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TWO-DIMENSIONAL PROBLEM OF THE THEORY OF ELASTICITY.
INVESTIGATION OF STRESS CONCENTRATION FACTORS.

1. INTRODUCTION

Two-dimensional problem of the theory of elastiggya particular case of the 3-D problem.
This problem can be solved as a plane elastic megith known boundary conditions (static
or kinematic) and mass forces acting inside. Thadyéinal solutions are known only for some
simple cases as:

» thin plate of any shape in plane stress condit{Bfene stress)

» prismatic solid with assumed zero displacemenfgenpendicular direction to the

section areaRlane strain)
* body of revolution loaded axis-symmetricalBx{al symmetry)

Each of these problems can be solved by usingeFEikment Method. The discretization
encloses plane representative region of the objeshould be remembered that the finite
elements used in analysis have to correspond tkélwdaw formulation adequate to plane
stress, plane strain or axis-symmetry type of bl

2. PROBLEM DESCRIPTION

The work task is to analyze stress distributioraithin plate made of aluminum alloy. The

plate has oval opening and is subjected to uniftamnsile stress applied on upper and lower
edges (Fig.1). The numerical values of the stres&entration factors obtained from FEM-

analysis should be compared with analytical vataken from the literature.

Data: $F
bttt tit tt ¢
b=500mm, h=800mm, &=2mm (thickness),
r{=25mm, r,=50mm, a=60mm,
E=710* MPa, v=0.32
P=20kN e
A ‘J\E
bi
IR ¢¢ I
yp

Fig.1. The notched plate
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3. TYPICAL COURSE OF NUMERICAL ANALYSIS

Taken into consideration that both load and shépleeoplate are symmetrical, the model
includes only a half part of the plate. Conveniamts are: mm, N and MPa.

3.1. Preprocessor

The solid model is built “from the Top Down” by kiag use of primitives.

a) Create the rectangle 500 wide and 400 mm high:

ANSYS Main Menu @
& Preferences
B Preprocessor
Element Type
= Real Constants
Material Props
= Sections
= Modeling
8 Create
= Keypoints

@ Lines i

= Areas ’ [RECTNG] Create Rectangle by Dimensions
@ Arbitrary

i —
A By 2 Corners YL,Y2 Y-coordinates :l
#BY Centr & Tosqr

= il = D

= Oigle
@ Polygon
7 Area Fillet

@ Volumes

= Nodes

= Elements

B Contact Pair

@ Piping Models

®

Fig. 2. Creation of the rectangle

b) Set WorkPlane snap increment to 5mm and offsak@lane two snaps right:

i i
File Select List Plot PlotCtrls WorkPlane | Parameters Macro ings WorkPlane Parameters Macro MenuCtrls Help
= i i @® Ce
EIEIEIQI@I@E‘ E Dls:VI:onSsPlane ® p:‘:s‘a" Display Working Plane
ANSYS Toolbar WP Settings - Show WP Status
| SAVE_DB| RESUM_DB| QuIT | C o endTred =
set V! y Increments ... | € Grid Only
= Offset WP by Increments ...
ANSYS Main Menu fose\tNVF\’fP toh > © Find B S OffsetWRto—————m
B Preferences ign witl S N .
& Preprocessor 9 [V Enable Snap Align WP with
Element Type Change Active CS to .
Real Constants Change Display CS to , @ g:::g: gicsnvlz cg Stoto
Material Props Local Coordinate Systems  * ST — g p y
Sections all ‘ Local Coordinate Systems  *

Fig. 3. Setting WorkPlane snap increment Fig.4. Offset of the WorkPlane two snaps right

c) Create semicircle: radiug=50mm at WorkPlane origin:

ANSYS Main Menu ®

B Preferences

= Preprocessor
Element Type
Real Constants
Material Props
Sections

= Modeling
& Create , [\ Circular Area by Dimensions x|
K_eypolnts [PCIRC] Circular Area by Dimensions
Lines
RAD1 Quter radius
o Areas
Arbitrary RAD2  Optionalinner radius l:l
R_ectangle THETAL Starting angle (degrees) l:l
a Circle
A Solid Circle THETA2 Ending angle ) 180
AAnnulus
7 Partial Annulus oK apply | cancel | Hep |
y End Poin
=
7 Area Fillet
Volumes
Nodes
Elements

Fig. 5. Creation of rp semicircle
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d) Offset WorkPlane nine snaps left:

Elilﬂl@l@l@li”ﬂ— v Display Working Plane

ANSYS Toolbar

Show WP Status

| SAVE_DB| RESUM_DB| QuIT

ANSYS Main Menu

B Preferences

a Preprocessor
= Element Type
Real Constants

WP Settings ...
Offset WP by Increments ...
Align WP with D
XY, Z Offsets
Change Active CS to b ——
Change Display CS to D

Fig.6. Offset of the WorkPlane nine snaps | eft

e) Create semicircle: radiug=25mm at WorkPlane origin:

ANSYS Main Menu

E Preferences
@ Preprocessor
Element Type
Real Constants
Material Props
Sections
& Modeling
B Create
Keypoints
Lines
2 Areas
Arbitrary
Rectangle
a Circle
A Solid Circle
7 Annulus

7 Area Fillet
Volumes
Nodes
Elements

[\ Circular Area by Dimensions
[PCIRC] Circular Area by Dimensions

RAD1  Outer radius

RAD2  Optional inner radius

THETAL Starting angle (degrees)

THETA2 Ending ang] )
oK

aoply |

Cancel | Hep |

—‘—

Fig.7. Creation ofr; semicircle

f) Plot lines:

File Select List EIot|PIotQtrIs WorkPlane

FEFEEE RS r

ANSYS Toolbar

Keypoints 4

SAVE_DB| RESU b

Fig.8. Plotting lines

ZIn Active Coord

Line Ne.

g) Create line at angle to two lines:
ANSYS Main Menu @
E Preferences =l
= Preprocessor
Element Type
Real Constants
Material Props Atance et
Sections @ Pick  (* Umpick
e Modeling —— T
= Create i ’J”J o / N
Keypoints & 'L;ﬂj“" (gl / &
@ Lines G
= Lines Count = O
A Straight Line Maximum = 2 / \
Minimm = 2

7 Overlaid on Area
A Tangent to Line
A Tan to 2 Lines

# Normal to Line
ZNorm to 2 Lines

ZAt angle to line
YaAngle to 2 Lines]
Arc

Splines

Z Line Fillet
Areas
Volumes

(@ List of Items

¢ Min, Max, Inc

—

Pk L11 Help | |
Fig.9. Creation of the tangent line

Straight Line at Angle to 2 Lines
[L2ANG] Create a Straight Line at Angles to 2 Existing Lines
NLINL2 Existing lines

ANGLANG2 Angles in degrees

PHITL,PHIT2 Numbers to assign -

- to new keypoints at hit
oK Apply |

1
11

cancel |

Hep |

pllafplelr|2|lolele|olelalzlalalala]ele o]
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h) Create the area of the opening through keypoints

ANSYS Main Menu ®
= Preferences |E|
= Preprocessor
Element Type
Real Constants
Material Props
Sections
& Modeling
a Create p
Keypoints
Lines
= Areas @ Bick (" Umpick
pATDitrary B —
o IO S
2 By Lines © susy
Z By Skinning Count = 4
2 By Offset Maximam = 12
Rectangle in: - s
Circle KeyP No. = 17 \
Polygon >
7 Area Fillet CE= -
Volumes ( Min, Max, Inc
Nodes Q
Elements I ,
& Contact Pair
iping Models ﬁ’ -

Fig.10. Creation of the area by keypoints

i) Delete semicircleftogether with lines and keypoints):

ANSYS Main Menu @
B Preferences =
& Preprocessor
Element Type
Real Constants
Material Props
Sections e
= Modeling (8 Single ( Box
Create ¢ Polygon  circie
Operate ¢ Zoop
Move / Modify
Copy m:-;:;: =2
Reflect e 7
Check Geom P - ;
& Delete _
Z Keypoints @ List of Ttems
7 Hard Points
ZLines Only Coitiliien =

# Line and Below
#TAreas Only
QalArea and Belo

Teluimeso

ZVolume and Below eaes cancel
& NOdes Pick All Helj

# Elements w—l L‘

[ \

Figll. Delete unnecessary areas

]) Subtract the area obtained in point h) fromriagtangle:

ANSYS Main Menu
E Preferences
= Preprocessor
© Element Type
@ Real Constants
= Material Props
@ Sections
= Modeling
Create
@ Operate
Extrude
ZExtend Line
= Booleans
@ Intersect
Add
B Subtract
7 Volum

Bieas

With Options
vide

© Glue

= Overlap

@ Partition

B Settings

= Show Deaeneracv

Subtract Areas.

e | et | |

@ Bk C mprex

@ single ( Box

€ Foiysen (- cirele
C zoop.

® List of Irems

€ uin, vax, Inc

=

[TASBAICPick or enter base areas from which to subtract

[mat=1 [tvoe=1

ANSYS Main Menu @

= Preferences
= Preprocessor
= Element Type
o Real Constants
@ Material Props
= Sections
© Modeling
o Create
= Operate
@ Extrude
A Extend Line
& Booleans
e Intersect
= Add
& Subtract
#Volumes
2
ALines
© With Options
Divide
= Glue
© Overlap
Partition
= Settings

= Show Degenerac _fese= | casee

= Scale
@ Calc Geom Items

L

@ Pick  ( vmpaex

@ simsie C ex
 Eolyeen

 zoop

C cizeie

Count.
Maxima

2
vinsmm = 1
s

Area No.

@ List of Toems

€ ain, Max, Tne
[

appy.

piccan| mep

ick or enter areas to be subtracted

[mat=1 [tvpe=1 [real=

Fig.12. Substruction of the area created in point h) from the rectangle of point a)
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Chose the element typ@dour node PLANE42 or eight node PLANE82) and plastress
behaviour Plane stress):

ANSYS Main Menu

B Preferences
= Preprocessor
a Elene

Defined Element Types:
INONE DEFINED

YpE

ElAdd/Edit/Delete]

Library of Element Types
Library of Element Types

Element type reference number
OK

Fig.13. Choosing €lement type

= Add DOF e
B Remove DOFs
& Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls

8node 183
snode 82
|Axi-har 4node 25

Quad 4node 42

Add...

Close

Appy | Help |

ANSYS Main Menu

B Preferences
& Preprocessor
e Element Type
Z]Add/Edit/Delete]
= Switch Elem Ty
BAdd DOF
2 Remove DOFs
EElem Tech Con
Real Constants

TAY Element Types

Defined Element Types:

X

JAPLANE42 element type options
Options for PLANE42, Element Type Ref. No. 1

Element coord system defined KL

Paral to global -
Include v

‘ Plane stress
Plane strain
Plane strs w/thk

tra dispacement shapes K2
Add...

Close

Element behavior K3

K5

EXtra stress output

Material Props
Sections
" Madelina

Extrasufaceoutput K6
oK cancel |

Define elastic isotropic model of the material bg two constantsYoung modulusEX) and

Fig.14. Setting element options

Poisson ratioRRXY):

ANSYS Main Menu

& Preferences
e Preprocessor
Element Type

Failure Cri
& Write to Fi
& Read from

Real Constants
a Material Props
Material Library

B Temperature Units
=IMaterial Models;

B Convert Al Pv

= Change M: [ Linear Isotropic Properties for Material Number 1

—lolx]

Materidl  Edit Faverite Help

Material Models Defined

EYViaterial Model NumberlSl

Material Models Available

Favorites

& Structural
& Linear

@ Elastic
4 p
@ Orthotropic
@ Anisotropic

onlinear

|

Linear Isotropic Material Properties for Material Number 1 |,

Sections
Modeling
Meshing
Checking Ctr
Numbering C
Archive Mod«
Coupling / Ce

FLOTRAN Se
Multi-field Se

ensity

T hermal Expansion

o

7e:4
.39

Temperatures
EX
PRXY
Graph |

Loads
Physics

Add Temperature | Delete Temperat
OK. Cancel Help

Fig. 15. Defining material properties
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Define mesh density

The density of the discretization is defined at ¢lges of the plate. Size of elements in the
region of predicted high stress (the bottom ofribech — point A and B in Fig.1) should be
smaller than in other parts of the plate. The naEsfsity should be largest at the bottom of
the notch and can be modified along the line by SPAariable. The edges of elements in
these regions should not be greater than 1/10 efrdédius of the notch. There is also
possibility to choose the shape of the elemerar(tlie, quadrilateral) and the type of mesh

(mapped or free).

ANSYS Toolbar

MeshTool [

| SAVE_DB| RESUM_. prenentsvinues

ANSYS Main Menu

Global [ il
& Preferences _
= Preprocessor [~ SmartSiee
Element Type 4 >
Real Constants _Fim 6 CDMEJ
Material Props
Sections Size Controls
Modeling
& Meshing
jMesh A

Element Sizes on Picked Lines

[LESIZE] Element sizes on picked nes
SIZE  Element edge kength
NDN  No. of element divisions

(NDIV i used only f SIZE s blank or zero)
KYNDIV SIZE,NDIV can be changed

SPACE Spacing ratio

ANGSIZ Division arc (degrees)

( use ANGSTZ only if number of divisions (NDIV) and

element edge fength (SIZE) are blank or zero) I
Clear attached areas and volumes " No
oK appty | cancel | Hep |
N
%
o \
R . I

Fig. 16. Setting of size control on lines

Mesh the area of the plafeee meshing).

ANSYS Toolbar
SAVE_DB| RESUM_I

MeshTool

Element Attributes

ANSYS Main Menu

& Preferences

= Preprocessor
Element Type
Real Constants
Material Props

[Glabal

x| set

[~ SmarSize
q
Fine

Size Contrals:

Sections o
Modeling °
= Meshing el
pMeESTAtibute

@ Pick ¢ mpice | Layer
(@ Single (" Box Keypts
C Bolygon ~ cirer
 Loop

Mesh: [ areas
Count )
Mawimum 1 Shape: (" Tri
i : [ Fie C Mapped € Svzep
Azea No.

T

Fig. 17. FE mesh
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3.2. Solution

Defining boundary conditions
a) Symmetry on the lines in the symmetry planepldisement constraints in 'y direction),

ANSYS Main Menu ?|
& Preferences ;'

Preprocessor

e Solution
Analysis Type
8 Define Loads

Settings @ Pick ¢ Uapick
= Apply @ single (" Box
& Structural C Polygon ¢ civcle
& Displacement »

2A0n Lines oy e 2
A0n Areas e ix @
A0n Keypoints | isnimum = 2 ‘ ‘
A 0n Nodes Line No. = 7

@ List of Items ‘ ‘

H
%
\==ﬁ==5 —_—

Fig. 18. Setting symmetry BC on lines

P alr— i a
7 0On Areas
& 0On Nodes
@ Antisymm B.C,

R
Apply
Force/Moment == ‘ o
ressure Reset Cancel g p . & Ewb s
Temperature - -

Pick 211 zelp

Inertia

b) Constrained displacement in x direction onats@trary chosen keypoint,

‘ SAVE_DB| RESUM_DB| QuIT| POWRGRPH|

ANSYS Main Menu )
B Prsderonces
Preprocessor = 5 |
i ® pick
] Sokjtu:n b= RSl 1. Appiy UROT on KPs =
nalysis Type i
@ Single ( Box [DK] Apply Displacements (U,ROT) on Keypoints.
& Define Loads
= € Polygon (- circic Lab2 DOFs to be constrained
Settings £ Loop
= Apply ———
& Structural Gommr = __.-—’?
o Displacement BEiR s 0
= X _ Apply as
7 On Lines P
SLOTATE KeyP No. = 2 If Constant value then:
- VALUE L /3l
On Keypoints i ot b e
SnNode KEXPND Expand disp to nodes?
70n Node Components =~ ( Mi# Max, Inc
a
Symmetry B.C. e ok | appy | cancel | Hep |
Z0n Lines
2 ...with Area - l: N\
7 0n Areas AV
B0n Nodes e [
@ Antisymm B.C. m‘ T‘ e s
Force/Moment m_l L‘ Tt \\
Pressure " e pox s s

Temperature
Inertia

@
o
@

Fig. 19. Setting constraints at a keypoint

Defining negative pressure on the top line -20000/500/2 MPa:

& Define Loads

ANSYS Main Menu o ]
MPodfrapces | -
Preprocessor - N A
r Apply PRES on ines I ]
B ® Pick ur X:
So:jr:Ll)I;sis Tt O TR o) apply PRESonines s >
(@ Single ( Box
! Patygen
Settings g mn;q C Circle
a Apply
& Structural s °
Displacement |

Minimm

orce/Moment

Line No.

 Min, Max, Inc

—

2 0n Nodes
7 0n Node Compoi
2 On Elements

2 0n Element Com

2 0n Beams
Reser Cancel
Temperature —I —I
Inertia Pick a11|  Help

& Pretnsn Sectn
B Gen Plane Strain
Other

If Constant value then:
VALUE Load PRES value

& List of Items

B From Fluid Analy Bpply

If Constant value then:
Optional PRES values at end 1 of ine
(leave blank for uniform PRES )
Value

\

Apply

Help ‘

Fig. 20. Setting pressureon a line
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Running solution
Before running the process of solution it is recanded to save the datebase by SAVE
command from menu File. The solving procedure iisbhycommand: Solve/Current LS

ANSYS Main Menu Bl I
B Preferences 4| - - -
= Preprocessor xl
e Solution e
Analysis Type
& Define Loads SOLUTION OPTIONS
Load Step Opts
SE Managemen| PROBLEM DIMENSIONALITY. . . . . . . . . . ... 2-D
SResults Trackir| DEGREES OF FREEDOM. . . . . . oo
ANALYSIS TYPE . . . . . . . ... ... .. .. STATIC (STEADY-STATE)
ve GLOBALLY ASSEMBLED MATRIX _SVMMETRTE
JCurrent LS x
= Partial Solu [SOLVE] Begin Solution of Current Load Step

Manual Rezonit| ~LOAD STEP NUMBER ; ; o ]
y Review the summary information in the lister
Multifield Set| TIME AT END OF T ry

NUMBER OF suBsTEl window (entitled "/STATUS Command"),
®ADAMS Connec|  STEp CHANGE BOUN! then press OK to start the solution.
= Diagnostics PRINT OUTPUT CON

B2 Unabridged Me DATABASE OUTPUT | - TTEN
General Pc?stpruc O LD SUBSTEP
TimeHist Postpro
Topological Opt
ROM Tool
DesignXplorer ‘

Design Opt
Prob Design

Fig. 21. Sarting solution process
3.3. General Postprocessor

Present results in the form of maps:
a) Plot directional displacements UY (in Y):

ANSYS Main Menu @
& Preferences E||  wopar sorurron
Preprocessor sTEP=1 -
Solution f‘;i;i
= General Postproc Y (ave)
& Data & File Opts FD:iS:O

& Results Summar

APSSSNN TSI 14\ Contour Nodal Solution Data

Failure Criteria [ Item to be d
= Plot Results N %
& Deformed She Favorites .
& Gofffour Plot 5Noda| Sulutlon_
& DOF Solution

SULLEIEL © ¥euonent of dieplacement
= L28Y -Component of displacement
E Elem Table @ Dis
ELine Elem F Stress 5l
Vector Plot I |
Plot Path Item
Concrete Plot i shape key
ThinFilm ’
List Results Undisplaced shape key |Deformed shape only H
Query Results Scale Factor [Auto Calcul-[[1912.12264408
& Options for Outy N ose 5351
B Results Viewer m . .07 008799 012599
= Write PGR File Additional Options @l

1<
@ Nodal Calcs oK. | Apply | Cancel | Help. |

Fig. 22. Plotting UY displacement

b) Plot tensile stress component SY (in Y):

ANSYS Main Menu @

& Preferences B NODAL SOLUTION
Preprocessor sTEP=1
Solution

= General Postproc
= Data & File Opts
B Results Summarv

Read Resuls x|
Failure Criteria - Jtem to be contoured
e Plot Results "

& Deformed Sk Favorites j

PINodal Sol DOF Solution

ontour Plot ﬁ Nodal Solution
& Stress

= Elem Tabl
ELine Elem
Vector Plot = _>Il|
Plot Path Itel
Concrete Plc "
ThinFilm Undisplaced shape key
List Results Undisplaced shape key IDeformed shape only A Lok x
Query Results | geaje Factor [Auto Caleul[[1912.12264408 C -

&= Options for Ou

- 2.665 48.346 64.022
B Results Viewer P//' 10.507 56.184 71.86

SWiite PGR File Additional Options e |
= Nodal Calcs ok | ooy | cancal | hem |

Rys. 23. Plotting SY stress

c) Plot Von Mises equivalent stress SEQV.
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6.762

Model 1

Fig.24. Von Mises stress distribution in the plate

Saving displayed plot to graphics file:

ANSYS 12.1
MAR 22 2014
16: 36: 21
PLOT NO. 6

67.178

Each plot displayed in GUI Window can be copiedthie graphics file (Fig. 25). After
finishing the work with ANSYS the archived fileseaaivailable directly (JPEG, TIFF formats)
or can be edited by Display program (GRPH format).

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

EE‘Q@I@I@E‘@ Pan Zoom Rotate .. j\g“ﬂ[
ANSYS Toolbar LiceiSetings '
SAVE_DB| RESUM_pp  Numbering ... [4YRedirect Plots to GRPH File |
——————— Symbols ... L ———
[/SHOW] Redirect piots to GRPH Results.grph
ANSYSMainMenu _ Style ) Jresv g > M|
BPreforences | [/DEVI] Vector mode (wireframe) ™ off
= Preprocessor Font Controls D - for Z-buffered plots written to fie
Element Type Window Controls > | [/GFILE] Pixel resolution - 800
e o
Sections Animatg i’ -
Modeling Annotation i’ ok | _rony | _rep |
= Meshing .
Mesh Attributes ewce Options = : A ‘
M MeshTool Redirect Plots *{. To GRPH File ... ) |
Size Cntrls Ao + ToRe |
File Select List Plot PlotCtrls | WorkPlane Parameters Macro MenuCtrls Help
ygg@@ﬂ@ Pan Zoom Rotate ...
ANSYS Toolbar View Setings
SAVE_DB| RESUM_DB  Numbering .

Y

AR Sl

B Preferences

= Preprocessor BontEoinos
Element Type Window Controls

Erase Options

Real Constants
Material Props

Sections Animate

Modeling Annotation

> Meshing = Device Options ...

cl rhutes  —= "= 70
ZlMeshTool s B oL T—
ize Tls J Hard Copy
& Mesher Opts
(n:n?;ﬁatenate Restore Plot Cirls ...
Reset Plot Ctrls

Modify Mesh

Check Mesh

Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqgn
FLOTRAN Set Up

Capture Image ...
Restore Image ...
Write Metafile

Multi-Plot Controls ...

Multi-Window Layout ...

€ Monachrome
€ Gray Gl
@ Color

' BMP
€ Postseript
 TIFE
@ UPEG
 PNG

[~ TIFF compression
¥ Reverse Video

To Printer .

€ Lendscape
(@ Porfrait

Saveto: [fle000jpg

Cancal Help

Fig. 25. Saving graphic files
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Diagrams are used to present st{essnponents: SX, SY and SEQV) along the plane of
symmetry:

a) Choose the path, where the argument s (distavitt be measured, by picking four
nodes (Fig 26):

ANSYS Main Menu Bl

& Preferences E ELEMENTS

Preprocessor EaTH

Solution | I } I J \ ‘

= General Postproc
5 Data & File Opts Pl [1) 5 vodes =
B Results Summary | [PATH] Define Path speciications
Read Results Name  Define Path Name : BCIEZKAL
Failure Criteria _

Plot Results
List Results
Query Results

nSets Number of data sets

nDiv  Number of divsxp

ok | cancel | Hep |

B Options for Outp
& Results Viewer
= Write PGR File

Nodal Calcs (@ List of Items
Element Table € Min, Max, Inc
= Path Operations

2 Define-R h

lalBy Nodes|
=-Qn Worlk

Plan || | L ox —
BBy Location h 5 e 3 A
Path Status [ [ Gt
2 Modify Path B i | | Hein
BPath Ontions ——— |

Fig. 26. Defining path and path options

b) Choose needed function: SX(s), SY(s), SEQV(axhHunction can be named
separately (as User label for item), but this fdes not need to be filled.

ANSYS Main Menu &l
@ General Postproc ]

E g:‘;a\llst‘SFélleln?[z;sry [PDEF] Map Result Items onto Path
Read Results Lab  User label for item l:l
Failure Criteria Ttem,Comp Ttem to be mapped
Plot Results -
List Results Energy
Query Results Stran-eastc
& Options for Outp
EResults Viewer PO T e RS
5 Write PGR File [AYPRN] SN for Qs [ ]
Nodal Calcs Average results across element v Yes
Element Table

= Path Operations

[/PBC] Show boundary condition symbol

Show path on displa

Define Path EReneE re

Delete Path 1
Ellot Pahs oK Aoply_ | cancel | Hep

g TP
-Map onto Path
rrET———

LTV TN T b

BLinearized Strs
& List Linearized
=Add

& Multiply

Fig. 27. Mapping stress function onto path

c) Plotting the diagram of chosen functions.
The scale of axes or lines colors can be changeldility Menu (Plot Ctrls>Style>Graphs).

ANSYS Main Menu @
& General Postproc E POSTL
& Data & File Opts sTEP=1
B Results Summary v
Read Results PATE PLOT
Failure Criteria mopL=1

NoDz=20 .88
Plot Results oot
List Results st
1Y piot of Path Items on Graph 7| I
E [pLPATH] Path Pt on Graph 50.302
E Lab1-6 Path tems to be graphed 13,126
o el 28,700
E 21.558

oK Apply_ | cancel |

B Recall Path 0
& Map onto Path o 100 200 300 100 500
e BlotPal e

SEe e mcroerarTS!

EList Path ltems
=p g e

Fig. 28. Plotting path items on a graph

d) List the diagram of chosen functiofgemmand in box in Fig.28).
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4. INTERPRETATION OF THE RESULTS. TASKS TO BE DONE

Compare results for:
a) Different mesh densities (discretisation inflcen
- about 150 elementsiésh 1),
- about 400 elementsiésh 2),
- about 1500 elementsiésh 3),
b) Different elemen types (aproximation influence)
- 4 noded elemen{®lane 42),
- 8 noded elemen{®lane 82).

Put the results into dable:
Number of nodes NN, number of elements NE S Ymar s SYmac, SX*, SXB, SEQVnax

A B A B .
OFEM , OFEM , OT , o1 , Where:

Nirad s e — Maximum normal stress in Y at point A and B,
XA, SXB — Stress in X at point A and B,
ot = SYmed | om—  Stress concentration factor at the left notgakt A),

stress concentration factor at the right no{phekt B),
Mean normal stress in the symmetry plane,
Theoretical values of stress concentrationofactaken from the

ore® = Yiax | op—
ow,= PI(b-2)15 -

aT , a1 —
literature.
Discuss the results.
4 noded elements (PLANE42) 8 noded elements (PLANE82)
Mesh 1 Mesh 2 Mesh 3 Mesh 1 Mesh 2 Mesh 3
No. of nodes
No. of elements
UYmax
SYomax'
SYmax
sx*
sx®
SEQVmax
aFEA
aFEB
Final report:
om = P/(b-2a)/6= Plots 1) FE mesh. 1) Introduction
needed ¥ 2) UY(xy) 2) Assumptions for the modeling
o= (should be 3) SY(xy) 3) model description (solid model,
T~ archived 4) SX(x.y) mesh, boundary cond. and loads)
during program | 5) SEQV(x,y) 4) Results
GTB: session) 6) Graph:SY(s) ,SX(s),SEQV(s) | ) Results in the Table
6) Discursion
7) Conclusion
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Fig. 29. Method of determining the stress concentration factor fromthe chart (a1 = Ky,)



