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Abstract Structural analysis is used not only for large enterprises, but also for small and medium sized ones, as
a necessary procedure for strengthening the certification process for product delivery and shortening the time in the
process from concept design to detailed design. Open-source solvers that can be used atlow cost differ from
commercial solvers. If there is a problem with the input data, such as with the grid, errors or failures can occur in
the calculation step. In this paper, we propose a pre- and post-processor that can be easily applied to the analysis
of mechanical structural problems by using the existing structural analysis open source solver (Caculix, Code_Aster).
In particular, we propose algorithms for analyzing different types of data using open source solvers in order to extract
and generate accurate information,such as 3D models, grids and simulation conditions, and develop and apply
information analysis. In addition, to improve the accuracy of open source solvers and to prevent errors, we created
a grid that matches the solver characteristics and developed an automatic healing function for the grid model. Finally,
to verify the accuracy of the system, the verification and utilization results are compared with the software used.
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Fig. 1. The proposed pre/post processor integrated various open source solver
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Fig. 2. Calculix Pre-Post Processor

Table 1. Coverages of Calculix Solver

Analysis Type Function

Linear

Static Nonlinear
geometric nonlinearities
material nonlinearities

427

Frequency

Linear

Dynamic

Linear transient modal dynamics
steady state dynamics
harmonic periodic loading
non-harmonic periodic loading

Nonlinear
implicit
explicit

Buckling

Linear

Heat Transfer

steady state

transient
Coupled steady state
thermomechanical analysis | transient

Electrostatics

steady-state networks
Laplace and Helmholtz
problems by analogy

Seepage flow

Lubrication
Linear acoustics

Shallow water waves
Diffusion mass transfer

Inviscid incompressible flow

2.1.1 Code_Aster

Code Asteri= 1989 d5-E /I 8 Q& &2
3 9 4 AZEYOEM Iy W2 FA) EDF
AEfel 4] Axbe] dAY] 3 AES HeiA e
T3 9 98 AlEH oA AXE ot} W =Y
HZ719] EficasE Al Fst o™ Fig. 32 ASTKE
2 A M HHols &R dF A

1=}
&gt
}qE

s 7 ok

Hle Configuation Tcols Optons

stuoy @| TEST || DeveLoP | =[3 _4H Tolel memory (V) 1500
‘ ‘ ‘ including Aster (MB) I~
Time (rms) 999900
Base path]/nomelclaus'SUICAD/examples Tutoials_Selinace/Assembly T o
Tpe  Sener Name WD R ¢ A verson s =
comm_— | Local — [Jassembly.comm e -
mmed_— | Local — | ring med nwr @ [
mmed — | Local — |/mountmed AW x ¥ interaciive follow-
mmed_— | Local — | mingemed 2w J
tesu_— | Local — | asserblyresy sre Bl . o
mess— | Local | fassemblymess SCR T Lt
mmed — | Local — [Mhingeresumed oM@ Cdwg
rmed — | Local — |/mountresu.med 8L W [ & )
mmed i | Local — | ring resumed ar v - J
Progress of jobs
Agumelts| ‘
I
Fig. 3. Code Aster GUI
X0 220 #H3l= o] 5] o)
Code_Asterv= =& G759 WHEsE Adsta gl
o = B EAE el 9BE 583
1 EO]A ﬁ"»r—v:ﬂaoj.o =4 =T =00
] 9] =9 B3F9 A FA Ae)
al Code Aster?] F+8 84 &4 752

Table. 29} 2T}



FFAS | &R A8 A9B, 2017

Table 2. Coverages of Code Aster Solver 3. LEAA '%H'I(Calcunx, Code_Aster) =1

Anlysis Type Function Seet XM ™ - X2 AAH

e Ak A-FA A2 QE o T2 HN7E

st N — vhgom Fa719 AFe] AGMAY TR A

el nonnennie AQetes AT Ak A2 dolE ¥

Dymamic Norine A, A A A, Aol 7 Bl WA

Fracture E;?:lg: g fo] REE 7Y 7 259 AFARRS Fig 4

Soil-Structure z:i‘fﬂs:ir;zﬁm S’j 2} 53 7t B 7 ?‘r?—ﬂ‘}ﬂ/‘i *E*é%l-t H]?]Ei—%

Stationary EH Zp7ke] B4l Bt g 35 A4, Wik T

Thermal Transient Q‘ljﬁel-% st} 0]% %—H/‘i }6]'017:51' %EHQ QLEAS @—‘Iﬂ
Liner o) ARERE FAAA WS A

code aster

g - FAE7) AlsEE sl Fig. 4. System Module

Read generic CAD Format(STEP, IGES) File &
BezierCurve
BSplineCurve
Convert OCC Object TrimmedCurve
Circle
Ellipse
Hyperbola
Parabola
Line
OffsetCurve
|, ComplexCurve

Surface
Classify Type of Edge and Surface > %
[ BezierSurface 3
g BSplineSurface
Mesh 1D using Vertex Topology Parameters RectangularTrimmedSurface

‘ SN CanicalSurface

CylindicalSurface

Mesh 2D using Edge and Surface Topology Parameters Plane

‘ SphericalSurface

ToroidalSurface
Mesh 3D using 2D Mesh SurfaceOfLinearExtusion

\ SurfaceOfRevolution

Fig. 5. Geometry based Mesh Generation Process
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UV—mesh of W1 W2

U o

Fig. 8. Hole in Parametric UV space

Fig. 10. Mesh of the Shape
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Open source Solver

Young's Module
Poiszon Ratio
ete

Surface Element
Constraint Info
efc

Load/Foree

_-w =

LoadForce
Surface Element
Constraint Info
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A

“._code_aster
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F Stiding Value \ )
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efe

Fig. 12. Extract and Generate Simulation Condition
Information

Table. 133} Table 14+= Code Aster$} Calculix®] &

glol A A% Boundary Condition 2T HE UF-E
RoFE,

Table 3. Example of Code Aster Simulation Condition

Script
DEBUT();
MSleeve=DEFI_MATERIAU(ELAS=_F(E=193000,NU=0.
29.).);
MTube=DEFI_MATERIAU(ELAS=_F(E=200000,
NU=0.29,),);

MAIL=LIRE_MAILLAGE(FORMAT="MED),);

MAIL=MODI_MAILLAGE(reuse =MAIL,

MAILLAGE=MAIL,

ORIE_PEAU_3D= F(GROUP_MA="load"),);

MODE=AFFE_MODELE(MAILLAGE=MAIL,

AFFE= F(TOUT='OUI', PHENOMENE=MECANIQUE/,
MODELISATION='3D,),);

MATE=AFFE_MATERIAU(MAILLAGE=MAIL,

AFFE=(_F(GROUP_MA='Sleeve',

MATER=MSleeve,), F(GROUP_MA=Tube', MATER=MT

ube,),),);

CHAR=AFFE_CHAR_MECA(MODELE=MODE,

DDL_IMPO=(_F(GROUP_MA="holdZ,

DZ=0.0,),F(GROUP_MA="hold3d",

DX=0,DY=0, DZ=0,),),

PRES_REP= F(GROUP_MA="load',PRES=300,),);

CHAR2=AFFE_CHAR_MECA(MODELE=MODE,

LIAISON_MAIL= F(GROUP_MA_MAIT="Tub¢',

GROUP_MA_ESCL='its'

TYPE_RACCORD='MASSIF',),);

RESU=MECA_STATIQUE(MODELE=MODE,

CHAM_MATER=MATE, EXCIT=(_F(CHARGE=CHAR,),

F(CHARGE=CHAR2,),),);
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Table 4. Example of Calculix Simulation Condition Script

*SOLID SECTION, ELSET=Part]l, MATERIAL = ABS
*MATERIAL, NAME=ABS

*ELASTIC, TYPE = ISO 2.0e+09,0.39400

*NSET, NSET = NRBE2CF_1

2 4 6 8

*RIGID BODY,NSET = NRBE2CF_1,REF NODE =
237,ROT NODE = 238

**STEP -  PROCEDUREIL -
DISPLACEMENT

DOWNWARD

*STEP, NLGEOM, INC = 100
* STATIC, DIRECT 0.01, 1.0
Boundary

NSPC_1,1, 1, 0.0

NSPC_1,2, 2, 0.0

NSPC_1,3, 3, 0.0

*CLOAD
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Selected Colors in the initial mesh

Sort the colors and make unique

For each element i in the new mesh, check
whether its color is in colors_selection or not.

For each element i in the new mesh, check
whether its color is in colors_selection or not.

Search

Fig. 13. Geometry and Mesh Connection
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2. Model Tree based 3. Mesh
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4. Set — 5. Set Boundary [ 6. Solving == 7. Result

Simulation Type Workflow Generation

' FEM constraint parameters B

New Simulation Type Select

= Simulation
o Init
/- Mesh
- Materials
- Fixtures
I Loads
/- Constraints.
/- Jobs
/- Results

Project Description

Study Type

® Static General
© Thermal General

0.0: Check dependencies...
cor )

X binary: Ci/Pr Files/FreeCAD 0.16/bin/cex.

Run CalculX...

Starting CalculX...

0.0: CalculiX s running.

IcUlX.

Fig. 15. Results of Implementation
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Interview E & Task E
| |
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3. Analysis

T d
. i
i |

E % Compare with commercial SW
|

Fig. 16. Results of Implementation

Table 5. Casel of Application

Strength Analysis for Bone Joining

Object
Jec System

Compared SW Midas-NFX

Result
S/W : Ansys
0.1%
The result shows stress and displacement
patterns similar to those of commercial
. . S/W. It is considered that the result of
Discussion

this type is suitable for the purpose of
comparing the structural performance of
two models.

Table 6. Case2 of Application

Structural characteristics of swaging type

ject
Objec brake tube connector
C‘“,‘S"\’de Midas-NFX
Result

626-002

No Type Result Error
Maximum o
Stress[Mpa] 0421 2%
1 Maximum
Displacement 0.14 2%
[mm]
Maximum o
Stress[Mpa] 0.693 2%
2 Maximum
Displacement 0.17 2%
[mm]
As with commercial S / W results for two model
Discussion |comparisons, Case 1 model shows the most structural
stability
5. 24 8 M3ty HF
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Table 7. Evaluation

. Vertical Force Axial Force
# of Element - -
Midas-NFX CalculiX Code-Aster Midas-NFX CalculiX Code-Aster
40 0.853E-06 9.853E-06 9.853E-06 0.476E-09 9.476E-09 9.476E-09
0.0% 0.0% 0.0% 0.0%
Linear 1.333E-05 1.333E-05 9.493E-09 9.493E-09
320 1.333E-05 9.493E-09
(C3D8) 0.0% 0.0% 0.0% 0.0%
1.466E-05 1.466E-05 9.500E-09 9.500E-09
2560 1.466E-05 9.500E-09
0.0% 0.0% 0.0% 0.0%
40 1.514E-05 1.514E-05 9.485E-09 9.485E-09
) 0.0% 0.0% ) 0.0% 0.0%
Linear 320 1.514E-05 1.514E-05 9.497E-09 9.497E-09
(C3D8I) ) 0.0% 0.0% ) 0.0% 0.0%
2560 1.516E-05 1.516E-05 9.501E-09 9.501E-09
) 0.0% 0.0% ) 0.0% 0.0%
40 1.508E-05 1.508E-03 9.496E-09 9-496E-09
0.0% 0.0%
Quadratic 1.515E-05 9.501E-09
320 1.515E-05 9.501E-09
(C3D20) 0.0% 0.0%
1.517E- E-
2560 1.517E-05 SI7E-05 9.503E-09 9-503E-09
0.0% 0.0%
o] F7 3 Fi5o] uet AL Wet grid oz m 6. 22 U ¥5 A7
A e AS T 5 Ak ol ol 4 WIS 1
o7 FALely] o]H o EEkE o] o3 Wae 1} B =RAE 718 TR LELEE &3t
Hog Zakatr] 7] Wiolth webs FxEo] o T2V E4A 28] Thed vt 2 SAS
o Aol AMA A9 incompatible ¥& o 7H AF A7)E s
(C3D8I) 3-& 22}4] Q. A(C3D20)2 Ab-&ajof eh 7 o] 1) @A, A2 A4, aiXZd3 7s 59 &
a1 A3 AnE 7ger = 9k A 2/FA 27
y 2) A 279 AshE WA 9% A dloly
g o a9 % AAY 7
_— 3) Aolet Fxela] Eulel S4o] Wi Feje] A4
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