THREE-DIMENSIONAL PROBLEM OF THE THEORY OF ELASTICITY
STRESS IN A THICK-WALLED PRESSURE VESSEL

1. INTRODUCTION

Three-dimensional problem of the theory of elastidhcludes an elastic body with defined
kinematic or static boundary conditions and thesyasces acting inside. The analytical solution is
known only for simple cases. In general, numennathods are the only way to solve such tasks.
Numerical solution of the problem by using FEM riegsl a three-dimensional spatial discretization
with a solid three-dimensional finite elements.

2. PROBLEM DESCRIPTION
The goal of analysis is to determine stress distioin inside a pressure vessel made of steel which

is a part of hydraulic installation. The vessellaaded with internal pressug@ The vessel is
attached by two flanges. The other two nozzledraeeof displacements.

Data:p=50MPa, E=2/10° MPa, v=0.3
Geometric data (in millimeters) are presented below:
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3. TYPICAL COURSE OF NUMERICAL ANALYSIS

Taking into consideration the triple symmetry (yz,and zx planes), the model includes dnly
part of the vessel. Convenient units anen, N and MPa.

3.1. Preprocessor

\ 1. Create Keypoints active Coordinate Systerfp
ANSYS Main Menu

= Preferences

= Preprocessor
Element Type
Real Constants

Preprocessor >
Modeling>Create>Keypoin

In Active CS{_X=180, Y=1500

Preprocessor>

«
.
Material Props Modeling>C K i
Sections In Active C
= Modeling
o Create
= Keypoints Preprocessor >
2 0n Working Plane K
X [

=]in Active CS Modeling>Crea i
: —r In Active C =
i

[K] Create Keypoints in Active Coordinate System

NPT Keypoint number |
X,Y,Z Location in active CS ( 180

oK Apply | Cancel | Help |

Preprocessor>
Modeling>Create>Keypoint>

&. X=180, Y=0

In Active C

| 2. Copy Keypoins on X directiofright) |

Preprocessor>Modeling

o Copy>Keypoint No

TYPE NUM
Real Constants £ Preprocessor >Modeling
Material Props i @
Sections Copy>Keypoint No
B Modeling

3

Element Type

e Preprocessor ‘

@ Pick (" Uspick
Create
@ Operate (e Single (* Box N .
Move / Modify C ®oiveon  cizeie i e E';)eprfiiewe :)irll\t/IONC:)el
i Locp
R oo R = py>Keyp
R Lin e IKGEN] Copy Keyponts
Maximum = 6
2 Areas T ITIME  Number of copies - l:l
#Volumes KeyP No. = 2 - including-adgiRak
£kine Mesh DX  X-offset in active CS 200 |
7 Area Mesh | @ List of Items

Nodes  iin, Max, Inc DY  Y-offset in active CS
Elements

o 1
Reflect - DZ  Z-offsetin active CS I:l
[ ]

Check Geom KINC  Keypoint increment.
Delete

_ Apply NOELEM Ttems to be copied [keypontsamesh =]
Cyclic Sector el Keypoiis fumesh

& Genl plane stri _ Rss=t sapeel ok | Apply | Cancel |
B Update Geom | sick a1 Help

:‘:“ﬁ::l'::ﬁg s | Preprocessor>Modeling
Numbering Ctrls B X g o Copy>Keypoint No

3. Create areas through Keypoints

Hep |

& Modeling .
o Create Preprocessor >Modeling>
Keypoints ”
Lines Create>Areas>Arbitrary>
© Areas @ mcx  C ompick Through KPs: 3,4,8,7
a Arbitrary

ElThrough KPsEGEE R EE
7 Overlaid on Ar © Fe17858 € cirele

ABy Lines © toos . .
ABy SKINNING  cowne = = Preprocr>Mod(-_:‘I|ng>
7By Offset Naximem - ¢ Create>Areas>Arbitrary>
okl Through KPs: 2,3,7,6
Circle KeyP No. = 5
Polygon -
ﬂArea FI“et (@ List of Items
@ Volumes (" Min, Max, Inc
Nodes
Elements

& Contact Pair

Piping Models Apply

Circuit

B Racetrack Coil _IR“’“ _IC"‘“l
Transducers Pacl a1l Help

Operate

Preprocessor >Modeling>
Create>Areas>Arbitrary>
Through KPs: 1,2,6,5
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4. Create Keypoints in active Coordinate Systewn &kis of revolution - Y)

ANSYS Main Menu @

& Preferences =
= Preprocessor
Element Type
Real Constants
= Material Props
= Sections
= Modeling
Create
B Operate

B2 Elem Ext Opts

@ Pick
B Areas

# Along Lines

Calc Geom ltems
Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector
B Genl plane strn
g2 Update Geom

" in,

1 AREAS
AREA NUM

& Extrude Sweep Areas about

Z Along Normal @ #insie
A By XYZ Offse € folvaon ¢ civcie
BlAbout Axis|IREES

. Count
Llnes Maximum
Keypoints Minimm =
A Extend Line Heyp Ne. =
Booleans
Scale @ List of Items

Reset Cancel
Pick L1l Help

Preprocessor > Modeling>Create>Keypoint> In Active CS: X=0, YBQ2

Preprocessor > Modeling>Create>Keypoint> In Active CS: X=0, Y=0

5. Extrude areas about axis defined by two Keypoints

Prepr ocessor >Modeling>Operate> Extrude>Areas>About Axis

\E

m Sweep Areas about Axis

NSEG  No. of volume segments

OK

[VROTAT] Sweep Areas about Axis

ARC  Arc length in degrees

| e | e |

6. Create Y4 of cylinder: ‘

ANSYS Main Menu 5]
| Preferences = VOLUMES
Preprocessor

VOLU NUM

Element Type
Real Constants
Material Props
Sections
= Modeling
& Create
Keypoints
Lines
Areas
& Volumes
Arbitrary
Block
= Cylinder
RASolid Cylinder —
ZHollow Cylinder
APartial Cylinder
AByEnd Pts & Z
=

Sphere

Cone

& Torus
Nodes RAD2  Optional inner radius
Elements
B Contact P,
Piping Mo THETAL Starting angle (degrees)
Circuit
B Racetrack

[CYLIND] Create Cyinder by Dimensions
RAD1 Outer radius

71,722 7-coordinates

THETA2 Ending angk (degrees)

Prism Create Cylinder by Dimensions i

i “'::r']:duc( oK Apply _Goncel | |
[ —

— HTorus

7. Create Y4 of cylinder for flange:
ANSYS Main ] ) y g

references i
reprocessor
1 Element Type
1 Real Constants
1 Material Props
1 Sections
1 Modeling
& Create
Keypoints
Lines
Areas
@ Volumes
Arbitrary
Block
e Cylinder
# Solid Cylinder
Z Hollow Cylinder
A Partial Cylinder
ABy End Pts & Z
B
Prism
Sphere
Cone

Nodes
Elements
& Contact Pair

VOLUMES
VOLU NUM

Fi\ Create Cyiinder by Dimensions
[CYLIND] Create Cyinder by Dimensions
RAD1  Outer radius

RAD2  Optionalinner radius
71,22 Z-coordinates
THETAL Starting angle (degrees)

THETA2 Ending angle (degrees)

e Apply_|

8. Overlgp VolumesPr eprocessor >Modeling>Operate> Booleans>Overlap>Volumes: AII

Material Props
Sections

'references ;" ‘ ot
{J

Element Type —~
Real Constants @® pick (" Unpick

@ Single ( Box

€ Polygon ¢ cirele

& Modeling & i
Create -
B Operate Count = 0
Extrude Hasimmns
A Extend Line Hidwim, 2 2.
= Booleans M
Intersect (@ List of Items
Add
Subtract { e an St
Divide .
Glue
e Overlap S —
A m OR Bpply
7 Areas
Alines =] 3‘
Partition "
E Settings —
Show Degeneracy
Scale

Cale Geom Items
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9. Delete unnecessary Voluméd:epr ocessor >Modeling>Delete> Volumes and BeIoM

ANSYS Main Menu ol

| Preferences s
Preprocessor @ pick (| Ompick L
Element Type T e

Real Constants . ., .  cirele
Material Props (T Loe
Sections

= Modeling Coune =

= Create Hemen =8
Minimum = 1
= Operate volu No. = 8
Move / Modify )
Copy @ List of Items
Reflect o b
Check Geom e e
& Delete
7 Keypoints

Z Hard Points

ALines Only _renty |
ALine and Bel( | geaet Cancel

# Areas Onl
# Area and ;el et ﬁl
ZAVolumes Onl

palVolume and Belo

Z Nodes

A Elements

A Pre-tens Elemnts

10. Select Element typeBr eprocessor >Element Type>Add> (SOLID45 and SOLID95)

x
ANSYS Main Menu NSRS A

B Preferences
e Preprocessor
& Element Type
=]Add/Edit/Delete
B2 Switch Elem Type

BAdd DOF
= Remove DOFs x|
& Elem Tech Control Library of Element Types 8node 83 <
Real Constants Bk snode e
Material Props 20node 186
Sections

Modeling
Meshing Element type reference number _3
Checking Ctrls _
Numbering Ctrls oK Apply Cancel Hel
Archive Model | ° |
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up Add... | Options.. | Delete
Loads

Physics

Path Operations Close Help
Solution 4' 4‘

20node 95

11. Define Material Propertie®r epr ocessor >Material Props>Material Models:
Sructural/Linear/Elastic/Isotropic: EX=2e5MPa, PRXY=0.3

ANSYS Main Menu

)
ANSYS Main Menu__ | ey e e Il
& Preferences Material  Ecit Favorite  Help
= Preprocessor - Material Models Defined Material Models Available |
Element Type
Real Constants P 3Material Model Number[Sl| Favorites -
= Material Props @ Linear Isotropic @& Structural
Material Library ] Lligear
B Temperature Unif Elastic ]
B Electromag Units 4 )
alMaterial Models| @ Orthotropic
& Convert ALPx x|
B Change Mat Num
Failure Criteria Linear Isotropic Material Properties for Material Number 1
& Write to File le
&= Read from File L
Sections
Modeling 1
Meshing

Checking Ctris
Numbering Ctris
Archive Model
Coupling / Ceqn

FLOTRAN Set Up Add Temperature | Delete Temperature | Graph
Multi-field Set Up
Loads oK | Cancel | Help |
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12. Define global element size:
Prepr ocessor >Meshing> Meshing ToolSize Controls>Global

ANSYS Main Menu [A) Global Element Sizes ]
B Preferences ElemErAiEs [ESIZE] Global element sizes and divisions (apples only
= Preprocessor 10 "unsized” ines)
@ Element Type Globsl ~| SIZE Eement edge length
50
e (oM
NDIV No. of element divisions -
@ Material Props [~ SmanSize
Sections ﬂ - (used only f element edge lengsh#€IZE, is biank or zero)
Modeling i 5
& Meshing

Mesh Attributes sizs contols

cancel Hep
=

- Global
Size Cntrls obe
& Mesher Opts D St Claar
Concatenate
Lines Set Clear
esh _I

Modify Mesh Copy. Flip

Check Mesh

Clear Layer Set Clear

Checking Ctris
Numberi?lg Ctrls Keypts Set Clear

Archive Model

Coupling / Ceqn Mesh:

FLOTRAN Set Up Grx O

Multi-field Set Up |~ S C Tet 0 @ Hexfieda2 @ sinsle Box

Loads ¢ Free C Mappi @ Sweep) € Polygon ( cirele

Physics (| Loop

Path Operations [Auto SrerTrg _ .
Solution ; ;:::m _ 5 X
General Postproc . Clear G = 4 kz
TimeHist Postpro el T =
Topological Opt
= ROM Tanl

13. Mesh VolumesPr epr ocessor >Meshing>
Meshing Tool>Mesh>Volumes/Hex/Swveep

e | |7

Reset Canee,

Gan) %

3.2. Solution

Define boundary conditions:

14. Define Symmetry B.C. on Areas:
Solution>Define Loads> Apply>Structural>Displacement> Synim&C>0On Areas

Preprocessor
© Solution TYHE NUM
Analysis Type
& Define Loads
Settings pply SYMM on Areas
= Apply ® Pick  ( Umpick

)

& Structural

3 @ Single (" Box
e Displacement

@R gt

20n Lines

20n Areas .

20n Keypoints ~ ceunt 9
20n Nodes Haximum

7 0n Node Comp Mamum
© Symmetry B.C. =2 ¥°-
A0n Lines
grea

A
"On Areas C Min, Max, Inc

(@ List of Items

Pressure [Cox | 2emy
Temperature eec e
Inertia n—l L‘
& Pretnsn Sectn ESETE|| S

g:l?;lane Strain —HT
15. Define pressure on internal Areas:
Solution>Define Loads> Apply>Structural>Pressure>On Area

& Solution ” ‘ TYPE NUM

Analysis Type
8 Define Loads
Settings @ Pick  ( Umpick
= Apply @ single (" Box
& Structural ( Polygon (= circle
Displacement  ZLoop
orce/Moment
] Pressure count !
Maximm = 37
Minimm = 1
Area No. = 4
20n Node Compon g riac of Teens
2 0n Elements s e
2 0n Element Comp
B From Fluid Analy -
2 On Beams

CIperaie
pply PRES on areas X
ertia - b

FA] PRES on areas as a -
B Pretnsn Sectn E— it SFAT Apply [constantvae 7]

Gen Plane Strain If Constant value then:
Pick m11| meln VALLE tosd \/ — }A

LKEY Load key, usually face no. D

(required only for shel elements)

Onberate o Apply Cancel Hep
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16. Define negative pressure on nozzle and flangesarea
Solution>Define Loads> Apply>Structural>Pressure>0On Areas

ANSYS Main Menu 2]
Preferences Al | ageas =
Preprocessor [SFA] Apply PRES on areas a5 a [Constant value -
& Solution TYPE NUM I ConSEnt Vel then
Analysis Type e
© Define Loads st s —— (327 /|
Settings Seee | e é_ TREY Load key, usualy face no.
= Apply
& Structural P — (required only for shel elements)
Displacement U JRelvaen' S cirore
Force/Moment  _C Teoe
a Pressur_e o = ok | sony | cancel | rep |
A — Maximam = 37
‘ A;’eas s tm itz
A B Area No. = 49
20n Node Comj
A 0n Elements (@ List of Items
A0n Element C¢  ~ win, 1ax, mme
From Fluid An:
7 0n Beams | pply PRES on areas S|
Temperature -] Apply PRES on areas as a
Inertia

Pretnsn Sectn

Other
Field Surface Intr
ield Volume Intr

Initial Condit'n
Load Vector
Functions
Delete
Operate

e
Gen Plane Strain _ ===t i
Pick All Help

| Constant value ¥

Pomme—
== oy
VALUE Load PRES value ‘ 61.25 J

T
(required only for shel elements)
OK | Apply. | Cancel Help

-50[180%/(280%-180%) = -35.217MPa

PRES

50

ANS' ent Manager ...

@ Real Constants
= Material Props

& From Full

@ Sections C Reselect
= Modeling  Also Select
@ Meshing  Unselect
@ Checking Ctrls

@ Numbering Ctrls _Sele Al | _invert
= Archive Model ~_Sele None| Sele Be
2 Coupling / Ceqn oK. ‘ ply )
fdCouple DOFs) =
# Cupl DOFa wij B U
BGen w/Same N_-S2ncel| _Help
B Gen w/Same DOF
B Coincident Nodes
B Offset Nodes
= Del Coupled Sets
= Constraint Eqn
B Gen w/Same DOF
& Modify ConstrEqn
B Adjacent Regions
B Shell/Solid Interface
ZRigid Region
= Del Constr Eqn
2 Dist F/M at Mstr
= FLOTRAN Set Up
® Multi-field Set Up
& Loads
= Physics
= Path Operations

IEEES »
[ SAV Parlsr g loawraRel
- T)Y Select Entities ]
ANS  Everything _p——

= Pr¢  Everything Belo m
= Preprocessor [Ry NumiPick >4
= Element Type =

@ Pick C Unpick

@ single (" Box

( Bolygon (~ circie

C Locp

Counc
Maximm
Minimm
Area

e
g

@ List of Items

€ Min, Max, Inc

|

= s
= |l

=
!

(N

‘ Attachedto 7]

€ Elements
 Keypoints
 Lines, all

€ Lines, interior
© [Areas, all
 Areas, interior
C Volumes, all

 Volumes, interior

@ From Full
 Reselect
 Also Select
 Unselect
Sele All Invert Z
Sele None| Sele Belo y

Plot Replot
Cancel Help
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18. Couple DOFs (UzZpn the sticking surface of the flange:
Preprocessor >Coupling / Cegn> Couple DOFs

@ pick

¢ Loop

Preferences

= Preprocessor
Element Type
Real Constants

Define Coupled DOFs:

(@ Singl=

€ Polygon (= cirere

®

;‘ NODES
MAT NUM
 Unpick

 Box

Count

Maximam

Minimm
Node No.

palCouple DOFs|
eGupnl DO Str
B Gen w/Same Node

(® List of Items

B Gen w/Same DOF = tax, xc

[
W

B Coinci Nodes T
B Offset Nodes

B Del Coupled Sets
& Constraint Eqn

#Rigid Region

B Del Constr Eqn

#Dist F/M at Mstr
FLOTRAN Set Up
Multi-field Set Up
Loads

ox Apply

B Gen w/Same DOF e = s
B Modify ConstrEqn - =

B Adjacent Regions' " B

B Shell/Solid Interface [CP] Define Set of Coupled DOFs

x

NSET Set reference number

Lab Degree-of-freedom label

[T Apply

\ 19. Select

all entities:

ntities ...

~—— Comp/Assembly
SAV  Parts ...

Component Manager ...

>

ANS
BPrc  Everything Below b

ATTENTION: Steps17 and 18
should be performed for each model !!!

\ 20. Solve linear problentSolution>Solve>Current LS

\ 21. Save database with a unique naMedel _1.db

File | Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Clear & Start New ...
Change Jobname ...
Change Directory ...
Change Title ... UIT | POWRGRPH|
Resume Jobna B S
Resume from .. SaveDatsbasetn Directarias:
— [moselim | dypwiskyptickiczenie2idb
Save as Jobnai
.l = =y &
e 2[R =
5 Krociec? db 5 SKRYPT
Write DB log fil Kﬁﬁiliia di [ CWICZENIE 2
| £ 0B
Read Input fror
Switch Output 1 =l =l
List ListFiles of Type: Drives
i [Detabase Files de =] [=a:RroBOCZY =]

File Operations

Cancel
Help

Network. y ._

ANSYS File Options ...

Import =
Export ...

Report Generator ...

Exit ...

B Constraint Eqn

B Gen w/Same DOF

& Modify ConstrEqn
B Adjacent Regions

& Shell/Solid Interface
2 Rigid Region
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3.3. General postprocessor

Show the results as contour maps
Show total displacements (USUM), Von Mises str&S@V) and stress components (SX, SY) in
global cylindrical system related to cylindricakrpaf the model.

| 22 Plot Total displacemen&SUM) |

ANSYS Main Menu @
= General Postproc o NODAIL SOLUTION
B Data & File Opts
& Results Summary STEP=1
Read Results ?Ii}fmj
Failure Criteria USUM’ (AVG) .037727
B Plot Results RSYS=0
= Deformed Shape DMX =1.03 .147959]|
= Contour Plot SMN =.037727
=INodal Solu SMX =1.03 .25819
= Element Solu |
x| .368422
 Item to be contoured |
.478654
Favorites j -
# Nodal Solution
« DOF Solution -588885}
@ X-Component of displacement
@ Y-Component of displacement - 699117
@ Z-Component of displacement
L=3Displacement vector sum| & -809349|
(i & |
.91958]
— Undisplaced shape key
Undisplaced shape key |Deformed shape with undeformed edgej 1.03]
Scale Factor Auto Calculated j|72.8288215323
Additional Options 3
oK | Apply | Cancel | Help |

23. Plot Von Mises stredSEQV) \

ANSYS Main Menu &l
" i NODAL SOLUTION
8 General Po:stpmc NODAL SOLUTTION ik (BvE)
= Data & File Opts MX =1.03
& Results Summary STEE=1 e
Read Results SUE: =1 SMY —646. 965
= Failure Crit |\ T2 -
=@ Plot Result: 300, 40 be contoured erddd
= Deforme
a Contour o Stress &l 82.946
= @ X-Component of stress
= Eleme @ Y-Component of stress 153.448
Elem 7 @ Z-Component of stress
-1 @ XY Shear stress
Bline E
ctorP @ YZ Shear stress £ 25
Plot Patt @ XZ Sh_ea!' stress ool e
c @ 1st Principal stress s
= Concrete A
ThinFilm @ 2nd Pr_lnqpal stress
List Results & 3rd Principal stress 364.956
n e;u ] @ Stress intensi
Query Rest @ en Mises stress| 5l 435.458
= Options for i o T— e =
B Results Vie 505. 56
B Write PGR . . s
Nodal Calcs Undisplaced shape key
Eletrl:lgﬂ Ta | Undisplaced shape key |Deformed shape with undeformed edge | 576.463
a pera 5
Surface Opl Scale Factor Auto Calculated J|72.8288215323 ca6.965
Load Case — =
Check Elen Additional Options ®|
& Write Resul oK | Apply | Cancel Help I
ROM Ober:
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24. Select global cylindrical CS for results presdotat

ANSYS Main Menu

8

= General Postproc

B Data & File Opts

Bl Results Summary

Read Results
@ Failure Criteria
@ Plot Results

& Deformed Shape

= Contour Plot
Nodal Solu

B

Options for Output

[RSYS] Resuits coord system
Local system reference no.

[Giobal cyindnc -
e

[AVPRIN] Principal stress calcs

[AVRES] Avg rslts (pwr grph) for

Use interior data

B Element Solu | [/EFACET] Facets/element edge

Elem Table

Line Elem Res

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results

From components *
All but Mat Prop x

[ NOo

1 facet/edge x>

[SHELL] Shel results are from

[LAYER] Layer resuts are from

Spectied layer number

[FORCE] Force results are

=10ptions for Qutp)

Bl Results Viewer
B Write PGR File
@ Nodal Calcs

Element Table

SRR S .

OK |

Cancel |

- DEFAULT - hdl

€ Max faiure crit
@ Spectfied layer

Total force hd

Help

25. Plot radial stresses in global cylindrical ¢RSYS=1)

ANSYS Main Menu

al

a General Postproc

& Data & File Opts

= Results Summai ;o in

— Item to be contoured

Read Results
Failure Criteria
2 Plot Results
B Deformed Sh:
& Contour Plot
2
B Element So
& Elem Table
& Line Elem F
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results

il

Favorites

£ Nodal Solution
DOF Solution
& Stress

L=3X-Component of stress|
# Y-Component of stress
@ Z-Component of stress

@ XY Shear stress
@ YZ Shear stress
@ XZ Shear stress
@ 1st Principal stress

Query Results =

& Options for Out|
= Results Viewer
& Write PGR File
Nodal Calcs

= Element Table Scale Factor

 Undisplaced shape key
Undisplaced shape key

Deformed shape with undeformed edgej

Auto Calculated

|[72.8288215323

Path Operations

Surface Operatic  Additional Options

@

Load Case
= Check Elem Sha

ok | Apply | Cancal Help |

& Write Results
ROM Operations

m Qubhmnrdelinn

26. Plot hoop stress in global cylindrical GBSYS=1)

SOLUTION
(RVG)

M 92.981
SMX =221.056
-92.981
-58.089

-23.197

11.696

151.265

186.157

221.05

Path Operations
Surface Operatic
Load Case
Check Elem Sha|
&= Write Results

Scale Factor

Auto Calculated

-|[72.8288215323

Additional Options

@

0K

Apply |

Cancel | Help |

ROM Operations

A Submadealina

ANSYS Main Menu El NODAT, SOLUTION
= General Postproc E| LS
= Data & File Opts J @ (BVG)
B Results Summary , 7 573
= Read Results x g
Failure Criteria )
2 Plot Results Item to be contoured _37.573
B Deformed Sha | & Favorites E
e Contour Plot & Nodal Solution 38.802
EINodal Solyl DOF Solution |
& Element So @ Stress 115.177
B Elem Table @ X-Component of stress
aLine Elem R B~ Component of stress W—
Vector Plot @ Z-Component of stress ’
o @ XY Shear stress
Flotbathliem @ YZ Shear stress 267.928
Concrete Plot
s @ XZ Shear stress
@ ThinFilm @ 1st Principal 344,303
List Results st rincipa stress .
@ 2nd Principal stress Il
QueryResults | - " _ . o ASTLETE
& Options for Outg - — '
& Results Viewer - :
= Write PGR File Undisplaced shape key 497.054
Nodal Calcs Undisplaced shape key |Deformed shape with undeformed edge ~!
Element Table £ ge] 573.429

649.804.
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27. Definepath AB along wall thickness and map radial and hoop st®en it:

ANSYS Main Menu &
& General Postproc =
= Data & File Opts
B Results Summary
Read Results
ailure Criteria

lot Results
ist Results

@ Single € Box

Query Results € Folyoon ¢ cirele
B Options for Outp € Loop

B Results Viewer

5 Write PGR File count :

Nodal Calcs =0

Element Table
= Path Operations
& Define Path
PaBy Nodes)
B2 0n Working Plane

@ List of Items

" Min, Max, Inc

E By Location | ———

Path Status

B Modify Path

B Path Options |
Delete Path Reset Cancel
B Plot Paths
SRecall Path E |||

= Map onto Path
Plot Path Item

@ Pick € Uspick

ELEMENTS
PATH

[FDEF] Map Result Items onto Path
Lab  User label for item

Ttem,Comp Ttem to be mapped

il Map Result Items onto Path

Y-direction SY
z-direction 52
XY-shear XY
[Yz-shear _svz.

~x-drrecton sx
[AVPRIN] Eff NU for EQV strain l:l
Average results across element ¥ Yes
[/°BC] Show boundary condition symbol
‘Show path on dispiay I o
oK Apply Cancel Help

28. Plot graphs of radial and hoop stresses apatly AB:

ANSYS Main Menu

@

= General Postproc

B Linearized Strs
HList Linearized
BAdd

h POST1
B Data & File Opts
B Results Summary STEP-1
Read Results ?LII;';}
Failure Criteria PATH PLOT
NOD1=1880
List Results NOD2=873 242.75
Query Results SX
B Options for Outp Y 214.466
b1Vt of Pt iems on Graph 2 1 -
= Write | [PLPATH] Path Plot on Graph
Nodal
Lab1-6 Path items to be graphed 1579
Elemel
8 Path C 129.617
Defi
Dele 101.334
=2Plot
73.051
BRec x| 2ot | Conce |
& Mag 44.768
= Plot Path ltem
= 16.485
B0n Geometry _11.788
& List Path Items :
B Path Range -40.081

20 60 100 140
DIST

29. List radial and hoop stresses alqragh AB: \

ANSYS Main Menu

B General Postproc
& Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
= Query Results
& Options for Outp
E Results Viewer

Nodal Calcs
Element Table
@ Path Operatio

Define Path
Delete Path
B Plot Paths

B Recall Path

[PRPATH] List Path Data
Lab1-6 Path items to be listed

POST1

STEP=1
SUB =1
TIME=1
PATH PLOT
NOD1=1880
NOD2=873
SX

SY

= Write PGR Fil| A [y

242.75

214.466

|

2 Map onto P
= Plot Path It

B 0On Graph
B 0On Geometry
=]List Path Items]
B Path Range
B Linearized Strs
List Linearized
B Add
B Multiply
B Divide

16.485

-11.798

-40.081

RPATH Command

File
\
PRINT ALONG PATH DEFINED BY LPATH COMMAND.
“‘-._‘ s)oxxexx PATH UARIABLE SUMMARY sxexxx
s X syY

0.0000 -48.831 242.75
10.000 -38.556 236.39
20.000 -37.930 230.904
30.000 =35.565 223.68
40.000 -33.980 217.33
50.000 -32.45% 210.97
60.000 -29.781 2086.58
70.000 -27.188 202.28
80.000 -24.43Y4 197.81
90.000 -21.768 193.42
100.00 -19.887 189.83
110.00 -16.993 185.32
120.00 -14.899 181.61
130.00 -12.885 177.81
140.00 -18.711 174.20
150.00 -8.6172 178.49
160.00 =7.6T16 166.78
Emm— 170.00 -6.7261 163.087
180.00 -5.7865 159.36

z 190.00 -4.8358 155.84
200.00 -3.8834 151.83

DSYs=

o
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30. Definepath CD along wall thickness and map radial and hoop steen it:

ANSYS Main Menu 5]
3 Preferences 2
= Preprocessor
@ Solution

Map Result Items onto Path x|

[PDEF] Map Result Items onto Path

Lab  User label for item l:l

a General Postproc Ttem,Comp Item to be mapped DOF solution = [Kdrection X =
EData & File Opts Strain-total |Z-drection SZ
E Results Summary Energy XY-shear ~ SXY
Read Results StmmePslv: ! [YZ-shear SYZ >

Failure Criteria
Plot Results
List Results
Query Results
B2 Options for Outp [/PBC] Show boystiary condition symbol
B Results Viewer

g I r
BWrite PGR File *
= Nodal Calcs Goer (oo oK oo | _Cancel | _wep |

Element Table
= Path Qperatj

lmanthema  w|RGorE oy

[AVPRIN] Eff NU for EQV strain

Average restits across elegpefic I ves

€ Eox
RN, By Nodes
L5Y [PATH] Define Path speciicationg

unt  Name  Define Path Nampe

Single

vori
BBy Location
Path Status = winima
B Modify Path  weae w
& Path Option:
Delete Path
@
B Reca
JuTIEem
B Linearized Strs
B List Linearized

Reset Cancel
Pici w1 Help

31. Plot graphs of radial and hoop stresses apaty CD: \

ANSYS Main Menu 3|

& Preferences POSTL
Preprocessor STEP=1
Solution SUB =1
a General Postproc TIME=1
B Data & File Opts PATH PLOT
B Results Summary NOD1=1785
Read Results NOD2=208 213.917
Failu=o St
RHIATL ot ofparn eems onarapn T P
List [PLPATH] Path Plot on Graph
Que Lab1-6 Path items to be graphed
& Opti
ERes|
& Writ
Nod
Elen ok | Apply_| Grs
= Path 61.033
Define Path
Delete Path 35552
B Plot Paths
B Recall Path
= Map onto Path -15.41
= Plot Path Item
=]

162.957

137.47¢

10.071

-40.891

=} O_n Geometry 20 60 100 140 180
B List Path Items DIST
B Path Range

32. List radial and hoop stresses algagh CD:

ANSYS Main Menu ®
a General Postproc g posT1 x|

= Data & File Opts 2

= Results Summary STEP=1
Read Results SUB =1 PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSVS=

! s - [}
Failure Criteria g\fgﬁ éLOT
Plot Results NOD1=1779 wxxxx PATH UARIABLE SUMMARY xwxxx
List Results NOD2=902 192.004
Query Resuts 5% I——— 0. 5000 T Aot
e oy pate | 1000 | -wose0 1747
B Results Viewer 20.000 -39.527 175.26
- - [PRPATH] List Path Data - . :

B Write PGR File 5 - —_— 30.000 -38.154 175.75
Nodal Calcs Labl6 Path fems to 40.000 -36. 781 176.23
Element Table 50.000 -35.409 176. 71

; 60.000 -32.814 177.81

= Path Operations 76.000 -30.220 178.91

Define Path 80.000 -27.625 18001
Delete Path Acya| | — 90.000 -25.031 181.10
B Plot Paths Apply 100.00 22,436 182.20
B Recall Path 110.00 -20.091 183.36
B Map onto Path 2 01 120.00 -17.746 184.52
Plot Path ltem 130.00 -15.402 185.68
E 140.00 -13.057 186.84
& On Graph 4.583 150.00 -18.712 188.00
= On Geometry 160.00 -3.5836 188.80
BlList Path Items| -l8.843 176.00 -8. 4554 189.60
& Path Range I 180.00 -7.3272 190,40
= Linearized Strs l—==|  190.00 -6.1990 191.20
Inearized : 0 200.00 -5.0708 192.00
B List Linearized 2
= Add
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SCL normal to
maximum
stress

SCL normal to
mid-surface

(a) Example of SCL Orientation

Stress C Line Ori

Monotonically|
increasing or

Non-monotonic
example

4

example

(b) Hoop

of

and Bending E

hv{e Siress Integration Method Using the Results

from a Finite Element Model with Continuum Elements

and Meridional Stress
Conditions

and Validity

33. Definepath EF along wall thickness for equivalent stress linesion:

ANSYS Main Menu

B Preferences
Preprocessor
Solution
8 General Postproc
B Data & File Opts
B Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
H Options for Outp
H Results Viewer
= Write PGR File
Nodal Calcs
Element Table
e Path Operations
= Define Path

PABy Nodes|

E By Location

B On Working Plane

8 |
il

- ETT—

@ Pick

® Single
€ Polygon
 Loop

Count
Maximum
Minimum

Node No.

(® List of

(" Min, Max, Inc
|
=

Reset
Pick &ll

¢ Unpick

¢ Box
) Circle

3240

Items

Cancel
Help

ﬂ 34. Linearization of equivalent stress alquagh EF

lent Stresses

& Preferences | ELEMENTS SEQV Max Membrane+ Bending
Preprocessor
Soll’l’tion - meee POSTL
& General Postproc 590.878 STEP=1
B Data & File Opts SUB =1
B Results Summary 2527 TIME=1
ead Results - SECTION PLOT
Yt potof e sresses ' Nopi-1611
lot F [pisect] path Plot of Linarzed Stresses 422.614 1:21)‘2]=941
8 List R gem,comp . A
gute_n Stress item to be Inearized REE=5EG MEM+BEND
=}
= R:sll:)l Foraxwmmk:wmdes 310.438 TREnE
RHO Avg radius of curvature 1 254.35
odal  gr ignore bendng stresses? " e aes
o | _rony | _cancel | {142,174
86.086
= Plot Paths o 56.568 113.136 169.704 226.272
B Recall Path 28.284 684.852 141.42 197.988
B Map onto Path DIST
Plot Path Item
=lLinearized Strs)
B List Linearized
=Aaa

35. List linearized equivalent stress alquagh EF \

ANSYS Main Menu ®
-
B Preferences = POSTL
Preprocessor
Solution STEP? 1 -9.420 236.7 -26.70 5.378 -21.04 -4.106
SUB = c 0.000 0.000 0.000 .000 0.000 0.000
5 General Postproc TIME=1 0 9.420 -236.7 26.70 -5.378 21.04 4.106
B Data & File Opts SECTTON PLOT s1 s2 s3 SINT SEQU
B Results Summary NOD1=1611 I 238.5 -8.861 -29.06 267.6 258.1
Read Results NOD2=941 a6 o6s c 0.000 0.000 0.000 0.000 0.000
Failure Criteria SEQU ’ l\ 0 29.06 8.861 -238.5 267.6 258.1
Plot Ree vee " MEMBRANE PLUS BENDING xx I=INSIDE C=CENTER 0:OUTSIDE
List Re NEIOETEE R x v w2
2 Query | [PRSECT] Lt Linearized Str 1 -24.86 547.3 28.55 14.10 -32.72 -5.460
B Option! For axisymmetric modes c -15.44 310.6 55.25 8.718 -11.68 -1.355
B Results o Avg radusof curveture I:l o 5018 73.87 81.94 3.340 9.359 2.751
& Write P I s4e.7 22289 22362 §$2T3
KBR Ignore bending stresses? - - e .
@ Nodal ¢ 19 " DR C B 54.72 -15.69 S p
Elemen 0, 8s8.28 67.73 86.09
= Path Q|
Defir e rply | Cance | Help xx PEAK ¢ C:CENTER 0=0UTSIDE
' sxy svz sxz
@ Dele 4.458 -10.77 4.674
n;“’t FI'IaFt'h:h | -2.270 y.782 4215
BRecall Pa L . . . 2.650 -7.251 6.094
B8 Map onto Path Max Membrane + Bending =" s1 s2 s3 SINT SEQU
= Plot Path Item I 103.9 12.66 2.120 101.8 96 94|
et ¢ 3.252 -5.665 -40.61 43.86 49.16
HLinearized Strs 86.086 0 60.32 8.974 -3.788 YRY 58.78
=]List Linearized| 0 s6.
e PO

Cw_2 2014 v4_ENG.doc

dr inz. Piotr Marek



4. INTERPRETATION OF THE RESULTS. TASKS TO BE DONE

Compare results of the models built with the samesimdensity (ESIZE parameter see p.12) using:

a) 8-noded elements (Solid45) using ‘sweepping’ AEKDGE option fodel 1),
b) 20-noded elements (Solid95) using ‘sweeppingXWEEDGE option {1odel 2),
c) 8-noded elements (Solid45) using ‘free meshirtgTRA option (odel 3).

Put the results in thmble for each model:

No. of nodes, No. of elements, USWM SEQVnax SXgrsvs-1, SYrsvs=1 fOr points: A,B,C i D and
maximum Membrane and Bending SEQV stress on patfstep 35).

Discuss the results.

Model 1
Solid 45
Hex/Wed

Model 2
Solid 95
Hex/Wed

Model 3
Solid 45
Free

No. of nodes

No. of elements

USUMnax

SEQVmax

A
SX RSYS=1

A
SY RSYS=1

B
SX RSYS=1

B
SY RSYS=1

C
SX RSYS=1

C
SY RSYS=1

D
SX RSYS=1

D
SY RSYS=1

Max Membrane +
Bending stress

Plots needed (should be archived during program
session for each model) :

1) FE mesh

2) USUM(x,y)

3) SEQV(x.Y)

4) SX(X,Y)rsvs=1

5) SY(X,y) rsvs=1

6) Graph: SX(X,Y)rsvs-11 SY(X,y) rsvs-1 0n path AB
7) Graph: SX(X,Y)rsvs=1i SY(X,y) rsvs=1 0n path CD
8) Graph of linearized SEQV on path EF

Raport finalny:

Final report:

1) Introduction

2) Assumptions for the modeling

3) model description

(solid model, mesh, boundary cond. and loads)
4) Results

5) Results in the Table

6) Discursion

7) Conclusion

from Lame theorem (for inside pressure):

pa.a2 b2 Pa'az 2

O-T':bz_azl(l_r_z) O't:bz_az'(l 7‘_2)
or(a) =
U[(a) j—
or(b)=
or(b) =
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