ZASTOSOWANIE ELEMENTOW POWLOKOWYCH
ZGINANA PLYTA | BELKA CIENKOSCIENNA.

1. Wprowadzenie

Elementy powlokowe sg elementami ptata powierzchniowego w przestrzeni i s3 definiowane za
pomocg ich warstwy $rodkowej 1 parametrow okreslajacych grubo$¢. Stan naprgzen w elemencie
uwzglednia prace btonowa (Membrane) i1 zgieciowa (Bending). Kazda warstwa po grubosci
elementu pracuje w plaskim stanie napr¢zenia. Rozktad naprezen normalnych i tnacych wzdluz
grubosci elementu jest liniowy (patrz rysunek). Elementy mozna stosowa¢ do modelowania
konstrukcji cienkos$ciennych (zbiornikdéw i ptyt) a takze pretow cienkosciennych. W kazdym wezle
jest szes¢ stopni swobody: trzy przemieszczenia liniowe i trzy katy obrotu.
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Rys.1. The membrane and bending stress components in the shell
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Rys.2. Zmiennos¢ naprezeni o,0.,y,, wzdluz grubosci powloki oraz naprezenia blonowe i zgigciowe

Rys.3. Napr¢zenia tnace i sity tnace w elemencie powtoki
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2. Rozwigzywane zagadnienia
2.1. Zginanie plyty prostokatnej

Celem ¢wiczenia jest wyznaczenie ugig¢cia 1 stanu naprezenia w prostokatnej plycie podpartej
przegubowo wzdhuz wszystkich brzegdw i obcigzonej statym wydatkiem powierzchniowym @.

Dane: g=0.1MPa, a=200 mm, b= 300mm, h=4mm, E=2-10° MPa, v=0.3
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2.2. Zginanie belki cienkosciennej

Celem c¢wiczenia jest  wyznaczenie ugigcia 1 stanu naprezenia w cienkosciennej belce
wspornikowej o przekroju dwuteowym i obcigzonej silg na swobodnym koncu.
Dane: P=10 kN, I=5m, B= 100mm, H= 240mm, h1= 13mm, h,= 9mm, E=2-10° MPa, v=0.3

GC =Gwmg(0,H/2)

7 n
l Tmax
% / 1 N 7
O° =Gmg(0,-H/2) |y
P RS 2 “
ho
L 4 X
‘. 2 , -
Il X y
g
. | > R |
< B >
— ) .H3 _ ) _o.n P
U(X,Z)=%, gdzie: Mg(x)=P-(x-1) , Jy= Bl|2'| _(B-h,) (1I;| 2-h,)
~ P . _P

fm =0 _oh)-h, || ™ 3EJ,

Cw3_plyta i dwuteowka_v4.doc dr inz. Piotr Marek 3



3.Typowy przebieg analizy numerycznej

Biorac pod uwage potrdjng symetri¢ zadania do obliczen mozna przyjac jedynie % analizowane;j
plyty. Wygodnymi jednostkami sag: mm, N, MPa.

3.1. Zginanie ptyty

3.1.1 Preprocessor

\ 1. Utworzenie prostokata: Preprocessor>Create>Rectangle> By Dimensions

ANSYS Main Menu ®
= Preferences S AREAS
© Preprocessor
© Element Type TRE oM

@ Real Constants
@ Material Props
® Sections
= Modeling
e Create
® Keypoints
© Lines
5 Areas
& Arbitrary
e Rectangle
#ABy 2 Corners

[RECTNG] Create Rectangle by Dimensions.
e oo = ]
Y12 Y-coordinates RN E

= Transducers
= Operate
m Mava | Madife

B Racefrack Coll H ‘

\ 2. Wybranie typu elementu: Preprocessor>Element Type>Add> SHELL181 \
ANSYS Main Menu @)

= Preference:

@ Solution

= General P«

© TimeHist F Eement type reference number
= Topologic:
= ROM Tool oK ADply.
= DesignXpl

= Naginn AT T

3. Wprowadzenie danych materiatowych: Preprocessor>Material Props>Material Models:
Structural/Linear/Elastic/lsotropic: EX=2e5MPa, PRXY=0.3

ANSYS Main Menu |
B Preferences 5
= Preprocessor

= Element Type

@ Real Constants
= Material Props ;
® Material Library G Favorites
B Temperature Units & Structural

EETTromag O @ Linear
anvert ALP

= Change Aiot
= Failure I\ Linear opic Properties for Material Number 1

= Write tc

Material Models Available

ERead fr. Linear Isotropic Material Properties for Material Number 1
@ Sections
© Modeling T

= Meshing Tempe

= Checking
= Numbering EX <295
= Archive M PRXY

= Coupling /
= FLOTRAN
Multi-field
Ut g Tanperar | ouot emparre| G
e o e |
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4. Zdefiniowanie gruboéci elementu: Preprocessor>Section>Shell> Lay-up>Add/Edit

ANSYS Main Menu =

eate an y Shel Sections =
= Preferences 3
= Preprocessor Section Edit Tools

@ Element Type 5

= Real Constants Layup ]Su:hon Controls|  Summary

= Material Props _

= Sections ety

= Section Library

=Beam Create and Modify Shell Sections Name| (ot ) |
= Shell
T Thickness ~,  Material ID Orientati Integration Pts Pictorial View
‘ 1 _ oo [3 i

= Pre-integrate

© Pretension Add Layer Delete Layerl
= Joints -
= Reinforcing Section Offset | Mid-Plane -| User Defined Value|
= Pij
mAxpi: Section Function|None defined - KCN or Node 4
B List Secti
Delete Section
© Modeling

@ Meshina JC I T |

5. Okre$lenie parametrow starowania siatkg: Preprocessor>Meshing>Mesh Tool>SizeCtrI>Global

RS E IR all
= Preferences
B Pi‘r L
= Element Type
= Real Constants  [Gebs =] Sat
= Material Props —————————
= Sections ™ Sman Size
& Modeling Al ¥l
& Meshing = T
‘Size Controls:
ol Sel

B Mesher Opts
ST Giobai clement sizes

® Met
& Ny [E5ZE] Gobal skment szes and discns (apples only

= Che i =
SIZE Eement
e Cle; S o

= Check NDIV No. of eement divisions - |
& Numbi
= Archiv - (used only F element edge length, SIZE, is blank or 2ero)
= Coupl|
& FLOTI
o M o] _Gonce | b |
6. Generacja siatki: Preprocessor>Meshing>Mesh Tool>Mesh>Areas (Quad) ‘
ANSYS Main Menu — =
ANSYS Man Menu ey i
El;
& Preprocessor
= Element Type Er——
& Real KT =
= Material Props ELEMENTS
= Sections [ |Ewmcien
= Modeling ] |
= Meshing e g Foane
=IMeshTooll
ho‘ Global Set Claar P R
8 Mesher Opts Asens R
® Concatenate i, a—m, (® single  ( Box
® Mesh Lines Set i C Polygen ¢ cizcle
& Modify Mesh = o
& Check Mesh Jeml| [Gal e - 0
B Clear Set Cle Maximum =
oChecking Ctrls e o =
& Numbering Ctrls ¥t = Er Rrea No. =
& Archive Model
= Coupling / Ceqn — @ List of Items
= FLOTRAN Set Up M9/ e x € Min, Hax, Tnc
& Multi-field Set Up  sufoe T @ Cuad
& Loads [
& Physics  FN_ & Mapped © oion
ool P:':n"wmw“’ [forismes =] |

Eﬁz":':_'r:’f!e_'?@ — ==

\ 8. Prezentacja elementow z uwzglednieniem zadanych grubosci \

Utility Menu

2 .n:mem-j
= [AY e and Shape i~
i 0 e Parameters Macro MenuCris Help [/SHRING
E—PanZoe o [/ESHAPE] Dispay of eement @
View Settings shapes based on red
L pg Numbering .. constant descrptons

1 facetjedge
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3.1.2. Solution

Whprowadz warunki brzegowe:

9. Zadanie podparcia na brzegu: Solution>Define Loads>Apply>Structural>Dispalcements>On Lines

ANSYS Main Menu @) Apply U,ROT on Lines. |
Preferences ;I I L1nEs [DL) Apply Dsplacements (UROT) on Lines
Preprocessnr - Lab2 DOFs to be constrained
Solution “ o
= Analysis Type & Pick (" Unpick /
@ Define Loads @ singie (2o <
Fl A
= Structural ~
Comnz = 2 /{
P, P
winmam = 1 P (e
» Eafme 4 /4 e
7 On Modes & tiss ot Toene -
2 On ot L e e | K | ]
#0n Line: — = -~
A..with A ~
AOnArea—————— S~
80n Node Apply ™ — >
@ Antisymm | ! | ~
10. Zadanie warunku symetrii na liniach: Solution>

'Define Loads>Apply>Structural
>Dispalcements>Symmetry B.C.>On Lines

-
Solution Single Box =
= Analysis Type '.: et : e T -
= Define Loads  Leop 3
= Settings A - -2
= Apply Comnt - 2 = =~
= Structural Heximan =S >
= Displacement wmmm 4 g
70On Lines Het //
#0n Areas e o 1o g
#0n Keypoints 4 g
70n Nodes Cjttay sy T //
#0n Node Compone ————————— Z
C e
_— Fy s -
ot apply 4 e
A0n Area:
&0n Nodes e |_omen | 4 <
Aot e e an| _wes | -
= Force/Moment =

11. Zadanie obcigzenia powierzchniowego: Solution>Define Loads>Apply>Structural>Pressure>On Areas

ANSYS Main Meny ] el
= Preferences & piox 5T AT x|
& Preprocessor [SFA] Apply PRES on aress 253 .
& Solution Rl e rrme e  ——
© Analysis Type € Pelygen ~ cyrere o mmm RS vae -
& Define Loads L o
o Settings comz = b LKEY Load key, usualy face ne. i
B Apply Magimm = 1 oy for el
B Structural anamm = 1 (e LI
5 Di Ares ¥o. = 1
Bressure & List of Icems
A0n Lines " Min, Mex, Inc
lOn Areas|
#0n Nodes
#0n Node Componet ———
A 0n Elements =
#0n Element Compo =1
= From Fluid Analy _Reme | _canom | Appiy Cancel Help
A 0n Beams wicx 1|  mew
= Temperature
& Inertia

= Pretnsn Sectn
B Gen Plane Strain
= Other

= Field Surface Intr

= Field Volume Intr

= Initial Condit'n

= Load Vector

12. Rozwiazanie zadania: Solution>Solve> Current LS

@ Preferences
= Preprocessor
& Solution
= Analysis Type
& Define Loads
& Load Step Opts
& SE Management (
= Results Tracking
#Solve
ECurent LS|
<Erom os
= Partial Solu
8 Manual R i

J LINES

TYPE NUM

u

=l

[SOLVE] Begin Seclution of Current Load Step

Review the summary information in the lister
yvindow (entitled "/STATUS Command”),
then press OK to start the solution.

= Multi-field Set Up
= ADAMS Connectiof
= Diagnostics
@ Unabridged Menu
= General Postproc
= TimeHist Postpro
= Topological Opt
= ROM Tool
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3.1.3. General postprocessor

Prezentacja wynikéw w postaci map warstwicowych:
Pokaz mapy przemieszczen normalnych do powierzchni ptyty (UZ),naprezen od zginania:
sktadowych stanu naprezenia (SX, SY)

‘ 13. Rysowanie przemieszczen UZ ‘

ANSYSMainMenu @

= Preferences A NODAL SOLUTION
@ Preprocessor STEP=1

@ Solution SUB =1

= General Postproc
=Data & File Opts

= Results Summary -1.06
@ Read Results
= Failure Criteria . 942268
= Plot Results .
-.824449
-.706629
-.588809
i Favorites E
# Nodal Solution :I 470989
& DOF Solution
~.35316%
@
o ~.235349
a
= 4 ~.11753
= .
Undisplaced shape ke:
a 2 oLy .290E-03
= Undisplaced shape key !F‘ shape with undeformed edge j
@ Scale Factor [Auto Calculated -J[7.07486106717
@
o Additional Options @]
= ok | semy | cance | hem |
14. Rysowanie sktadowej SX naprezenia
ANSYS Main Menu a||
o General Postproc El | wopar sovurron
= Data & File Opts o
S Results Summary ;L‘]EPQ
= Read Results TIME=1
@ Failure Criteria SX (BVG)
& Plot Results RSYS=0 -l21.761
DMX =1.06
Contour Plot SMN =-121.761 -94.703
ElNodal Soly swx =121.761
—€7.645
~40.587
@ Favorites ﬂ
@ Nodal Solution -13.529
@ DOF Soluti
e 13.529
steos 40.587
| Ne
67.645
Undisplaced shape key
X - 94.703
1 pl shape key |I3 d shape with undeformed edge |
Scale Factor [Auto Calculated =Jl7.07486106717 121.761
Additional Options @] l&X
3 | Apgly | Cancal Help ‘

15. Rysowanie sktadowej SY naprezenia

ANSYSManMen @
= General Postproc Il NODAL SOLUTTON
E Data & File Opts STEP-1
B Results Summary SUB -1
® Read Results TIME-1
@ Failure Criteria sy (@ve)
2 Plot Results RSYS=0 -74.626
= Deformed e DMX =1.06 s
=Contour Plot SMN =-74.628 " -58.043
BiNodal Solu SMX =74.626
—— T

-41.459%

ML Contour Nodal Solution Data

Item to be contoured -24.875
@ Favorites il
# Nodal Solution 8.292
& DOF Solution
o Stress 8.292
2 omponent of stress
of stressj 24.875
L1 _lJ
41.459
Undisplaced shape key
) 58.043
Undisplaced shape key [Defurrned shape with undeformed edge E|
Scale Factor [Auto Calculated [7.07a86106717 74.626
Additional Options | K x
oK ‘ Apply | Cancel | Help |
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3.2. Zginanie belki dwuteowej

3.2.1 Preprocessor

| 1. Utworzenie punktu geometrii w $rodku uktadu (0,0,0): Preprocessor>Create>Keypoint>In Active CS |

ANSYS Main Menu 3|

&= Preprocessor 4 POINTS
= Element Type -
= Real Constants FOTH UM
= Material Props

= Sections ]
= Modeling [K] Create Keypaints in Active Coordinate System
= Create NPT Keypont number
& Keypoints X,¥,Z Locabon in active CS.
onWormr e \ I I |
Elin Active CS;
&0n Line (s Apoly Cancel Help
A 0On Line w/Ratio
#0n Node
A KP between KPs
AFill between KPs _—
@ KP at center =
2. Utworzenie punktow geometrii przez kopiowanie: Preprocessor>Modeling>Copy>Keypiont ‘
ANSY'S Main Menu
= Preprocessor A POINTS
= Element Type —
= Real Constants ‘ 3
= Material Props 6 _ﬁ :
© Sections
& Modeling @ Fick Uspick
B Create s

i\ Copy Keypoints
[KGEN] Copy Keyponts
ITIME Number of copies -
- incuding ongnal
DX X-offset i active €S

B Operate @ Single (" Box

B Move / Modi
PP, | Copy Keypoints
AVolume [KGEN] Copy Keyponts
A Line Me TIME Number of copes -
A Area Me
= Nodes
= Element

= Reflect DY  Y-offset in active CS.

u Check Ge

8 Delete

& Cyclic Sec kN keypont narement

= Genl plant \—I

D Update Ge NOELEM fiems tobe coped

€ Folygem (~ cirele
€ ooy

count = 1

—]
—
—

DY Y-offset nactive CS

DZ  Z-offset inactive CS
- inchading orginal
X-offset In active CS.

KINC  Keypoint increment

NOELEM Iems to be copled

[Keypoints & mesh ~

Z-offset in active CS.

oK Apply Cancel Help

Keyponits & mesh -
= Meshing ~
= Checking Cti oK Cancel

= Numbering C —I M —I i‘

= Archive Mod.:

o o
‘3. Utworzenie linii przez wskazanie punktow geometrii: Preprocessor>Modeling>Create>Lines> Stright Line\

ANSYSMainMenw @
© Preprocessor El LINES
® Element Type .
= Real Constants TITE 2 3
© Material Props e eE—
= Sections
© Modeling
& Create s
= Keypoints B
= Lines. :
penes Couae. °
Blstraignt Ling ol
&ln Active Coorg Mintmm = 2
7 Overlard on Area seye o -~
ATangent to Line
ATan to 2 Lines @ List of Tiems
ANormal to Line . € wun, Max, I
ANorm to 2 Lines
A At angle to line
A Angle to 2 Lines —_—
@ Arcs
@ Splines [
ALine Fillet Fese: anesl
@ Areas o] mmp
© Volumes
= Nodes
= Elements
B Contact Pair box
@ Pipina Models

\ 4. Utworzenie punktu geometrii przez kopiowanie: Preprocessor>Modeling>Copy>Keypiont

ANSYS Main Menu a3
& Preprocessor Bl .
& Element Type
8 Real Constants @ Fick (" Unpick
B Material Props T ———
© Sections @ Single (" Bex
© Modeling - ?uym  circle
® Create L (D)
= Operate Cosizz = 1 -3
= Move / Modify Haximum = 3
SGeTTy imimam = 1
HeyP Ne. = 2
S.nes (@ Liat of Itema
A Areas >
AVolumes € Min, Max, Inc Fi copy keypoint-. x|
ALine Mesh >
# Area Mesh
= Nodes  —
= Elements II Apply
= Reflect Reset. Caneel
© Check Geom
= Delete Pick m1|  melp
& Cyclic Sector
= Genl plane strn 4
= Update Geom
= Meshing hd
@ Checking Ctrls
8 Numbering Ctris
® Archive Model
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5. Utworzenie linii przez wskazanie punktow geometrii: Preprocessor>Modeling>Create>Lines> Stright Line ‘

ANSYS Main Menu @

= Preprocessor p
= Element Type

—

= Real Constants CE N e
@ Material Props & Sing ol
= Sections € rolygon ¢
& Modeling (ol
a Create
= Keypoints comne = 1
e Lines = T
; Miniman = 2
-z

HeyP No.

lstraight Line
&In Active Coord
#Overlaid on Area
A Tangent to Line
#Tan to 2 Lines
#MNormal to Line
#ANorm to 2 Lines
A At angle to line
FAngle to 2 Lines

% List of Irems

€ Min, Max, Inc

_\
o _zom |

& Arcs
& Splines

A Line Fillet

B Areas
= Volumes

Fick 311 Help 7

6. Okreslenie parametrow starowania siatka: Preprocessor>Meshing>Mesh Tool>SizeCtrl>Lines

ANSYS Main Menu L 2
2P [3 h 3
= Preprocessor
= Element Type Global +]  set
= Real Constants — —— | L
= Material Props [ SmattSize /‘l\x
® Sections | ¥
= Modeling = o P - A
= Meshing [LESIZE] Element sizes on picked ines
=Mesh Attribuf@ Conrol SIZE  Element edge length
BlMeshToo = - [ ]
wgize Citrls Global et esr NDIV  No. of element divsions
B Mesher Opts Areas Sat Claar (NDIV s used only F SIZE s blank or zer0)
= Concatenate . = KYNDIV SIZEHDIV can be changed [+ ves
= Mesh cre =0
= Modify Mesh | [ e :
@ Check Mesh Dhvision
« Clear s | cew ’ CebEet [ ]
= Checking Ctrls { use ANGSIZ oniy F number of dnsons (NOW) and
=Numbering Ctrls ~ "=P* Sat Clear ‘ement edge ength (SIZE) are blank of 2610)
= Archive Model Clear attached areas and volumes [ ho
@ Coupling / Ceqn Mesh [Tnee =]
= FLOTRAN Set Up
@ Multi-field Set Up | Sl € fetlol @ e o hoply concet _tep_|
= Loads elree & € Surer

= Phvsics

7. Przeciagnigcie linii wzdtuz linii: Preprocessor>Modeling>Operate>Extrude>Lines>Along Lines

ANSYS Main Menu ]
= Preferences B s veep Lines akong L

= Preprocessor
= Element Type
= Real Constants
= Material Props
= Sections
= Modeling
® Create
5 Operate
5 Extrude
= Elem Ext Opts
B Areas
B Lings

A About Axis
S|

)
A Extend Line
= Booleans
= Scale
= Calc Geom ltems
= Move / Modify
 Copy
© Reflect
B Check Geom
© Delete
B Cyclic Sector
=Genl plane strn
BUpdate Geom
= Meshing

€ unpicx

@ single ( Box

1 Pick or enter lines to be swept (dragaed)
€ Polveen ¢ cirele

2
2
f [~
:
:

2 Pick or enter lines defining the sweep (drag) path - g |

1

(& Last of Items

€ Min, Max, Inc

|

o] e
—

8. Wprowadzenie danych materiatowych: Preprocessor>Material Props>Material Models:

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

ANSYS Main Menu

= Preprocessor
= Element Type
= Real Constants
= Material Props
= Material Library

=Char
B Writd
= Reac
= Sectior
= Modelit
= Meshin Temperatures
& Checki EX
8 Numbe pRryy
8 Archive
& Couplir
8 FLOTR

T
A L
. et

= Preferences Material Ecit Favoris

Linear Isotropic Material Properties for Material Number 1

o Multi-fi_ Add Temperature | Delete Temperatre |

—[o]x|l—
- Material Models Defined Material Models Available
ElMaterial Model Number S i Favorites =
& Structural
 Li
#Elasti
3

al Expansion =
’ ,‘l

T

Graph

= Loads
= Physic:

0K Cancel Help

- Bail
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e

| 9. Wybranie typu elementu: Preprocessor>Element Type>Add> (SHELL181 i SHELL281)

o Preferences AT E

= Preproces:

ent Type
JAdd/Edit/Delete]

= Add DOF Type

2 SHELL281
& Remove
& Elem Tet yprary of Eement Types [Structural Mass -

= Real Const Link Bnode 93

= Material Pr e PRI

= Sections Sakd x|

< Modelng T —

Meshing  genen type eference number

Checking € 0

= Numbering

= Archive Mc o | oo | _cancel | _teb |

= Coupling / AE .

1\ sHELL181 nt type options x|

= FLOTRAN Set Up -

= Multi-field Set Up Options for SHELL181, Element Type Ref. No. 1

= Loads Smrtsies K ETTTTT— |

= Physics Add... Options...

= Path Operations —I 4 Integration option K3 Reduced ntegraton -
= Solution

Storage of yerdata K8 -

= General Postproc Close | e L
= TimeHist Postpro User Thikness opton [HouTHcKoue |
= Topological Opt
= ROM Tool J User defined inital stress. K10 [N USTRES routine -
= DesignXplorer
= Design Opt ok | _Goncel | _tep |
= Prob Design

10. Zdefiniowanie zestawdéw grubosci elementéw: Preprocessor>Section>Shell> Lay-up>Add/Edit

ANSYS Main Menu AT x|
F Preferences Section Edit Tools
& Preprocessor

© Element Type i

« Real Constants Layup ISactnon Controls|  Summary

= Material Props Layup

= Sections
= Section Library

& Beam Create and Modify Shell Sections Name| ( D1 ) E]
& Shell

8 LE'V = Thickness Material 1D Ori i I ion Pts Pictorial View
El: it - _
= Plot Section k @ 1 oo [3 B

& Pre-integrated
= Pretension Add Layer Delete Layer

M1L) Create and Madify Shell Sections

Edit Tools

| section Controls|

Save

Summary |

T el Hoip

Create and Modify Shell Sections Name| (|D|2 ) E|
Thickness Material ID Orientati Integration Pts Pictorial View
1 (N Foo g |
Add Layer | Delete Layer |

Section Offset | Mid-Plane

ol =

7| User Defined Value

-
Section Function|None defined K| KCN or Node K| en=1

oK Cancel Help

11. Przypisanie atrybutow polom: Preprocessor>Meshing>Mesh Attributes> Picked Areas

LN ey ey o) S N B

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH| AT =
ANSYS Main Menu 7 | [AATT] Assign Attrbutes to Picked Areas
B Preferences @ vick e MAT  Material number 1 -
© Prepi
@ Element Type @ single (" Bex o REAL [None defied =l
@ Real Constants C Polygos (- circle TYPE Element type number 1 seus 3
@ Material Props { o
@ Sections e ~ra e wi | o |
© Modeling e/ (73 SECT Element secton ( 1 =
& Meshing Minimom = 1
& Mesh Attributes Area No. = 2
B Default Attribs
B All Keypoints @ List of Tvems oK Apply Cancel Hep /(x
7 Picked KPs  Min, Max, Inc §
BAll Lines
# Picked Lines [
B All Areas
EdPicked Area: [ ]
BAIl Vol =]t | 5
A Picked Volumes o Saoat [AATT] Assign Attributes to Picked Areas
= Volume Brick Orie  pick a1z| seip MAT Materil numbes 1 -
B MeshTool
= Size Cntris REAL Real constant set number None defined =
@ Mesher Opts
= Concatenate Bhiss Lagind [+ s |
= Mesh ESYS Element coordnate
= Modify Mesh
= Check Mesh e
@ Clear s

@ Checking Ctris
@ Numbering Ctrls
© Archive Model
@ Coupling / Cegn
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12. Utworzenie pol przez odbicie: Preprocessor>Modeling>Reflect>Areas

ANSYS Main Menu | ‘
= Preferences fes
ey
= Element Type @ Piok mRt.liu.lAr\..n |
= Real Constants & Stmgre L] Refea
@ Material Props (9 i | PRy
= Sections  1oom
= Modeling |
@ Create B
@ Operate e
@ Move / Modify e R
= Cﬁpy T NOELEM Items to be reflected ’ﬁ X
= Reflect @ st ot e |Areas and mesh . /}\
A Keypoints  Min, 3 B Coped =
AlLines
ElAreas| T
AVolumes = o =
#ANodes /—l 4 4 4 —I
@ Elements o
@ Check Geom Y f—
@ Delete

= Cyclic Sector

= CMS
@ Genl plane strn
B Update Geom ‘
= Meshing
& Checking Ctris -
@ Numbering Ctris. b
@ Archiva Madal

pick A1  Help

13. Utworzenie pol przez odbicie: Preprocessor>Modeling>Reflect>Areas

ANSYS Main Menu

&

B Preferences
= Preprocessor
@ Element Type
©Real Constants ~_© "<

] nrr—
Tt [ARSYM] Refiect Areas
 Unpick MNeomp Plane of symimetry

=l

© Material Props 7 smmie  on PR B
] Sectiu_ns € Polygon ¢ girene
= Modeling ¢ Loop C XYpane Z
@ Create
= Operate coe - e Keypanciet
@ EUWIMUdlfY entmm =t NOELEM Rems to be refiected [areas and mesh -
®Co
EReﬁgct Area Wo. = 1 IMOVE  Existing areas vl be Coped =
A Keypoints @ Liat of Items
#Lines € Min, Mex, Inc
B TR = ) e =
olumes
#Nodes
@ Elements
©Check Geom %8 | =i |
= Delete Reser Cancel
= Cyclic Sector =T
= CMS d

B Genl plane strn
B Update Geom
= Meshing
= Checking Ctrls
= Numbering Ctrls
= Archive Model
= Coupling / Ceqn
= FLOTRAN Set Up
= Multi-field Set Up

14. Zszycie geometrii: Preprocess

or>Numbering Ctrls> Merge Items>Keypoints

ANSYS Main Menu

]

B Preferences
= Preprocessor

A | ameas

= Element Type
= Real Constants
@ Material Props
= Sections

= Modeling

® Meshing

@ Checking Ctrls

[MUMMRG] Merge Coincdent o Equivaently Defined Ttems.
Label Type of tem to be merge
TOLER Range of concidence

Uﬂi

GTOLER Soid model tolerance

ACTION Merge ems of select?

© Numbering Ctrls
lvrge items]

= Compress Numbe

m Set Start Number SWITCH Retan lowest/hghest?

@ Reset Start Num
= Start Num Status
= Add Num Offset

_oc | | ome | e |

15. Generacja siatki: Preprocessor>Meshing>Mesh Tool>Mesh>Areas (Quad)

ANSYS Main Menu _

B Preferences Eloment.

Atributes: 1=
= Preprocessor W ot areas
@Element Type  [oobs =] Se @ rer  C veper
@ Real Constants — -
@ Material Props [~ Smansie @ single  ( @ox
@ Sections - - € Folywn ¢ cizere
o Mﬂdﬂli"g JFU\B 6 Dcll"\rslaJ (W
= Meshi
] < 5
& Mesh Attribut. see conpeie e~
I=lMesh Tool
[MeshTooll Set Clenr Minimm = 1
aSize Cntrls e [ e =
= Mesher Opts  #reas 3=t Cisar
= Concatenate @ Liat of Tvems
a Mesh e ﬂ 2’  Min, Hax, Inc
@ Areas Copy. Flip
a Volumes
aVolume Sw teer 5ot | ol | P
& Tet Mesh F
Set Clear oR Appl
aInterface M =) [eed = | ey
 odty esh =1
@ Check Mesh o * sick a11[) meap
@ Clear

@ Checking Ctrls ~ 5"°{*
@ Numbering Ctrls ¢ Free
@ Archive Model

@ Coupling / Cegn
= FLOTRAN Set U

= Multi-field Set m.m Geer
= Loads !

= Physics
@ Path Operations

J0r4 sided -
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\ 16. Prezentacja elementow z uwzglgdnieniem zadanych grubosci

:(Plot PlotCtrls | Workplane Parameters Macro MenuCtris Help

12] SR=sll
View Settings
JM De Numbering

omt-ComTols
”e Window Controls
nts Erase Options *  Contours
ps Animate . Graphs r
Colol o
Annotation o
. . Light Source ...
Ebutes gx;:c?gr;": . Iransln_mency
Xt
Is Hard Copy , Texuring
Ipts s Background v
ate R ‘:h’;ﬂtﬂ'" Multilegend Options v
. R:etr;lulu(:t s s - Floating Point Format ...
nis
e Displacement Scaling ...
apiure mage ... Vector Arrow Scaling ...
. Restore Image ...
: Swee Write Metafile *  Shell Normals ...
sh Fro 9 Solid Model Facets ...
Multi-Plot Controls ...
S try Ex|
Ee TS Multi-Window Layout .. —piemm
1sh Best Quality Image
trls
Ctris

3.2.2. Solution

Wprowadz warunki brzegowe:

otate ...

JaE- IR

17. Zadanie symetrii na liniach w przekroju mocowania

>Structural>Dispalcements>Symmetry B.C.>On Lines

: Solution>Define Loads>Apply

ANSYSMainMenu @]
Preferences
Preprocessor ® picx € Unpick
Solution e
= Analysis Type ( sisele (" Bex - \55\3 Sg
= Define Loads € Polygsn ¢ cizele 'p"\s
= Settings oo [:
= Apply Coune = & 7
@ Structural Hamimm = 19 /#X
& Displacement e -k
70n Lines A T k
A 0n Areas “Hs
2 0n Keypoints @ List of Teems - \-ﬂs\q
A0n Nodes

#A0n Node Components

A0On Areas
=0n Nodes
@ Antisymm B.C.
@ Force/Moment
= Pressure
= Temperature
@ Inertia
B Pretnsn Sectn
E Gen Plane Strain
@ Other
@ Field Surface Intr

" Min, Max, Inc

H

.

18. Odebranie przemieszczenia UY w punkcie centralnym: Solution>Define Loads>Apply

>Structural>Dispalcements>On Keypoints

ANSYS Main Menu

l

| Preferences
Preprocessor
Solution
= Analysis Type
e Define Loads
= Settings
© Apply
& Structural
& Displacement
#0n Lines
~ON Areas
z
=Qn Node:
#0n Node C

nts,

~ [DK] Apply Dispiacements (L,ROT) on Keypaints
RO;

Lab2 DOFs to be constrained
Constant vakie |

Apply as
T Constant value then:
VALUE Displacement value

KEXPND Expand dsp to nodes? ™ Ho

_o | v | cned | e |

i~

a2 Symmetry B.C.
#0n Lines
A ...with Area
#0n Areas
2 On Nodes
= Antisymm B.C.
= Force/Moment
= Pressure
= Temperature
= Inertia
B Pretnsn Sectn
B Gen Plane Strain
= Other
& Field Surface Intr

i Apply U,ROT on KPs
[DK] Apply Displacements (U,ROT) on Keypaints
Lah2 DOFs to be constraned

Apply as
" If Constant value then:
VALUE Deplacement value

: KEXPND Expand disp to nodes?

TS |

Constant vale -

Cancel Hep
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19. Zadanie sity skupionej w punkcie koncowym: Solution>Define Loads>Apply
>Structural>Forces/Moment>0n Keypoints

ANSYS Main Menu ® |
= sggif:cf‘e‘;e:nr =
FK] Apply Force/Moment on Keypoints
= Solution @ Plck ompiex [u:;] Drmuﬂumrm:n
© Analysis Type @ singie ( ox Aoy as Constant value - Sss S55
= Define Loads  Folymn - cisere . e thene i B3
= Settings € Lo o - —, i
= Apply VALUE alue ‘] -
& Structural o2 - /#\x
= Displacement L 2 Al oK Apply e
o . - o

(cnca | _vew |

® List of Items

Fg v
gon Keyponts
&0n Nodes
2 On Note Compon
m From Reactions

@ From Mag Analy
= Pressure

€ Min, Max, Isc

[

= Temperature

a nertia [ )
@ Pretnsn Sectn s Cancel
B Gen Plane Strain

= Other pick a1L| e

@ Field Surface Intr
@ Field Volume Intr
@ Initial Condit'n
& Load Vector
& Functions

® Delete

= Operate

20. Rozwigzanie zadania: Solution>Solve> Current LS

ANSY'S Main Menu
o Preferences
= Preprocessor
= Solution
@ Analysis Type
@ Define Loads
@ Load Step Opts
@ SE Management (C
B Results Tracking

@]
= AREAS

TYPE NUM

x|
[SOLVE] Begin Solution of Current Load Step

B Review the summary information in the lister
@ From LS File window (entifled "/STATUS Command"),

B Partial Solu
@ Manual Rezoning

then press OK to start the solution.

@ Multi-field Set Up
@ ADAMS Connecti
@ Diagnostics
B Unabridged Menu

= General Postproc

= TimeHist Postpro

= Topological Opt

= ROM Tool

= DesignXplorer

= Design Opt

@ Prob Design

3.2.3. General postprocessor

Prezentacja wynikéw w postaci map warstwicowych:
Pokaz mapy przemieszczen na kierunek ugiecia (UY), naprezen od zginania: sktadowych stanu
naprezenia (SZ) 1 naprezen tnacych w Sciance dwuteownika (SYZ).

‘ 21. Rysowanie przemieszczen UY ‘

_ANSYS Main Menu (AT
= Preferences ~ Item to be contoured
& Preprocessor
& Solution
& General Postproc
= Data & File Opts
= Results Summa
& Read Results
& Failure Criteria
& Plot Results
B Deformed Sh -~ Undisplaced shape key

g-Contour Plo 5
ElNodal Sol Undisplaced shape key |Deiormed shape with undeformed edge
SElemen cale Factor [auto Calculated l4. 98416452016

B Elem Table
B Line Elem
& Vector Plot
& Plot Path Iten
& Concrete Plof
& ThinFilm
= List Results
= Query Results
& Options for Qutp
B Results Viewer
= Write PGR File
= Nodal Calcs
= Element Table
= Path Operations

& Favorites
« Nodal Solution
& DOF Solution

¥50.121

@ 7_Camnanant of dienlaramant

L] -44.508

-38.894

-33.28

-27.666

®|

wo_|

Additional Options

]

o -22.053

| seey | conen |

ﬂ
J

-16.439

-10.825

-5.212

.402014
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22. Rysowanie naprezen

normalnych od zginania (SZ)

ANSYS Main Menu

= Preferences x
® Preprocessor  Item to be
& Solution & Favorites =
© General Postproc « Nodal Solution j

B Data & File Opts & DOF Solution

Results Summary & Stress

@ Re_ad Resl:llts_ @ X-Companent of stress

= Failure Criteria #Y-Component of stre

= Plot Results E|

o |

all

ElNodal Solul

Undisplaced shape key

EElem Table Undisplaced shape key |Deformed shape only |
BLine Elem Re | Scale Factor True Scalé=]1

@ Vector Plot

@ Plot Path ltem == .

o Concrete Plot | ~diional Options Cl

& ThinFilm
@ List Results
= Query Results
@ Options for Qutp
@ Results Viewer
& Write PGR File
= Nodal Calcs
Element Table
Path Operations
Surface Operations

oK | Agply ] Cancel | Hlp

1\ Contour Nodal Solution Data

23. Selekcja elementow $cianki przez wskazanie pola (Srodnika) ‘

File gelea)yst Plot PlotCtrls WorkPlane Param

EEEEEERL]
AR

By NumiPick  +

& From Full

088 alellinl

 Reselect @ sangie
© Also Select C FelvEem Cocizele
 Loap
 Unselect
c -2
SeleAll | Invert —— .
Sele None| SeleBelo | | minims = 1
Area Ho. = 4
oK _| _Apply |
Plot Replat @ List of Items -
_Gancel| _tielp_|  wan. vax, inc
T S
B Elem Table

= Line Elem Res
Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm
List Results
Query Results

= Options for Outp
= Results Viewer

B Write PGR File
Nodal Calcs

@ Elamant Tahla

QUIT | POWRGRPH

—

o
——
——

st s

& from Full
Reselect
Also Select
" Unselect

Sele All Invert

24. Rysowanie naprezen tngeych w Sciance dwuteownika (SYZ) ‘

ANSYS Main Menu

]

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

ontour Plot
j=INodal Solul

Y Contour szl Salitinn P=iq

1 Item to be contoured

E|

o Stress 5|
@ X-Component of stress ]
@ Y-Component of stress
@ Z-Companent of stress
L)Y Z Shear stress| Bl
L] I~
1~ Undisplaced shape key
Undisplaced shape key |Deformed shape with undefor =|
Scale Factor True Sce=|1
Additional Options @|
ok | apey | concel | hep |

NODAL SOLUTION

SUB =1
TIME=1
SZ (AVG)
RSYS=0
DMX =50.163
SMN =-138.234
SMX =138.234
-138.234
-107.515
-76.7597
-46.078
-15.359
15.359
46.078
76.797
107.515
138.234

NODAL SOLUTION
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25. Wyznaczenie $ciezki wzdluz wysokosci srodnika

. Lime-r
2 General Postproc || SYZ (AVG)
= Data & File Opts RSYS=0
B Results Summary TSR |- 722 o.ae
= Read Results -48

@ Failure Criteria  * "% © ®x .02 -5.3
@ Plot Results 5o
@ List Results 5 - -5.14
@ Query Results
& Options for Outp -4,98
B Results Viewer :::zm - :ﬂ
=Write PGRFile o _ _a.82
@ Nodal Calcs Hods ¥a. =
@ Element Table e
& Path Operations & tiac of feena o
° I by Nodes | 4.5
[PATH] Define Path specfications
Y Name Define Path Name : |)aam[x. —4.34
@ Path Status
= Modify Path [oe ] _amn | ISEtS. Humber of data sets -4.18

@ Delete Path

& Plot Paths

& Recall Path

& Map onto Path
@ Plot Path Item

-4.02

B Path Option,  mesec | cancer nDiv  Number of divisions E

o | omd]| _wep |

26. Zapisanie naprezen tnacych na $ciezce DG
1 przedstawienie zmian naprezen tnacych wzdluz $ciezki na tle modelu (weztow)

= General P oy
2 Data & !'..p Result Items m
@ Results LECEEIm
@ Read R Lab User label for kem

Failure mem,Comp Rtem to be mapped

Plot Re

List Re:

Query |

2 Option:

:m‘;“: [AVRIN] EFF U for EQU stran

@ Nodal C Average resuts across element

= Elemen

= Path O]
= Defir
= Delel
& Plot
ERg

Map onto Patp

[/PBC] Show boundary condtion symbol
Show path on depay

74\ Plot of Path Items on Geometry

m List Linearized Nopt  Display options :
@ Add
v l B
o | o |
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4. Interpretacja wynikéw i zadania do wykonania:

Wykona¢ zadania:
a) zginanie plyty uzywajgc elementow SHELL181:
- siatka rzadka okoto 20 elementow (ESIZE=30) (Model 1a),
- siatka ge¢sta okoto 150 elementoéw (ESIZE=10) (Model 1b),

b) zginanie belki dwuteowej:
- model z uzyciem elementoéw 4 weztowych SHELL181 (Model 2a)
- model z uzyciem elementoéw 8 weztowych SHELL281 (Model 2b)

Przedyskutowac uzyskane wyniki.

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

L. elementow

L. elementow

UZmax UYmax
SXmax Szmax
SY max SYZmax (W $rodniku)
fmax fmax
O max GG
Gymax GD
Tmax

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

dla plyty: dla belki:

1) siatka elem. 1) siatka elem.

2) UZ(x,y) 2) UY(x,y)

3) SX(x,y) 3) SZ(x,y)

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

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

Raport finalny:

1) Wprowadzenie

2) Zatozenia 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) Wnioski
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