PERMAS Component Generator

A VisPER add-on for launcher model generation

What is PCGen?

PCGen is a model generator, integrated to VisPER and specialized in quasi axisymmetrical structures.
Although it generates meshes, PCGen is not a mesher. It aims at creating complete F.E. models with
automatic nodes and elements sets, materials, properties, loadings (for example pressure in tanks and
boosters) and analysis situations. Its primary purpose is to reduce the complexity of the whole F.E.
model creation process, so it generates also automatic plans and reports.

Features

Being specialized and integrating standards
whenever possible, PCGen tries to work with the
minimal amount of inputs, allowing non- J\
specialists to generate models in a safe and

fast way. Interface's information reflects the
physical concept, and petty details such as local
definition of material referential angle are kept out
the way as much as possible.

Tank model generated by PCGen . . . .
e Ml 1) T e Objects in PCGen are highly dynamic and

for different filling levels of tanks connected, to avoid information duplication and to

fasten variant generation, but also to allow for

immediate feedback about geometries, masses,

volumes... or inconsistencies that might arise during the edition. In fact, PCGen can
also be used as a desktop calculator for a primary design
verification, for example to get the analytical volume of a tank. In the

future, it will integrate more
dedicated tools for convenient
inputs (analytical eigen-frequencies
computation, analytical inertia,
standards bolts dimensions, etc.).
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Information  duplication is also
limited thanks to the wuse of

Bolts number | 28

-

inheritance. ObjeCtS are stored in a Fast generation of flange variants
: hierarchy, they inherit default
Initial geometry  Radius of the red material and properties from
cylinderis changed  their parents, while mass is @ T T T
Geometry adaptation cumulated bottom-up. Btn S a o
¥\ DOME_SUP_G EP_23 ALU 17.286 kg
\ DOME_SUP_G1 EP_2 ALU 4.828 kg
PCGen generates quahty \ DOME_SUP_G2  EP_1 ALU 5.644 kg

\ DOME_SUP_G3 EP 23 ALU 6.815kg

PERMAS DAT files, keeping them compact and at a high level of » [N upPERYRING 23 MU 7903
abstraction, using loops or boolean definitions of sets. It also allows Inherited data are in greyj I
the user to comment each object, exporting $SCOMMENT and Analytical masses are cumulated

DESCRIPTION cards. Names are interactively corrected to be Objects consistency is checked

unique and abide by PERMAS rules. .
Hierarchy tree



Products

PCGen is not an all-purpose mesher, it is a specialized tool, that aims at integrating standards for model
generation, as well as providing a convenient and adapted interface for model definition. Thus, it focuses

mainly on the following products:

Shell structures
Pull and plug parts from a library.
Once parts are connected, their geometry are automatically

adapted to each other, so one radius change for example calls
for an automatic update of all parts.

\/

Special quad-only mesher for bottom parts.

Shell thickness
- Wmm—=+ % shell property: handling of thickness variation.
Possibility to split a section and affect various properties along a line
(for example, to modelize circumferential welds)

. In progress  Volumic meshing of thick parts, with handling of
L lljl<— the solid-shell transition, and generation of the fluid interface and
pressurization skins whenever needed.
+1000 &
Nodes and elements numbering are related to their vertical and — +1
circumferential position (optional). T
.. . . . um. E]:
One minimum label, available for each object in PCGen, ™7
. . Turtle mesh v v
pilots the numbering of nodes, elements, local systems, v ecgatergts [mogumn [
lines and surfaces, and MPC definitions belonging to that '
. Max. edge ratio EJ‘
object.
Min. label ( 23 000 000 E]: v
Use z-theta labeling ¥/ v

Laminate

Interactive edition of the laminate with preview

¥

0.0001000 0.0°

Systematic definition of the material referential whenever needed

DFLTMAT

DFLTMAT  0.0002500  30.0° Basic material database for the definition of homogeneous,
| sandwich, laminate and fluid materials

0.0005000  90.0°

——— DFLTMAT

PCGen - Material edition

SYMMETRY 5
Material edition | Export materials

Data (V= ———————— —_—
Vs = visuuy Name: | MAT_16090001 X

va1 = 0.3000

Gu2 = 26.9230769231E+09 Pa Comment: | Ref: SDW_1234 and SDW_122

LAMINATE
Ga3 = 26.9230769231E+09 Pa ||

G31 = 26.9230769231E+09 Pa

Type | Isotropic 5 [

p = 2710.0 kg/m? 1
E = 84.8E+09 Pa
v = 0.3100 pe [2700.0 | kg/m?

pm [ 2700.0 | kg/m?

Z]
Quick definition or by ply definition of the material ‘
/ \ & o - 28230 kg 2

Em | 70.0E+09 | Pa
E = 80.0E+09 Pa —

douick edition

Total thickness | 1,000 mm

Material | MATERIAL1

Definition |[0/90/45_]s

[”] Quick edition
| Symmetric 2| [ odd number of layers

Material = Thickness Angle ®
1 DFLTMAT 0.1000 mm 0.0°

2 DFLTMAT 0.2500 mm [JIERES

3 DFLTMAT 0.5000 mm 90.0°

p = 1000.0 kg/m? 0
c=1450.0 m/s

B (0.0/90.0/25.0) of || & o
Material = ALU
Total thickness = 1.0E-03 m

@ o -1139.0kgm® 1
¢ = 902.499999999 m/s

Wl prm = 2700.0 kg/m?®
pc = 2700.0 kg/m?
Em = 70.0E+09 Pa

Vm = 0.3
Gc = 26.9230769231E+09 Pa

add: [ B @)

Comment damping

v = 0.3300 w03

% ——— core

Gc [6.9230769231E+09 | Pa

membrane

Export ” Close




Various equipments for shell parts

Stiffners system for any type of surface (ribs, belts or

orthogrids)
Direct control over mesh refinement. Eois shoet
Mesh can be either compatible or incompatible with the Princpal nertaof some classial slids
shell part (in the later case, an MPC ISURFACE is sitinboloseriodegenioe)
mass |200 kg
created). R ([@@em
h 100,00 mm -
e
Punctual mass with suspension:
- on a rigid wheal or a WLSCON e
- stuck on a wall
v Convenient input (equivalence mass- /
e y—— §t|ffn.ess / freqL_Jency, fprmula for
Structural mass: ~ 67.858 kg inertia of classical solids) N
Equipments mass: 66.142 kg
Total: 134.000 kg
Target: (1340 |kg00% Circumferential flange
Own mass
Structural mass:  0.000 kg
i : 66. ki .
Fquipments mass: 66.142 k9 WLSCON wheal for centers of sections.
Name Mass Description
‘PROT_TH 36.780 kg thermal protection
‘ CYLINDERL_EQT pL %174 G} Fitting target mass 134.000 kg
4_ Non structural mass to simulate non modelized details or

Adapt to fit target mass

P ———— equipments, like thermal protection.

\/ Move this equipment down

X Delete
Copy to clipboard

Bolted flanges

Geometry
dr Flange geometry Geometry < T I a | 11,00 mm
urve attache
o [s00mm ] A x[00mm [
b bl L 2 b (550 mm 3
Riiet
Rsiiet | 10,00 mm Ej‘ -
b L | 27,50 mm B
h
Rint Rogte | Rext ~ .
T e o | Bomm B i Standard bolts: ©@
drhie | 30,00 mm Ej‘ Head up, with nut s
- 3 p ] Bolt
Position of the bolts Pretension model and stabilization hypotheses (ms -] [s0 -
Bolts number | 150 B‘ [Stuck on flanges: allow radial dilatation only = ] H. M8 50, NFE 25.112
8 Alpha 6000 ° 2 J= 8 mm
de 2.400 ° . = step= 1.25 mm
¥ Stowthebors | Pitch [ooomm |3 - e
Contact stabilization b= 5.5 mm
Contact stabilization Stabilization stiffness: | 0.0 | N/m m L= 50 mm
stiffness: | 0.0 N/m @ X= 22 mm
Nut
. . . | |HH B
Library of standard nuts and bolts dimensions > |
HH, M8, NF E 25.407
a= 13 mm
Volumic mesh of the flange, bolts and nuts b= 7.5 mm
Apply

Volume - shell transition

Generation of all needed surfaces and node sets for pretension
and contact definition, export of the pretension card

Bolt pretension

Contact stabilization elements




Fluid tanks

vt By )
i Node and element sets for
! each free surface level
L
| : .
L Fluid-structure interface elements
%\‘\\
1 }/ Pressure skin for tank pressurization
i
A
L/v 4 Handling of cavities with common
!‘( bottom, using incompatible meshing

Automatic determination of the cavity
enveloppe for a given a bottom

Possibly many fluid levels in the same model
Total volume: 6.52854E+00 m®

GrilEEs _ Computation of the surface position from a target

Name Level Volume Material Mass Target mass ﬂuid mass
FS5.0 1916.61 mm  5.0000 m* FLUID  4999.9991 kg
FS3.7 1502.81 mm  3.7000 m* FLUID ~ 3700.0055 kg _ 3700.0000 kg Computation Of analytical VolumS and masses fOr
FS2.7 1184.50 mm  2.7000 m® FLUID  2699.9941 kg  2700.0000 kg the WhOle CaVity and for each IeVeI

PCGen - Flight times Variant table
Flight time dependent data Central handling of the simulation situations for
Acceleration unit: [ ¢ = [9.8140 mis2 2] ~ the fluid, containing pressurization data,
Name Acceleration [g] Patmo [Pa] Level (CAVITY) P0,abs(CAVITY) [Pa] Fluid weight [N]  |=/ aCCG'eratiOn and ﬂUId Welght, aCthe f|UId Ievel
o 1.0010 0.0000 LOX_TO 100000.0000 1249559.7314 . o o
T3 1.0020 0.0000 LOX_T3 100000.0000 1242475.6867 and fluid boundary limit condition.
T21 1.0030 0.0000 100000.0000 1193672.4333
137 1.0040 0.0000 LOX_T37 100000.0000 1150171.4842 In progress Generation of the mu|t|p|e
Ta4 1.0050 0.0000 LOX_T44 100440.0000 1131898.9481 variants based on this table:
T.58 1.0060 0.0000 LOX _T58 100220.0000 1093904.2060
T.63 1.0070 0.0000 LOX_T63 100316.0000 1081076.3464 - base SyStem31
T.72 1.0080 0.0000 LOX_T72 100000.0000 1056880.1808 | - boundary ||m|t Conditions,
Close - |Oad|ngS,

- pressurization situations,

- pressurized systems,

Tick the UCIs to export along with the model: - etc-

¥ Weight analysis

Compute weight, rigid body modes and condensed stiffness. Generation of UCI files (with model complement) for some

T T i) [sanresne standard tests (such as weight analysis, hydrostatic pressurization
check, added mass, rigid body modes decoupling, etc.)

¥ Added mass analysis

Compute fluid added mass.

Fle: (recpe added mass ][] [sconresie] The corresponding RES files can then be parsed by
PCGen, and results such as structure and fluid mass are
¢ static pressurisation verification compared with analytical masses (or target masses).
e e Correction coefficients are also computed and can be input
File: | recipe_static_pressu.uci ﬁ] [ scan Res file

in PCGen.

Store hydrostatic pressurization APC

‘ﬁ‘ Get the Fortran user routine currently needed for fluid tank
hydrostatic pressurization (until the $SHYDROPRESS card is

fully supported by PERMAS).
(@]




Interface and workflow

PCGen allows the user to:

- focus only on the current task, using closable panels for each separated task (geometry, property, mass fitting,

mesh parameters...)
-go back and forth in the modelization process
dynamic, they can adapt to a late modification of geo

to study variants: all objects being connected and highly
metry automatically.

- keep an eye on all the relevant data in the hierarchy tree. Anything edited by the user should stay well on sight.

Hierarchy tree

- Display needed informations
- Edit some data, like names or

l'.\.-‘""\HH , !

Validity of the objects
m

Complete — Erroneous

With tooltip containing
detailed error message

Property | Materal | Mass
461.218 ke

t r t m Qnmo comp EPL1 AW

arge asses V1 aue sup i1 AU 1ssstkg

S i oome sup P16 AU 62737k

(23 ¥\ UPPER_DOME EP16  ALU 62.737kg

éb' v DOMESTIFF  EP_1.1 AU 47.425kg

BeLTS 2 AU 3095k

N% & G '2’ \-’z’ b et Ay tetscks

6@) & < » 1N Y_RING_suP Bl AL 10472kg
6\ Q,\ \*?' Q/ é(\ CYLINDRE EP1223A0 329688k ?

1!}\ & »_J bomE_INF Bl AL 10527kg

» 1| JUPE_INF P11 AW 18.661kg

Xliuéﬂ

Epsndpart

2 i Xz d s &

Clickable 2D view

- Clickable (for selection)
- Distance measurement tool

Errals) |

D\ Upper dome Name (DOME_SUP AV

Editors

Other
h 56411 mm

Geometry
R [1000,00 mm

Connexions

21 |YRINGSUP() &
R1 (500,00 mm x 216411 mm

R ‘ : Closable, to display

. only the information
needed at a given

point of the workflow.

Property
shell (uniform)

.

Material

BEXEO S

A X (@)

p =2700.0 kg/m*
E =700E+09 Pa
v =03000

Name [EP_1.6
Parameters

thickness (1,600 mm

- Name and comment
- Geometries

- Properties

- Mass

- Mesh parameters

Structural mass  0.00000E+00 kg

N.S. mass 0,0000 kg 2 @
0.00000E+00 kg
Mass of subparts 6.27370E+01 kg

627370E+01kg

Own mass
Target total mass Rel dif.

46,9000 kg

Mesh parameters

Total mass

& Inherits values

Info

Log display

Generated files

XML database
Models are saved in
an open xml format, to
be re-loaded and
modify later.

Plans

Plans of the geometry,

DAT file
Additionnaly to the VisPER export, it is possible to
generate a PERMAS DAT file, which is more compact than
standard VisPER export, as it makes massive use of loops
for example, or uses a compact definition for sets.

Some UCI command files for standard model tests, for
example mass check, can be exported as well.

material and properties

affectations, mesh print are exported in SVG format.

SVG is a vectorial format that can be easily edited in Inkscape for
example (free open-source software, Linux and Windows
platforms). It can also be read in modern web browsers.

Report
Reports i
definition,

F.E. model in VisPER

also generates spreadsheets, ————
for example mass summary.

suscomp

ncluding plans, mass summary, mesh summary, material
comments about the model, etc. can be exported. PCGen

2 [ToP ACIER 1,45€4+003
[ [cviinperz
e |curves

L5 Juerenpoue

COMPOSITE |~ B 00E+002
PPERVRING AGIER 1.45E+003

GO 0
9.11E+001
0.00E+000
2,84E+001
0.00E+000

001
omEwol
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Sooevo0

5,58E4001

0.00E+000 9,11E+001
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PCGen is an add-on of VisPER. As it is integrated, it is possible at any step

to push the model into VisPER to check its geometry, mesh, etc. Also,
VisPER can read directly the XML model database generated by PCGen,

the interpretation and meshing are done on the fly.

For more information,
please contact us:
permas@intes.fr

+33 (0)1 34 83 19 89
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