITADGHE5| 41316887 3T4069  ITETERI 221 209281 231123 El
4000 - 76 16453239 41185608 G7TIAS673) 41198606 ITOLADES 4MBEE06 3701458 17.76347 221 EORHE 23807 =
753 15410782 41056001 3704312 41055001 HE0S405 4M0GE001 3660541 1765735 = wan szew | Profile ]_J()]_lltS
TE2 G3ETHI 40313047 367062 40313047 36155383 4DA04T 3618338 1754334 221 FD6ZE 233245
805 1531214 AOTFRE 6305313 407A7TIG IETEAT ADTRTTIS 3675ANY 1742649 221 POSIPE 233998 nun]])e]_u]_g
828 16274121 4063133 35923403 4063193 35306234 063,193 3530623 1730683 221 204,001 234774 =
951 15225458 4041834 J5530066 40461834 3484384 40400834 3484384 IRIM62 221 202762 23557 ¥
3000 4 974 16175203 40327224 36134506 40327224 B4I6TAT 40327224 3IET05 17.05979 221 201451 236388 ]
387 15123328 M0IGEI30 M4T2T923) ADIGEIE ETEM ADESI3 3MTETI 163325 221 200063 237,225 EE]
350 15069809 40004528 34313546 40004526 33369654 40004526 3336368 1690287 221 198595 238,081 40
343 GOI4E17 39836379 3389573 B9GIEGTY 52940815 FRSIEITY J0B4EED  1GETINR 221 197041 238,956 4
965 1357723 39663650 5462238 59663653 221 195397 239847 4
383 1839038 33486334 53025763 59485334 [ At - 221 133655 240752 4
2000 1012 14838704 38304373 32682392 39304373 |(.-()11]])11t(|t1(.)11 l‘dS'l.lltSl 221 f9tstz 24167 4
1035 W7PESIZ I9ITT43 32132966 3917743, wuoierco] oamrte] ouoard)  macver 221 199859 242599 5
1058 1712485 38826408 31676936 08026408 JO01E3I6 39926408 J00163 16,9382 21| \nrel 24353 18
101 4B46553 38730036 31213386| 39TR0IIE 20403074 3TA0NNE 2040307 fadz2 221 166 244478 47
104 MBTETET 38623192 30744834| 39629492 2677606 39620492 ZOTR3SM 1564956 221 183278 24541 4
12T 14508394 38323839 30270819 38323839 28125455 36323933 2912346 1555624 221 WB0E 246357 4
1000 4 50 1443722 33M3ME 297OMM| 38N3342 ZT4EETED IENIME ET4EETE (541254 221 PR 247288 50
1173 14363396 37897964 23306355 G7537964 Z6TESGIE STHATIGA  267ESE 1526874 221 175447 248208 51
1195 1428,7473 ITETTEES  20617745| STETTEEE 2609373 TETTEEE 2609379 I5AEMT 221 725t 249108 52
1219 14209337 37452417 28324083 37452417 25382188 37452417 2538213 1498219 221 16946 249,98 53
42 WI28IN 37222175 2782628 37222175 246563 I7ZR2WE| 2465364 1434018 FI T I 54
0 1265 14046556 36926904 27324663 GEO9ES04 23907992 IE9EINY| 2090799 ME9I65 221 162644 25161 55
] T T T 1288 13960667 36746066 26819532 GET4EDEE.  23M5IG JETLENEE  2IMBI2 MEEOTH 221 158966 262,367 56
500 1o0a 1600 i) 25) 11 T3BTAITF 3EBOMZE 26311261 3660,125| 22364896 3600M26 223643 WAz 221 165,051 253,054 57
1334 13784613 36250545 25800158 6250546 21667215 IRISOG4E 2086722 14,2905 221 W03z 253869 52
1957 13692298 55934792 INZRE603) IMO9479 207GI69 35994792 2075139 1416012 221 MBESZ 254,193 53
1380 13637343 3573383 2477097 3573383 13519052 3573383 9HLA5 M.03365 221 1338 264863 60
M 1149 9R70 ARARTAOR| DAOR R0\ AWAR TROR ANRARRG| ARARTROR GNRART. a7 oot twwnea oRAALA [

FIG. 4 — Worksheet with computed results
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ROCEDURE PRESENTATION (cont.)

» BOSOR button allows the use of a Finite Difference based code ( Buckling Of Shells Of
Revolution, by Bushnell ) for a static or non-linear buckling analysis of the profile.

» The user must choose the profile discretization and then the analysis type

p— =
| assinian = Calotta
p= | 2.0 [MPa] - Clilindro
= I om0 [MPa]
t cost = | t [mm]
pP= | 2866 [Kg/m~3] rz-om.re = Vc‘:.!mdm +2 'r‘-"‘«fw“

Aflowatrle = | zz1| [MPa]

Equazione del profilo

&+ Y)Y +2ema (X -n* -y )=a -(1+2-m)

/

m= I 0.7
I 2.213134

n=
== I 2300 [mm] Analysis selection
b= | 610,000 [mirm] ’7  Standard

4

' BOSOR

i= I z7o0 [mim]

dome vafume
V= | 83505418531 | mm~3] x| Cvdefined  gppp =
¥ | 44371267871 .
Culngar Scalimg =
4 | 19362025330 I Cost vI
Lome

& | defined  Srtegral iteration for [

FIG. 5 - BOSOR usage window

BOSOR IGES file FEM analysis Exit ‘
" Static
" Mon-linear buckling
THALES
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PROCEDURE PRESENTATION (cont.)

» IGES file button performs the generation of a neutral data format file containing the profile

geometry

» The generation of the IGES file is done by using the HyperMesh in batch mode

» HyperMesh processes a command file ( *.cmf ) authomatically written by the procedure and based

on coordinates of profile points

» IGES file can refers to a constant thickness profile or to a variable thickness one

» In the latter case the user must defined the number and the length of profile subdivisions

IGES file

FEM analysis

Exit

FIG. 6 — IGES file button
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PROCEDURE PRESENTATION (cont.)
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J K L W 0 P [F) R
J K L [T b 5} P = R T
O hoop | O merid
w VonMize lmp Te” Prafiie | Domes | Cylinder | Yeszel . T hoop [ @ merid . .
e |t warisble| = 0 || o || werieme Lenght Mazs Maz= Maz= : VonMise t t Profile | Domes | Cylinder | Yessel
tovarisble| s [ i i Lenght | Mass | Mass | Mass
] |[[mm] | Mpal |[MPa]| [MPa] [mm] | [Kgl | [Kal | [Kal CETELE || walfElls . d
43 19 5675 22 221 221 of s7a3a 102332 196936 401601 [mm1] Mpal | [MPal] [MPa] ! Imml | (o1 | [Xg] | (Kol
E R 51 =30 63| 33 i ; . . . ' 195675 21| 221 22 0 317639 102332 106936 401601 10 5675
e T o s oeTnd 2 19,5657 221 22089 221 0 1 19 5675
R T o et : 19,5604 221 22096 22104 2 19 5675
R T T RIRT F 19,5514 221 22081 22109 3 19 5675
R T oo e oot o c 19,5389 221 22084 22116 4 18 5675
; ! : 195228 21| 22075 22125 5 19 5675
05 19,5031 221| 22063| 221,36 g 19,5031 221 20063 2 36 g 18,5675
32 13,4733 21| 2205 21,5 7 19,4793 221 2205 25 7 13,5675
34 19,4531 221 220,35 221,85 8 13,4531 221 22035 22165 8 13,5675
28 194227 221 2017 221,82 9 19,4227 21| 22017 21 &2 9 19 5675
96 19,3885 21| M997 22202 10 19,3898 221 M997 22202 10 18 5675
44 19,3514 22| 2975 232223 11 19,3514 221 1975 22223 11 18 5675
B4 19,3103 221 21185 22247 12 T T T P P PP T PP P PP 19,3103 221 2195 22247 12 19,5675
76 192658 221 21924 22272 13 : 19,2653 221 21924 22272 13 18 5675
TG 192177 22| 21894 223 14 192177 21| 2Magd4 223 14 19,5675
22| 19,1661 221 N8F3 2233 15 . . . 19,1661 221 28B3 2033 15 19,5675
g1 19111 22| 21828 22362 16 Li3ES File with constant thickness 19111 221 21828 22362 186 19,5675
76 19,0524 22 AT S| 223 A6 17 19,0524 221 2781 22396 17 19 5675
17 16,9904 21| 217 52| 224,33 18 18,9004 221 21752 22433 18 18 5675
38| 189243 221 21709 22471 19 16,9245 221 2709 22471 13 19 5675
&1 18,8559 21 26ES 22512 20 16,8553 221| 216)53| 225,12 20 19 5675 20
ag | 18 7834 22| 21615 22555 ] 16,7834 221| 21615| 22555 b 16,7009
g9 187076 22 M563 2260 22 18,7076 221 1583 226/ 22 18,7834
52| 18,6284 221 21508 22648 23 186254 21| N508 22648 23 18,7834
86 185459 221 21449 23698 24 18,5459 221 214,49 226 98 24 18,7834
a4 18,46 221| 21387 2275 a5 15,46 241 357 275 25 15,7534
37183708 2 232 22805 a5 15,3708 221 2132 22805 26 15,7534
16 182783 231 2125 23862 a7 18,2783 21| 2125 22652 27 18,7634
13[18168]  2t] 20176] o] 78 180857 221| S1057| mss 167354
11 18,0837 221 21097 229,82 29 . . . . ! : . :
58 17,9817 221 21013 23046 30 IGES File with wariable thickness 17,9817 221 21013 23046 30 18,7834
7| 17f7es 221 20925 2312 S 177608 oot | 083 oatst| 2 16 7654
48 17,7685 221 20832 23181 32 17 6574 221) 20733 23251 33 187534
@4 17 6574 22 . . : :
' 17 5433 221 | 20628| 23325 34 16,7534
E: 133;22 ;; 17 4265 221 0817 234 35 16,7534 35
e REETT a1 17 3063 221 204 23477 36 7 albd
LR oo 17 1546 221 | 20276 23557 37 17 3069
- ' 17 0595 221|201 45| 236,39 3B 17 3069
57| 17,0598 221 16,9325 221 200,08 23723 38 17 3069
57 16,3325 221 15,3029 221 1985 23808 40 17 3069
97| 18,8029 221 16,571 224 19704 238,96 4 17 3083
88 15671 2 16,537 221 1954 23935 42 17,3069
3] 16,5371 22 16,4013 221| 19366 240,75 43 17 3069
18 164013 2 16,2637 221 193 2 ET 44 17 3069
56| 16,2637 2 16,1245 221 18986 2428 45 17 3069
3@ 16,1245 221 159339 221 | 18779 24353 45 17 3069
63| 159839 221 153422 221 1855 24448 47 17 3069
| 15,8422 22 156996 221| 18328] 24542 43 17 3069
36| 15,6995 22 15,5562 221 16082 246,36 43 17 3063
85 155962 2 15 4125 MUATAM D 24T 24 an 17 3063 an
B 154125 22

FIG. 7 — IGES file creation
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PROCEDURE PRESENTATION (cont.)

» Figure 7 shows constant thickness and segmented profile

"

FIG. 8 — IGES fil |
profile examples THALES
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I PROCEDURE PRESENTATION (cont.)

» FEM analysis button allows the automatic execution of Finite Element Analyses

» FEM analysis is done by using Hypermesh and RADIOSS in batch mode

» Suitable command files are automatically written by the procedure and processed for the
following operations:

importing of IGES file containing the profile geometry

generation of a revolving surface (right now based on fixed parameters )

generation of Finite Element Model

application of boundary conditions ( simmetry constraints and internal pressure)
generation of input file suitable for Linear Static, Non-Linear Static or Buckling analyses
run FE analysis

I W Iy Iy Wy

IGES file

FEM analysis Exit ‘

FIG. 9 — FEM analysis button
EBssiT THALES
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PROCEDURE PRESENTATION (cont.)

» In order to perform Finite Element Analyses the user can choose among three different
analysis types

Analysis selection Solver selection

Linear Skakic .ﬁ.nal';.fsi5| | FADIOSS |

Mon-Linear Skakic Analysis
Linear Buckling Analysis

Execute

FIG. 10 — Windows for the choice of Finite Element Analysis
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PROCEDURE PRESENTATION (cont.)

» Once FEM analysis is executed, the procedure allows results visualization for a quick evaluation.

Examples of Buckling and Static analyses results are shown below.

9
1.696E+)2
1.588E+)2
1.500E+]2

=—1.305E+02
=—1.208E+02

1.110E+02
1.012E+)2
148E+01

s (2D & 3D)(vonMises, Mid)

Wax = 1.696E+02 (Global 10006920)
Min = 8.172E+11 (Global 10009627)

FIG. 11 — FEM Analyses results

THALES

All rights reserved © 2007, Thales Alenia Space



) European HyperWorks Technology Conference, 28 - 29 of October 2010 — VERSAILLES, FRANCE mm

ThalesAlenia

R e Sp ace / ————“

;——-— e
PROCEDURE PRESENTATION (cont.)

» Exit button allows to end the procedure

IGES file

FEM analysis Exit ‘

FIG. 12 — Exit command button
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PROCEDURE VALIDATION
» Validation of the procedure has been made by comparing analytical with numerical results
obtained from a dedicatedFEM analysis

>

In order to do this, a strip FEM model has been used

m:nmrrmmrmmnm-

U
//,7//

FIG. 13 — Pressurized Element strip FEM mode
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PROCEDURE VALIDATION (cont.)

» The comparison has been made bewtween the membrane fluxes ( meridian and hoop )
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FIG. 14 — Membrane Meridian and Hoop fluxes comparison
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OPTIMIZATION WITH HYPERSTUDY
» The optimization relates the Cassinian family of dome profiles
» Coupling of HyperStudy with DOMPRO has been made to optimize equation parameters
» The equation which describes the Cassinian profiles is :

X+ )Y +2-ma’-(x*-n -y )=a'(1+2-m)

» where :
O a =»radius of pressurized element
O m, n = equation parameters

» The shape of the dome profile depends on the parameters value

» Usually, for some practical design assumptions, the ratio of “ b/a *“ ( dome height to dome radius
ratio ) is fixed or varying inside a range
» This ratio depends on the values of the equation parameters “m” and “n”

» Optimization is made to obtain the parameters value which corresponds to a minimum mass dome
design, while respecting an imposed b/a ratio
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OPTIMIZATION WITH HYPERSTUDY (cont.)

» For this purpose DOMPRO procedure has been adapted to become suitable for its use inside
HyperStudy

» Once HyperStudy is started the following window appears

» In this window the user can then define the optimization variables

i
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ANt Sy A% e fuzyFRasadeazAd slavtiapge sanasacuEal
6! - & Q |
Ft A ¥ % ) O O T e T I D ) S G S O L
o -;-‘ PROGRAM FOR THE OPTIMIZATION OF PRESSURIZED ELEMENTS y
23 DESIGN PARAMETERS
L 16 -
™ A.:wumnnmws s ) ( (l/O"(l
o |5 MaTERAL DENSITY tho 2HEH
W | & INTERNAL PRESSURE 2 07
w7 x
-
I POISSON RATIO - 0y (',[”,(]'.()
0 NUNBER OF PROFRE POIKTS weps 1
0 NUMISER OF [TLRATION £ OR VOUME COMPUTATION fnratianm 100 )|
11 NUMBER OF PROFILE SEGMENTS DEFINITION : |
12 WUMBER OF PROFLE SUBDIVISIONS | i
5 DESIGN VARIABLES & =V £V
14 CASSINUAN EQUATION PARANETER m " 0 Tolale Qladro ™ = * Culotte
5 CASSINIAN EQUATION PARAMETER " 1
5 PRESSURIZED LLEMLNT REORIS . 271 Equazione ¢ le ,P"‘?ﬁ lo
17 DOME HEIGHT . m
| ! 2 2 232 2 . 2 P 2 ey |
B - — (x*+n -y )Y +2ma (x—n -y )=a (1+2-m)
5 THICKNESS OF PROFILE SEGMENT 1 wealt 101 - -
20 THICKMESS OF CYLINDER PART =] 10
SEGMENTS DIVISION POINTS POSITION T
22 FOSITION OF SEGHENT GAVISION FONT 1 (I RADIIS %1 vt i o
STy ey Il I Ol
tme 4 - ANCIDDACEE - Z-A-==Ead)
s

A Myperstudy GortTO { e ) A b « dnte_Opend) - OB031Y

FIG. 15 — Windows for Optimization
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OPTIMIZATION WITH HYPERSTUDY (cont.)

» Theresponses, the constraints and the optimization objective are defined in HyperStudy

» All computations are made by a VBA program named PROFILO which is defined into HyperStudy
as the computational code

» This Optimization study has been made for the real case application shown in Figure 1

» The study and optimization set up are explained in next slides
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OPTIMIZATION WITH HYPERSTUDY (cont.)

» Design variables : m, n, L (equation parameters, total tank Length )
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FIG. 16 — Design variables definition
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OPTIMIZATION WITH HYPERSTUDY (cont.)

» Responses : b/a, total tank Volume, total tank Mass
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FIG. 17 — Design responses definition
BBs s THALES

All rights reserved © 2007, Thales Alenia Space




ThaIesAIer?a

K o e corinn, § pace

European HyperWorks Technology Conference, 28 - 29 of October 2010 — VERSAILLES, FRANCE mm

SRS

g——-—
OPT

IMIZATION WITH HYPERSTUDY (cont.)

» Design constraints: b/a, total tank Volume
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FIG. 18 — Design constraints definition
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"OPTIMIZATION WITH HYPERSTUDY (cont.)

» Design objective: total tank Mass

FPP-SYSTIM DOPD DIL LANCID - HyperStudy v10.8-130
T Vg Packy  Ulbies: Hel
&% %
o PPt T | y
- d;—um Dk cbincive + - Diperdeation egfion | [GA] - Genmbe Algost |
Creale duse: =k o~
¥ Crosts st Goal e | Bak | At | Meoes Opisoem |

B Crovtn dusig verishies [on [Label [Vamarre |Agoty On |Evarste tom | [Parsmeter [Value |

Hl;nm-i nn -
' Crosts myponses [» | @ [Massa Jobi§  |MASSASERB >} SOLVER = e . o0
B Lk casign varmties ekt tevations S 20K
M Saratraty

= ¥ oot study
[ Creste DOE study
[0 Controdead vanatiss
[3 Cortrobed rtaractons
B Cortrobed afocatons
3 Uncorgroded variaties

3 Uncorsobed ntassctions
£} Unconteoded akooasons
3 Select reaporees
B WiieEcooute tune
3 Extenct responies
3 Poat precersvg

- B Apgeoxenabion
[0 Creste spgroasration
D verst mabe
[ Vet s
[ Bkt spprcorration
B Mmessonis
3 Traseott
@ aam

= i Optamization study
E Craste opterization shaty
¥ Detins dnsgn verisbles
B Corutrarts

B Foet procenarg
= 94 Stochastic study
3 Create stochastio study
£ Deroe ranconm varalses
3 Detine cor chason
£} Setect rosponaes
3 WileEcocute turs
B Pest processerg

Add Dtsgctv | Dudets Dt |

L-MM'

B | Meas |

FIG. 19 — Design objective definition
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OPTIMIZATION WITH HYPERSTUDY (cont.)

» Optimization results : a converged solution has been obtained

rent Study : FLPP-SYSTEFI]E::
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E Uncontrolled variables 11 3859, 2909 0,7000200 Z.46e+11 0.3528751 1.3657185 51466376 0.7000200 2.46e+11 3859, 2909
. . 12 3859, 2909 0,7000200 Z.46e+11 0,3528837 13657185 51466276 0, 7000200 2.46e+11 3859, 2909
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FIG. 20 — Optimization history table
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R — CONCLUSION

» DOMPRO procedure presented in this work shows the possibility of analyzing pressurized
elements in a simple and rapid way

» Benefits derive from coupling different software (Hypermesh, RADIOSS, BOSOR) and from
their use in batch mode

» Coupling DOMPRO with Hyperstudy seems to be very promising for the optimization of
pressurized elements

» Future developments of DOMPRO are foreseen, as :
O differentiate solvers for FEM non linear analyses (i.e. Abaqus)
O complete automatic output reporting

O Insert the procedure in a more complete Automated Analytical Tool for the Conceptual
phase of the pressurized elements design
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