ZASTOSOWANIE ELEMENTOW POWLOKOWYCH
ZGINANA PLYTA | BELKA CIENKOSCIENNA.

1. Wprowadzenie

Elementy powlokowe g elementami ptata powierzchniowego w przestrzesi definiowane za
pomog ich warstwysrodkowej i parametréw okéiajacych grubéé. Stan naprzen w elemencie
uwzgkdnia prae btonowy (Membrane) i zgiciowa (Bending). Kada warstwa po gruBSoi
elementu pracuje w ptaskim stanie ngpnia. Rozkiad napzen normalnych i tgcych wzdhi
grubaci elementu jest liniowy (patrz rysunek). Elementyzna stosow& do modelowania
konstrukcji cienkéciennych (zbiornikow i piyt) a tale prtow cienkaciennych. W kadym wezle
jest sz&¢ stopni swobody: trzy przemieszczenia liniowe ytkaty obrotu.
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Fig. The membrane and bending stress components in the shell
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2. Rozwi gzywane zagadnienia

2.1. Zginanie piyty prostokatnej
Celem ¢wiczenia jest wyznaczenie ggia i stanu naggenia w prostoftnej ptycie podpartej
przegubowo wzdiwszystkich brzegow i obgtonej statym wydatkiem powierzchniowym

Dane:g=0.1MPa, a=200 mm, b= 300mm, h=4mm, E=2/0° MPa, v=0.3
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2.2. Zginanie belki cienkdciennej

wyznaczenie ggia i stanu naggenia w cienkéciennej belce

Celem ¢wiczenia jest
wspornikowej o przekroju dwuteowym i ohzonej sih na swobodnym kiccu.

Dane:P=10kN, |=5m, B= 100mm, H= 240mm, h;= 13mm, h,= 9mm, E=2/10° MPa, 1=0.3
0° =0wy(0,H/2)
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3.Typowy przebieg analizy numerycznej

Bioragc pod uwag potrojrg symetre zadania do obliczemozna przyjé jedynie ¥4 analizowanej
ptyty. Wygodnymi jednostkamigsmm, N, MPa.

3.1. Zginanie ptyty

3.1.1 Preprocessor

\ 1. Utworzenie prostaita: PreprocessorCreate>Rectangle> By Dimensions

ANSYS Main Menu @
B Preferences =] AREAS
= Preprocessor
Element Type TYPE NUM

Real Constants
Material Props
Sections
= Modeling
e Create
Keypoints
Lines
8 Areas
Arbitrary
= Rectangle
A By 2 Corners

BY Cenir & Cor
By Dimensions]
e

Create Rectangle by Dimensions. |

[RECTNG] Create Rectangle by Dimensions

XL,X2 X-coordinates " 100 ‘>
YL,Y2 Y-coordinates “ L

oK Apply Cancel Help

ERacetrack Coil H ‘

=]

Transducers
Operate
m Mawva | Madifs

2. Wybranie typu elementireprocessorElement Type>Add> SHELL181 \

ANSYS Main Menu

B Preferences i AREAS
= Preprocesso —_—
€ment Type HIOH

[2]Add/Edit/Deletel
o AT x
=]

Defined Element Types:
ype 1 SHELL181

Add... | Options...| Delete |

Close Help
MLW TA\Library of Element Types B x|
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Library of Element Types Structural Mass | [astetrodees =
“ﬁnode 93

4node 181

8node 281

y

Solution S
General P(
TimeHist F Eement type reference number
Topologic:

ROM Tool OK Apply Cancel Help
L

DesignXpl

@ Nacinn AT

3. Wprowadzenie danych materialowyéheprocesso>Material Props>Material Models:
Sructural/Linear/Elastic/Isotropic: EX=2e5MPa, PRXY=0.3

ANSYS Main Menu

& Preferences

= Preprocessor
Element Type

=lofx]

Real Constants Material Models Defined —| - Material Models Available
& Material Props = _
Material Library B\Material Model Number S @ Favorites -
B Temperature Units & Structural
FEfeciromag uni & Linear
M.aten _dels Elisotropic]
B Change Mt Orthotropi
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& Write tc ar
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5 T1
= Checking Temperatures
@ Numberin [EX 2e5
PRXY
Mualg-sﬁeld Add Temperature | Delete Temperature | Graph
zi‘,y:i:;im oK Cancel Help
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4. Zdefiniowanie grubgri elementuPreprocessorSection>Shell> Lay-up>Add/Edit

ANSYS Main Menu Nl
& Preferences
e Preprocessor

= Element Type

—n
Create and Modify Shell Sections x|

Section Edit Tools

= Real Constants Layup ]Section Conlrols] Summary ]
Material Props =y
8 Sections AR
Section Library
Beam Create and Modify Shell Sections Namel ID|1 |
e Shell

Thickness Material ID Ori { ion Pts Pictorial View \
1 4 /[1 Jlo.o B A — ‘
Add Layer Delete Layer|
Reinforcing Section Offset | Mid-Plane | User Defined Value

@ Pipe
o Ax'?s Section Function|None defined | KCN or Node H
B List i

B Delete Section

Modeling
Meshina OK Cancel Help

5. Okreslenie parametréw starowania sigitlPreprocessorMeshing>Mesh Tool>SizeCtrl>Global

ANSYS Main Meny__ ol

B Preferences

= Preprocessor Element Atiiibutes:
Element Type
Real Constants  [Global >| _set
Material Props ————————————————|
Sections [~ Smart Size

Modeling ki |

Fine 6 Coarse
o
Size Controls:
Global Set Clear
B2 Mesher Opts
& COr st Areas el [l
M TiY Global Element Sizes B x]
es
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Cle; SZE Eement edgelength

Check NDIV No. of element divisions -
Numb:
Archiv
Coupli

" Mui el =] P
6. Generacja siatkPreprocessorMeshing>Mesh Tool>Mesh>Are&Quad) ‘

ANSYS Main Menu 1
MeshTool A
E Preferences

Element Attributes:
= Preprocessor

Element Type [aobsl =] | st
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General Postpmc 3 | Resec Cancetl | | 18
e A ear 3 5
\ 8. Prezentacja elementéw z uwggiieniem zadanych gruba \
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3.1.2. Solution

Wprowadr warunki brze

gowe

9. Zadanie podparcia na brze@olution>Define Loads>Apply>Structural>Dispalcements>Ondsn

ANSYS Main Menu

a|

1
|Preferences 4” ‘ LINES [DL] Apply Dispiacements (U,ROT) on Lines
Preprocessor . Lab2  DOFs to be constrained
Solution W
Analysis Type @ Pick (" Umpick p 7
e DeﬁneALoads e (el K
g senlngs € Pelygon (~ circle /
@ Apply € 1o0p Fg
& Structural —_— 7
= Coune = 2 /(
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11. Zadanie obgizenia powierzchniowegd®olution>Define Loads>Apply>Structural>Pressure>0n Arg¢

2aS

ANSYS Main Menu [y
B Preferences @ pick  Unpick A Apply PRES on areas

Preprocessor
& Solution

1 F Constart value then S~—7—_—
Analysis Type o mee VALUE Load PRES value
& Define Loads =

Settings Counc = 1 LKEY Load key, usuall face no.
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7 0n Elements
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B Pretnsn Sectn
B Gen Plane Strain
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Field Surface Intr
Field Volume Intr
Initial Condit'n
Load Vector

(8 List of Items

( Min, Max, Inc

—

Apply
Reset Cancel

oK Apply Cancel Help
pickan| mep

12.Rozwhgzanie zadani

&olution>Solve> Current LS

Load Step Opts

=Solve

B Partial Solu
& Manual Re i

SE Management ( [SOLVE] Begin Solution of Current Load Step

Results Tracking Review the summary information in the lister

& Preferences LINES
= Preprocessor
e Solution YRR N
Analysis Type U
@ Define Loads Xl

indow (entitled "/STATUS Command"),
en press OK to start the solution.

ok ] cancel | e |

@ Multi-field Set Up
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= Diagnostics

B Unabridged Menu
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& TimeHist Postpro

= Topological Opt

= ROM Tool
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3.1.3. General postprocessor

Prezentacja wynikdw w postaci map warstwicowych

Poka mapy przemieszcaanormalnych do powierzchni ptyty (UZ),napen od zginania:

skladowych stanu nagtenia (SX, SY)

13. Rysowanie przemieszaz&Z |

B Results Summary
Read Results

STEP=1
SUB =1
TIME=1

Failure Criteria
& Plot Results

[ Item to be

Favorites
& Nodal Solution
DOF Soluti
=,

@ nent of stress|

& n S
# 7-Camnanent of ctrace

 Undi shape key

Undisplaced shape key IDeformed shape with undeformed edge

Scale Factor

|Aulo Calculated

l[7.07486106717

Additional Options

©|

OKl

Apply | Cancel

Help

15. Rysowanie skitadowej SY nayienia

ANSYS Main Menu @
B Preferences = NODAL SOLUTION
Preprocessor -
Solution zggy;l
= General Postproc TIME=1
HData & File Opts vz (AVG)
B Results Summary RSYS=0 -1.06
Read Results DMX =1.06
Failure Criteria SMN =-1.06 -.942268
= Plot Results B =280
B Deformed Sh: —.824449
ontour Plot
[=INodal Sol: —.706629
~ Item to be —.588809
& Favorites =
 Nodal Solution j .
& DOF Solution
S Eshbor il -.353169
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= | T 5
= B L'J -« 11753
Bl shape ke
=} B y -290E-03
Undisplaced shape key |Deformed shape with undeformed edge j
Scale Factor [Auto Calculated f[7.07486106717
Additional Options el
| 0OK | Apply | Cancel | Help |
14. Rysowanie sktadowej SX nagenia \
ANSYS Main Menu
& General Postproc NODAL SOLUTION
B Data & File Opts
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= General Postproc A
= Data & File Opts
B Results Summary
Read Results
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& Plot Results

NODAL SOLUTION

T Contour Nodal Solution Data
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Favorites

& Nodal Solution
DOF Solution
o Stress

i~ Undi shape key
Undispl shape key |D shape with edge j
Scale Factor [Auto Calculated -[7.07486106717
Additional Options @l
oK. | Apply | Cancel Help |
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3.2. Zginanie belki dwuteowej

3.2.1 Preprocessor

\ 1. Utworzenie punktu geometrii svodku uktadu (0,0,0)PreprocessorCreate>Keypoint>In Active CQ

ANSYS Main Menu
2 Preprocessor
Element Type
Real Constants
Material Props
Sections
= Modeling
8 Create

]

o

POINTS
POIN NUM

T\ Create Keypoints in Active Coordinate System B
[K] Create Keypoints in Active Coordinate System
NPT Keypoint number

X,Y,Z Location in active CS ‘ ‘ ‘ ‘ ‘

oK Apply Cancel Help

7 0n Line w/Ratio
70n Node

7 KP between KPs
ZFill between KPs s ox
KP at center *

\ 2. Utworzenie punktow geometrii przez kopiowariReeprocessorModeling>Copy>Keypiont \

ANSYS Main Menu @
& Preprocessor POINTS
Element Type POIN NUM
Real Constants i
aterial Props 6 —ﬁ ¥
ections
= Modeling & pic npic)
odeling @ Pick  ( Uspick I\ Copy Keypoints x|
Operate @ single (" Box

Move / Modif

7 Areas

DX

DY

Dz

Delete

14Y Copy Keypoints
AVolume:  [KGEN] Copy Keypoints
ALine Me TME Number of copies -

[KGEN] Copy Keypoints
TIME Number of copies -

 Polygon (= circie
€ tooy
- including original

Counc = 1

DX X-offsetin active CS

DY  Y-offsetin active CS

DZ  Z-offsetin active CS

- including original

KINC ~ Keypoint increment
X-offset In active CS NOELEM Items to be copied

Keypoints & mesh -

Cancel Help

Y-offset in active CS.

Zoffset in active CS.

oK Apply

Cyclic Sec

B Genl plane

HUpdate Ge
Meshing
hecking Ctr
umbering C
& Archive Mod.~

KINC ~ Keypoint increment

NOELEM Items to be copied

Keypoints & mesh =

\\

oK Apply Cancel Help

3. Utworzenie linii przez wskazanie punktéw geomeRiieprocessorModeling>Create>Lines> Stright Lihe

ANSYS Main Menu ®

o Preprocessor E
Element Type
Real Constants
= Material Props

LINES
TYPE NUM

2 3
R -

Sections @ Pick (" uspick 2
= Modeling
= Create S
@ Keypoints Ay
e Lines
prines Count = ©
fdstraioht Line} Moximn - 2
&]n Active Coorg Minimm = 2
2 Overlaid on Area HeyP No. = ~

A Tangent to Line
2 Tan to 2 Lines
2 Normal to Line
ZNorm to 2 Lines
7 At angle to line
# Angle to 2 Lines

@ List of Items

C Min, Max, Tnc

|

@ Arcs
wsplines _romy |
7 Line Fillet Beset Semcer
@ Areas Bick a1l Help
= Volumes
= Nodes

Elements
B Contact Pair
@ Pinina Models

-

4. Utworzenie punktu geometrii przez kopiowariReeprocessorModeling>Copy>Keypiont \

ANSYS Main Menu

= Preprocessor

Element Type

Real Constants

Material Props

Sections

= Modeling
Create
Operate
Move / Modify
g

ZLines
7 Areas
ZVolumes
A Line Mesh
7 Area Mesh
Nodes
lements

Reflect

Check Geom

Delete

Cyclic Sector

B Genl plane strn

2 Update Geom
Meshing
Checking Ctrls
Numbering Ctris
Archive Model

g

||
Copy Keypoints

@ Pick " Unpick

@ Single (" Box

€ Polvgon (= cizere

€ Loop

©

Count = 1 A3
fem = 9

——

———

@ List of Items

" Min, Max, Inc

T Copy Keypoint=

|
|

L]
( 5 )
Keypoints & mesh -

Cancel Hep

- including original

T

DX X offsctin active CS

DY  Y-offsetin active CS

Dz  Z-offsetin active CS

KINC ~ Keypoint increment

NOELEM Items to be copied

oK Apply
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5. Utworzenie linii przez wskazanie punktéw geomeRiieprocessorModeling>Create>Lines> Stright Liﬁle

ANSYS Main Menu

= Preprocessor —
= Element Type
Real Constants CEES L
Material Props € Bow
Sections i
= Modeling Crcteste
e Create
@ Keypoints Come PR
o Lines eximam — 2
g Minimm = 2
ReyP No. = 2

@ Arcs
Splines o] e |
2 Line Fillet

Areas

@ Volumes

I
&|n Active Coord
2 Overlaid on Area
2 Tangent to Line
A Tan to 2 Lines
ZNormal to Line
ZNorm to 2 Lines
2 At angle to line
A Angle to 2 Lines

@ List of Items

C Min, Max, Inc

I ]

Apply
Reset Cancel

6. Okreslenie parametréw starowania sigtlreprocessorMeshing>Mesh Tool>SizeCtrl>Lines

_ANSYS Main Menu (e I r
&Pr
= Preprocessor
Element Type Global | set
Real C
@ Material Props [ SmartSize
Sections K »
Modeling

Fine

& Meshing - |
erflesh Attribute 22 Controls:
=]
“ eth.ooI e Set

& Mesher Opts Aress Set Clear /
@ Concatenate
Mesh Lines . /
Modify Mesh L
Check Mesh
@ Clear Leyer Set Clear g

Checking Ctrls

Numbering Ctrls ~ “®%* St ﬂl

Archive Model

@ Coupling / Ceqn Mesh [Tnes =]

FLOTRAN Set Up

Multi-field Set Up ~ Sfiape € Fadisl @ Hexedzz

Loads Clree. & Mappelll € Sheep

@ Physics

T

[LESIZE] Element szes on picked ines
SIZE  Element edge length
NDIV  No. of element divisions
(NDIV s used only if SIZE s biank or zero)
KYNDIV SIZE,NDIV can be changed
SPACE Spacing ratio

¥ Yes

ANGSIZ Divison arc (degrees)

(use ANGSIZ only if number of divisions (NDIV) and
element edge length (SIZE) are biank or zero)

Clear attached areas and volumes

oK Apply Cancel Hep

LI
I No

7. Przecigniecie linii wzdtuz linii: PreprocessorModeling>Operate>Extrude>Lines>Along Lineﬁ

ANSYS Main Menu

B Preferences
= Preprocessor
Element Type

Material Props
Sections
2 Modeling
Create
= Operate
8 Extrude
& Elem Ext Opts
Areas
= Line
2 About Axis
lAlong

points
A Extend Line
Booleans
Scale

Calc Geom ltems
Move / Modify

Delete

Cyclic Sector
B Genl plane strn
B Update Geom

(@ Single

( Box

1

-
3
1
1

(@ List of Items

 Min, Max, Inc

|

2 Pick or enter lines definina the sweep (draa) path

2
\/
/
/

1 Pick or enter lines to be swept (draaaed)

2
[

&7

i
N

8. Wprowadzenie danych materiatowy@reprocesso>Material Props>Material Models:

Structural/Linear/Elastic/Isotropic: EX=2e5MPa, PRXY=0.3

ANSYS Main Menu

B Preferences

= Preprocessor
Element Type
= Material Props

B Temps

B Char

B8 Writs

B Reac
Sectior |

Real Constants

Material Library

£ Electromag Unit:
=|Material Models|
a3 s 150tropic Properties for Material Number 1

Linear Isotropic Material Properties for Material Number 1

T

Material Edt Favorie Hep

Material Models Defined

[ Material Model NumberS| @ Favorites
& Structural
& Lineg

Modelit
& Meshin
@ Checki
Numbe
Archive
Couplir
FLOTR

EX
PRXY

Temperature:
2e5
13

T

Multi-fi

Add Temperature | Delete Temperature |

Graph

Loads
® Physic:

P

oK Cancel Help

[~ Material Models Available

#Elastic
U

Anisotropic
lear

Ly
al Expansion

o

=lofx|—
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processopElement Type>Add>(SHELL181 i SHELL281) \

9. Wybranie typu elementtre

B Preferences

FiYElement Types

x|

= Preprocesso
= Blefent Type

Add/Edit/Delete}

=Add DOF

Real Const
Material Pr
Sections
Modeling
Meshing
Checking C
Numbering
Archive Mc
Coupling /

Element type reference number

fined Element Types:

SHELL181

2 SHELL281

[ZLETNTAENF, 1 ibrary of Element Types

B Elem Te( Liprary of Eement Types

Snode 93

4node 181

Snode 281
Yoer—inodett

4node 181

Apply. Cancel Hep

FLOTRAN Set Up
Multi-field Set Up

oK
Add...

Loads EmEmerines & 2

Physics Options...

Path Operations Integration option K3 Reduced integration =
Solution Storage o ayer data K8 Bottom 15t top st =
General Postproc Close
TimeHist Postpro User Thickness option [No UTHICK routine ~

FAY SHELL181 element type options

Options for SHELL181, Element Type Ref. No. 1

x|

Topological Opt
ROM Tool
DesignXplorer
Design Opt
Prob Design

K9
User defined infial stress K10

oK

’ [No USTRES routine ~

Cancel Hep

10. Zdefiniowanie zestawdw grubc elementéwPreprocessorSection>Shell> Lay-up>Add/Edit

ANSYS Main Menu i) Create and Modify Shell Sections x|
M Preferences Section Edit Tools
= Preprocessor
Element Type Layus 9
Beal Conataxis yup ISechon Comrols] Summary I
Material Props -~ Layup
& Sections
@ Section Library
@ Beam Create and Modify Shell Sections Name! ID]1 _'J
= Shell
aLay-up Thickness Material ID Ori Int¢ Pts Pictorial View
=]Add / Ediff ( )
1 1 -llo.o N
B Plot Section E] |1 JI |3 Fi
. M Rre-infegrated Add Layer| Delete Layer‘
fiY create and M'ﬂv Shell Sections x|
Summary ]
| [ &= Help
Create and Modify Shell Sections Name| <ID|2 ) |
Thickness Material ID Integration Pts Pictorial View
+ (N oo g :
Add Layerl Delete Layer|
m
7] Section Offset | Mid-Plane | User Defined Value
P Section Function|None defined | KCN or Node |
oK. Cancel Help

11. Przypisanie atrybutéw polarRreprocessorMeshing>Mesh Attributes> Picked Areas

o e S T

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH| =
ANSYS Main Menu | [AATT] Assgn Attrbutes to Piked Areas

B Preferences & Eovrs s MAT  Material number 1 =

2 Preprocessor ——— KAl P e et e ,Wl

Element Type

Real Constants W

TYPE Element type number

1 SHELLISL ~

Material Props i ESYS Element coordinate
Sections e — 1 = 2 =
Modeling e = SECT Hement section ( '1—L|)
= Meshing Minimm = 1
& Mesh Attributes Area No. = 2
B Default Attribs

B All Keypoints
A Picked KPs
B All Lines

A Picked Lines
B All Areas

PalPicked Areas|

=FA}

(@ List of Items

" Min, Max, Inc

——

7 Picked Volumes

B MeshTool

Size Cntrls

B Mesher Opts

Concatenate

Mesh

Modify Mesh

Check Mesh

Clear
Checking Ctrls
umbering Ctris
rchive Model
Coupling / Ceqn

Volume Brick Orie  pick a11| | se1p

T

[AATT] Assign Attributes to Picked Areas

MAT Material number

-
[Nonedefned v
[1 sewss =
o =
\/rf N

REAL Real constant set number

ESYS Element coordinate

SECT Element section

ok Apply Cancel Hep
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12. Utworzenie pél przez odbici€reprocessorModeling>Reflect>Areas

@ Check Geom Reset Cancel

@ Delete
Cyclic Sector

CMs
B Genl plane strn
= Update Geom
Meshing
Checking Ctrls .
© Numbering Ctrls 5//
@ Archiva Madal

13. Utworzenie pdl przez odbici@reprocessorModeling>Reflect>Areas

ANSYS Main Menu ol |
& Preferences Reflect Areas | }Es
& Preprocessor @ Pick ]
= Element Type Tl
@ Real Constants @ Single L !
Material Props & porvaen [P Pere g sty
Sections C Zoep
& Modeling S
Create ‘mm o=l
Operate
Minimm = cremes
@Move / MOdify | peee o, - YOt nGEmENt
@ Copy —— NOELEM Items to be refiected [Areas and mesh ~
8 Reflect @ List of o
A Keypoints S IMOVE Existing areas Coped =
AlLines
fgAreas m
A xol:mes oK Apply Cancel Help
#Nodes
o ox |
Pick

a|  mewp

ANSYS Main Menu o
= Preferences 1 — i
= Preprocessor B e

Element Type . R
@ pic —_— icomp. Plane of symmetry
eal Constants  © Fick  C umick P B

aterial Props (& Single ( Box C YZpane X
Sections

 Polygon  cirele

= Modeling C Loop C XYpane Z
= Create vive (7 it it
oume = 3 it incremen
Operats com: e [ ]
’ Maximm = 3
:\:000‘\;; /' Modify -~ 0 ] NOELEM Items to be reflected [Areas and mesh ~
Area No. = 1 IMOVE  Existir wil be =
o Reflect e ing areas | Copied
7 Keypoints @ List of Items
7 Lines (" Min, Max, Inc
A , dax,

reas| nce bl
AVolumes [ = e == LR
ZNodes

Elements

heck Geom o 2oy
elete Reset Ccancel

—
S Sector. (T ly woo
B Genl plane strn
B Update Geom
Meshing
hecking Ctrls
umbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up

14.Zszycie geometriiPreprocessorNumbering Ctris> Merge Items>Keypoints \

ANSYS Main Menu @

B Preferences AREAS

= Preprocessor
Element Type Ii Merge Coincident or Equivalently Defined Items
Real Constants [NUMMRG] Merge Coincident or Equivalently Defined Irems
Material Props Label Type of item to be merge =
Sections TOLER Range of concdence ]
Modeling
Meshing GTOLER Sold model tolerance l:l

Checking Ctris
= Numbering Ctrls

@ Merge items
=]Merge items)]

ACTION Merge items or select?

B2 Compress Numbe € Select w/o merge
& Set Start Number SWITCH Retain west/highest? [Lowestnumber ] 16

B Reset Start Num
B Start Num Status

=Add Num Offset o | oy | _conee | _ep |
15. Generacja siatkPreprocessorMeshing>Mesh Tool>Mesh>AreéQuad)

ANSYS Main Menu_|

= Preferences Element Attibutes TS
& Preprocessor b !
Element Type Global ~]  set b o
Real C _—
Material Props [~ smersize @ single ( Box
Sections 7 ol C Polygon ( circle
@ Modeling Fine 6 Coarse. (iRocn:
E - Count. =0
Mesh Attribut gize contrale: Maximm = 6
=] eshTool i = o et =
Size Cntrls Area Wo. =
@ Mesher Opts =~ Areas Set Clear
= Concatenate @ List of Items
Lines Set Clear
= Mesh —I —l ( Min, Max, Inc
Areas Copy. Fiip
olumes
Volume Sw/ Lever Set Sear

= mterface 1RSSR
Modify Mesh
Check Mesh  jech
Clear
@ Checking Ctrls ~ Sh{®
= Numbering Ctrls ¢ Free
Archive Model

Coupling / Ceqn 3Jor4sided -
FLOTRAN Set U|

Multi-field Set Uj m‘— Gleer
@ Loads S—
= Physics _—
Path O

OK Apply
= =
D) #ew
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\ 16. Prezentacja elementéw z uwgghieniem zadanych grubo \

:(Plot PlotCtrls | WorkPlane Parameters Macro MenuCtrls Help

Vlew Semngs '

UM_DB Numbering ...

Size and Shape

dge Option
e Wlndow Controls pL S
nts Erase Options *  Contours 7
Grapht >
ps Animate " i
2 Colors >
Annotation St
Light S
” Device Options ... T
ributes " Translucency r
Redirect Plots " 5
Texturing
Is Hard Copy s
Ipts Background

ate SENBIALHIS .. Multilegend Options k

Restore Plot Ctrls ... : :
Floating Point F s
nts | ResetPlot Ctrls | ARl R

Displacement Scaling ...

CERUEIGERR o Vector Arrow Scaling ...

Restore Image ...

> Swee Write Metafile > Shell Normals ...
Solid Model Facets ...

::’;:o Multi-Plot Controls ... S;r;me?ryeEx:::sion

eeh Multi-Window Layout ...

'sh Best Quality Image

trls

Ctrls

3.2.2. Solution

Wprowadr warunki brzegowe

17. Zadanie symetrii na liniach w przekroju mocowadalution>Define Loads>Apply
>Structural>Dispalcements>Symmetry B.C.>On Lines

ANSYS Main Menu 3]
| Preferences
Preprocessor 6 ric _
Solution et Qv
Analysis Type @ Single (" Box \SS\S
e Define Loads € Polygon (= cizere P F‘S'ZS
Settings C zoep - g/
= Apply = = G T
e Structural P & ) - _— ,/,FX
e Displacement Minimm = 1 - -
A0n Lines Line No. = 20 // - E
A0n Areas P e - - <
2 0n Keypoints @ List of Items P PSS
20n Nodes  Min, Max, Inc // ~ - - // ~
2 0n Node Components / - S = -
2 s - - P
,/ - . - P
7 0n Areas - =T / / . d //
= 0n Nodes Reset Cance1 / / / - -
@ Antisymm B.C. e Ml| Help | < / /
& F \ -~ / /
@ Pressure | ~
® Temperature |
Inertia | -~ /
B Pretnsn Sectn /
5 Gen Plane Strain /
Other N \\\ -
@ Field Surface Intr -

18. Odebranie przemieszczenia UY w punkcie centralrotution>Define Loads>Apply
>Structural>Dispalcements>0On Keypoints

ANSYS Main Menu el
[ Pref pply U,ROT on KPs x|
references Il
DK] Ay Displacements (U,ROT) on K ints 5
Preprocessor I £y EmenE 1
- Lab2  DOFs to be constrained
Solution

Analysis Type
& Define Loads

Settings Apply as Constant value v TS/
= Apply s
= Structural I Constant value then: - %
- epment e o e [ ] —~
A On Lines KEXPND Expand disp to nodes? I No -
Py
o Nede oK Apply Cancel
20n Node Comp t:
= Symmetry B.C.
A0n Lines 4 x|

A ._with Area [DK] Apply Displacements (U,ROT) on Keypoints

2 0n Areas L Lab2  DOFs to be constrained
20n Nodes \//
Antisymm B.C. ~
Force/Moment ~

[
Pressure | Ry
Temperature | / Tf Constant value then:
Inertia | VALUE Displacement value l:l
2Pretnsn Sectn / KEXPND Expand disp to nodes? I~ No
B Gen Plane Strain
Other ~d

Field Surface Intr RN oK Apply Ccancel Help.
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19. Zadanie sity skupionej w punkcie s@mwym Solution>Define Loads>Apply
>Structural>Forces/Moment>0On Keypoints

ANSYS Main Menu af

B Preferences lI_

Preprocessor Wil

@ Solution @ Pick (" Umpick
Analysis Type
& Define Loads

[FK] Apply Force/Moment on Keypoints
Lab  Direction of force/mom

@ single ( Box Apply as

€ Eolygon  cizere

FaY Apply F/M on kps'

Constant value

=
B2

=Fg o
EAOn Keypoints] e G
ZOn Nodes (@ e o me

2 On'Node

ompon( //
BFrom Reactions =~ © M ¥ex e s

2 From Mag Anal
aprossure | - -

Temperature

Inertia ey |
B Pretnsn Sectn Reset Cancel \//

B Gen Plane Strain
Other [ e I~
Field Surface Intr |
Field Volume Intr
Initial Condit'n
Load Vector
Functions
Delete - //

Operate -

|
- /

Settings o If Constant value then:

@ Apply € Loop - VALUE value // £

& Structural Count. /,4\}{
Displacement Maximam 1 oK Apply e Hep F)
Farce Minimm = 1 I :
S
/

20. Rozwigzanie zadanigSolution>Solve> Current LS

ANSYS Main Menu &)
B Preferences AREAS
® Preprocessor TYPE NUM
& Solution
= Analysis Type
Define Loads F
Load Step Opts
SE Management (C x|
B Results Tracking  [SOLVE] Begin Solution of Current Load Step
Ve
=]Current LS| Review the summary information in the lister

& From LS window (entitled "/STATUS Command"),
& Partial Solu then press OK to start the solution.
= Manual Rezoning | |
Multi-field Set Up K Cancel Help
ADAMS C: i —I
Diagnostics
5 Unabridged Menu
General Postproc
TimeHist Postpro
= Topological Opt
@ ROM Tool
DesignXplorer
Design Opt
Prob Design

3.2.3. General postprocessor

Prezentacja wynikdéw w postaci map warstwicowych

Poka mapy przemieszcaea kierunek ugcia (UY), napezen od zginania: sktadowych stanu
napezenia (SZ) i napzen tnacych wsciance dwuteownika (SYZ).

| 21.Rysowanie przemieszaoz&JY |

ANSYS Main Menu [\ e

B Preferences e 52
Preprocessor :
Solution Favorites

= General Postproc & Nodal Solulion_
- & DOF Solution
= Data & File Opts @ X-C t of displ t
= Results Summa ° -omEonen o sE acemen
Read Resuits @ T oot of fieeiarement
Failure Criteria | 4]

%x50.121

Element Table
Path Operations

-44.508
& Plot Results
& Deformed Sh Undi: shape key -38.894
=Contour Plo . -
BINodal Soly D displaced shape key |Deformed shape with undeformed edge H _33.28
sElemen cale Factor [Auto Calculated Jl4.98416452916
B Elem Table _27.666
Vﬂ Line glleln Additional Options o
ector Plo
Plot Path Iten ok | awpy | concel Hep | -22.053
Concrete Plot
& ThinFilm -16.439
List Results
Query Results -10.825
B Options for Outp
B Results Viewer -5.212
B Write PGR File
Nodal Calcs .402014
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22. Rysowanie nageen normalnych od zginanigsz)

& Preferences
Preprocessor
Solution

Read Results

& Plot Results

ThinFilm
List Results
Query Results

& Write PGR File
Nodal Calcs
Element Table

ANSYS Main Menu

= General Postproc
= Data & File Opts
B Results Summary

Failure Criteria

EINodal Solu )(

B Elem Table
B Line Elem Re | Scale Factor
Vector Plot

Plot Path Item it :
(LCAONALIPHONS
Eorcrets Plot Additional Options

B Options for Outp
B Results Viewer

Path Operations
Surface Operations

al

1Y Contour Nodal Solution Data i x|
[~ Item to be

& Nodal Solution
& DOF Solution
& Stress
@ X-Ct

G Favorites j

shape key

Undisplaced shape key |Deformed shape only i

True Scale~|[1

5l

Cancel | Help |

\ 23. Selekcja elementécianki przez wskazanie po{grodnika) \

File @Ie@ List Plot

PlotCtrls WorkPlane Param

EIEETEEERE]

ANE=ETT

B Elem Table

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

Query Results

B Options for Outp

B Results Viewer

B Write PGR File

Nodal Calcs
@ Clamant Tahla

———=crmenrt oo

BLine Elem Res

g QUIT| POWRGRPH
S>3 |ounrowssren]
A -~ Nl
2 Joymamroc 5| | compme—
|
ES
@ From Full (@ Pick " Unpick
C Reselect © single (" Box
8
€ Also Select € Polygen ¢ cizele
€ toop
© Unselect
Count =2
Sele All | Invert ——
Sele None| Sele Belo inimam = 1
= o Area No. = 4
Plot Replot @ List of Items ¥

—

o

==

B
Elements

Attached to

 Nodes, all
 Lines

® Areas

@ From Full
Reselect
Also Select
© Unselect

Sele All Invert

Cancel | _Help

24. Rysowanie nagren tngcych wsciance dwuteownikéSYZ) \

ANSYS Main Menu

= General Postproc
= Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
= Deforme
erContour Plot

[Nodal Solul
Pi\ Contour isc7al Solution P=iq x|
[ Item to be
o Stress E|
@ X-Component of stress Il
@ Y-Component of stress
@ Z-Component of stress
@ XY Shear stres
Ll YZ Shear stress] -
I =
~ Undi: shape key
Undisplaced shape key |Deformed shape with undeforj
Scale Factor True Scz|[1
Additional Options ®|
o | Apply. | Cancel | Help |

NODAL SOLUTION

SUB =1

TIME=1

sz (BVG)
RSYS=0

DMX =50.163
SMN =-138.234
SMX =138.234

-138.234
-107.515
-76.797
-46.078
-15.359
15.359'
46.078

16.797

107.515

138.234I

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SYZ (Ave)
RSYS=0
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25. Wyznaczenigciezki wzdiuz wysokdci srodnika |

: Lime-t
a General Postproc || syz (BVG)
B Data & File Opts RSYS=0
B Results Summary ST .742 -5.46
ead Results o -~ .46
ailure Criteria - e R -5.3
lot Results @ single € Box
ist Results € Polygon ¢ giroie -5.14
Query Results € Loop
B Options for Outp - e -4.98
BResults Viewer 27 7
BWrite PGRFile oo _ 99
Nodal Calcs Node No. =
Element Table _4.66 I
= Path Operations @ zisc or Tcens .
= [Ileymodes 4.5
[PATH] Define Path specfications
E By LCocation Name  Define Path Name : Path DG ~4.34
Path Status _
B Modify Path ey | et Lt 2hs s -4.18
B Path Option; | resec Cancel nDiv  Number of divisions
Delete Path L = -4.02
it [
B Recall Path
B Map onto Path
Plot Path Item ‘ L‘ L] [

26. Zapisanie napten tngcych nasciezce DG
i przedstawienie zmian nagien tngcych wzdhi $ciezki na tle modelu (wztéw)

Map Result Items onto Patt
EData & A

B Results

@ Failure 1tem,Comp Item to be mapped

= Plot Re
o List Re:
= Query |
= Option
B Results
& Write P

@ Nodal C Average resilts across element.

[PDEF] Map Result Items onto Path
@Read R '@ Userlabelfor tem

[AVPRIN] Eff NU for EQV strain

@ Elemen

= Path O
& Defir
= Delef
= Plot
ERe

[/PBC] Show boundary condtion symbol
‘show path on display

[AYPlot of Path Items on Geometry
[PLPAGM] Path Plot on Geometry
O e e e dspayed

iMap onto Patip

B0

B Path Range
B Linearized Strs
B List Linearized
5Add
& Multiply
B Nivida

ms

Gscale Scale factor offset

Nopt  Display options :
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4. Interpretacja wynikéw i zadania do wykonania:

Wykona zadania:
a) zginanie ptyty fiywajac elementéw SHELL181:
- siatka rzadka okoto 20 element®S ZE=30) (Model 1a),
- siatka gsta okoto 150 elementOo(feSI ZE=10) (Model 1b),

b) zginanie belki dwuteowe;:
- model z ayciem elementow 4 gztowych SHELL181 {lodel 2a)
- model z ayciem elementéw 8 gztowych SHELL281 ilodel 2b )

Przedyskutowauzyskane wyniki.

Model 1a Model 1b Model 2a Model 2b
PLYTA (SHELL181) | (SHELL181) BELKA 4 weztowe 8 weztowe
Rzadki Gesty (SHELL181) (SHELL281)
L. weztow L. weztow

L. elementow

L. elementow

Uzmax UYmax
SXmaX SZma><
SYmax SYZmax (w $rodniku)
fmax fmax
O— max O-G

X
O max O—D

y

Tmax

Rysunki do raportu

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

dla ptyty: dla belki :

1) siatka elem. 1) siatka elem.

2) UZ(x.y) 2) UY(xy)

3) SX(x.y) 3) SZ(x.y)

4) SY(X,y) 4) SYZ(x,y) w $rodniku

5) wykres: SYZ dla $ciezki DG (punkt 26)

Raport finalny:

1) Wprowadzenie

2) Zalozenia do budowy modelu
3) Opis modelu (model solid, siatki,war. podparcia i obcigzenia)
4) Przyktadowe wyniki

5) Wyniki zebrane w tabeli
6) Omowienie wynikow

7) Whnioski
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