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An application of Mathematica to generating the finite element model of the

circumferential corrugated cylinder in cases of buckle due to axial compression
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Abstract

The finite element (FE) simulations process initiated from the structure’s model. On the way
to build up the model of the cylinder with a complex cross-section by the computer-aided designs
(CAD) was complicated. The labored modeling occurred when the behavior of the structures based on
the same parametric equations was required to simulating. Therefore, this article presents the method
of using the auxiliary program named as Mathematica to build a linear buckling model of the
corrugated cylinder with a circumferential sinusoidal waveform subjected to longitudinal compression
with numbers of the thread, radius to thickness ratio and radius to corrugated height ratio were varied.
The automatic input generating program can reduce the modeling, simulating and executing which is a
duplication process in the finite element. This program was accuracy verified by comparing with the
theoretical calculations of cylinders which give accurate results. The knowledge gained from this
program can be further developed to study the behavior of mechanics, aerodynamics or
thermodynamics with finite elements and reduce the time to reproduce in the modeling process.

Keywords: Finite element; Automatic programming; Model build up; Axisymmetric loading; Cylindrical shell
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1. uni

Tugadagduisnisinludedwudgnlduidaym
A1SATUIUNIINYIATENST TAINTIUAEATDE
LWINaNY Lﬁaamﬂmmmmmiumifjmﬁmamm
Ardeulasiueu (Boundary condition) 91n&@1A1S
Arffunisindeudl (Governing equation) 35015
ludtediuuddagnimuganidive (Commercial
package) 1‘v1mmm,mﬁmmmwauim laianeg Lﬂu
mm%%muaqmmﬂmq AuUdoueenisEd
n3¥911 (Loading) #38ANNTULDUTDINITINNAARII
(Constraint) Vil ayuin1snaaransaiunsald
TsunsuAmwrmmsliludiediuudmnansuauss
(Response) ¥844UUI1a031ATIAT1S (Model) Tag
msfvuaautRan MeulvAweu uaznsziian
s uadmsulaseadrefifiannududeunisasng
WUUDNa09veslATIas1981aR s AElUTUATUY Y
Weuuwuy (Computer aided drawing, CAD) Wie
a519uuUTaedF I tuAwIalulusuasuen
VAN

Tunwenidslusunsulnludioduiudgnld
NAUNUNTNAADUTUTUFULUY (Prototype) nou
miwﬁmsﬁaLﬁaa'mﬂmmmmuauamazmimaau
Igmunssmuateuladvey Fslusundmngsy
nMsnaEpUTLUSuLUUeas T udomndeuTuY
Ffldnvazadiotudifanuuandsiuniudnvus
WiAw (Parameter) 971UU%aN83U LuULi oM
HARDUALDIREN15ETININTZY Wian1TMTnsin
meldnnsefinnnszii vlidesadsuuusiasuas
nsnmuananzaeglunsauumnsinludie

Auualunsaziuudnass dadunisvingfunaz 1y

nateg1eun wadwmsulusunsumuiumslnludie
Aluusogn9Yy ABAQUS ﬁ?uﬁiu@asjamﬁa%’ﬂmsmi
A1 Taeldn150eulUshnTuAITUINAIEN 1
lwseu (Python) Aqudnduniaiioatrslndduns
(Input file) Fudufiivdoyadasudiuniunisduan
mslludiodiuud fadnwlnseuduaisdug
nreufianesnisifeulusunsulnseuiioasn
LLUUﬁwaaaﬁﬁgﬂiwmﬂammwmmﬁmmam%ﬁ
Fudoudienaldmuizay Kldnsl9lusunsud

Ui 2-5 nsngIAN w.A. 2562 Jningnssndl
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DOALUUAINSUNITATUIUN AL AAIARTDEN
Mathematica unadrslilddsguniseuamidllug
walud (nput file) Wunadeniidniinisléanw
Insou

TusuiseissendredramsldTusunsumuan
nendlnmans Mathematica Tunnsadnalnldsadu
nsArume i ludiedwudlunismindninnis
Suaisgluduannunoun1sinaun1zedlasIasng
ﬁuﬁaqﬂvjﬂmamwaﬂ [2-3] (Corrugated cylinder)
melfannzUanstanidnfia (Fixed end) uazdn
Hranilsvdosdase lneiividnduasugnadulesd
(Sinusoidal wave form) fiflsuauasuan 118u 3,
5 uag 7 asu lnedldnsnadusaiineanumundu 20,
40, 60, 80 wag 100 W1 dndIAiseAINgIves
asu WasuLUaIsywiIng 20, 40 wag 100 Wi uay
dms1dmANueResAildY 10, 50, 100 way 500
wh Felusunsufidaueianunsaatrslwddaduis
é’al,miﬂ’m@uﬁy’q 4 3ULUUTIN 240 wuudnaedlums
Uszananaiesndaien

2. ngufiitieatas
Jymildendnelunuidediedymnisins
WnzraaiienIsEnafivatevean (F ) fanise
neinge (F,,) azviilianlalanansofunsenauiald

Snuaziinauideniety mwmawwgmwuu
13877 AMEseLuUlAwaIz (Global buckling)
%qawmiammmizﬂm%ﬂqmiﬁmnaumiﬁ (1) s
nqufveteauiaes (Euler's buckling beam) R
duiusiuAuendatanguvasian AluuinIy
\Borveituil uavArueIUsAvSNG %aﬁuagﬁ’u
sUsuumsBaiiumeviaaasdng fagui 1

‘ L*,
@"“
Le = 0.5L L,
L
PEEL |
!-4 le=07L A’J

Y Ej
=D
Pinned ends y Pinned and Fixed ends
: Fixed ends
Fixed and free ends 5

a
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¢ (KL)2 nsuuslguieeniudiudesSunitediuun
p=R+Csin(ab) ) (Element) faguU" 4 Bdluudaviofiuudaziganse

Tnua (Node) Fafuilifudeyadidulunisiiuan
FaantAtan fumis wazArweu Selugud 4 uang
fansuvaedmudvedlassaieifidnuasdunss
nsrven laslundazieduudasd 4 nuadedinns
Sadusumiaveslnunly fegud 5 Fontediuud
Snwairiin SaR Fuduitevlunisuidyniuuy

Tunmsifeildidendnuinisliamevoaani
817 (L) fin158nfn (Fixed end) fivanedranilauas
wuudase (Free end) fivansdndremils fagud 2
Tnefiniszna (F) nszvirduiadivatedaszsiiu
081984 (RP1) miidnveaanluguil 3 fdnwae
fuguanvsansruenafiénsds R finaudegnedy
lovuoundgn C amunuidusouraiiiarinnimdy
asulviduntndndiuiu o gnadu vl
a3 Oaq T5aTvindU p Fraunsd (2)

wWaen (Shell) Tnefnfazluunazau1sonaaunle
6 3UuuUvIadl 6 93A18asy [7] (Degree of
freedom) Ao NsipdeuBEUluUIN 3 &R (U1,

a

U2 way U3) waznisindeuniwuuvyuludingll 3 46

Y

(UR1, UR2 tag UR3) gudey

Fixed end

Free end

Y

A

z X

F

U7 2 nMsdnaeanisinaanzvedansinseuen [4]
R

wuignunlaguaetmiligain laglinsena (F)
Manedaserugneneds (RP1)

\N\-""\

B |wed*
xEL

e )

a

U7 4 M3a19uaY (Numbering) vadlvun (Node)
LaLALIUA (Element) mufinansanssuan [11]

JUT 3 nmuanamidavamsinszuanituiagniin U 5 nMsdsuvedvun (Node) lutoduiud
1 7 aeuddlsall (p) Juiudunia( @) Sal (Element) 1o

91984 (R) warANNgIRsAaU (O)
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dmdunmsadalusunsuliddunaiusndudes
inlalassairsveslnlddunaildlunsduallug
wamuARsTUTLNTN ABAQUS [8] neudildau
d1Ag 5 drumodrulaseaing (Part) drulsznav
(Assembly) d21u3an (Materia) druiisuludveu
(Boundary condition) kagaiunanina (Output) N
Foyarts 5 damdazgnidousoidosiuadludumisd
anAslusUil 6 uartufinduliddomnuiifiuuana
Iadu “inp” srelusunsuMathematica [9] lnald
Frdsiiugulunisienfie “Do” uazmdaudaniu
YoA21u “ToStringl..]” As3uUTl 6 Farmundelnd
AU TiimesvemsInsEuangnynuay Tuad
asslndtuiioltolndlaidy

Tuduveslasiaing (Part) fsgudl 7 asussese
FoyadAnyveaedmuduazinundildlunsduin
mslnludieduminunguiluguil 6-5 Tngduan
Arunisvednuauaziodiuudnlglusunsy
Mathematica snufdslugui 8

TodayDirectory = "HELICNODE"

SetDirectory [$HomeDirectory <> *\\Documents"]

CreateDirectory[TodayDirectory]

MainDirectory = ToString[$HomeDirectory] <> "\\Documents\\" <> ToStringTodayDirectory] ;
SetDirectory [MainDirectory]

Do[Do [bon)o( {SetDirectory [MainDirectory] ,

PDayTime = ing[("-", "Day", "Mont!
Edition = ToString [APR17]
Para2 = {RO -+ RLOOP, CO -» CRLOOP « RLOOP, Nthread - THLOOP, NLength -» LLOOP, & - 90,

", "Yearshort", "-", "Hour24", "Minute"}],

H -+ 2, YModulus -+ 200, Poisson -+ 30},

PartName = "R" <> ToString[RO /. Para2] <> "-C" <> ToString[CO /. Para2] <> "-NC" <>
ToString[NLength /. Para2] <> "-TH" <> ToString[Nthread /. Para2],

SaveName = ToString[PartName] <> PDayTime,

CreateDirectory[SaveName] ,

SetDirectory[SaveName] ,

“To Be Discuss Later”, <

Export [SaveName <> “.inp", Table[INPL[i], {i, 1, LastLine}], "TASLE")

5
15 (L1007, (10, 50, 100, 500} }], (RLOOP, {40, 80, 120, 160, 200} }], {CRL00P, {5, =, 1}}],
2

{THL00P, {1, 3, 5, 7}

JUN 6 Ardanisasralnddunneng Mathematica

*Heading

**Job name:[[Job Name]] Model name:Model-1
*Preprint,echo=YES,model=NO,history=NO,contact=NO

**PARTS

*%

*Part,name=[[Part Name]]

*Node

[[Node 1D]], [[X-Position]], [[Y-Position]], [[Z-Position]] *
*Element,type=[[Element Type]]

[[Element 1D]], [[Node-c]], [[Node-d]], [[Node-b]], [[Node-a]]
*Nset,nset=Set-1,generate

1, [[Total number of nodes]], 1

*Elset,elset=Set-1,generate

1, [[Total number of elements]], 1

**Section:Section-1

*Shell Section,elset=Set-1,material=Steel

[[Shell’s thickness]],5

*End Part

*k
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ce
R=R@ + — (Sin[Nthread (8)]),
100

X =RCos[0], ¥=RSin[0],Z=¢,
zmin = @, zmax = Z /. ¢ -+ { NLength=R@) /. Para2,
NC=4#%3sp /. Para2,

zmax « NC
FNL = Ceiling /. Para2|,
2x RO
NL = (FNL) + 1,
EL=NL-1,
EC = NC,
(u-1) #2am
NTH[u v ] t= —————— /5 u<NCE&R v < NL,
(v-1) zmax
Néfu_yv_ ] := ————— /5 u<NCRE v < NL,

(NL - 1)
NP = {8+ NTH[u, v]; & =+ Né[us v]},
0o (WX [u, v], WY[u, V], NZ[u, v], NR[u, v]} =

X Y z R
{—= 7. paraz /. N, — /. Para2 /. Wb, — /. Para2 /. NP, — /. Para2 /. WP},
1000 1000 1000 1000

{us 1, NCY, (v, 1, LY ],

Node[u , v ] := NID[((u=-1) «NL) + v] /5 « s NCB& v 5 NL,

Elem[p_, q_] :=EID[((p-1) «EL) +q) /5 p s EC&& g 5 EL,

NIE[p_, q_] :=NID[((p-1) +EL) + g+ (p-1)] /5 p <= EC& g < EL,
N2E[p_, q_] :=NID[ ((p-1) +EL) + g+ p] /5 p <= ECBR q < EL,
N3E[p_, q_] :=NID[ (p+EL) + g+p+1) /3 p < ECRR g S EL,

NE[p ,q ) :=NID[(p+EL) + g+p] /5 p < EC&& g s EL,

N3E[EC, g ] :=NID[g+1] /5 g < EL,

NAE[EC, g_] := NID[q] /3 q < EL

(n)

Do[
CA[u, v] = {ToString[Node[u, v][[1]]] <> ", " <> ToString[N[NX[u, v]]] <> ™, " <>
ToString [N[NY[u, v]]] <>, " <> ToString[N[NZ{u, v]]1}, {u, 1, NC}, {v, 1, NL}],
Do[LineNID[{(u-1) #NL) +v] = CAfuy v], {us 1, NC}, (v, 1, NL}]

(@)
sU#t 8 nyidsildimnasiumidvunuazieduue
Tulusunsy Mathematica [10] uag 9)N15hUaING
masuaduussindemtk luguil 7

*%
** ASSEMBLY
*%

*Assembly, name=[[Assembly’s name]]
**k

*Instance,name=[[Instance’s name]],part=[[Part’s name]]
*End Instance

Kk

*Node

1,0, 0, [[zmax]]

*Nset, nset=RP-TOP

1,

*Nset, nset=Set-TOP, instance=[[Instance’s name]]
[[Node 1D for Boundary Set-TOP]]

*Nset, nset=Set-BOT, instance=[[Instance’s name]]
[[Node 1D for Boundary Set-BOT]]
*Nset,nset="_T-Datum csys-2",internal

RP-TOP,

*Transform,nset="_T-Datum csys-2",type=C
0.,0.,0.,0.,0.,1.

*QOrientation, name="Datum csys-2", system=CYLINDRICAL
0.,0.,0.,0.,0.,1.

1,0.

** Constraint: Constraint-1

*Rigid Body, ref node=RP-TOP, pin nset=Set-TOP
*End Assembly

JUN 9 druusenauveslnddunaitldluy ABAQUS
nstlnlgynidegsninansiunisdnw il
nsUsusutoyalnddunaludiuian ddeuly
ArvaukavdluLannaiilitenuludunaligd
willowiulugui 9-11
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Hk

** MATERIALS .
>k 3

*Material, name=Steel

*Elastic {{Linearly elastic material}}
200e+9, 0.3

*k

** STEP: Step-1

Kk

*Step, name=Step-1, nlgeom=NO, perturbation
*Buckle

3,12, 500

*k

**BOUNDARY CONDITIONS
Kk

** Name: BC-1 Type: Displacement/Rotation
*Boundary, op=NEW, load case=1
Set-BOT, 1,1

Set-BOT, 2, 2

Set-BOT, 3, 3

Set-BOT, 4, 4

Set-BOT, 5, 5

Set-BOT, 6, 6

*Boundary, op=NEW, load case=2
Set-BOT, 1, 1

Set-BOT, 2, 2

Set-BOT, 3, 3

Set-BOT, 4, 4

Set-BOT, 5, 5

Set-BOT, 6, 6

*%

** LOADS
*%
** Name: Load-1 Type: Concentrated force

*Cload
RP-TOP, 3, -1.
*%

JUT 10 dudan uwavdiudeulvrveuvealidduns

41y ABAQUS

**OUTPUT REQUESTS
*k

*Restart,write,frequency=0 .
*x

**FIELD OUTPUT:F-Output-1
*%

*Output, field

*Node Output

CF, RF, U

*Element Output, directions=YES
E, LE, PE, PEEQ, PEMAG, S
*Contact Output

CDISP, CSTRESS

*k

*%

**HISTORY OUTPUT:H-Output-1
*k

*QOutput, history,variable=PRESELECT
*End Step

SUT 11 druuananavesngsunaiildlu ABAQUS

Y 9

witilosarnnanisdualilludiodiuuddieg
ABAQUS azgniuiinasuulng “.odb” vilvin1sses
¥ot03a91n ABAQUS #oaflan1yn Python Lile
deanstulasldiugunisdeufisndniesay
an3us (Script) faguil 12 Fsludandusazgnasie
A8 Mathematica lUnSeaududulndduns uay
tuiindulrlddenruiiiuiuana “ py”
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nsflaglimeufinnofuszananaanliddunm
wazlndan3udfiadradnsdusaelusunsy ABAQUS
$ufudodld n¥ousid1ds (Command prompt) i
Wowduliduund (Batch) fignduiindulng “ bat”
Wedinsreufinmes wundfildazdl 2 Indfeuund
dmsumualiluiediuud waruuaddimsunis

Wiuran1sinduuil 13 n) way 0) ud1eu

from odbAccess import *

path="[[Directory of odb file]]'

odbfile="[[name of odb file]].odb*

odb=0penOdb('%s/%s'%(path,odbfile))

al=openOdb('[[name of odb file]].odb’)

Val=al.steps['Step-17.frames[1].description

Va2=al.steps['Step-17].frames[2].description

Va3=al.steps['Step-1".frames[3].description

odb.close()

table = [[Val],[Va2],[Va3]]

import csv

# write it

with open(EigenValue.txt', ‘w') as csvfile:
writer = csv.writer(csvfile)
[writer.writerow(r) for r in table]

Export
script

g
[

U7 12 ansuddsildlunisifivieyasin ABAUS

cd [[Directory of input file]]
abaqus job=[[job’s name]] cpus=[[Number of cores]] interactive

(n)

cd [[Directory of input file]]
abaqus cae noGUI=[[Name of export script]].py

()
JUT 13 wieuviendslunund nAandnludied
LUA ANURANITALI

A[d] = Import[“EigenValue.txt", "Table"];

MainDirectoryl = $HomeDirectory <> "\\Documents";
MainDirectory2 = "HELLCNODE-APR19-3";

MainDirectory = MainDirectoryl <> "\\" <> MainDirectory2;
SetDirectory [MainDirectory] ;

TolFlod = Dimensions [FileNames[]] [[1]]

Do[Flod[i] = FileNames[][[i]], {i, 1, TolFlod}]

Do[ {M[d] = Import[MainDirectory <> "\\" <> Flod[d] <> “\\EigenValue.txt", “Table"],
M1[d] = M[d] [[1, 5]], M2[d] = M[d] [[2, 511, M3[d] = M[d] [[3, 5]]}s {d) 1, TolFlod}]

Export["AllEigen.x1s", Table[ {Flod[i], M1[i], M2[i], M3[1i]}, {is 1, TolFled}]]

U7l 14 drunanaavasiiadunaitlily ABAQUS

Manalwludiifiudeyaanlndansudazgn
Jaufuuenusaznisiwanlilulvawmes (Folder) Tu
nsagUnadoyaianunisdodldidilulusunsa
Mathematica (e Uszanananisiuan fagui 14
Fadusuatedunmsdnililudvosmauuusassd

dmfulndiogneiildlunuidedfideolasn
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INNITAUIUNIATLTINAINAADUAANITIAS
iwnzvesiamsanszuengningnaduleilag i3l lus
waAUAlUTLATH ABAQUS Lilan A2
(Eigen value) 1A¥11n11501573@8UAINYNFABIVDY
Wsunsuadralnddunalaelduuudnanivey
NsensTUBMNALY (Plain cylinder) MALSINAINGH
Weuiunguiinisinansvesessiaesluaunisi (1)
Ignansdunilndifsaazdofiolddaguil 15 ag
fiAnanzasiis 3 sULUU(Mode) a313aAIuNaNIS
fumeansUdlngfiadaulddgui 16n) dama
n1siiuAdsfuazgniaiuweninanesniulng
un Lﬁaﬂizmamamsﬁwmmﬁy’mmé’awmﬁﬁﬂu
TUsunsu Mathematica Tugudt 14 agldmsnamans
fruaauiia 240 nadifivinsdnu iU 16v)

300

Plain cylinder

L/R 50 (Theory)

= == |/R 50 (ABAQUS x Mathematica)
2501 e URS50(ABAQUS-CAE)

L/R 100 (Theory)

== == L/R 100 (ABAQUS x Mathematica)

200 A

150

Fe [kN]

100

50 4

0 20 40 60 80 100 120
RH

a

JUN 15 mansawindnludidiuuimeisine
NPV TINTEUBNUTE U UAUNG YY)

Mode
Mode

1: EigenValue = 1.22407E+06
2: EigenValue = 1.22407E+06

(n)

A B E F G H [ J
2 120 120 100 1 36463 36466 327025

3 120 120 100 3 37130 37130 332982

4 120 120 100 5 37108 37108 332786

5 120 120 100 7 37188 3718~ ~TUC

6 120 120 10 1 3075880 311683 AlIEigen.xls
7 120 120 10 3 2953140 295578

(v)
JUN 16 n)deyanisAiuiituiinanlndansud
way v) oyanuszitanaynnsiianAdgun 14

! a A o 1% & ]
nAmsInaInganf1uIulignulanduan
AULAUINGALNB LANAN1TAIUIUVDINTINTEUBNTA
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EigenValue.txt

Mode 3: EigenValue = 1.24443E+06
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(3) LATWIAIAIILYNNAUTOUIVBINLIAANTINTE
nsyuandiflasu [6] Ineldmnuduiusaunisd (@)
dleadensmanuduiudsenindnsdiusaise
AUGIVBIRBY Uag BnT1dIusATinenIuntNveg
VTINTTUBNVBY NTINTEUBNTITIE AL 1Ife
$ailvindu 50 agldnnudiiudaegud 17 Ssazuand
5&mamuﬁmawﬁmmLﬁuﬂmﬁﬂqmﬁaaﬁ’mauaau
Y99M5IN5EUBNANINTUIN 3 1 TU 5 uaz 7 asu
AIUAIAY

F
= 3)
“ 2zR°H
2r d 2
27R = [ 1+ 2P 1 de (@)
5 pdf

99.0

60 40

R/iC
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wWiguiiguiunsensyuenaniiniidl 3, 5 uaz 7 asu

v a
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