6.3. TROJWYMIAROWE ZADANIE TEORII SPR EZYSTOS’CI.
NAPREZENIA W GRUBO SCIENNYM ZBIORNIKU CI SNIENIOWYM

6.3.1. Wprowadzenie

Zadanie tréjwymiarowe teorii sgrystasci dotyczy spgzystego ciata przestrzennego, na ktérego brzegu
zadane s warunki przemieszczeniowe lub sity, a wejva obszaru panuje oldleny stan sit
objetosciowych. Tylko w prostych przypadkach znamy rogminie analityczne. Na og6t metody
numeryczne gjedyrs drogy rozwigzania takich zada

Rozwigzanie numeryczne MES zadania trojwymiarowego wynwgkretyzacji bryly przestrzennej siatk
elementéw tréjwymiarowych.

6.3.2. Rozwazywane zagadnienie

Obcigzenie wewrtrzne stanowi nad@nienie o wartéci p. Element mocowany jest za pomodwdch
potaczen kotnierzowych, a pozostate dwa ko&@ maj swobod przemieszcae

L=2000mm 4=200mm,Y1=1100mm,Y>=1200mm,Y3=1500mm,
p=50MPa,E=21C° MPa, 1=0,3
Oznaczenia danych geometrycznych przedstawiorehyzastrysunku 6.3.1.

0ODa4
ODs
ODe

Rys. 6.3.1. Wymiary geometryczne elementu

6.3.3. Typowy przebieg analizy numerycznej

Biorac pod uwag potrojra symetre zadania do obliczemazna przyj¢ jedynie's analizowanego elementu.
Wygodnymi jednostkamias mm, N, MPa
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6.3.3.1. Preprocessor

Sposbdb budowy modelu geometrycznégmlid model)

a) Utworzenie punktow geometrii w uktadzie globalnyntelu wytrasowania przekroju poprzecznego (rys.
6.3.2): Preprocessor> Modeling>Create>Keypoint> In Active CS

Main Menu

& Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
e Modeling
2 Create
= Keypoints 2
A0n Working Pl
2
Z0n Line
2 0n Line w/Rati(
#0n Node
5 UD haturaan KB
’1‘ Create Keypoints in Active Coordinate System
[K] Create Keypoints in Active Coordinate System
NPT Keypoint number

®

POINTS
TYPE NUM

X=180, Y=1500

/i_'\—‘ X=280, Y=1500

A

X=180, Y=1200

’7\—| X=280, Y=1200
\_{ X=380, Y=1100

X=180, Y=1100
x|

X.Y,Z Location in active CS

d“‘" | |

ok Apply

Cancel

Help

Elements
& Contact Pair
Circuit
& Racetrack Coil
Transducers
Operate
Move / Modify
Copy
m Raflart

7 X

e >
—

X=380, Y=0

Rys. 6.3.2. Utworzenie punktow geometrii

b) Utworzenie pdl przez wskazanie punktéw geomatys.(6.3.3):Preprocessor>Modeling>
Create>Areas>Arbitrary> Through KPs

Main Menu

& Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
= Modeling
= Create
Keypoints
Lines
= Areas
a Arbitrary
Pl Through KPs|
# Overlaid on Are:
A By Lines
2 By Skinning
7 By Offset
Rectangle
Circle
Polygon
A Area Fillet
Volumes
Nodes
Elements
B Contact Pair
Circuit
B Racetrack Coil
Transducers
Operate
Move / Modify
Copy

o
. POTNTS i@ = AREAS
TYPE NUM o AREA NUM
PreprocessorModeling>Create>Areas>
| Create Area thru KPs Arbitrary>Through KPs: 3,4,5,6

® Pick

( Tnpick

Count
Maximum

Minimum

e oo

KeyP No.

(& List of Items

" Min, Max, Inc

—

Reset Cancel
Bick &11 Help

PreprocessorModeling>Create>Areas>
Arbitrary>Through KPs: 2,3,6,7

Al

o

PreprocessorModeling>Create>Areas>
Arbitrary>Through KPs: 1,2,7,8

Rys. 6.3.3. Utworzenie pol przez wskazanie punktéangetrii

Utworzenie punktow geometrii do wskazania osi tb(oys. 6.3.4):
Preprocessor> Modeling>Create>Keypoint> In Active CS

d) Utworzenie bryt przez obrot pol wokét osi:

Preprocessor>Modeling>Operate> Extrude>Areas>About Axis
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Main Menu

= Preferences
= Preprocessor
Element Type

Material Props
Sections
= Modeling
Create
= Operate
8 Extrude
EElem E
o Areas
2 Alon

Lines

Booleans
Scale

Copy
Reflect

Delete
Cyclic Secto

Check Geom

= Genl plane strn

= lmdndn anm

Real Constants

ol
Preprocessor Modeling>Create>Keypoint> In Active CS: X=0, Y3Q
=z
Preprocessor Modeling>Create>Keypoint> In Active CS: X=0, Y=0
| Sweep Arcas about AXES
® Pick (" Unpick

xt opts & Fingle
 Folygon '
g Norme € =00
2 By XYZ Offs:
PalAbout Axis
ZAAlong Lines  winsimm

Count

KeyP No.

Keypoints
2 Extend Line

(" Min, Maxz, Inc

Calc Geom Items ||

opty
Reset Cancel
Eielk ALL Help

Move / Modify

L

(® List of Items

fi\ sweep Areas about Axis

Rys. 6.3.4. Utworzenie bryt przez obrét pél wokdt os

e) Utworzenie wycinkéw walcowych:
Preprocessor>Modeling>Create> Volumes>Cylinder>By Dimensions

Main Menu

@

& Preferences
& Preprocessor
Element Type
Real Constants
Material Props
Sections
& Modeling
2 Create
Keypoints
Lines
Areas
8 Volumes

Block
& Cylinder

Arbitrary

2 Solid Cylinder
Z Hollow Cylinder

7 Partial Cylinder |
2By End Pts & Z
2
Prism
Sphere
Cone
& Torus

f4\ create Cylinder by Dimensions

VOLUMES [CYLIND] Create Cylinder by Dimensions

VOLU NOM RADIL  Outer radius
RAD2 Optionalinner radius

71,72 Z-coordinates

THETAL Starting angle (degrees)

THETA2 Ending angle (degrees)

fi\ Create Cylinder by Dimensions
[CYLIND] Create Cylinder by Dimensions
RADL  OQuter radius

RAD2  Optional inner radius

71,72 Z-coordinates

THETAL Starting angle (degrees)

THETA2 Ending angle (degrees)

ok_| Apply_|

Rys. 6.3.5. Utworzenie dwoch wycinkéw walcowych

f) Naktadanie Bryt (rys. 6.3.6a):
Preprocessor>Modeling>Operate> Booleans>Overlap>Volumes: All

g) Usunkcie zlgdnych bryt (rys. 6.3.6b):
Preprocessor>Modeling>Delete> Volumes and Below

Main Menu

Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
e Modeling
Create
8 Operate
Extrude
7 Extend Line
& Booleans
Intersect
Add
Subtract
Divide
Glue
& Overlap
R
7 Areas
ALines
Partition
= Settings

all

Overlap Volumes

@ Pick (" Unpick

(& single ( Box
(" Bolvgon (~ circle
¢ Loop
Count
Maximum

Minimum

Volu No.
@ Lisc of Items

¢ Min, Max, Inc

- "-.

oK 2pply
Reset Cancel

Pick AlL Help

Rys.

Main Meny
B Preferences
& Prepr
Element Ty @ single (" Box
Real Consti © Polvgen  cizcie
Material Pr¢ © oo2
Sections
= Modeling e
Create Binsmim
Operate  veis we.

@ pick  ( vapiex

Count

(]
"

Move / M——————
Copy @ List of Items
Reflect = ( win, ax, e
Check Gi
eDelete |l

A Keypo

Hard F
;LinES‘ ﬂl

Aline a | Beset Cancel
ZAAreas  pick a1 Help

ZAreaa
#AVolumes Only

7 Nodes
a) b)
6.3.6. Operacje na brytach: a) naktadanie bjydisuniecie ziginych bryt
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h) Wybor typu elementu skezonego (rys. 6.3.7):
Preprocessor>Element Type>Add> (20-yziowy SOLID186 lub 8-#ztowy SOLID185)

Main Menu

= Preferences
e Preprocessor
e Element Type

Rem

Elen
Real Ci
Materi:
Sectior
Modeli
Meshir
Checki
Numbe
Archive
Couplit

Defined
ype

Add/Edit/Delete]
2 St Eme—
= Add mEiementTva —‘

Element Types:
1 SOLID186

Library of Element Types

Element type reference number

OK

ﬂ,‘ Library of Element Types

Apply

x|
Structural Mass a ||Quad 4 node 182 -
Link 8 node-183
e
Pipe 20node 186
concret 65
20node 186

Options...

Delete
Help

m Multi-fiald Sat LIn

Rys. 6.3.7. Wybor typu elementu skaonego

i) Wprowadzenie danych materialowych (rys. 6.3.8):

Preprocessor>Material Props>Material Models: Structural/Linedglastic/Isotropic:

EX=2e5MP

Main Menu

a, PRXY=0.3

Preferences

e Preprocessor
Element Type
Real Constants
= Material Props

Material  Eclit  Favorite  Hel

— Material Models Defined
W \Material Model NumberkSl

Material Library
B Temperature Unil
B Electromag Units
[=lMaterial Models|
B Convert ALPx

B Change Mat Num

Failure Criteria

= Write to File

= Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn

A T —

P

— Material Models Available

@ Favorites

# Structural
# Linear

m Linear Isotropic Properties for Material Number1

Linear Isotropic Material Properties for Material Number 1

# Elastic
o

@ Orthotropic
x|

Temperatures
EX
PRXY

T1

2e5
0.

=1olx]

Add Temperéure | Delete‘?emperature |

Graph

0K

| Cancel | Help |

Rys. 6.3.8. Wprowadzenie danych materiatowych

j) Zadanie dom§inego rozmiaru elementdw (rys. 6.3.9):
Preprocessor>Meshing> Meshing Tool> Size Controls>Global

Main Menu

= Preferences

= Preprocessor
Element Type
Real Constants

Element Attributes:

Global i |

MeshTool

," Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only

to"

unsized"” ines)

SIZE Element edge length

NDIV No. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

Material Props 1 smansice
Sections i
Modeling = .
= Meshing e
Mesh Attribu Size Controls!
=IMeshTooll
Size Cntrls ~ ©°™
= Mesher Opts| Areas S8t
Concatenate
Mesh Lines Set Clear
Modify Mesh M _fip |
Check Mesh
Clear ez Set Clear
Checking Ctrls
® Numbering Ctrl Ny = @

Archive Model

Multi-field Set L

Loads

Physics c

Path Operation:
Solution

Coupling / Ceqr ..,

Shape:

Volumes

 Tet

Free Mappel & Sweep

Auto SrcdTrg -

General Postproc
TimeHist Postpro Clear
ROM Tool

& Hex/Wedge

Pick a menu item or ¢

Peefine at:

Flemeants -

T

| =

Help

(® Pick { Unpick

(@ Single ( Box
" Polygon ( circle

€ Loop

Count = 0
Maximum = 7
Minimum = 1

Volu No. =

@ List of Items

" Min, Max, Inc

e

Reset Cancel |

Pick A11

Help |

Rys. 6.3.9. Zadanie doripego rozmiaru elementow




k) Generacja siatki (rys. 6.3.9):
Preprocessor>Meshing> Meshing Tool> Mesh>Volumes/Hex/Sweep

I) Zapewnienie braku deplanacji na powierzchni kokde
Aby zasymulowéa warunek braku deplanacji na powierzchni kotnierakezy zwigzac odpowiednie
stopnie swobody wztow tej powierzchni. Mgna tego dokonaw kolejnych etapach:
— Wybranie wztow lezagcych na powierzchni dociskowej kotnierza (rys. 503.

ntifiee

| B Preprocessor
& Element Type
o Real Constants
= Material Props
@ Sections

= Medeling
= Meshing 1 Unselect : =
mChecking Ctrls L "% Cmas - o
@ Numbering Ctrls 220 Inverl & aingie o omax
@ Archive Model  Selabona| SelaBe  ssivses -~ cocers 1 Volumes, interior
= Coupling | Cean " ox | agpy | L2 :
7 ETTE piot | pepiot|  cowe - From Ful
7 Cupl DOFs w/l e = @ € Reselect
B Gen w/Same NM o - a € Also Select
B Gen w/Same DOF = C Unselect
B Coincident Nodes
B Offset Nodes _sele Al | _invert |
B Del Coupled Sets sefeNone| Sele Belo |
B Constraint Eqn l"hl‘..
B Gen w/Same DOF Plot Replot
= Modify ConstrEqn ?ocell %‘
B Adjacent Regions mmee e
A Rigid Region
= Del Constr Eqn
2 Dist F/M at Mstr

Rys. 6.3.10. Wybranie gztdéw lezagcych na powierzchni dociskowej kotnierza

— Zwigzanie stopni swobody (UZ) weamtach powierzchni dociskowej kotnierza (rys.6.3:11)
Preprocessor>Coupling / Ceqgn> Couple DOFs

Main Menu ®|| NODES
Preferences -l MAT NUM
e Preprocessor
Element Type @& Pick " Unpick
Real Constants
Material Props O Sl (s
Sections " Polygen ( cizcle
Modeling O Lem
Meshing Comnt = ©
= Checking Ctris Maximm = 11515
= Numbering Ctrls Minimum = 1
Archive Model Nede No. =
=] OHD () 80
% (@ List of Items
Z Cupl DOFs w/M € Min, Max, Tnc
emwi3ame Nodes
Gen w/Same DOF
Coincident Nodes &—8MMMMMM L
Offset Nodes e -
Del Coupled Sets =
Constraint Eqn Zestt ﬂl [CP] Define Set of Coupled DOFs
Gen w/Same DOF Pick 211 Help NSET Set reference number
Modify ConstrEqn

. . Lab Degree-of-freedom label
Adjacent Regions

A Rigid Region
Del Constr Eqn
A Dist FIM at Mstr

ok | Apply_|

Rys. 6.3.11. Zwjzanie stopni swobody weatach powierzchni dociskowej kotnierza
— Ponowne wybranie wszystkich sktadnikéw modeltitity Menu> Select>Everything
UWAGA: Operacje wizania stopni swobody trzeba zrékezdorazowo dla kadej nowej siatki!

6.3.3.2. Solution

Wprowad: warunki brzegowe:
a) Zadanie warunkéw symetrii na powierzchniach (6y8.12):
Solution>Define Loads> Apply>Structural>Displacement> SyntrgeBC>0On Areas
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Main Menu ®||
& Preferences ;||
= Preprocessor
= Solution - -
” @ Pick (" Unpick
Analysis Type
2 Define Loads (8 Single (" Box

Settings
= Apply
8 Structural
e Displacement
Z0n Lines
7 0n Areas

#0n Nodes

Z0n Lines

alOn Areas

Force/Moment
Pressure

7 0n Keypoints

2 0n Node Compol
e Symmetry B.C.

A ...with Area

2 On Nodes
Antisymm B.C.

() Polvgon ¢~ circie
( Loop

Count
Maximum

1s
37

Minimum 1

Area No. 52

(@ List of Items

(" Min, Max, Inc

—

repiy
Reset Cancel
Pick A1l Help

Rys. 6.3.12. Zadanie warunkow symetrii na powierztn

b) Zadanie dinienia na powierzchni wewtrznej (rys. 6.3.13):

Main Menu

®

Preferences
Preprocessor
= Solution
Analysis Type
= Define Loads
Settings
= Apply
& Structural
Displacement
@ Force/Moment
a Pressure

50
Q00 Areas

20n Node Component
7 0n Elements

From Fluid Analy

Apply PRES on Areas

-l
(8 Pick ¢ Umpick
(8 Single ( Box
(/Polygon ¢~ circie
.

Count

i
i

Area No.

(& List of Items

¢ Min, Max, Inc

2 0n Element Compon

e
b

Solution>Define Loads"> Apply>Structural>Pressure>0On Areas

fi\ Apply PRES on areas N

]
[SFA] Apply PRES on areas as a |Constant value =
If Constant value then:

VALUE Load PRES value

LKEY Load key, usually face no.

(required only for shell elements)

ok |

Apply_| Cancel

A0n Beams
Temperature
Inertia
& Pretnsn Sectn
& Gen Plane Strain
@ Other

Field Surface Intr
Field Volume Intr

m Initial Cnndit'n

Reset Cancel
Pick A1l Help

Rys. 6.3.13. Sposob zadanigniénia na wewetrznej powierzchni

c) Zadanie ujemnegodiienia na krécu i kotnierzu (rys. 6.3.14):

Solution>Define Loads> Apply>Structural>Pressure>0On Areas

— Cisnienie na powierzchni kéga:
— Cisnienie na powierzchni kéga:

-50x188/(28(%-18() = -35,217MPa

-50x708/(1106-90() = -61,25 MPa

Main Menu @" i
= Preferences LoMEs
Preprocessor ot i bE NUM
@ Solution
Analysis Type ( Single (" Box
2 Define Loads € Polygon ( circle
= Settings ( Loop
= Apply Coie, = 2
= Structural rini =
Displacement erioes = &
Force/Moment Ares o, = 48
2 Pressure
2 0n Lines @ List of Items
% (" Min, Max, Inc
Z0n Nodes

20n Node Comg
Z0n Elements
70n Element Co
B From Fluid Anz
7 0n Beams
Temperature
Inertia
& Pretnsn Sectn
&2 Gen Plane Strain
Other
® Field Surface Intr
@ Field Volume Intr

—

_ron |
Cancel
Help

Reset

Pick A1l

Rys.

"_‘ Apply PRES on areas 15
[SFA] Apply PRES on areas as a

]
Constant value 2

If Constant value then:
VALUE Load PRES !EE

LKEY Load key, usualy face no.

{L

-35.217
)

(required only for shell elements)

o | _ww |  omw| b |

H,‘ Apply PRES on areas 1
[SFA] Apply PRES on areas as a

x|
Constant value >

If Constan

VALUE Load PRES value -61.25

LKEY Load key, usually face no.
(required only for shel elements)

ok | Apply_| Help

6.3.14. Zadaniegiienia na krécu i kotnierzu



Uruchomienie procesu oblicze
Solution>Solve>Current Ls

Po zakaczeniu obliczé warto zapisa baz danych pod unikainnazwg, np.: Model_1.db. Tak zapisana
baza danychduzie zawierata w sobie wyniki oblicze

6.3.3.3. General postprocessor

Prezentacja wynikow w postaci map warstwicowych
a) Przedstawienie mapy przemieszczagypadkowych (USUM — rys. 6.3.15) i ngpen zredukowanych
(SEQV —rys. 6.3.16)

Main Menu ® ]
B Preferences —{| | NoDAL SOLUTION i Item to be contoured

Preprocessor sTEP=1 .

Solution SUB =1 & Nodal Solution

==

= General Postproc TIME=L 22 DOF Solution
HData & Filepopts e, @ X-Component of displacement
B Results Summary DMX =.911591 @ Y-Component of displacement

SMN =.07%222

Read Results i

Failure Criteria

& Plot Results
B Deformed Shape
= Contour Plot

@ Z-Component of displacement
=-911591 4 LalDisplacement vector sum) -

| =

~ Undisplaced shape key

=INodal Solul Undisplaced shape key |Deformed shape with undj
& Elemen Soly Scale Factor Auto|[B2.2737178677
& Elem Table

B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm -
List Results
Query Results
B Options for Outp
H Results Viewer
Nodal Calcs
Element Table
Path Operations

Surface Operations
m 1 nad Cace

Additional Options

oK | Apply | Caneel | Help

e | —
079222 264193 449164 634135 819106
171707 356678 541649 72662 911591

TohsRRERRL &

Rys. 6.3.15. Przedstawienie przemiesaozgpadkowych w modelu

Main Menu ® X
& Preferences L NODAL SOLUTION  Item to be contoured
Preprocessor STEP=1 re—:
Solution SUB =1 @ st Pnnmpal stress B
& General Postproc 2;”5?;1 g g"g FF: |j|nc_|pa|| stlress

B Data & File Opts Mx = 911551 il [

B Results Summary SMN=11-0512 M IR

SMX =668.47 L-dvon Mises stress]
Read Results - =
Y i @ Plastic equivalent stress =
Failure Criteria 1 LlJ

= Plot Results
& Deformed Shape
& Contour Plot
=INodal Soluj
B Element Solu
B Elem Table
E Line Elem Res

. Undisplaced shape key

Undisplaced shape key |Deformed shape with und -
Scale Factor Autoj|82.2737178677

Vector Plot Additional Options 8|
Plot Path Item = o e =
Concrete Plot | apey | cencel | Help A|
ThinFilm - =
List Results o
Query Results &
& Options ft_:r Outp a|
= Results Viewer ol
Nodal Calcs
Element Table ed
=kt Spesabions 11.0514 157.145 :303 238 449331 595.424 2]
@ Surface Operations ’ 84.098 "7 230.191 7 376.284  522.377  668.47 2
Load Case

2
i

Rys. 6.3.16. Przedstawienie ngmn zredukowanych w modelu
b) Przedstawienie sktadowych stanu rapnia (SX, SY, SZ) w ukfadzie walcowym zwanym z czscia

walcows.
— Wskazanie globalnego uktadu cylindrycznego degsawiania w nim nagren (rys. 6.3.17.)
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Main Menu o) N
B Preferences 2| options for Output
Preprocessor [RSYS] Resufts coord system [Gobal cyindric =]
Solution Local system reference no.
= General POSthOC Giobal cyindric

B Data & File Opts [AVPRIN] Principal stress caics ok

H Results Summary [AVRES] Avg rsits (pwr grph) for L

Read Results

Failure Criteria el i L0

Plot Results VEFACET] Facets/eement edge 1booetjedge ]

List Results [SHELL] Shel resutts are from [“oeraut- =]

Query Results [LAYER] Layer results-are from

= ¢ wax fare et

B Results Viewer @ Specfied fayer

Nodal Calcs SR El

Element Table [FORCE] Force resuts are [fofoe =]

Path Operations

Surface Operations o | Concel | oo |

Rys. 6.3.17. Wskazanie globalnego ukfadu cylindregmm

— Rysowanie napgen promieniowych w globalnym uktadzie walcowym (rgs3.18)

AL e T
& Preferences ] NODAL SOLUTION AT o
Preprocessor STEP=1 :
Solution SUB =1 & Nodal Solution ﬂ
8 General Postproc o N DOF Solution
=Data & File Opts RSYS=1 @ S;r _—
= Results Summary DMX =.911591 _ omponent of stress)
Read Results SMN =-125.448 @ Y-Component of stress E
SMX =238.71 i i

Failure Criteria
& Plot Results
2 Deformed Shape
a Contour Plot
=|Nodal Solu
& Element Solu
& Elem Table

 Undisplaced shape key

Undisplaced shape key |Deformed shape with undj
Scale Factor Autoj|82.2737178677

& Line Elem Res Additional Options @]
;ﬁ)t:tttp’;g:ol:em aK | Apply | Cancel | Help |
Concrete Plot U:
ThinFilm s

List Results e
Query Results @
& Options f9r Outp Y
B Results Viewer e
Nodal Calcs

Element Table A
Path Operations — F— &
= Surface Operations TS0 e sest T L oe1n2 0 " eseas T isree o0t ssem 2]
m 1 aad Caca -

Rys. 6.3.18. Wskazanie ngpen promieniowych w uktadzie walcowym

— Rysowanie naggen obwodowych w globalnym uktadzie walcowym (rys..6%B

Main Meny ® E
B Preferences s NODAL SOLUTION — Item to be contoured
Preprocessor STED=1 q
Solution suB =1 & Nodal Solution ﬂ
= General Postproc e DOF Solution
B Data & File Opts Rsvs=1 & Stress
B Results Summary DMX =.911581 @ X-Component of stress
Read Results sMN =-53.1325 @ Y-Comcnenl of stress| &l
SMX =627.72 [T i

Failure Criteria
= Plot Results
& Deformed Shape
= Contour Plot
Z]Nodal Solu
B Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Iltem
Concrete Plot =
ThinFilm
List Results
Query Results
B Options for OQutp
H Results Viewer
Nodal Calcs
Element Table
Path Operations

@
i -53.1325 S8.1683 245.469 400.77 552.071
Surface Operations 22.5179 173.819 325.12 476.421 627.721

i~ Undisplaced shape key

Undisplaced shape key |Deformed shape with undj
Scale Factor Au!oj|82.2737778677

®

Additional Options

ok | Apply | Cancel Help

£

ar

42

Jelkelolelef

m 1 nad Caca

Rys. 6.3.19. Wskazanie ngpen obwodowych w uktadzie walcowym

Prezentacja wynikéw w postaci wykresow wzdéaiezek
a) Wskazaniesciezki AB wzdtuz grubdci scianki i zapisanie na niej nagen promieniowych i
obwodowych (rys. 6.3.20)
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M 8 =
2|

= General Postproc [PDEF] Map Resit Items onto Path

Data & File Opts Lab  User e or em
Results Summary & picx " Unpick P N Ttem,Comp Ttem to be mapped
Read Results PRl fi'eynodes

Failure Criteria

Plot Results | LR AT B

List Results O & Name  Define Path Name : X-drrecton SX
Query Results Comi|eore

Options for Outp  wax mosr of data sets IERINE T UL EQVSIon

Results Viewer uin NDV - Number of divisions Average results across element

& Write PGR File Ned

[/PBC] Show boundary condition symbol
‘Show path on display ™ No

@ Nodal Calcs ok | cancel | Hep |

Element Table

ok |

4By Nodes|
Working P

By Location Zpply

Path Status

= Mo dify Path Reset Cancel
Path Options | Picic 21| Eelp

elete Path
lot Paths
ecall Pat
EIMap onto Path|

»m/‘ e | _we |

Rys. 6.3.20. Wskazanigiezki AB

b) Przedstawienie wynikow nagien promieniowych i obwodowych wzdii$ciezki AB (rys. 6.3.21)

Main Menu @
= General Postproc - POST1
B Data & File Opts 242.75
= Results Summary STEP=1
Read Results iIIJE_E,i PRPATH Command x|
Failure Criteria PATH_PLOT 186.183
Plot Results _
. NOD1=1880 1570 PRINT ALONG PATH DEFINED BY LPATH
List Results NOD2=873 :
Query Results S¥ 126,617 xxxxx PATH UARIABLE SUMMARY x>
B Options for Qutp sy
= s SX sy
Esve-stu"l e[ 101334 0.0000  -40.031 242.75
rite . - .
Nodal FLPATH] Peth Poton Graph 73,0851 10.000 -38.556 236.39
Labi-6 Path items to be graphed 20.000 -37.030 230.04
Elemel 14768 30.000 -35.505 223.68
= Path C ) 49.000 -33.980 217.33
® Defi 6.8 50.000 -32.455 210.97
Dele 60.000 -29.781 206.59
& Plot Cos 70.000 -27.108 202.20
° ok | oy | cancel | : §0.000  -24.434 187 81
BR &y
ec 10,081 90.000 -21.760 193.42
B Mag. —40 - - S| tee. -19.087 189.03
U
= Plot Path ltem [\ List Path Items x| 60 1197 -16.993 185.32
20.00 -14.899 181.61
B ]
GnlCaph [RETE]) EERE 13060 -12.865 177,91
- — Lab1-6 Path tems to be listed 149.00 -19.711 174.20
156.00 -8.6172 170.49
160.00 -7.6716 166.78
[~] 170.00 -6.7261 163.07
180.00 -5.7805 159.36
199.00 -4.8350 155.64
ok | Apply | cancel | Hep | 200.00 -3.8894 151.93

Rys. 6.3.21. Przedstawienie wynikow nggeh wzdhu sciezki AB

¢) Wskazanigciezki CD wzdtuz grubdci scianki (rys. 6.3.22), zapisanie na niej regggef promieniowych i
obwodowych, a nagpnie przedstawienie wynikow nagen promieniowych i obwodowych wzdiu
sciezki CD. Pos¢pujemy analogicznie jak w przypadkciezki AB.

Main Menu
List Results
Query Results
B2 Options for OQutp
H Results Viewer
Nodal Cales
Element Table
= Path Operations
= Define Path
PlBy Nodes|
2 0n Working Plane
& By Location
@ Path Status
& Modify Path
B Path Options
Delete Path
& Plot Paths
B Recall Path \ I /
=Map onto Path 7 A e : PATH2
s L ; :
B0n Graph
20n Geometry
B List Path Items
B Path Range
H Linearized Strs

 —
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Rys. 6.3.22. Przedstawienie wynikow nggeh wzdhu sciezki CD
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d) Wskazanidciezki EF wzdtw grubgci scianki i linearyzacja napzen zredukowanych (rys. 6.3.23).

Main Menu @ J— X -
= Path Operations | [ — (€D) Max Membrane+Bending
& Define Path SOReAT e
F By Nodes BATH 611.233 5
STEP=1

SUB =1
TIME=1
SECTION PLOT
NOD1=4344
NOD2=3155
SEQV

B On Working Plane
B By Location
Path Status
& Modify Path
B Path Options

Delete Path

= Plot Paths

H Recall Path

= Map onto Path

'1 Linearized Strs

BLIS Tarzed

ss4.0(]

496.781

439,552

382.323

MEM+BEND
TOTAL

325,094

267.865

210.636 /

0 56.568 113.136 169.704 226.272 282.843
28.284 84.852 141.42 197.988 254.556

f4\ Path Plot of Linearized Stresses
[PLSECT] Path Plot of Linearized Stresses

Item,Comp
‘Stress item to be Inearized @

For axisymmetric models

RHO Avg radius of curvature [:::::::::::::J
KBR Ignore bending stresses? [~ No
oK apyy | cancel | Hep |

Rys. 6.3.23. Linearyzacja napen zredukowanych wzdiusciezki EF
6.3.4. Interpretacja wynikow i zadania do wykonaréa

Poréwna wyniki uzyskane dla tej sameggasci siatki (parametr ESIZE patrz rys. 6.3.9ywajac:
a) elementow 20-wztowych (Solid186) i siatki ,sweep” w opcji HEX/WEBE (Model 1),

b) elementéw 8-wztowych (Solid185) i siatki ,sweep” w opcji HEX/WEEE (Model 2),

c) elementow 8-wztowych (Solid185) i siatki ,free” w opcji TETRAModel 3).

Zestawé w tabeli, dla policzonych przypadkow wastm:
L. weztdw, I. elementdw, USUMy SEQWnax SXrsys=1 SYrsys-1 dla punktow A, B, C i D oraz
maksymalnych napzen z linearyzacji SEQV néciezce EF.

Przedyskutow@uzyskane wyniki.
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Model 1
Solid186
Hex/Wed

Model 2
Solid185
Hex/Wed

Model 3
Solid185
Free

L. weztow

L. elementow

USUMmax

SEQVmax

SXArsys=1

SYARsys=1

SXB rsys=1

SYBRrsys=1

SXC rsys=1

SYCRrsys=1

SXP rsys=1

SYP rsys=1

Max Membrane +
Bending stress

Rysunki do raportu (nalezy je zapisa¢ podczas pracy
z programem dla kazdego modelu) :

1) siatka elem.

2) USUM(x,y)

3) SEQV(x.y)

4) SX(X,Y)rsvs=1

5) SY(X,y) rsvs-1

6) wykres: SX(X,Y)rsys=11 SY(X,y) rsvs=1 dla $ciezki AB
7) wykres: SX(X,Y)rsys=11 SY(X,y) rsvs=1 dla $ciezki CD
8) wykres zlinearyzowanych SEQV na Sciezce EF

Raport finalny:

1) Wprowadzenie

2) Zatozenia do budowy modelu

3) Opis modelu (model solid, siatki,war. podparcia i obciazenia)
4) Przyktadowe wyniki

5) Wyniki zebrane w tabeli

6) Omowienie wynikow

7) Wnioski

Ze wzoru Lame (dla przypadku cisnienia wewnatrz rury):

Pa'az b2 o 2 2

a—rzbz_azl(l_r_z) O-t=;72_aa2'(1+r_2)
or(a)=
Ut(a) j—
or(b)=
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