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Introduction

In an era marked by rapid innovation in engineering, numerical simulation has become an
indispensable tool for optimizing projects and reducing costs. The Finite Element Method (FEM)
has revolutionized the way engineers approach complex problems in industry.

As a powerful tool for engineering analysis, Finite Element Analysis (FEA) is used to solve
problems from very simple to very complex. Due to time constraints and the limited availability of
product information, it is mandatory to make some simplifications of the analysis models. This leads
to the use of the FEM method by design engineers during the product development process. At the
other end of the scale, specialized analysts implement FEA to solve very advanced problems such
as vehicle crash dynamics, hydroforming, or airbag deployment.

ANSYS, one of the leading finite element analysis software, provides engineers with a powerful
tool to analyze the behavior of complex structures and systems.

This collection of tutorials aims to guide mechanical and automotive engineering students in the
effective use of ANSYS by providing practical examples and applications relevant to their fields of
interest. Tutorials made in ANSYS offer a unique opportunity to gain hands-on experience in using
industrial simulation software. Through the proposed exercises and projects, students will learn to
model complex components and systems, apply realistic tasks and boundary conditions, and

interpret the results obtained.
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Application: FEA-A.1
Cantilever beam
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A. PROBLEM DESCRIPTION

A.1 Introduction

In many training situations to solve FEA problems, especially as a beginner or initiating a new FEA platform, it is
recommended to solve simple problems that are reduced to classic models with known analytical solutions.

The primary objective of this application involves developing an FEA for a rectangular beam bar structure and
comparing the results with the classical analytical ones.

A.2 Application description

In the structure of the support device below, the elastic support member 1, firmly positioned in the body 2 by the rods
4 and the screws 5, must provide a displacement imposed by the push force F developed by the skate 3 and return to
the state initially after its cancellation.
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A.3 The application goal

For this application, it is necessary to analyse the displacement, deformation and tension fields of the bearing element
1 made of C55 steel and having the following dimensions: L = 100, h =10 mm, g = 10 mm, a =50 mm, b = 20 mm.
After analysing the structure from the fact that the element 1 has a constant thickness and the force loading, F = 1000
N, it produces evenly the width, it is highlighted the framing of the problem in the flat tension state (the tensions are
invariant to thickness).

B. THE FEA MODEL

B.1 The model definition

In order to compare the results obtained by the finite element analysis with the classical solution model based on the
material resistance methods (embedded beam), the most simplified possible model is adopted which implies:

* simple geometric shape,

* adoption of material strengthens constraints (embedding)

« the loads are concentrated,

* the material has a linear behavior

B.2 The analysis model description

Because the structure is framed in the FEA plane stress state, it can be modelled in plane, considering the rectangular
geometric shape 100 mm long and 10 mm wide with 2D finite elements.

Geometric constraints involving cancellations of translation and rotation relative to the X, Y and Z axes, respectively,
apply to the points on the Y-axis edge. Load the model with the concentrated force F = 1000 N in the far upper corner.

TX/TY/RZ F = 1000N
T? Grosimea/Width, 10
/ Y

Lo

/ GJ

L]

¥

-
Z X
100
-

B.3 Choosing the characteristics of the material and the environment

For FEA, the strength characteristics of the C55 steel are:
e longitudinal modulus of elasticity, E = 210000 N / mm?;
e Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.

C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project
54 Unsaved Project - Workbench ; B Analysis Systems - ) kel Static Structural (the window with project

modules appears automatically); [change name, Static Structural],
Setting of problem type (2D)

ng Geometry _y _|Properties _, [fdecgi=s of Schematic A3: ,,
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I Analysis Type | [selecting from drop down list Jﬂ, J20] — [close the window, % 1].

Saving of the project
Save As  File name: [enter name, FEA-A.1] — J.

‘_] ._'ﬂ, Save As...
C.2 Modelling of material and environment characteristics

E BN Project Schematic _)L@ EngineeringData +" 4 _, J@ Edit... N Outline of Schematic A2: Engineering Data [

% Structural Steel |m,- ﬁ: fFC B T Isotropic Elasticity —» 'foung's Madulus | [selecting from

drop down list , C (Uit with .17 | .JMF'E] [enter in column, B (Unit) valoarea / value, 210000] — J 7 Update Project >
@ Return to Project

(others parameters are default).

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

E BN Project Schematic JENGEN i Geometry N JHEW Geometry... _, ANSYS Workbench . |® wilimeter | OK

C.3.2 Sketch generation

Viewing default plane (XY)

b5 ) Sketching 9 (Look At Face/Plane/Sketch) [automatically view of default plane, XY].
Rectangular line generation

JDraw _, jTlRectangle _, trace rectangle line using pencil starting with, .J, from coordinates system origin (appear
symbol, P), and finish in opposite point simultaneously with release of the mouse fig. a)]
Dimensions

JDimensions _, T Semi-Automatic _, 1o romatically create dimensions with 1] — /| Dimensions: 2 ;

11, [enter value, 10]; L2, [enter value, 100] (fig. b). I i DisPlay (view dimenions ), Name: I (deactivate),

Value: W (activate). J[ElMove (move dimensions), [activate dimension with, ./, and move kipping active until in
target position] (fig. b).

100,000

a. ' b.
C.3.3 Surface generation
E — JConcept _ Jgf'ﬂ Surfaces From Sketches L

= Details of SurfaceSkl . [EESOITET | | [, 3= XYPlane a
-3 Sketchl _, | Apply |- Thickness (>=0) [enter width value, 10] —

"/ Generate Ly, Sketchl @ Hide Sketch (hige sketch). .1 <=
(axonometric view). -
& @@ 1Part, 1 Body _, -, M1 Surface Body |

=I| Details of Surface Body : B0dy [enter name, Suprafatd bard)

C.3.4 Save of geometric model
E N AH (SEWE F'r-:uject)_)J X (':|DSE).
C.4. Finite element modelling

C4.1 Launching the finite element modelling module and setting the problem type, material characteristics, and
unit system
Launching the modelling module with finite elements

o
roject Schematic I_.ﬁ Model _ ‘J Edit.

= — [launching the Mechanical ANSYS Multiphysics].
7




Setting the type of the problem

o
_)_) [!5" PmiECt_)J..‘,fﬁ Geometry N Details of "GEDr‘ﬂetr}f"’ -|| Definition - 2D EEhaviUr, [se|ecting from

drop down list Aﬂ, JPlane Stress (default settings)].
Setting the material characteristics
- B ./E& Geometry _, | [0 Suprafatdbard _, Details of "Suprafata bard” - | Material - Assignment , [selecting

from the list .1, 1 Structural Steel yg,a11y, when there is only one item, this setting is default).
Setting the units

':,7; s Units _y _Metric (mm, kg, N, 5, mV, mA]}

C.4.2 Model meshing

Automatic meshing (with implicit global parameters, including nonlinear finite element, parabolic with curved line
side with an intermediate node)

=
_>_> ‘=] Project _, L;% Mesh _y | '.j Generate Mesh
View mesh statistics

| oM Mesh | [#]| Statistics . | | Nodes 282 | | Elements 75

Adoption of the nonlinear finite element (with straight line or no intermediate node)

| o Mesh _y , [#l| Advanced ; Element Midside Nodes | [selecting from the list Jﬂ, Dropped] —
-/ Update

Revision of mesh statistics

| -1 Mesh N +| Statistics - Nodes 104: | | Elements 75 _y

IS0

i S

Obs. The last linear finite element mesh has the same number of finite elements
(75) but has a smaller number of nodes (104) than the number of nodes (282)
corresponding to the parabolic finite element mesh.

C.4.3 Supports and restraints modelling

8, Fed Support _, G eomein JIRIAiY
(the line selection filter is activated) — [selecting with . left edge]
— .1 Apply |

C.4.4 Loads modelling

% Force s | | Scope . [EERET _, U (the

point selection filter is activated) — [selecting with J the peak] —

J ApRly |- /| Definition : Define By | [selecting from drop down list
‘Jﬂ, JCnmpnnents]’ 1|"|:Z|:Jm;:u:3r1lar1t,AI!ZI,M [ramped)

— [input balue, -1000].

C.4.5 Saving the project

E—) I File _ E 5ave Project...




D. SOLVING THE FEA MODEL

D.1. Selecting the results types

‘Jlél ----- SElutiun (AB) - ﬁﬁ Stress _y _| @U Normal _ | , 5| Definition ; Orientation

D.2 Launching the solving module

B @ souonme , 1 sove

E. POST-PROCESSING OF RESULTS

E.1. Viewing the displacement field

—E N _y |-/l Solution (A6) _ |- M Total Deformation

J B — [selecting from drop down list ..xJ, {8 Smooth Contours]
J8 [selecting from drop down list Aﬂ, & Show Elements],
JResult — [selecting from drop down list .17, 15 (2xAuto) ]

Graph N Animation b- || .

s B ||

20142 Max
L7264
14387

1,151
n,86322
0,57548
0,28774

0 Min

E.2. Viewing the stress fields

E.2.1 Viewing the normal stress in X direction

E_) N J--- Solution (A6) _y |- M1 Normal Stress.




502,07 Max
422,74
253,42
84,096
85,228
-754,55
-423,88
-593,2 Min

E.2.2 Viewing the tangential stress

.o s soumonae) - shersress

-5,1805 Max
-6, 4775
-7,7746
-9,0717
-10,369
-1L666
-17,963
-14,26 Min

E.2.3 Viewing the equivalent stress (von Mises)

—ﬁ% N J--- Solution (A6) _ J,ﬁ Equivalent Stress
' 587,8 Max
491,74
395,67
299,61
203,54
107,48
11,414 Min

F. RESULTS ANALYSIS

F.1 Theoretical (analytical) calculus model

Classical analytical studies on the analysed structure (embedded bar) can be synthesized in the calculation of the
parameters:

e maximum displacement,

FI® 4FP 4 10°10°
o 0= = ;= - - =2mm;
3EI, Ebh® 210°10 10
e the maximum bending stress (Navier's relationship),

M, 6FI 610°10°

e O, =—1"= = =600 MPa;
W, bh? 1010?
. maximum tangential shear stress (Juravschi's relationship),
3
3T 3F 310 _15MPa.

T, =——= =
2A 2bh 21010
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F.2 Comparing and evaluation of the results

Taking into consideration the results obtained using the modelling and FEA (sub-chapter E) and the use of the
classical calculus relations (subchapters E and F.1) obtained under the conditions of the strengthens of the materials,
the following are highlighted:

e the maximum displacement of 2,0142 mm obtained with FEA (E.1) is the same with the
displacement (2 mm) obtained from the theoretical analytical model (sub-chapter F.1);

e the maximum normal stress in the X-direction, 593,2 MPa, obtained with the finite element analysis
(sub-chapter E.2.2) has a -1,13% deviation from the theoretical maximum normal stress (600 MPa)
(sub-chapter F. 1);

e the shear stress distribution (E.2.3) highlights maximum values (14.26 MPa) in the compressed
clamp area having a deviation of - 4.9% from the theoretical value (15 MPa);

e the equivalent stress (von Mises) has the maximum value (587.8 MPa) in the stretched clamp area.

G. CONCLUSIONS

On the first hand, the modelling and the finite element analysis from this application was done more with a teaching
goal, in order to initiate the user with the main steps of developing an FEA application in ANSY'S Workbench and,
on the other hand, to compare and evaluate the results with some quasi-readings obtained through classical analytical
models.

This process is recommended to be repeated for other practical situations in order to gain experience in developing
analysis methods as well as evaluating the results.

The FEA model developed in this paper is inefficient from the point of view of the modelling possibilities offered by
the ANSYS platform because it does not take into account the embedded connection area as well as the singularity
associated with the concentric force due to the rough meshing with linear finite elements. These aspects are taken
into account and studied in the application no. FEA-A.3.

11




Application: FEA-A.2
Cantilever beam with fillet

KEY WORDS

Static linear analysis, Planar geometric model, Plane stress state, Linear material, Planar 2D finite element, Linear
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A. PROBLEM DESCRIPTION

A.1l Introduction

In many training situations to solve FEA problems, especially as a beginner or initiating a new FEA platform, it is
recommended to solve simple problems that are reduced to classic models with known analytical solutions but also
by highlighting the not recommended extreme situations (eg singularities) in the current practical applications.

The main objective of this application involves the development of an FEA for a rectangular beam embedded on a
contour, comparing the results with the classical analytical ones and highlighting the effects of the singularities
involved by the theoretical cases of concentration of tensions in the zones of fillet with zero radius and in the zones
of action of the concentrated forces on reduced surfaces at a point or a line.

A.2 Application description

In the structure of the support device below, the elastic support element 1, firmly positioned in the body 2 through
the bars 4 and the screws 5, must ensure a displacement imposed under the action of the press force F, developed by
the slide 3, and return to the initial state after its cancellation.

A.3 The application goal

In this application, the analysis of the displacement, deformation and tension fields of the support element 1 made of
C55 steel and with the following dimensions is followed: L = 100, h = 10 mm, g = 10 mm, a =50 mm, b =20 mm .
Starting from the fact that the element 1 has a constant constant thickness and the load with F = 1000 N is uniformly
produced in width, it is emphasized that the problem is classified in the plane state of stresses (the voltages are
invariable in thickness) and, therefore, the analysis with finite elements will be make customizations for this case. In
addition, compared to the analysis from the application of FEA-A.1 the effects of the singularities of concentration
of tensions in the "sharp™ (null radius) and action areas of the "needle” (point) or "knife" (on the line) forces will be
studied.

12
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B. THE FEA MODEL

B.1 The model definition

In order to compare the results obtained by the finite element analysis with the classical solution model based on the
material resistance methods (embedded beam), the most simplified possible model is adopted which implies:

* simple geometric shape,

» adoption of material strengthens constraints (embedding)

* the loads are concentrated,

» the material has a linear behavior

B.2 The analysis model description

Because the structure can be included in the FEA plane stress state, it can be modelled in plane, considering the
rectangular geometric shape 100 mm long and 10 mm wide with 2D finite elements.

Geometric constraints involving cancellations of translation and rotation relative to the X, Y and Z-axis, respectively,
apply to the points on the Y-axis edge. Load the model with the concentrated force F = 1000 N in the far upper corner.

TX/TY/TZ/RX/RY/RZ
27 F = 1000N

'l
| R=5 ~ . ,
Grosimea / Width. 10
S Y
/ F
¥
(=
¥
V//4
20 100
e |

B.3 Choosing the characteristics of the material and the environment

For FEA, the strength characteristics of the C55 steel are:
+ longitudinal modulus of elasticity, E = 210000 N / mm?;
* Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.

13




C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project
B Unsaved Project - Workbench - sllslord- | B Analysis Systems - |l Static Structural (the window with project

modules appears automatically); [change name, Static Structural ],
Setting of problem type (2D)

YOO | .. rcnaic A Geanelry ]| Advanced Geametry Gptions |

I Analysis Type | [selecting from drop down list Aﬂ, J20] — [close the window J % ].

Saving of the project
Save As  File name: [enter name, FEA-A.2] — A.

‘_JﬂSaveAs... N @ |

.2 Modelling of material and environment characteristics

E_,_) L, @ EngineeringData v , _, @ Edit. _ [S e e e

Tb Structural Steel Propeﬂles = n]El Isotropic Elasticity _y Young's Modulus , [selecting from

drop down list C (Hnit) cu / with . '| Jr |] [enter in column B (Unit) valoarea, 200000] —» 1 / Update Project >
@ Return to Project

(others parameters are default).

C.3 Geometric modelling

C3.1 Model loading, DesignModeler (DM)

A e, LE ceomeny B vew Geometry... _ansvs Workbench. | © witimeter | 0k

C.3.2 Sketch generation

Viewing default plane (XY)

> i Sketching _, D (Look At Face/Plane/Sketch) [automatically view of default plane, XY].

Rectangular lines generation

JDraw _, TlRectangle _, [trace rectangle line using pencil starting with .J a point from left of Y axis, and finish
in opposite point simultaneously with release of the mouse ] (fig. a) —» [drawing two rectangular lines with the
pencil indicator marking with, 1 from a point of Y axis (C symbol appear), and finish in opposite point simultaneously
with release of the mouse ] (fig. b).

Outline beam generation

JModify _y 7= Trim _y it will be deleted by selecting with I the portions of the straight segments that do not
belong to the contour (fig. c)].

Center lines in relation to the X axis

) Constraints _, | “T*Symmetry _, [select with . the X axis and then the two parallel lines with this axis to the left
of the Y axis (fig. d)] — [select with . the X axis and then the two parallel lines with this axis to the right of the Y
axis (fig. d)].

Dimensions

JDimensions _,  #TSemi-Automatic _ [qimensions are automatically activated with A] ,

|=I| Dimensions: 4: _, [they are inserted into the boxes | |1, [ 112 [ 113 [ 114 (fig. e)]. J K DisPIay (viewing
dimensions), Name: [ (it is disabled), Value: v (is activated). AHMWE (moving dimensions), [the dimension
activates with .1 and moves keeping the activation to the desired position] (fig. e).

Fillet generation

JMedify 5 [ Fillet _; Tinput Radius; radius value, 5] — [select with ! the connecting lines (fig. e)]

14
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C.3.3 Surface generation
E_) ‘JCnncept _y &8 Surfaces From Sketches -|| Details of SurfaceSk1 . FEHIelIEG]
BN , .5 XvPlane -, 8 Sketchl —><Jupp'3’ Thickness [> 0}, [input thickness, 10] —» .13/ Generate,

L fCE' Sketchl _, | Hide Sketch (hide sketch) .= (axonometric visualization).
B %@ 1Part, 1 Body _, -, B Surface Body , /| Details of Surface Body ; Body [input name, Suprafati

bara).

f

C.3.4 Save of geometric model

E—) 2l (SaveProjecty _, | S (Close Design Modeler).

C.4. Finite element modelling

C4.1 Launching the finite element modelling module and setting the problem type, material characteristics, and
unit system

Launching the modelling module with finite elements

& BN Project schemasc JIEIE JRUSSINNGE < [ZLSNIN [launching the Mechanical [ANSYS Multiphysics].

Setting the type of the problem

_) N J ..... Jfﬁ Geometry _, Details of "Geu:umetr}r", -I| Definition : 2D Behavior [select from list Jj, J

Plane stress (default settings)].

Setting the material characteristics

P, - M Geometry _, | - B0 Suprafatibard _ Details of "Suprafats bars"- | Material - Assignment , [is selected
from the list .1, 1 Structural Steel | (usually, when there is only one material, this setting is default).

Setting the units

15



—E_> JUnits _y _Metric (mm, kg, N, 5, mV, mA]

C.4.2 Model meshing

Setting general meshing features

—> _s 1% Mesh _ — [¥|sizing .
Use Advanced Size Function Tis selected from the list with .1 7|, .1
off]; Relevance Center  Use Advanced Size Function [selecting

from the list with 7| JFine ] . | [Element 3ize [enter the
dimension of the finite element: 4, 2 (fig. a, b), 1, 0.5] (for each
of the two cases below, 4 analyzes will be performed one for
each value) —» [#l|Defaults ; || Relevance it js generated with .J

~F valoarea / value 100] —> ¥/ Advanced ;
Element Midside Nodes | [selecting from the list x| . Dropped;
Kept] (for each finite element dimension there will be 2 analyzes,
one with linear finite element (without intermediate nodes on
sides, variant Kept) and parabolic finite element with one
intermediate node on sides, variant kept).

—
g

Selecting triangular finit element (case I) or rectangular (case II)

L,,--.;@ Mesh _y Insert _, & Method _, Details of "Automatic Method" - Method _, | Scope: Geometry , [selecting

with . geometrical model] — /No Seledtion —> | Definition : Methad | [selecting from the list 1),

Triangles /Quadrilateral Dnminant]_
Creating the model with finite elements
o -f@ Mesh —> =} Generate Mesh (fig a,b).

View the meshing statistics

| % Mesh _ | Statistics: | | Nodes 422/605: | | Elements 664 /516

C.4.3 Supports and restraints modelling

o N _, _|E-7[2] Static Structural (A5) _, |

(¥, Supports _y Jﬁf}, Fied Support _ ’
- iy (activating line selection filter) —
[selecting with Ctrl+ clamp edges] — A.

C.4.4 Loads modelling

2% Force ) 1 scope: I _,
(activating point selection filter) — [selecting with .1 peak]
- A; || Definition ; Define By [selecting from the list .
j, IComponents ], ¥Component 0, N [ramped} _, [ input
value -1000].

—

C.4.5 Saving the project

—E_>  File E ave Project...

16



D. SOLVING THE FEA MODEL

D.1 Selecting the results

Selecting the total displacements
_> s B Solution (A6) _y _| M, Deformation 3 | Total

Jlél ..... /|68 Solution (A6) _, _| ﬁﬁgtregg - Jﬁﬁ Equivalent (von-Mises)

4JEI ----- Solution (AB) _, _| T, Stress N ‘_jﬁ,j Error
Selection of the equivalent voltage field along a line from the connection base (fig. a)
Generation of Line 1: Model (A4) _y _|® Construction Geometry _y | [~ Path _ , [=| start:

start ¥ Coordinate  [input value 5]; Start ¥ Coordinate | [input value, 5], (the coordinates of the point of upper fillet

base, fig. a) — End X Coordinate [input value, 5]; End ¥ Coordinate [input value, -5] (the coordinates of the point of

lower fillet base, fig. b) .
Selecting the field of equivalent stress after Line 1:

J = Solution (AB) _, _| m,j Stress Jﬁg Equivalent (von-Mises) __y Details of "Equivalent Stress 2"

| Scope; _|Scoping Method | [selecting from the list A3l apath ]; Path [selecting from the list 2=l patn 1.
Selecting the equivalent stress field after Line 1 (fig. b)
Generation of Line 2: Model (Ad) _y _|®® Construction Geometry _y | (~ Path _

-1| start-

start X Coordinate [input value 100]; Start ¥ Coordinate | [input value, 5], (the coordinates of the upper point, fig. b)
—> End X Coordinate [ input value, 100]; End ¥ Coardinate [input value, -5]; (coordinates of the lower point, fig. b).
Selecting the equivalent stress field after Line 2:

B Solution (A6) _, | W Stress _ 1'%, Equivalent (von-Mises) —> Details of "Equivalent Stress 3"

| Scope: _|5coping Method | [selecting from the list with 2=l apath ]; Path [selecting from the list with 2zl
Path 2]

Selecting the field of structural error after Line 1 (fig. a)

J B /6@ Solution (A6) _y _| ﬁ,j Stress ﬁ.j Error _y Details of "Structural Errar” — || Scope

5caping Method | [selecting from the list 2=l Jpath ]; Path,

[selecting from the list Aﬂ, JPath],
Selecting the field of structural error after Line 2 (fig. b)

‘J E ..... Solution {AE} N <J ﬁﬁ Stress - mlj Error -

Details of "Structural Error 2 —» | (#l| Scope; _|5coping Method | [selecting

from the Iist.Jﬂ, JFath]. 'Path [selecting from the list Aﬂ, A
Path 2], N b

D.2 Launching the solving module

ﬁ_) <J 5-:_:Iution {AE}_) <J_/E Solve .

17



E. POST-PROCESSING OF RESULTS

E.1 Viewing the total displacement field

—ﬁ _ [N _, |-~/ Solution (A6) _ |- M Total Deformation (fig. a, for Case | fig. b, for Case II); <= (axonometric
visualization); b —> [selecting from the list Aﬂ, & smooth Contours) (visualization of smooth contours) ; ! L —>
[selecting from the list with 27 8 show Elements] (visualization of finite elements) ; .JResult —» [selecting from the list
with Aﬂ, 3. [Auto Saale)] (selecting the scale of displacement); « ™ ( marking the node with the maximum total

displacement); (; (marking the node with the minimum total displacement).

[ , | Animation > u (visualisation af animation).

. 1.7401 Max 2,0596 Max
L5661 1,8537
— 1,3921 16477
— 12181 —{ 14417
— 10441 — 1,2358
L 0.87006 L 1,0208
| 0,69605 — 0,82385
| 0,52204 — 0,61788
0,34a03 0,41192
I 017401 I 0,20596
0 Min 0 Min
a b.

E.2 Viewing equivalent stress fields

—ﬁ N0 , . |-id8 Solution (A6) _ |- M Equivalent Stress (fig. a, for case I; fig. b, for case 11);

634,43 Max
627,08 Max

564,28
i 494 13
487,73 2
418 05 — 423,97
34838 | 353,82
3787 | 283,67
209,03 — 213,52
139,35 143,36
69,676 73,211
0 Min 3,058 Min

for
a b.

E.3 Viewing structural error fields

—E EEEE , -/l Solution (A6) ;- M Structural Error (fig 5 for case I fig. b, for case I1);
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. 7.1943 Max . 0.18795 Max

f,395 0, L6707

— 5.5956 — 0,14619

— 47962 — 0,12531

—{ 3.9969 —{ 0,10442

— 3.1975 — 0,083543

— Z,3981 —1 0,062062

—{ 15933 = 0,04178
0,79939 0020898
1.8546e-5 Min . 1.66e-3 Min

E.3 Viewing equivalent stress fields on line

E.3.1 Viewing equivalent stress fields on Linel

—E _, [0S , _|-/da Solution (A6) _ |-, M Equivalent Stress 2 i 4 for case I: fig. b, for case 11):

495,54 Max 495,54
400,24 g
304,95 =
209,66 19,078
114,37 0, 1,25 25 375 5, 625 75 87510,
19,078 Min
[mm]

a.
610,75 Max __ 610,75
493,26 & 400,
375,78 = 0,
238,29 23,314
140.8 0, 1,725 25 375 5 625 7.5 87510,
23,314 Min [mm]

b.

E.3.2 Viewing equivalent stress fields on Line2

—ﬂa EMIE , .1 g8l Solution (A6) _y |- M Equivalent Stress 3 (fig. a, for case I; fig. b, for case I1);

0,
96,451 Max _ Bl
78,319 &
60,188 Z 315
42,056 g 5,7925
73.924 o, 1,25 25 375 5, 6,25 7,5 87510,
5.7925 Min a [mm]
a.
0,
152,96
152,96 Max =
123,01 e 100,
93,05% = 50
63,106 3,2033
33,155 o, 1,25 25 375 5 625 7.5 87510,
3,2038 Min b [mm]
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E.4 Viewing structural error fields

E.4.1 Viewing structural error fields on Line 1

ﬁ—) _, || Solution (A6) _ |-, Structural Error 2 (fig. a, for case I; fig. b, for case I1);

0,75793 Max 0,
0,67949 __.0,75793
b |
0,52261 036573
044417 0, 1,25 25 3,75 5, 6,25 7.5 8,7510,
0,36573 Min [mm]
a.
0,
0,138241 Max 0,13824
012028 E 0.1125
0,10232 = 7582
0,084353 4343e-2
0066352 o, 1,25 25 375 5, 6,25 7.5 10,
0.0:4843 Min [mm]
b.

E.4.2 Viewing structural error fields on Line 2

H 5 |/l Solution (A6) _ |- & Structural Ermor3 (fig g, for case I; fig. b, for case I1);

0,098389 Max 0,
0078415 — 9.8389¢-2
0,059242 E 5,e-2
0,039668 5,2027e4
0,020094 0, 125 25 375 5 825 75 10,
0,00052027 Min [mm]

a.
0,057092 Max 0,

5,7092e-2

0,046508 =
0035923 E 3.z
0,025339 41703e3
0,014755 0, 1,25 25 375 5 625 7,5 87510,
0,001 703 Min [mm]

b.

F. RESULTS ANALYSIS

F.1 Summary of analysis results

In order to highlight aspects related to the accuracy of the results and the convergence of the solution, analyzes were performed
considering for modeling linear finite elements (without intermediate nodes on sides) and nonlinear (with intermediate nodes on
sides), with two forms (triangular and rectangular) and with four dimensions each. The results are summarized in the table and
graphs below. In subchapter E, the results for the cases of the linear, triangular and rectangular finite element, with the dimension
of 2 mm are presented (analyzes Il and VI in the table).
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Tab. a
3 5 £ S E £
S| 8§ £ - £ —:
n c o N — & e 9
= 2 2 89 == - :
s E= = = = (Line 1) (Line 2)
< 0= 3 = A Equivalent Structural Equivalent Structural
stress error stress error
First order triangular finit element (without intermediate nodes on edges, EL3L)
I 4 194 284 1,447 527,48 2,619 53,26 0,105
I 2 422 664 1,74 495,54 0,758 96,451 0,098
i 1 1186 2034 1,958 500,08 0,606 176,53 0,087
v 0,5 4210 774,6 2,026 628,65 0,081 302,03 0,052
Second order triangular finit element (parabolic, with intermediate nodes on edges, EL3N)
\Y 4 671 284 2,011 633,91 0,0395 153,05 0,2951
VI 2 1607 664 2,024 629,91 0,0576 285,81 0,2233
VII 1 4405 2034 2,019 638,78 0,0437 537,15 0,1845
VIII 0,5 16165 7746 2,017 643,27 0,0013 1018 0,1695
First order rectangular finit element (without intermediate nodes on edges, EL4L)
IX 4 230 179 2,054 591,14 0,1606 82,315 0,06
X 2 605 516 2,06 610,75 0,1383 152,96 0,057
XI 1 2169 2001 2,064 645,58 0,0485 291,52 0,055
Xl 0,5 8382 8050 2,068 658,97 0,0059 525,04 0,047
Second order rectangular finit element (parabolic, with intermediate nodes on edges, EL4AN)
Xl 4 631 176 2,0366 600,91 0,14 145,61 0,6
A\ 2 1739 520 2,0383 624,74 0,125 275,72 0,4737
XV 1 6340 2001 2,036 644,81 0,0129 551,91 0,4225
XVI 0,5 24781 8038 2,036 646,81 0,0026 1111,14 0,356
700 1200
'E' L |
E 650 EF3N £ 1000
=, / L =
i EF4N w800
= EF4L £ 600
B 550 g
o ) EF3L 3 400
I 5
g 5 =
E = 200
EF3L
450
40 2.0 1.0 05 040 2.0 1.0 05

Dimensimea EF [mm]

a.

Dimensiimea EF [mm]

b.

21




0.5 EF4N

EF3N

EF3L EF4L
: ;

Eroarea structurald [mJ]
Eroarea structurald [mlJ]
=
[F%]

o e
: 0
40 2.0 1.0 05 40 20 10 05
Dimensiunea EF [mm] Dimensiunea EF [mm]
c d

Following the analysis of the results obtained as a result of the modeling and FEA (subchapter E) and the use of the classical
computational relations (the application A.1 subchapter F.1) obtained under the conditions of the materials strength hypotheses,
the following are highlighted:

- The maximum total displacement for the case of the linear triangular finite element with large
dimensions (4, 1 mm) has values (1.447 and 1.74 mm respectively according to lines I and 11 of the
tables a and subchapter E.1, fig. A) with large deviations (-27.65%; -13%) from the value (2 mm)
obtained from the theoretical analytical model (the application A.1 subchapter F.1).

- The maximum equivalent voltage in the connection area with voltage concentrator (visualized after
a transverse line in the connection area) for the large triangular linear element (EF3I) with large
dimensions (4, 2, 1 mm) has values (527.48; 495 , 54 and 500.08 MPa respectively according to
lines I, 11 and 111 of the table, the graph of Fig. A and subchapter E.3.1, Fig. A) with large deviations
(-18.84%; -28.37%; -23.06%) compared to the value of the maximum equivalent convergence
voltage (approx. 650 MPa, fig. A); In the case of the other analyzes (cases | and Il) - with large
dimensions (4, 2 mm) we can see in fig. of much smaller deviations (<9%) of the values of the
maximum equivalent voltage compared to the value of the maximum equivalent convergence
voltage (approx. 650 MPa, fig. a).

- The maximum equivalent voltage in the head area of the bar (viewed from the force line) has small
values (<300MPa, fig. B), for large dimensions (4, 2 mm) of the finite elements, and has much
increased values (> 300MPa, fig. B); the value of the equivalent voltage increases exponentially
(fig. b) with the increase of the discretization fineness (EF dimensions <0.5 mm) which highlights
the singularity effect of the tension consequence of the load with concentrated force - a theoretical
situation in which much increased values of the voltage result around the force action point (tensions
in this area are not taken into consideration when designing).

F.2 Analysis of convergence and precision

Following the analysis of the tensile values of the structural errors (tab. A, fig. C, d) the following are highlighted:

- In fig. c, table. a, but also in subchapter. E.4.1, fig. to highlight the variation of the structural error with the increase of the
discretization fineness. The increased values of the structural error (> 0.5 mJ) for the linear triangular finite element (EF3L) with
enlarged dimensions (> 1 mm) in correlation with the variation of the equivalent voltage in fig. to also highlight in this way the
increased deviations of the voltages from the quasi-real value (approx. 650 MPa, fig. a). For the other finite elements (EF4L,
EF4N and EF3N) we observe reduced values of structural error (<0.16 mJ) and for large finite element dimensions (4, 2 mm)
that decrease, in correlation with the increase (convergence) of the stresses. equivalent (fig. a), with the increase of the
discretization fineness (decrease of the finite element size).
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- In fig. d we observe reduced values of the structural error (<0.6 mJ, for EF3N) and their decreasing variations, which is not
correlated with the exponential increase of the maximum voltages (fig. b), thus highlighting the singularity (non-convergence)
of the voltage. .

- In fig. to highlight the quasi-exact equivalent voltage (approx. 650 MPa, fig. a) as a result of the convergence of the solution
(asymptotically approximating a quasi-exact value for finite elements of different shapes as the fineness of discretization
increases (EF dimension decreases).

G. CONCLUSIONS

The modeling and analysis with finite elements of this paper were done more with didactic purpose aiming, on the
one hand, the initiation of the user with the main stages of developing an application of FEA in ANSY'S Workbench
and, on the other hand, the comparison. and evaluating the results obtained from FEA with different shapes and sizes
of finite elements.

The adopted FEA model leads to coarse deviations from the exact solution for the linear triangular finite element as
opposed to the quadratic finite element model which shows a convergence with very small deviations.

The analysis of the results, in particular, of the tensions, for discretizations with increased fineness, shows that in the
area with the singularity of the tension (the point of application of the concentrated force), although the structural
error decreases to allowable values which would show a good accuracy, the values of the tensions do not converge
towards the cvsiexact value, but they grow non-asymptotically (values that do not correspond in reality).

The FEA model studied in this paper is efficient in terms of modeling possibilities offered by the ANSYS platform,
especially for the quadrilateral finite element that ensures good convergence in the connection area (voltage
concentrator, real case) and leads to increased errors. , non-convergence of the solution for the force action area is
concentrated in one point (theoretical case), a case not recommended in the design practice that can be avoided by
considering the force distributed on a line very close to reality.
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Application: FEA-A.3
Cantilever beam with singularities

KEY WORDS

Static linear analysis, Planar geometric model, Plane stress state, Linear material, Planar 2D finite element, Linear
finite element, Parabolic finite element, Machine element, Checking with classical models, Cantilever beam,
Singularities
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A. PROBLEM DESCRIPTION

A.1 Introduction

In many training situations to solve FEA problems, especially as a beginner or initiating a new FEA platform, it is
recommended to solve simple problems that are reduced to classic models with known analytical solutions but also
by highlighting the not recommended extreme situations (e.g. singularities) in the current practical applications.

The main objective of this application involves the development of an FEA for a rectangular beam embedded on a
contour, comparing the results with the classical analytical ones and highlighting the effects of the singularities
involved by the theoretical cases of concentration of stresss in the zones of fillet with zero radius and in the zones of
action of the concentrated forces on reduced surfaces at a point or a line.

A.2 Application description

In the structure of the support device below, the elastic support element 1, firmly positioned in the body 2 through
the bars 4 and the screws 5, must ensure a displacement imposed under the action of the press force F, developed by
the slide 3, and return to the initial state after its cancellation.

A.3 The application goal

In this application, the analysis of the displacement, deformation and stress fields of the support element 1 made of
C55 steel and with the following dimensions is followed: L = 100, h = 10 mm, g = 10 mm, a =50 mm, b =20 mm .
Starting from the fact that the element 1 has a constant constant thickness and the load with F = 1000 N is uniformly
produced in width, it is emphasized that the problem is classified in the plane state of stresses (the stresss are invariable
in thickness) and, therefore, the analysis with finite elements will be make customizations for this case. In addition,
compared to the analysis from the application of FEA-A2 the effects of the singularities of concentration of stresss in
the "sharp" (null radius) and action areas of the "needle" (point) or "knife" (on the line) forces will be studied.
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B. THE FEA MODEL

B.1 The model definition

In order to compare the results obtained by the finite element analysis with the classical solution model based on the
material resistance methods (embedded beam), the most simplified possible model is adopted which implies:

* simple geometric shape,

» adoption of material strengthens constraints (embedding)

» the loads are concentrated,

* the material has a linear behaviour

B.2 The analysis model description

Because the structure can be included in the FEA plane stress state, it can be modelled in plane, considering the
rectangular geometric shape 100 mm long and 10 mm wide with 2D finite elements.

Geometric constraints involving cancellations of translation and rotation relative to the X, Y and Z-axes, respectively,
apply to the points on the Y-axis edge. Load the model with the concentrated force F = 1000 N in the far upper corner.

TX/TY/RZ
y/r F = 1000N

Grosimea / Width, 10

4 y
7 i

ANNN
50
1

20

Y
I/
20 100

— B | =nl B
=i u=-=nl |

B.3 Choosing the characteristics of the material and the environment

For FEA, the strength characteristics of the C55 steel are:
« longitudinal modulus of elasticity, E = 210000 N / mm?;
* Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.
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C.PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project
EUnsaved Project - Workbench . |ERLISE: B Analysis Systems ; ke StaticStuctural qhe \yindow with project

modules appears automatically); [change name, Static Structural].
Setting of problem type (2D)

L, @ Geometry _, _Properties _, |[IRIooqogagoa it Geométry‘ ® Advanced Geometry Options ,

I Analysis Type | [selecting from drop down list Aﬂ, J20] — [close the window J % ].
Saving of the project

JBlsaens.. , [ save A5 File name: [enter name, FEA-A.3] —)A,

C.2 Modelling of material and environment characteristics

ProJectSchematlc N L,@ Engineering Data  +* 4 _, J@ Edit... NI Outiine of Schematic A2: Engineering Data i
% Structural Steel [JERT

E| HEI Isotropic E|E|St|l:|t!.|' - l'I"l:ll.ll'lg 3 Modulus [Se|ect|ng from

drop down list C (Unit) cy / with 7] ™ |] [enter in column B (Unit) valoarea, 210000] —» .1 7 Update project >

(3 Return to Project (others parameters are default).

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

E BN Project Schematic N L, Geometry _ ‘J New Geometry.. _, ANSYS Workbench - g Milimeter | Ok

C.3.2 Sketch generation

Viewinq default plane (XY)

5 ) Sketching D (Look At Face/Plane/Sketch) [automatically view of default plane, XY].

Rectangular lines generation

JDraw _, (TlRectangle  _; [trace rectangle line using pencil starting with, . a point from left of Y axis, and finish
in opposite point simultaneously with release of the mouse ] (fig. a) —» [drawing two rectangular lines with the
pencil indicator marking with, 1 from a point of Y axis (C symbol appear), and finish in opposite point simultaneously
with release of the mouse ] (fig. b).

Outline beam generation

JModify _y 7= Trim _y it will be deleted by selecting with I the portions of the straight segments that do not
belong to the contour (fig. c)].

Center lines in relation to the X axis

) Constraints  _, | “T*Symmetry _, [select with . the X axis and then the two parallel lines with this axis to the left
of the Y axis (fig. d)] — [select with I the X axis and then the two parallel lines with this axis to the right of the Y
axis (fig. d)].

Dimensions

JDimensions _, _ #T Semi-Automatic _ [qimensions are automatically activated with A] ,

|=I| Dimensions: 4: _, [they are inserted into the boxes | |1, [ 112 [ 113 [ 114 (fig. e)]. J i DisPIay (viewing
dimensions), Name: [ (it is disabled), Value: ¥ (is activated). AHMWE (moving dimensions), [the dimension
activates with 4 and moves keeping the activation to the desired position] (fig. ).

Fillet generation

JMedify 5 [ Fillet _; Tinput Radius; radius value, 5] — [ select with . the connecting lines (fig. e)]
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d. e.
C.3.3 Surface generation
E% _Concept _, ¢ Surfaces From Sketches -|| Details of SurfaceSkl - [SEHA00G

SRS , (-5t XVPlane - Sketchl —><Jupp'3’ Thickness (>=0 , [input thickness, 10] — .17 Generate

L fCE' Sketchl _, | Hide Sketch (hide sketch) .= (axonometric visualization).
B %@ 1 Part, 1 Body _, -, B Surface Body , /| Details of Surface Body ; Body [input name, Suprafati

bard].

f

C.3.4 Saving of geometric model

A H (SaveProjecty _, | RS (Close Design Modeler).
C.4. Finite element modelling
C4.1 Launching the finite element modelling module and setting the problem type, material characteristics, and
unit system
Launching the modelling module with finite elements
i BN roject schemasc [N AT RENGN < JLZSNEN [launching the Mechanical [ANSYS Multiphysics].
Setting the type of the problem
_) _y B M Geometry _, Details of ‘Geometry” =) Definition : 20 Behavior | [select from listu=

Plane Stress (default settings)].
Setting the material characteristics
s B M Geometry _, |~ B Suprafatébard _, Details of "Suprafats bara": | Material - Assignment [is selected

from the list J_*], i Structural Steel | (ysually, when there is only one material, this setting is default).

Setting the units
_) I Units _y _Metric (mm, kg, N, s, mV, mA]
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C.4.2 Model meshing

Case | (meshing with large first order finite elements)
Adopting the first order finite element (with the straight line,
without intermediate node)

, Qutline - _y _| & Mesh _ ’

#| Advanced - Element Midside Modes [select from list Aj’

JDmppEd]_

Automaticaly meshing
LF;% Mesh _y | =/ Generate Mesh

Visualisation of meshing statistics
| oM Mesh  [7| Statistics - [ | Nodes 106: | | Elements 74

Obs. It will be continued starting with step C.4.3 and after post-processing it will be returned and re-meshing
according to the following case.

Case 11 (meshing with small first order finite elements ]n singularities areas)
Adopting the first order finite element (with the second order line, with intermediate node)

o /% Mesh , [#l| Advanced : Element Midside Nodes | [selecting from the list .Jﬂ, | Kept],
Setting global meshing

<% Mesh , =l Defauits; | | Relevance [modifying with .~/ valoarea / value, 100].
Setting local meshing to a point

L, /@ Mesh _y | Tnsert _, @, Sizing _, =)/ scope - [EEIEEA 5 B (activating

point selection filter) — [selecting with J upper corner(fig. a)] — E; Sphere Radius _|Please Define
[input value 5]; Element3ize _ Please Define —, [input value, 1].

L, A Mesh _y | Insert _, @ Sizing _, NEIE R Geometry NG (activating
point selection filter) — [selecting with J lower corner (fig. b)] — @; Sphere Radius _|Please Define

— [input value, 5]; ElementSize _|Please Define _, [input value, 1].

L, @ Mesh _y | Insert _, @ Sizing _, =/ scope . [EEEET] 5 T (activating

point selection filter) — [selecting with J point of application of the force (fig. ¢)] - J @; Sphere Radius |

Please Define N [input Va]ue, 5], Element S'IIE', |Please Define N [input Va_|ue’ ]_]
Reviewing of meshing statistics

: </ Update _y Outline - _| -+ Mesh _ , [+ Statistics . | | Nodes ,1954- | |Elements 601
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a. b. C. d.
Obs. It will be continued from step C.4.5

C.4.3 Supports and restraints modelling (fixed support)

f;, Outline . =92 Static Structural (A5) _,
G, Supports _)Jffiﬁ Fixed Support _

! - iy (activating line

selection filter) — [selecting with Ctrl+d fixed edges] —

. Aeply I

C.4.4 Loads modelling

5 I Force _| ,|EI|S{0p-E: Geometry [N

A (activating point selection filter) — [selecting with

peak] — JE; =l Definition ; Define By | [select from list
Jj’ ICompaonents ], ?Cﬂmpﬂﬂﬂﬂt’Ju,N [ramped)

— [input value, -1000].

C.4.5 Saving the project

—E: JFile E Save Pro_iect....

D.SOLVING THE FEA MODEL

D.1 Setting the results

Selecting the total displacements

‘JEI ----- Solution (A6) _y _| ﬁ,j Stress  _y | m.j MNormal _ | , [=I| Definition ;
Orientation = [select from list .Jﬂ, AX Axis] (default).

Selecting the tangential stress

| B9l Solution (A6) _y | W Stress _ Jﬁﬁ Shear

o B ? Solution (A6) _y _| T Stress N Jﬁ,j Equivalent (won-Mises]

o B 4[] Solution (A6) —y | WA Stress _y |9 Error
Selecting the normal stress on upper edge
Line generation: [l Model (Ad) _ | Construction Geometry _, | (" Path _, , Ell start; |

m, — (activating point selection filter) — [selecting with . upper corner(fig. a)] »> E (fig.

b); =l End  |Location  |Clickto Change _y A (activating point selection filter) — [select upper right peak (fig.

Q)] —> .1 ooy |
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Setting the normal stress on generated line
J 5(_}|uti0n (AB) - ‘Jﬁg Stress _y | ﬁ,j Mormal RN 4_]{,% Marmal Stress 2 —> Details of "Mormal Stress 2",

=I|Scope; _|Scoping Method | [selecting from list with Jﬂ, JFPath ], JPath  [selecting from list Jﬂ, JFath ],

ﬁg Equivalent (von-Mises) _y Details of "Equivalent Stress 2" —y |+l Scope: |Scoping Method , [selecting from list .

|, path]; ‘Path [selecting from list with .1.X), .1Path],

i B

D.2 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1. Viewing the total displacement field

[selecting from the list 4T | JH smooth Contours] (visualization of smooth contours) ; ) —> [selecting from
the list 27|, & Show Elements] (visualization of finite elements) ; JResult — [selecting from the list 47 .

3, [Auto Scalel): | (marking the node with the maximum total displacement); <™ (marking the node with the
minimum total displacement).

B _, .| Animation | (visualisation af animation).

M 2,1759 Max
1,341
L 16973
L1 14506

. L2038
0,96705

L | (,72529

0,48353
I 024176
0 Min

Case |
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. 2,216 Max
19698
—1 172360
— 14773
12311
. 0,984849

—{ 073868

Case 1l

0,49244
I 024622
0 Min
E.2. Viewing stress field

E.2.1 Viewing the displacement field normal at the X axis

Viewing the global field

(P Front

561,68 Max
421,1
280,51
139,92
-0,66414
-141,25
-251,84
-422,42

Case | -563,01 Min

746,2 Max
570,08
343,95
217,84
41,716
-134.41
-310,53
-486,65
-662,.77 Min

Case 11
Viewing the field on a line

L, _jﬁ Mormal Stress 2 _y | ‘.j Evaluate All Results (fig. d,e).

a. b. C.
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Case |

Case Il

557,97
557,97 Max
468,65 ™ 400,
379,33 IZ)_‘* E
i .-n----l-lc'--.-g“...q& = 200,
200,68 22,043
111,36 0, 125 25 37,550, 625 75 100,
22,043 Min [mm]
665,52 Max 665,32
560,35 =
455,19 S 400
350,02 Eb‘“...."""""'"'-unn-ﬂH : | E 200
244 86
34,525
139,69 0, 12,5 25 37,5 50, 62,575, 100,
34,525 Min [mm]
d. e.

E.2.2 Viewing the tangential stress field

—ﬁ, Outline

Case |

Case 11

47,44 Max
36,391
25,342
14,294
3,2449
-7 8038
-18,853
-29.901
-40,95 Min

101,75 Max
50,668
-0,41223
-51,493

- 102,57

- 153,65
-204,74
-255,82
-306,9 Min
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E.2.3 View the equivalent stress field (von Mises)

. 2711 Max
500,5
— 429,89
—1 359,29
—{ 288,68
—{ 218,08
—{ 147,47

Case |

836,77 Max
732,24
L1 627,72
L1 5232
L 418,68
L 314,15
L 209,63

. 105,11
0,58737 Min

76,865
. 6,2598 Min
N

Case Il

E.2.4 Viewing structural error fields

—ﬁ, Outline - _, <J '''' 2/ Solution (A6) -5 | B Structural Error

11,963 Max
10,463
4,4735
7,4789
5,05 44
4,498
2,4952

Case |

1,443 Max
L2626

Logz2

0901846
072144
054112
0,36075
018037
7.8682e-8 Min

M

L5008
. 0,0060118 Min
N

Case 1l




F. RESULTS ANALYSIS

F.1 The theoretical (analytical) calculation model

The classical analytical studies on the analysis structure (cantilever beam) are synthesized in the calculation of the
following parameters (see application of FEA-A.1 subchapter F.1): maximum displacement, § = 2 mm, maximum
normal bending tension (according to Navier's relation) , o; = 600 MPa, the maximum shear tangential stress
(according to Juravschi's relation), tr= 15 MPa.

F.2 Comparison and evaluation of results

Following the analysis of the results obtained as a result of the modeling and FEA (subchapter E) and the use of the
classical computational relations (subcap. E and F.1) obtained under the conditions of the materials strength
hypotheses, the following are highlighted:

- The maximum total displacement, 2,179 mm (case I) or 2,216 mm (case 1), obtained with FEA (E.1),
is almost equal to the displacement (2 mm) obtained from the theoretical analytical model (subchapter
F.1).

- The maximum normal stress in the X direction, -563.2 MPa (case ) or 746.2 MPa, obtained by finite
element analysis (subchapter E.2.2) has a deviation of -6% (case I) or 24.36 % MPa (case Il) against the
maximum normal stress (600 MPa) theoretical (subchapter F.1).

- The shear stress distribution (E.2.3) shows maximum values, 47.44 MPa (case I) or 101.75 MPa (case
I1), in the recessed area is 3.12 times (case 1) or 6.78 or (case I1) against the theoretical value, 15 MPa.

- The equivalent stress (von Mises) has the maximum value, 571.1 MPa (case I) or 836.72 MPa (case II)
in the compressed and stretched area, respectively; it is observed that with the increase of the meshing
fineness (case Il) the value of the equivalent stress (von Mises) deviates by 39.4% due to the corner
singularity (connection with null radius).

F.3 Accuracy analysis based on structural error

In subchapter. E.2.3 the structural error with the maximum value of 11.96 mJ (case I) or 1,443 mJ (case Il) is
highlighted; the maximum value in case | shows maximum errors of the stress in the fixing area.

The structural error is determined as the difference of the deformation energies calculated using the average stresses
associated with the finite element and the nodal stresses. The fineness of increased discretization leads to reduced
structural error values and, therefore, it can be used on the one hand, as a global indicator of the discretization fineness,
in the rediscretion of the entire structure and, on the other, as a local indicator of meshing fineness at local rediscretion.
In order to assess the accuracy of the stress type results, the field of structural error is analyzed, following a uniform
distribution with reduced (preferably subunit) values of the structural error for acceptable accuracies; the areas where
the structural error is increased in order to increase the precision of the results (the decrease of the structural error)
will be made local rediscretion (subchapter E.2.3).

F.4 Analysis of convergence on X axis

In order to highlight the effects of corner singularities (zero radius fillet) and concentrated force (point action), the
model will be analyzed with various meshings, following the values of normal stress in the X direction, especially in
the areas with singularities. For this purpose, the succession of modifying the fineness of meshing at the global level
will be followed (the second order finite element set above will be kept):

/& Mesh _, Detaile of "Mesh” | 1| Sizing ; Use Advanced Size Function [se selecteaza din listd cu / selecting from the

list with 1.7, joff]:
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L[ Element 3ize Tee jntroduce valoarea dimensiunii elementului finit conform coloanei intai din tabelul de mai jos /

input the finite element size value according to the first column in the table below]. J™ A

-} Generate Mesh ] ,,% Mesh _
showing nodes number,

Elements (coloana a doua / second column)].

+| | Stati

Mesh _, |

stics . [se evidentiazd numarul de noduri din caseta /

Modes (coloana a treia / third column) si numarul de elemente number of elements,

Dimension Number of
/Normal stress Structural error
EF [mm] EF Number of nodes [MPa] [mJ]
5 80 309 572,96 9,3176
4 140 50 570,96 7,1435
3 258 891 577,32 4,712
2 500 1671 605,4 2,99
1 2000 6341 757,07 1,389
0,75 3200 11386 847,47 1,0124
0,5 8000 24681 990,35 0,651
0,25 32000 97361 1306,7 0,5
0,125 128000 386721 1737,1 0,5
0,1 200000 603401 1906,5 0,5
1900 =1 *
gum - E’ g \‘\
— T T 7 AN
w0 1500 > 5 6
E 1300 / s \
5 2 AN
8 / # 4 AN
@ 1100 m 3
e 500 / g 2 N
SDD I i i i A L 4 Qq GAI Dj\ A:‘y ':fi\'" CD '\x “r .-I:r d\r
) 200000 400000 600000 e e .\'C?’ m‘“@ en""#@ &
Numarul de noduri Mumdrul de noduri
a. b.

At the corner point with singularity of the normal stress, its values increase with the increase of the number of
nodes (there is no asymptote to tend to). The structural error decreases with the increase of the discretization
fineness but at higher values of the nodes it has low values and it remains quasi-constant and the values of the
normal stress increase non-asymptotically, which demonstrates the inconsistency of the process in the corner area
with singularity (fig. A, ¢). The same situation specific to the singularity of the stress is observed in the area of

application of the concentrated force (fig. C)
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0, 603401 noduri (element patrulater parabolic)

1906,5
1500 Efectul colfuhi cu razi zero
1250' Efectul foriei concentrate
T .
=
= 750,
500,
42,048
0, 12,5 75, 37,5 50, 62,5 75, 87,5 100,
[mm] C.

G. CONCLUSIONS

The modeling and analysis with finite elements of this paper were done more with didactic purpose aiming, on the
one hand, the initiation of the user with the main stages of developing an application of FEA in ANSY'S Workbench
and, on the other hand, the comparison. and evaluating the results obtained from FEA with different shapes and sizes
of finite elements.

The adopted FEA model leads to coarse deviations from the exact solution for the linear triangular finite element as
opposed to the quadratic finite element model which shows a convergence with very small deviations.

The analysis of the results, in particular, of the stresss, for discretizations with increased fineness, shows that in the
area with t singularities, although the structural error decreases to allowable values which would show a good
accuracy, the values of the stresss do not converge towards the cvasiexact value, but they grow non-asymptotically.
The FEA model studied in this paper is inefficient in terms of modeling possibilities offered by the ANSYS platform
because the connection area in the recess is null radius (theoretical case) and the force is concentrated at one point
(also theoretical case). . These aspects are avoided in the application of FEA-A.2.
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A. PROBLEM DESCRIPTION

A.l. Introduction

The study of the elements of mechanical systems with a common axis of symmetry for the geometric domain, material
characteristics, loading and boundary conditions can be carried out using axial-symmetric models. Their structures,
from a geometrical point of view, are reduced to plane geometric models associated with axial semisections which,
from a physical point of view, synthesize the spatial states of stresses and deformations related to a cylindrical
coordinate system with the dimension axis identical to the axis of symmetry.

The cases of practical application of the analysis with finite axial-symmetrical elements are multiple, noting with
increased frequency the problems with homogeneous structures of revolution with respect to an axis, evenly
distributed circumferentially distributed. Thus, the analysis of the structures of the three-dimensional elements of the
machines, installations and machines, which comply with the conditions specified above, is performed by means of a
plan model with a number of degrees of freedom much reduced compared to the three-dimensional model.

A.2. Application description

The figure below shows the radial ball bearing assembly of a shaft extension system of a speed reducer. In order to
obtain the optimal functional requirements (good centering, attachment of the ring to the shaft / housing) the bearing
rings are assembled pressed on the shaft head section and in the bore of the housing. As a result of the presses
assemblies (with their own tightening), taking into account that the shaft and the housing have radial rigidity much
larger than of the rings, radial displacements of the tread points appear in order to reduce the play in the bearing.
Thus, under increased tightening conditions it can be reached after the assembly to cancel the bearing from the bearing
and, therefore, to the improper operation, with high friction, which lead to overheating and shortening the life of the
bearing. The analysis of the inner ring / shaft and outer ring / housing adjustments results in increased tightness in
the assemblies pressed from the inside.
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A.3. The application goal

In this application, using the finite element analysis, the study of the pressed assembly between the inner ring of the
radial ball bearing and the shaft of a speed reducer is presented. Since, the shaft is full cross-section and, therefore,
with increased radial rigidity, it is considered, for the study of said assembly, only the inner ring of the radial ball
bearing (6205), executed in the precision class PO
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with the normal radial game with the value in [0.01; 0.02] mm. The inner ring of this bearing with the shape and
dimensions shown in the attached figure is made of bearing steel, the mark RUL1, with the modulus of longitudinal
elasticity E = 2.1 10°MPa, the coefficient of transverse contraction v = 0.3 and the density, p = 7800 kg / m>,

In this study, it is intended, for the concrete case described above, the determination of data on displacements and
stresses in the inner ring, the change of the tread pattern, the pressure on the mounting surface and the mounting /
dismounting force of the ring on the shaft. These can also be obtained taking into account the fact that the inner ring
pressed on the shaft is rotating with the speed n = 4000 rot / min.

B. THE FEA MODEL

B.1. The model definition

Since the geometric and loading structure is symmetrical with respect to an axis as well as with a transverse plane, a
plane (2D) model determined by the section of the radial semisection through the inner ring is adopted for analysis.
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Thus, without losing accuracy, the problem to be solved falls within the axial symmetric state of tensions and the
simplest possible model is adopted, which implies:

» the flat geometric shape,

» discretization with 2D nonlinear finite elements (parabolic),

* linear behavior of the material,

* adoption of constraints associated with symmetry properties,

* external load by forced displacement.

B.2. The analysis model description

The figure below shows the FEA model associated with the plane geometric model of the axial semisection
considered in the XY plane with the Y axis (Symmetry axis) of the structure to be analyzed. In addition, it is
observed that the considered plane domain and its deformed state are symmetrical with respect to the plane XZ
perpendicular to the axis of rotation (YY) and is identical to the plane of symmetry of the tread.

The imposed (boundary) boundary conditions, in accordance with the considered symmetries, involve free
radial displacements of the model points on the X axis and cancel the displacements along the Y axis.

The load of the structure is realized by the imposed displacement of the inner edge with the value of the

maximum radial tightening, 0.02 mm, calculated for the adjustment H7(*%221) / r6 (1¢'0>:); consequently, the

force Fr appears to be determined
In addition, the structure to be considered is considered to rotate around the Y axis with the angular velocity ®
=nn/30=418.88 rad /s.

Y
7 16,9
12,4995 0,02 l
=
~L 7 i 'K\ 1 1x45
@ | o
a
|
m:Fr 4
o

S ———— A — S ————

19,5795 ’Q‘ é; :

B.3. Characteristics of the material and the environment

For linear static analysis the following resistance characteristics of RUL1 material are considered:
« longitudinal modulus of elasticity, E = 210000 N / mm?;
* Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.

C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project
Unsaved Project - Workbench . [[lsllals)s

. 2B Analysis Systems . | ke Static Structural 0 \indow with project modules
appears automatically); [change name, Static Structural],
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Setting of problem type (2D)

I IR U Sl Proper ties of Schematic A3: Geometry J§ B Advanced Geomeiry Options |

1 Analysis Type | [selecting from drop down list Aﬂ, 1207 — [close the window J % ].
Saving of the project

— 1 . g
o savens... [ save A= File name: [enter name, FEA-A.4] —>A.

C.2 Modelling of material and environment characteristics

E BN Project Schematic PEREINE. = TEC LNV N 3. | S Outiine of Schematic A2: Engineering Data [

% Structural Steel p( :'i,':.:'f_f f'-: O

E| HEI Isotropic EIEIStlDtE" N "I"IIILII'IQ 5 Modulus [Se|ect|ng from

drop down list C (Unitywith .17 I}, [enter in column B (Unit) value, 210000] —» .1 / Undate Praject _, A@REM” Ll 22
(others parameters are default).

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

E’ | Project Schematic [N @ Geometry _>‘J New Geometry.. . ANSYS Workbench - Ji Millimeter’ LIOK.

C.3.2 Sketch generation

Viewing default plane (XY)

, : j Sketching _, /9 (Look at face/Plane/Schetch) [automatically view of default plane, XY] ;
Rectangular lines generation

JDraw _, |ClRectangle _, [trace rectangle line using pencil starting with, ! a point from left of Y axis, and
finish in opposite point simultaneously with release of the mouse 1] (fig. a)].

Generating a circle arc

& Circle _, [the circular line is generated by .1 marking the center on the x-axis (coincidence symbol C
appears), moving in the radial direction and releasing .1 on the contour, fig. b].

Triming lines at the edge o

JMedify _y | T TAM _, [activate - desactivate with . the option 1anere Ads (W /1) — [marking with . the part
to be cut (fig. b,c)]

;En A , |

i S— SO S

a b. c
Dimensioning
Sketching Toolboxes. Dimensions - i Horizontal _, [selecting two entities (points, lines, axes) with J and the
dimensions appear automatically (fig. a)] - , Dimensions: 1 - | | H _ [introducing the dimension (fig.
a)].
) I[ Vertical _ [selecting with ! two entities (points, lines, axes) with .| and the dimensions appear automatically
(fig. a)] - , Dimensions: 1. | |V _, Tintroducing the dimension (fig.a)]. - (* Radius [selecting with
the circle arc and the dimensions appear automatically (fig. a)] — , Dimensions: 1| 'R _, [input the

radius value (fig.a)].

Fillet generation

JModify _, " Fillet _, [input Radius: radius value, 1] — [select with .J the connecting lines (fig.b)].
Chamfer generation

JMedify _, " Chamfer _, [input in Length: lenght value, 1] — [select with I the connecting lines (fig.b)].
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C.3.3 Surface generation

E:ACuncept_)‘JgﬂSuﬁacesFrnm Sketches _ ’ n
-1| Details of Surfaceskl: EEOLTEE . [y 3 XYPlane '

J--,E:':'ﬂ Sketchl _y | Apply | ij Generate.
. [, 1Part,1Body _, |-, B Surface Body |
=I| Details of Surface Body ; Body | [input name, Suprafati radiald).

C.3.4 Save of geometric model

15 = (Save Project) —» .| 2SS (Close).

C.4. Finite element modelling

C.4.1 Launching the finite element modelling module and setting the problem type, material characteristics, and
unit system

Launching the modelling module with finite elements

w2 BN Project schematic I JUSINNGY ¢ 2SN [launching the Mechanical [ANSYS Multiphysics].

Setting the type of the problem

> BEIE -, . #, B Geometry _, Details of "Geometry” | | Definition : 2D Behavior | [select from list .7, .

Plane Stress (default settings)].

Setting the material characteristics

s [ A Geometry _y | -, B Suprafatéibard _, Details of "Suprafata bars”: |Material . Assignment s selected
from the list .1_*], .1 Structural Steel | (usually, when there is only one material, this setting is default).

Setting the units
- JUnits _y _Metric (mm, kg, N, s, mV, mA]

C.4.2 Model meshing

Automaticaly meshing (with default parameters)

’ Outline - L,_«% Mesh _ ‘.j Generate Mesh (fig. a).
Setting re-meshing

Lo A% Mesh _y Inset  » & Refinement _,

, =)/ Scope ;. JEEEEDT _, [ (setting the

surface selection filter) — [select with . the surface]; =/| Definition .

Refinement [indexing with . L » | the number of successive re-meshings,
1 (fig. b) ].
Automaticaly re-meshing
L.../% Mesh _ '.j Generate Mesh
Visualisation of meshing statistics
| oM Mesh | [ Statistics . | | Nodes 971: | | Elements 284
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C.4.3 Supports and restraints modelling

Generating the fixed support
, Outline: | B2 Static Structural (AS) _, | @ Supports v _ Jff]ﬂ Frictionless Support. _, J® (activating

line selection filter) — [selecting with 1 the line from OX axes (fig. a)];
Generating the displacement support

‘_] ----- ?[£| Static Structural (A5) _, Ef]..\ﬂuppnrtsv _)JE:-L_:.]V Displacernent _ , [-l| Scope:

(Geometry NI (activating line selection filter) — [selecting with ! the edge (fig. b)] — 2Rl |
-/ Definition - _|Define By [selecting frommlist with Aﬂ, JCompaonents ] X Component | Free  [selecting from

the list 1 2., ©enstant ] Tinput the displacement value, 0,02] (fig. b).

a. b

C.4.4 Loads modelling

—ﬁ, QOutline - | F--9[=] Static Structural (AS) _, @ Inertial » _, &, Rotational Velocity _,

. 1= scope : JEERETH _, L (activating face selection filter) — [selecting with .
suprafata/ the surface]; =/ Definition . _Define By | [selecting from the list 1.7, .1Companents];
.. fCompanent Tinpyt the angular velocity value (rad/s), 418.18].

C.4.5 Saving the project
—E: I File _ 5ave Project...

D. SOLVING THE FEA MODEL

D.1 Setting the results

Selecting the directional displacements on X axis

J#/| Definition ; Orientation [selecting from the list with ﬂ ¥ Axis],

Selecting the equivalent stress
o B ? Solution (A6) _y | B Stress N Jﬁﬁ Equivalent (von-Mises)

[selecting from the list 4. | , X Axis],
Selecting the normal stress on Y axis

‘J---- Solution (A6) _, | P Stress - N Aﬁg Normal _, Details of "Normal Stress?_", -|| Definition - | Orientation

[selecting from the list . -] , o Ais ],
Selecting the normal stress on Z axis
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| ~Igi Solution (A6) - 0, Stress v N ‘_j'ﬁ.: Normal _, Details of "Normal Stress 3" )| Definition . | Orientation

[selecting from the list 1~ | T Axis],
Setting the reaction force corresponding to the imposed displacement
.1~/ Solution (a6) _, | @ Probe v , % ForceReaction _, Details of "Force Reaction”  =1| Definition -

Boundary Cundiliu-n [selecting from the list Jﬂ’ JDispIacement]_

D.2. Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1. Set the view mode in section / space

Sectional / spatial view setting

AE —» JTools _y _jOptions... _, E Options . |- Appearance [activate — desactivate from the list Aﬂ ,
Beta Options ]

Setting the number of angular sectors

B - & vodel(ag) _, _[dd| Symmetry _, Details of "Symmetry” = Graphical Expansion 1 (Beta) . jType

[selecting from the list Aﬂ, 20 Axisymmetric]. | Num Repeat [input the number of angular sectors, 19] (fig.

C).

E.2. Viewing the displacement field along the X axis

(undeformed model view, fig. a); .. Amimatien > m (animating view) .
Az=rProbe . — [marking with . the point where the value visualization is desired, 0,0184] (marking the value with
label, fig. b); /™ (marking the node with the maximum displacement); LY (marking the node with the minimum

I=0
displacement); =¥+ (axonometric view, fig. c).

. 0,02 Max
0019703
— 0,019406
—{ 0,0191049

. 0018812
0018515

— 0012218

00175921
I 0017624
0,017327 Min

—ﬁ, Qutline - A ----- ? Solution (A6) _ A(ﬁ Equivalent Stress. Jﬁ v _5 |Show Undeformed WireFrame

(undeformed model view, fig. a); </ ™# (marking the node with the maximum displacement); o (marking the

I=0
node with the minimum displacement); =+ (axonometric view, fig. c).
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. 445,09 Max

418,44

—{ 391,749

—{ 365,14
338,449

. 31184

—{ 2852
258,55

I 2314
205,23 Min

E.4. Viewing the stress f|eld along the X axis (radial)

—ﬁ, Outline - JI ----- -;;- Solution (A6) _ e - A0 Normal Stress. Jﬁ v 3 _|5Show Undeformed WireFrame

(undeformed model view, fig. a); /™ (marking the node with the maximum displacement); o] [n (marking the

I=0
node with the minimum displacement); <« (axonometric view, fig. c).

M 92,492 Max

45,387

{1,717

| -48,822
-95,926

L] -143,03

! 190,13
-237,24

I -784,34

331,45 Min

E.5. Viewing the stress fleld along the Y axis (axial)

—ﬁ, Outline . | #--[& Solution (A6) - M Normal Stress 2. &~ _ | Show Undeformed WireFrame

(undeformed model view, fig. a); ! (marking the node with the maximum displacement); . o (marking the

I=0
node with the minimum displacement); «f« (axonometric view, fig. c).

= . ' I

. 14,226 Max
-5,4185
— -25,063
— -44.708

. -64,353
-43,998

-123,29
I -142,93
-162,58 Min
E.6. Viewing the stress field along the Z axis (C|rcumferent|al)

—ﬁ Outline . _|E-[&8 Solution (A6) _y |- M Normal Stress 2. - @~ _y _iShow Undeformed WireFrame (View

undeformed model, fig. a); /™ (marking the node with the maximum displacement ); <! ®™ (marking the node

IS0
with the minimum displacement); =¥+ (axonometric view, fig. c).
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. 338,68 Max
320,09

L1 3015
1 282,01

. 264,32
245,73

— 227,14
a. b C.

208,55
I 189,96
171,37 Min
E.7. Viewing the reaction force

, Outline : _|-/&| Solution (A6) _y | /¥ Force Reaction (fig. 4 b): ._IJ AL *li| (axonometric view,
fig. c).

- Time [5] ||= Force Reaction (X) [M] ||? Force Reaction (Y] [N] ||? Force Reaction () [M] |
111, 48197 22627 0,
a. b.

F. RESULTS ANALYSIS

Following the analysis of the obtained results (subchapter E) as a result of modeling and solving the following are highlighted:
- The radial displacement (in the direction of the X axis) in the area of adjustment of the shaft ring has the required value 0.02
mm (subchapter E.2).

- The radial displacement at the level of the tread with the value 0.0184 mm leads to the reduction of the play in the bearing
(subchapter E.2, b); this displacement will be expected to be smaller than the radial bearing clearance.

- The equivalent voltage (von Mises), useful for the design of the shaft-bearing adjustment, has values increased inside with a
maximum of 445.09 MPa in the starting areas of the internal connections (subchapter E.3).

- The radial tension (in the X axis direction) is compression with the maximum value -331.45 MPa, also in the starting areas of
the internal connections (subchapter E.4).

- The axial tension (in the direction of the X axis) has the maximum value -162.56 MPa, also in the starting areas of the internal
connections (subchapter E.5).

- The circumferential voltage (in the Z axis direction) has a maximum value of 338.68 MPa also in the starting areas of the
internal connections (subchapter E.6).

- The reaction that occurs in the bore area due to the imposed radial displacement has a much larger radial component (48197 N),
a very small axial component (22.627 N) and a null circumferential component.

G. CONCLUSIONS

Following the displacement fields and their maximum values, we observe the increased influence of radial
displacements on the displacements of the points on the rolling path.

Conventionally, the radial stiffness of the bearing ring is defined as the ratio of the radial reaction force to the radial
displacement imposed,

ke = 5 (1)

Ur
which after evaluation with the values of the above model becomes k; = 2409850 N / mm. Taking into account the
linear behavior of the structure and the ratio between the radial displacement of the points in the bore area and that
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of the points on the rolling path, a= u./uc = 0.02 / 0.0184 = 1.09 can be calculated according to from the minimum

radial clearance the effective tightening of the shaft-bore inner ring adjustment.

The mounting / dismounting force, considering the friction coefficient i = 0.2 can be calculated with the relation,
Fra = uFs = 0.2. 48197 = 9639.4 N.

The pressure on the contact surface is determined by the relation p = F / D (b-2r) = 48197 / n 25 13 = 47.2 MPa
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A. PROBLEM DESCRIPTION

A.1l. Introduction

The clutch of the car is a normal intermittent mechanical coupling coupled with the main function of decoupling-coupling the
transmission of the car in case moment of changing gears or brakes under load. In addition, secondary functions are required for
optimum operation: smooth decoupling and coupling, without shocks and vibrations; simple and easy operation, good heat
transfer to the outside; simple and technological construction; reduced inertia of the driven parts, safe and long-lasting operation.

The mechanical clutches based on the transmission of the torque by friction involve a controlled pressing subassembly which, in
particular, in the case of small dimensions has a diaphragm spring which besides the generation of the pressing force (required
for the transmission of the load) also has a functional control role .

A.2. Application description

Structure and operation of the clutch with diaphragm spring. The mechanical clutch in the figure above transmits the torque
by friction from the flywheel assembly 1 and the pressure plate 3 to the disc 2 and through the groove to the main shaft of the
gearbox 6. This process occurs when the lever 7 is inactive and the plate is activated. pressure 3 is pressed by the diaphragm
spring 4 on the disc 2 and the steering wheel 1. At the action of the lever 7, the pressure bearing 5 presses on the diaphragm
spring internally, removing the pressure disc 3 and interrupting the torque transmission. With the reduction of the pressing force
on the pressure bearing the diaphragm spring returns (sometimes aided by another elastic element) and the coupling is performed.

Assembly and operation of the diaphragm spring. On the first hand, the diaphragm spring type element assures the function of
generating the initial pressing force. It is mounted in the subassembly of the pressure disc 3 which is then mounted in the general
assembly by means of screw assemblies 8 and, on the other part, of the displacement function of the pressure disk for decoupling.
The first function involves the deformation of the outer part, similar to a disc spring with increased rigidity, by moving the area
with radius R, with the arrow A, reduced leading to an increased force Fn. The second function involves the deformation of the
diaphragm spring, supported in the base area of the wings with reduced rigidity, under the action of the decoupling force Fg, it
produces the decoupling by unloading the outer part of the press area, with the reduced value Ag.
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A.2. Application description

Structure and operation of the clutch with diaphragm spring. The mechanical clutch in the figure above transmits
the torque by friction from the flywheel assembly 1 and the pressure plate 3 to the disc 2 and through the groove to
the main shaft of the gearbox 6. This process occurs when the lever 7 is inactive and the plate is activated. pressure 3
is pressed by the diaphragm spring 4 on the disc 2 and the steering wheel 1. At the action of the lever 7, the pressure
bearing 5 presses on the diaphragm spring internally, removing the pressure disc 3 and interrupting the torque
transmission. With the reduction of the pressing force on the pressure bearing the diaphragm spring returns
(sometimes aided by another elastic element) and the coupling is performed.

Assembly and operation of the diaphragm spring. On the first hand, the diaphragm spring type element assures the
function of generating the initial pressing force. It is mounted in the subassembly of the pressure disc 3 which is then
mounted in the general assembly by means of screw assemblies 8 and, on the other part, of the displacement function
of the pressure disk for decoupling. The first function involves the deformation of the outer part, similar to a disc
spring with increased rigidity, by moving the area with radius R, with the arrow Am reduced leading to an increased
force Fm. The second function involves the deformation of the diaphragm spring, supported in the base area of the
wings with reduced rigidity, under the action of the decoupling force Fq, it produces the decoupling by unloading the
outer part of the press area, with the reduced value Ag.

A.3. The application goal

In this application it is necessary to determine the force-displacement characteristics, the functional restrictions and
the capable loads of the diaphragm spring in the figure above, considering that it is made of 50V Cr11 spring steel and
has the following dimensions: Ry =15,5mm, Re =84 mm, h=14mm,a=15mm, b =3 mm, b =10 mm, b = 3 mm,
m=3mm,b=285mm,p=10mm,b=3mm,x=0,75mm,y =235 mm, R; =19 mm, R, = 68,5 mm, Rz = 81 mm.

B. THE FEA MODEL

B.1. The model definition

Since the diaphragm spring has a reduced thickness (1.5 mm), the variations of the unknown internal parameters
(displacements, deformations and stresses) are insignificant in the normal direction at the surface and a 2D model is
adopted for analysis. On the other hand, the structure of the spring being cyclically symmetrical circular is adopted
for analysis only an angular segment (10°). Thus, without losing much of the accuracy, the problem to be solved falls
into the state of membrane tension and a simplified possible model is adopted, which implies:

e simple geometric shape,

e adoption of material strength constraints (simple support),

e geometrically nonlinear behavior with high imposed displacement loads,

e linear behavior of the material.

B.2. The analysis model description

The geometrie of the analysis model is given by the surface of an angular sector (10°) to which the thickness of 1.5
mm is associated. For analysis the axial-symmetrical structure is modeled with 2D finite elements.

In order to simulate the behavior as close as possible to the reality, the two distinct functional states (assembly and
decoupling) will be considered and consequently, the analysis will be done in two cases: the first implies a
displacement imposed by the value - 2.5 mm of the points of the spring of circle with radius 69.5 mm (the bearing
area on a toroidal ring) and the second, which over the previous loading also requires the movement of the points of
the spring of 19 mm radius (action area) by -20 mm of the pressure bearing.
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Thus, in the first model (mounting step) of analysis the structure will be supported simply (canceling the displacement
in the direction of loading) on the pressure plate after the spring of 81 mm radius (action on the pressure disk) where
the reaction Fn, (unknown) appears ) pressing on the pressure disc. In the case of the second model (decoupling), it
will simply rest after the spring of the circle with the radius of 69.5 mm (the contact area with the other toroidal ring)
where the reaction F, (unknown) will appear; thus the outer part (deformed in the first stage) is relaxed and displaced
by the value Aq (unknown) in the area of the spring with the radius 81 mm (contact area with the pressure disc) and
in the contact area with the pressure bearing Fq (unknown).

In order to accurately highlight the functional processes for finite element analysis as a consequence of the geometric
nonlinearity, the loads will be made progressively (the displacements imposed will be introduced in a table with the
1 mm step) and the Lagrange method will be adopted for solving.

lY Fa
= S .

b

B.3. Characteristics of the material and the environment

For linear static analysis the following resistance characteristics of 51VVCr11 material are considered:
+ longitudinal modulus of elasticity, E = 206000 N / mm?;
e Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.
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C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project
E, WEEEEY B Analysis Systems _, R StaticStructural qhe \vindow with project modules appears automatically);

[change name, Static Stru ctural ].
Setting of problem type (2D)

&L, @ Geometry _, Properties _, [ uaguaRede ety Geométry‘ 2 Advanced Geometry Options ,

JAnalysis Type  [selecting from drop down list 1.7, 1207 > [close the window . X ].
Saving of the project

= _ - Save
|l save as... —>E Save As  File name: [enter name, FEA-A.5] —>.J

C.2 Modelling of material and environment characteristics

Proiect Schematic L, @ Engineering Data " &  Edit... Outline of Schematic A2: Engineering Data |
N 0] — - - .
% Structural Steel (TRt TIAe 3: & .& A Isotropic Elasticity _, Young's Modulus , [selecting from

drop down list C (Uit cy / with o7, [enter in column B (U”'t) valoarea / value, 206000] —» 1 ~ Update Project 5
@ Return to Project

(others parameters are default).

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

E,  Project Schematic L, @ Geometry _)J New Geometry... _, ANSYS Workbenchl- | Millmeter o

C.3.2 Sketch generation

Viewing default plane (XY)

, e, g (Look at face/Plane/Schetch) — (automatically view of default plane
XYPlane);

References lines generation

JDraw _y ™ Line 5 T[the line will be drawn by selecting the first point with I, pe axa / on OX (the
coincidence symbol appears, C), / moving to the other point (in the Ist cadran towards the OY axis) and release .,
fig. a].

Dimensioning of reference line

.1 Dimensions _, "% Display _, (it is disabled with . optiunea / option / Name: / and activating Value:,

Name: | Value: v 1;

J B Horizontal _, 1selecting succesive ! the pair: point on the reference line and the OY axis, the dimension

appears (fig. b) ] —» , Dimensions:1: | | H _, [ input value, 15,5/84,0].
J I[ Vertical _ [selecting with .J the point in Ist cadran and the axis OX, the dimension appears automatically (fig.
b)] » , Dimensions: 1. | [V _ [input value, 14,0].

JElMove _, [arranging the dimensions I by draging to the desired position].
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C.3.3 Surface generation

. | Modeling ‘J..thﬂ Sketchl;AMUdE|iﬂ9 - $Revol1.re N : —s | Apply

_)
W [select with .l axe OY] —» Jaxis  —» [ Apply |; | 3 Generate .
- (visualization of the coordinate system attached to the geometric model).

C.3.4 Generating of helplines (for constraints and loading)

Generating sketch helplines

o . 1wy ZXPlane _, j Sketching | #8 (New Sketchy [the name of the sketch is automatically
indexed, Sketcn2]; 1 #@ (Look At Face/Plane/Sketch) [automatic view the selecting plane, ZX]; 48 (view
geometric model).

Generating heIFIines
o Draw _, |&iCircle [the circular line is generated by selecting with . the center of the circle in the center

of the coordinate system (coincidence symbol P appears), moving in radial direction and release .1 on the contour,
fig. a] (this sequence is performed three times for each circle).
Dimensions helplines

. | Modeling _, -9 Sketch2. Dimensions _, = (" Radius _, [select with .J the circular line, the
dimension is automatically displayed] — , Dimensions: 1. | | r —; [input values: 19; 69,5; 81, (fig. a)].

Printing helplines on the reference surface

A Bewue |, . [
N ,J""«I:IEI Sketch2 _, | Apply ©

Direction Vector s | Apply | (the extrusion  Lleeeefarpscparsnennans

direction is accepted Mormal defaulted to the
ling Direction) | Operation — [set by default in

the line with 4 j, Imprint Faces ]; <J Tj Generate )

a b.

C.3.5 Generating the contour of the half-cut

Generating of half-cut sketch

[ “cketching H H :
-+ . )y ZXPlane _, | Sketching _, | #8 (New Sketch) [the sketch name is automatically indexed,

sketch3] — , [=I| Details of Sketch3 : [change name Sketch3 name of the sketch, in Decupaj); 2 (
Lock At Face/Plane/Sketch) [the selected plan will be automatically viewed, ZX]; 18 (geometric model view);

% (geometric model view); Ly c@ Sketchy, @ Sketch2 _, @ Hide Sketch) (the other sketches are
masked).
Generating rectangular lines

. o Sketching |, Draw _, TRectangle _, [sglect with i the corner of the rectangular line at a
point on the axis OX (coincidence symbol C appears), move the indicator and release . in the other corner] (this
sequence is carried out three times, fig. a).

Generating lines by two points
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Sketching Toolbexes  Draw . | "\ Line _, [select with J pairs of points (coincidence symbol P appears)] (this
sequence is reversed four times, including for the points on the X axis, fig. b).

a.

Dimensioning the sketch

‘Sketching Toolboxes . | Dimensions | ki Horizontal _, [two entities (point, lines, axis) are selected with .1 and
the dimension appears automatically] — *--== - Dimensions:1: [ | H _, [ input value (fig. c)];

) I Vertical _; [two entities (lines) are selected with .J and the dimension appears automatically] — ==l
Dimensions: 1| | v _, [input value (fig. c)].

Erasing lines

‘Sketching Toolboxes: _,  Medify . 5=Trim _, [js deleted by selecting with . lines that do not belong to the
cut outline, fig. d].

Generating radius

‘Sketching Toolboxes Modify. . (TFillet _, [inputin Radius: value, 2/6] — [ the intersection point of the two
connected lines is selected with . and the connection line is automatically displayed] (the sequence is repeated 3
times for the connections with the radius of 2 mm and once for the connection with the radius of 6 mm, fig. e).

€.

. T, o8 Decups
| Apply I,
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Operation 5 [select with .J |

Cut Material ] | Apply I (the default
setting of the extrusion direction is
accepted, Mormal from  line

Direction ): | %/ Generate

C.3.7 Model generation using cyclic symmetry
Generating of the symmetry coordinate system

m, T o # (NewPlane) _, - 3 XVPlane_, , Details of Planed : Type —» [select with .1 ™,
From Plane | [ | FD1, Value1 — [input value, -80], I Base Plane — A Apply | Transtorm 1 RME _y select with 1.7,

Rotate about 1] (fig. a).

Model generation using symmetry
ATeels J‘[l Smeetf!-' N , Details of Planed : | Number of Planes — [ select with .17, 2],

NE «31:- YZPlane _, symmetry Planel _y _| Apply I eyt Planed _

symmetry Plane2 _, | Apply I; J:} Generate (fig. b);

C.3.8 Saving of geometric model

—m: J= (Save Projecty _, | (Close Design Modeler).

C.4 Finite element modelling

C.4.1 Launching the finite element modelling module and setting the problem type, material characteristics, and
unit system

Launching of the finite element modelling module
s W Project Schematic ML JICCCIN AH Edit... _; [launch module Mechanical [ANSYS Multiphysics].

Introductlon of plate thickness and setting of material characteristics
o “‘ Geometry - .}:" Surface Body N Details of "Surface B , Definition - Thickness — [|nput Va'u& 1,5 mm]’

Material : Assignment | Structural Steel (ysyally, when there is onIy one material, this setting is default).
Setting the unit of measure system
n - JUnits 5 Metric (mm, kg, M, s, mVy, ma) )

C.4.2 Model meshing

Setting global discretization parameters

B Outline . , /@ mesh [T ) sieing ;| Retevance Center s select from listwith .~ |, Medium /Fine
Automatically meshing

L, Hf1 Mesh _y | =/ Generate Mesh

Setting the analysis parameters
Case | (assembly model )
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Outline - ‘J(ﬂ: Analysis Settings _y, | - [#| Step Controls- Mumber Of Steps _ [input value, 3]

(one step for each mm of deformation), |#/|Solver Controls: Large Deflection — [select from list with 1~ |, Jon]

(geometric nonlinearity).

Case Il ( decoupling model)

Outline - J;ﬂ Analysis Settings _y,

o - [+]| 5tep Controls -
Number Of Steps . [input value, 28] (one step
for each mm of deformation) |*/|Solver Controls:
Large Deflection — [select from list with 1.7,
1 ©n 7] (geometric nonlinearity).

C.4.3 Supports and restraints modelling

Generating of tangential (circumferential) displacement constraints associated with radial lines (ensures the behavior
of the reduced symmetry model as well as the extended model)

J+Ctrl of the radial lines in the XY (radial plane of symmetry) plane of the global coordinate system, fig. aj;
Details of "Fixed Support”: =|scope - _Geometry _y | |MNoSelection _, | Apply - B o :-‘,\ CDDrdinateSystemsﬁ [select
with 7], 17y XfPlane . Definition . X Component _, [input value, 0] (fig. a).

172 static Structural (85) _, _; x Supports v _, |, Displacement . _, | [§] _, [select with 1+Ctrl radial lines
from plane Plane4 (the second simmetry plane, fig. b)]; Details of "Fixed Support’: | scope -

‘_]Genmetr}' —y | |NoSelection _, | Apply . JCoordinate System _ [selectfromlistwith J'l’Jp|anE4]’ Definition -
JfComponent. _, [input value, 0] (fig. b).

T~ e

Case | (assembly model )
Generating of constraints with zero displacements in axial direction (in the bearing area on the pressure plate, fig.

c)

with the pressure disc]; Petails of "Fixed Support’, = scope ; Geometry _, | [No Selection _,

1 Apply | Definition - ;¥ Component _, [input value, 0] (fig. c).
Generating of constraints with imposed axial displacements (in the resting area on the toroidal ring, fig. d)

with the toroidal ring, fig. d]; Details of "Fied Support”: | scope : _jGeometry _, | |NoSelection _, | Apply |, J

¥ Component _, [select from list with J_*, 1 Tabular | — Tabular Data _, [input in the column ¥ ¥ [mm1 values 0, -
0,2, -0,4, -0,6] (fig. e).
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Tabular Data

~ X
Steps | Time [s] ||7 Y [mm] |
1 0, a,
1 1, -0,2
2 2, -0,4
3 3, -0,6
c d.

e.

# | = |l | P [

Case 11 (decoupling model)
Generating of constraints with imposed axial displacements (in the contact area with the pressure bearing (fig. f)

Wlth the pressure bearlng, flg f], DEtalIS Df "FixEd Suppl:ll't": —|| Scope ‘JGEUmEtr}' - <_] Mo Selection - <J Appl}' ,

Definition . _|Coordinate System — [select from list with ¥ |, Planes ], < ¥Component _ [select from list with
-l A Tabular] — TabularData: [input in the column [+ ¥ [mm] valorile / values 0, -1, -2, ..., -28] (fig. g).
i1

Tabular Data
Steps | Time [5] ||7 Y [ -
1|1 0, Q,
:\}{ 2 1 1l-l L L -lr
28 |27 27, -27,
29 |28 28, -28, -
Pl T I
f g

Obs. In this case, the axial constraints imposed in case | remain active and the constraints with zero displacements in
the axial direction from the bearing area on the pressure plate are deactivated (Qutline L, /B, Displacement3_, |
Suppress)_

C.4.4 Loads modelling

Obs. Since the analysis with finite elements of this work is of a functional type (the deformed states are known in
operation) and the loading forces are not known, the displacements imposed as constraints (see subchapter above) are
considered as external loads with values. of unknown forces, to be determined as a result of this analysis.

D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the nonlinear geometric model

|| Solution Information : _jSelution Output s [selecting from the list with <J"|, |Force Convergence] (the

convergence of force is adopted).

D.2 Setting the results

Selecting the total displacements

Setting the circumferential stress (in the normal direction on a plane of radial symmetry)
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Generating of the cylindrical coordinate system: Outline ; _j B2« Coordinate Systems _, Coordinate Systems: | =
—> Details of "Coordinate Systern " - _|[#| Definition - | Type [selecting from the list ..™ |, JC}.-'IindricaI];
& | Origin —y _|Define By [selecting from the list 4™ |, JGlobal Coordinates]; | Principal Axis - | Axis [se|ecting

from the list 1T | Y], | Orientation About Principal Axis ;| Axis —[ selecting from the list 1.7 | X
Setting the normal stress along the Z axis of the generated cylindrical coordinate system
L, B -_; Solution (AG) —> jInsert _y | Stress _ Jﬁg Mormal . | |#| Definition _s

Orientation _, [selecting from the list 17|, ¥ Axis]; .1Coordinate System _ [selecting from the list 17|,
Coordinate System].

Setting the structural error

.1|#) Definition _, _j Boundary Condition [selecting from the list .17, Displacement ]: =/ Options — .1

Result Selection _, [selecting from the list 71, v axis ].

D.3 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1. Viewing the displacement field

I=0

A=t~ (axonometric view).
28 5 [selecting from the list 17|, E Smooth Centours] (yisualization of smooth contours).

L QN [selecting from the list 1|, & Show Undeformed WireFrame | (visualization of the non-deformed
wireframe structure).

JResult — [selecting from the list 17|, 1 1.0 (True Scalél ] (selecting displacement scaling).

I Probe — [is marked with .J a point in the area of the contact line with the pressure plate] (visualizing the value in
a node).

Sy 5 || Animation > = (animating view).

3,7189 Max
3,1876
2,6563
2,1251
1,5938
1,0625
0,53126

0 Min

Case |
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Case Il

30,761
30,761 Max

27,05
23,330
19,628
15,917
12,206
84053
47843
1,0733 Min

Mlax
20

]

[mm]

10,
Min

2,7543e.2
0, 4, 8 12, 16 20, 28

]

a. b.

4238,9 Max
3709
3179,2
2649,3
2119,4
1589,6
—1 1059,7
d 529,86
Case | 0,00089191 Min
Case Il
5126,9 Max 51269
4400,3 1000
i E 3000
3217,3 s znnur
2580,8 ;
19443 1000,
— 13077 1,0923
i 67121 0, 4 & 12, 16 20, 28,
34,692 Min [5]
a. b.

circumferential stress); | ™ (measurement of the node with the minimum circumferential stress).

954,25 Max >
173

-608,26

-1389,5

-2170,8

-2952

-3733,3
-4514,5 Min

Case |

Case 1l
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4954,1 Max £ 4954,1
3718,4 ‘

24827

1247

11,265
-1224,4
-2460,1
-3695,3
-4931,5 Min

Max

Min

]

(¥

D, 4, 8 12, 18 20, 25,

(] v

a. b.

2,1931 Max

1,8798

1,5665

1,2532

0,93992

0,62661

0,31331

Case | 1,8249%-13 Min
Case 1l
5,0837 Max 50857
4,4483 s, Max
3,8128 — 3,
3,1773 E )
2,5419 |
1,9064 L, X}v']]n
1,271 165629
0,6355 0, 4, 8 12 18, 20, 28,
3,9297e-5 Min 5]
a b.

E.5 Viewing the reaction forces

area] —» View _, @ Left (projection visualization, fig. a): 1Gr@Ph _, [the reaction force graph is automatically

displayed according to the loading steps), fig. c]; . Animatien gl (viewing the animation).

Case |

-598,81

Tabular Data

Time [=] ||7 Force Reaction () [MN] |

1]1, -598,81 -1100,

22 -1054.6 1377,

3|3 -1377, o, 08 16 3,

a. b. C.

Case Il
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1059,7

750
500,

250,

55,434

11424

120,
-160,

-227,32

C.

d.

E.6 Viewing the convergence graphs of the solution of the nonlinear problem

Outline -

Cazul | /Casel
——i— Force Convergence

Force Criterion
— - Load 5tep Converged

Cazul Il /Case Il
——— Force Convergence
Faorce Criterion
- Load 5Step Converged

o N T AT A = iMiMI\'A”"""'A'A'Ril‘i‘immmm i
T

[=x]

F. RESULTS ANALYSIS

F.1 Interpretarea rezultatelor / Interpretation of results

Following the analysis of the results obtained as a result of the modeling and FEA (subchapters E.1, E.2, E.3 and E.5) the
following are highlighted:

Case | (fitting)

- The maximum total displacement (subchapter E.1, case I) of value 3.1709 mm from the area of the tip
of the radial blade is generated by the deformation of the mounting disc; the radial blade remains
undamaged.
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- The maximum equivalent spring has the value 4238.9 MPa in the inner (compressed) area of the disc
from the middle of the alveolus (subchapter E.2, case I); this value shows operation in the elasto-plastic
field.

- Viewing the circumferential tension (normal on the radial plane; subchapter E.3, case 1), shows positive
and negative increased values (+ 954.25; -4514.5 MPa) in the outer (circumferential traction) and inner
(respectively compression) areas circumferential); the maximum value in the compressed area the upper
edge of the inner zone shows the operation in the elasto-plastic domain.

- The reaction force in the displacement zone imposed on the installation of -0.6 mm in three steps of -
0.2 mm (incorrectly counted in time amounts [s]; subchapter E.4, case I, fig. B, ¢ ) has the maximum
value, 1377 N; this value multiplied by double the number of blades determines the maximum pressing
force of the pressure plate 3 on the disk 2 as a consequence of the tightening of the screws 8 (subchapter
A.2, case I, fig. a, d, e); the value obtained is also used for calculating the threaded assemblies of the
screws 8.

Case Il (decoupling)

- As a result of the action of the pressure bearing and the elastic deformation of the radial blades it is
observed that the outer area of the spring disk moves in the opposite direction with approx. 1 mm
(subchapter E.1, case Il, fig. A), the pressure plate is released and the decoupling occurs; in fig. b
(subchapter E.1, case Il) shows the variation of the maximum total displacement (green curve) and the
variation of the minimum total displacement (red curve).

- The maximum equivalent stress has maximum values (<5126.9 MPa) in the areas of connection of the
blade and of the action of the pressure bearing (subchapter E.2, case 11, fig. A); these stresss appear as a
consequence of the imposed displacement of the pressure bearing with non-real values (30 mm); for the
real stroke (approx. 10... 15 mm) the maximum equivalent stress has values (approx. 2000 MPa,
subchapter E.2, case Il, fig. b) acceptable at design.

- The circumferential stresses on the upper and lower sides of the disc are quasi-horizontal (4954.1 MPa
and 4931.5 MPa respectively; subchapter E.3, case Il, fig.a, b); these values appear in the area of the
displacement action line imposed on the pressure bearing which induces stress singularity; In the
connection area of the blade to the disc there are very low stresss (<1500 MPa, subchapter E.3, case II,
fig. a); consequence of the deformation of the blades in the disk the values of equivalent mounting stresss
(subchapter E.2, fig. a) in the upper compressed area increase (approx. 1375.5 MPa).

- The reaction forces that appear in the zones with imposed displacements (in the bearing area on the
toroidal rings (subchapter A.2, fig. A, d, ), when mounting and decoupling, and on the bearing on the
pressure bearing, on decoupling ) have the maximum values 1059.7 N and respectively - 227.32 N
(subchapter E.5, case Il, fig. a, c; for the design calculations of the debris subsystem, the pressure bearing
and the pressure subassembly the values of these forces will be adopted according to the actual
decoupling stroke (approx. 10... 12 mm, subchapter E.5, case 11, fig.b, d).

F.2 Analysis of the precision and convergence of solving nonlinear models

Following the analysis of the obtained results, related to precision and convergence, as a result of the
modeling and FEA (subchapters E.4 and E.6) the following are highlighted:
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Case | (fitting)

- The maximum value of the structural error (2,1931mJ, subchapter E.4, case I) even in the area of
maximum equivalent stress shows increased errors of its value; in order to reduce errors, a more fine-
grained rediscretion will be performed in this area and the analysis will be redone

- The convergence of the solution of the nonlinear model associated with the disk is made in 6 steps
(subchapter E.6, case I); can be seen from fig. ¢ (subchapter E.5) that the displacement force dependence
is quasi-linear (the displacements are small).

Case Il (decoupling)

- The structural error has the increased value (5.0837 mJ, subchapter E.4, a, b) in the action zone of the
pressure bearing, modeled with imposed displacement associated to a line (theoretical situation), where
much increased values of equivalent stress (singularity of stress); these values are not taken into account
for the design; in order to avoid the singularity, the model is restored considering the imposed
displacement associated with a contact surface or even considering the direct contact between the blade
and the pressure bearing ring (situation very close to reality).

- The convergence of the solution of the nonlinear model associated with the blade is made in 56 steps
(subchapter E.6, case Il); can be seen from fig. b (subchapter E.5, case Il) that the displacement force
dependence is nonlinear (the displacements are large).

G. CONCLUSIONS

In this paper, the modeling and analysis with finite elements were also done with didactic purpose following the
initiation of the user with the main stages of development of an application of FEA in ANSYS Workbench, in which
it is insisted, especially, on the modeling and analysis of a nonlinear elastic element diaphragm type with large
displacements imposed.

The adopted FEA model has two superimposed functional states - assembly and decoupling with quasi-linear and
respectively non-linear behaviors - and shows that in the action area (imposed displacement) of the pressure bearing
increased values of the structural error (stress singularity).

As a result of solving the nonlinear model with finite elements adopting the force convergence method, results have
been obtained with increased precision, the values of the obtained parameters (displacements, stresses, forces) being
useful for designing the diaphragm elastic element as well as its neighboring elements within the clutch subassembly.
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Application: FEA-A.6
Plastic deformation

KEY WORDS

Nonlinear static analysis, Spatial state of stresses, Nonlinear material, 3D geometric model, 3D finite element,

Nonlinear finite element (parabolic), Cylindrical coordinate system, Mechanical contact without friction, Structural
error, Plastic deformation Subset of processing
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A. PROBLEM DESCRIPTION

A.1. Introduction
FEA, as a general method of studying physical phenomena and processes in mechanical structures also allows the
analysis of the mechanical fields that appear in the case of cold plastic deformation processes of the thick sheets that
assume the material parameters that describe the nonlinear behavior with remaining deformations.

A.2. Application description

g

The cold bending of the flatbed (the blank) in order to obtain the 90 ° corner piece with unequal wings implies the
use of a die-punch device which involves fixing one wing and the plastic deformation of the other wing by means of
the punch pressing it on the fixed die. After removing the punch, the piece remains in a deformed state. The material
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of the band is a soft (ductile) steel that involves increased plastic deformation capacity in interaction with the active
parts of the device which are made of hardened non-plastic steel.

A.3. The application goal

This application assumes the FEA of the bending process of a flat panel with the length L = 105.7 mm, the width | =
40 mm and the thickness g = 5 mm in order to obtain a corner at 900 with uneven wings a = 40 mm and b = 50 mm.
In the case of this application, it is necessary to establish the maximum deformation load F without having an
excessive flow or the break established by the values of the maximum stresss that appear in the critical areas. In
addition, following the analysis will be followed the determination of the values of the pressures in the interaction
zones of the semi-manufactured with the active elements (die, punch) of the deformation device, necessary for its
design.

B. THE FEA MODEL

B.1. The model definition

In order to design the FEA model, it is also necessary to consider the die-punch deformation device, adopting the
following simplifying hypotheses:
e neglecting the effects of friction in mechanical contacts,
o adoption of material strength constraints (embedding, concentrated force action),
e the material has nonlinear elasto-plastic behavior according to a bilinear scheme.
¢ the deformation takes place static (the variation of the deformation force with time is not taken into
account).

B.2. The analysis model description

The model for analysis is based on the 3D geometric model of the half-finished element in contact without friction
with the 3D model of the active area of the mold. For analysis, the structure is composed of two solids that are
modeled with 3D finite elements.

In order to simulate the plastic deformation as close to reality as possible, it will be necessary to move the edge of the
half-finished element with the value -63 mm, in the direction of the axis of action of the punch. This constraint
(displacement imposed) considered as an indirect load leads after the analysis to determine the value of the pressing
force of the punch P.

|P
1
M Poanson

Semifabricat

Matrita

40

63
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B.3. Characteristics of the material and the environment

For the analysis with finite elements the strength characteristics of the materials are:
¢ longitudinal modulus of elasticity E = 203000 N/ mm2 (MPa), coefficient of transverse contraction (Poisson)
v =10.29, modulus of plasticity Ep = 1800 MPa for steel of mechanical construction E295 (02 =295MPa, or
=490 ... 660 MPa) associated with the half-finished element.
o the longitudinal elasticity modulus E = 210000 N / mm2, the coefficient of transverse contraction (Poisson)
v = 0.3, for the 40Cr10 alloy carbon steel (0.4% C and 1% Cr) associated with the die (Matrita) solid which,
after the hardening treatment, reaches at hardness 50 ... 55 HRC.
The average working temperature of the subassembly, To = 22° C.

C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creatinq of the project
B M. 5 analysissystems _, 68 StaticStructural e unproject window appears automatically); —> [the

name can be changed Static Structural jn Def_pl ].
Problem type setting (2D)

AL, 9 L N WD RN Properties of Schematic A3: Geometry = Advanced Geometry Options : | Analysis Type |

[select from list with Aﬂ, 307 (this setting is usually default) — [close the window 1'% ].
Saving of the project

gBlsaveas.. [ SaveAs File name: [input name, FEAA6]—>A

. 2 Modelling of material and environment characterlstlcs

Generating of solid material characteristics Semifabricat
E | Project Schematic [N & EngineeringData " N ‘JQ .| SN Outiine of Schematic A2: Engineering Data

2 % structural Steel _, riho name will be changed to Semifabricat] (the features are set by default and the values will
change); B | A silinear Isotropic GEULCUL Y Properties of Outiin Sem : Young's Modulus _; [select from

list with = MPa / input value: 203000] poisson's Rato — [input value:/ 0,29]; 278 Biinear Isotropic Herdening N

1. Temperature (©) = _, [select from list with .1+ C (grade Celsius)

/ input value: 22], Yield Strength (MPa) | _, [select from list with 1) MPa/ input value 295], TengentMedulus (P2) =

— [select from list with 221 mpay input value 1800] (the window below is automatically generated).
Generating of solid material characterlstlcs for the mold
Outline of Schematic A2: Engineeri -1 Click here to add a new materia

A S A AT AN AT

feature set appears,];, 2 ® Matrits ; -.JE Isotropic Elastidty -

Temperature (€) = _, [select from list with . i

= C (degree Celsius) / input value: 22],

Young's Modulus (Pa) - ™ _; [select from list with .
= mpa s input value: 210000], Poissen'sRatio

[input value: 0,3] (you can see the generation of
these values as well as of others dependent on
them  and  in  the window
A ) | o -
# Update Project _, J@RemrnmPrﬂjEEt_ 0 0001 0002 0,003 0,004 0,005 0,006 0,007
Strain [m m™-1]

4 - -
Bilinear |sotropjc Hareermimiy m—

3. I

2 -

Stress (.10% [Pa]
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C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

B eommmmm. L @ ceonery |, B vew Geometry... , BNsYS Workbenchl, | © Milimeter ok,

C.3.2 Sketch generation
Viewing default plane (XY)
, ) Sketching ;9 (Look at face/Plane/Schetch) — (automatically view of default plane XY

Plane);

Generating of rectangular contour Semifabricat

sketching Teolboxes: | Draw _, TlRectangle _, Tthe rectangular line is generated in quadrant I, marking, with .J,
the first corner in the center of the coordinate system (coincidence symbol P appears) and the release ! in the opposite

corner] (fig. a).
Dimensioning of outline sketch of Semifabricat

. - . . o . .
Sketching Toolboxes; | Sketching _, | Dimensions _, ¥ Semi-Automatic _, [the semiautomatic dimensions are

generated by marking with 1); i Display s [deactivate option Mame: I activate option Value: I ] (the values of

the dimensions on the drawing will be displayed); Details View | Dimensions:2: | |1 _ [input value: 5], | /2 —
[input value: 40] (fig. a).
Generating of rectangular contour Matrita

) Sketching | #8 (New Sketch) , (the sketch code is automatically indexed, Sketch2 ™).

Sketching Toolboxes. (Draw _ TRectangle _, [4 rectangular line is generated with the side common to the
previous sketch (coincident with the OX axis) by pressing ! the first corner in the lower left corner of the previous
rectangle (coincidence symbol P appears and on overlapping with the axis OX symbol C) and releasing ! in the
opposite corner] (fig. b).

Dimensioning the rectangular sketch of Matrita

. Sketching _, Sketching Teolboxes : | Dimensions _, | ¥ Semi-Automatic _, rthe dimension associated with the
thickness is generated by marking with .1); Details View Dimensions: 1: ' L1 _; [input value, 20] (fig. b).

\ 40,000

..?:”;” ) MT

40,000
L 20,000
. il s
* H o
a. b.
C.3.3 Generating the solids objects (Semifabricat, Matritd)

Generating of solid Semifabricat
o, - IS0
B . mogeiing _, .8 Sketcht - 1<t (isometric view); . ¥ (masking sketches);
‘J & Extrude N - Details of Extrudel | Geometry | — J_Apely .| FDL, Depth (0] _; [input value 105,7];
1/ Generate (fig. a).
-y @ Selid _y , Details of Body | Body _, [the default Solid name is changed to Semifabricat].

Generating of solid Matrita
| Modeling _, -, Sketch2.

‘JEEK’EFUdE N - Details of Extrude2 | Geometry [EREERIYTT ; || FD1, Depth (>0} _ [input value 50];
Operation _; [select from list with 22 add Frozen ] (solid separated from the previous one will be generated) ;
=/ Generate (fig. b).

-y @ Selid , Details of Body  B0dy _; [modify name: Solid in to Matrita].
Generating of solid radius
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L. - @ Semifabricat _, | @ HideBody (hige the solid Semifabricat) : gy @Matita R, [it
will be selected with . the edge that will rotate] ;

. @Blend v _, | S Fixed Radius . , Details of FBlend1 | | | FD1, Radius (>0} — [input value 10];
ISEETE > .| Apply | 3/ Generate (fig, ),
L. - @ Semifabricat _, |4} Show Body (view solid Semifabricat).

AL

C.3.4 Saving of geometric model

A (SaveProjecty _, | WSS (Close Design Modeler).

C.4. Finite element modelling

C.4.1 Launching of the finite element modeling module

Launching of the finite element modeling module

e W Proiect Schematic IR JUZCREN i < QN [launch modul Mechanical [ANSYS Multiphysics].
Setting the unit of measure system

Bl . units _, _Metric (mm, kg, N, 5, my, ma) (the system of units of measurement is usually set by default).

Setting the material characteristics

?.? , . |- B Geometry _y o B Semifabricat _y Details of "Semifabricat”  Material : Jm — [select
from list with 1% 1% Semifabricat |

7 @ Matrits _, | Details of "Matrita"  Material | _[ESEENLEIN _, [select from list with 1), 1% Matrita]

Obs. In the specification tree, we observe, as a consequence of the connections between the two bodies, that a

connection has been automatically generated in the subdivision -/ Connections o conexijune v, Contact Region
which will be further personalized.

C.4.2 Modeling the contact type

Generating of contact Semifabricat-Matrita
& c Jif] Connections _ ‘J""gh-..\ ContactRegion _, [Details of "Contact Region” ~Definition.  Type _,

[select from list with ] iFrictiontess ].
Obs. If the initial contact generation command does not appear automatically, to initiate the contact

u . . .
iy P ContactRegion the sequence is followed: J =@ Connections _, L, /@] Contacts _, ; Insert _, N
¥, Manual Contact Region after which it is customized as above.

A *M, Frictionless - Semifabricat To Matrit L .x @ Matritd _, A(;) Hide Body (hide the solid Matritd) — @ —l[is
selected with . the lower face of the entity Semifabricat, fig.a]— P&talls of Frictionless - Semifabricat To Matrita™
Scope: | Contact 5 || _APPY | (option Contact Bodies indexing automatically, SEmiabiest):

L x@ vawits _, | ShowBody _ | - @ Semifabricat_, | Hide Body (ice the solid Semifabricat) —» J B8 —
[select with J+Ctrl the initial contact seating face and the connecting surface, fig. b] —
Details of "Frictionless - Semifabricat To Matri‘gﬁ"1 Scope. Target — |_Apply (option Target Bodies jt is indexed
automatically, BiSHi#d); . Definition.: gehavior — [select with Jr] symmetric ]; JAdvanced _, Formulation _,
[select with 2] 1 Augmented Lagrange] (method of solving the nonlinear model).

67



Obs. For a good convergence of the solution is adopted in the window at the Petails of “Frictionless = gntjon Target j,

accordance with the Tar9tentities (surfaces or edges) belonging to the fixed bodies, to the bodies with increased
material  rigidity (the longitudinal elasticity module may large) or have smaller curves.

a b c

C4.3 Setting discretization parameters, model discretization and analysis type setting

Setting the local discretization parameters in the contact areas

, - L o Mesh _, jInsert @ Sizing . L, -y @ Matits _, | HideBody _, [&_, [select with .J
the lower face of the entity Semifabricat]; J~?% Sizng _, Details of ‘Sizing” - Sizing Scope . J[EXIIETM , 4 Apply_|
: Definition _y || | Element Size _ ADEfauIt1 [input value, 5].

L,}’@ Mesh _, | Insert _, @ Sizing - Lp-""!.xﬁ Matrits —)J(;) Show Body N L, SEI‘I‘lifElbriI:at_)‘J':;:' Hide Body

BRI N [select with J+Ctrl the initial contact seating face and the connecting surface]; .J 7% Siing
Details of "Sizing" - Sizing ; [-/| Scope J , J_#pply | Definition: | |Element Size jDefault [input value, 5].
Automatic meshing

L, M Mesh _y | -/ Generate Mesh

Setting the analysis parameters

‘J---‘,:/f\‘ Analysis Settings

)

17| Solver Controls . Large Deflection —> [select with .17

1‘J0n]'

Obs. The displacements have large values and geometric
type nonlinearity is adopted Large Deflection

C.5 Supports and restraints modelling

Generating of the constraint type (cancels all 6 degrees of mobility)

r_:‘ , : <J ..... J[EI 5t.atic5trll-Ctlll‘ﬂ|{A5}_) J [fi,‘ Supports * N Jﬁé]v Fixed SLIFIFIDI"IZ; B Model (A4) >

B _, [select with J+Ctrl faces with constraint]; .| 2%, FixedSupport _, Details of ‘Fixed Support’ Scope,
Geometry _, | |MNoSelection _, | Apply |
Generating of forced displacement constraint

edge of the entity Semifabricat on which the Poanson is pressed] ; /M, Displacement _, Details of "Displacement”
Scope. Geometry _, | |MoSelection _, | Apply |- _|YComponent _ Jﬂ N
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[select from list J_*, .1 Tabular ] — TabularData _, [input value in column [¥ ¥V [mm] valorile 0, -9, -18, ... -63]
(fig. c).

Tabular Data

Steps [ Tirme [5] ||7 “f[mm]l
1(1 a, 0,
2|1 1, -9,
3|2 2, -18,
7|6 &, -54,
8|7 7, -63,
b. C.

C.6. Loads modelling

Obs. Since the pressing force is unknown, it can be considered that the displacement imposed on it as a constraint
(see subchapter above) is an external load of unknown value to be determined by this analysis.

D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the nonlinear physical model (with friction)

| Solution Information - _|Solution Cutput [select from list with 1.7 |, |Foree ':‘-"”’-"EF‘JE”‘—'E] (the criterion of
force convergence is adopted).

D.2 Setting the results

Selecting the total displacements
, Outline - L, Sfl“ti““ (A6) _s . Insett _y _|Deformation _y %4, Total
Setting the displacement according to the Y direction

|—>"" Solution (A6) _, | Insert _, _Deformation _, % Directional - Details of "Directional Deformation”  Definition ;

Il Orientation — [select from list with 1™ | Y Axis];
Setting the equivalent stress
L,"" Solution (A6) _y | Insert _, _ Stress _y |94 Equivalent (von-Mises)

Setting the structural error

L Solution (A6) _y | Insert _, _ Stress _y | F&Stress _y %% Error

Setting the reaction force (in the displaced area)
|—> Solution (A6) _y | Inset _, | Probe _, _ % ForceReaction _, Details of "Force Reaction” .

1|#)| Definition _, ) Boundary Condition reeject from list with 17|, .IDisplacement ;

= Options — . Result Selection . [select from list with 17|, ¥ axis ],
Setting the parameters in the contact
|_F---- SElution I[AE}_> I Ingert _y | Contact Tool LN J Cu:untartT-:u:uI;

L, /@] ContactTool _, jInsert _, "% Status .
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L, -,/ Contact Tool _y g Insert _y % Pressure .

L.'" Contact Tool _y | Inset _y ™. Sliding Distance .
I_,--- Contact Tool _, | Insert _, J@c Gap

D.3 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1. Viewing the displacement field (total and Y axis)

IO

J5= (axonometric visualization); 1 —> [select from list with .17, B Smooth Contours) () & 5 [select
from list with 7|, &8 Show Undeformed WireFrame | (visualization of the non-deformed wireframe structure). .

Result —> [select from list with 7|, .11.0 [True Scalél| (selecting the scaling factor); Graph _, _j| Animation > m
(view animation).

80,775 Max 0,47986 Max
69,236 -8.5887
57,606 17,657
46,157 -26,726
14,618 -35,704
23,079 -44,863
11,539 -53,931
0 Min -63 Min
a. b.

E.2 Viewing the equivalent stress field (von Mises) and structural error

666,41 Max 10,52 Max

571,25 9,0175

476,09 1,5146

380,92 68,0117

285,76 45088

190,6 3,0058

95,435 15024

0,27193 Min 3,9405e-7 Min

a b.

E.3. Visualization of the reaction force

graphics area] — JView . & Right (projection visualization, fig. a); !6@Ph _ [the reaction force graph

appears automatically according to the loading steps, fig. ¢]; .l Animatien > u (view animation).
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Jﬂ Sliding Distance (fig. c); J«ﬁ Gap (fig. d).

«Q

- 415,35 Max

356,01

296,68

237,34

178,01

4 118,67
59,336

0 Min

0 Max
-0,95818
-1,9164
-2,8745
-3,8327
-4,7909
-5,7441
-6,7072 Min

d.

b);

E.5 View the convergence graphs of the solution of the nonlinear problem

—i— Force Convergence
3,86e+5

Force Criterion — — - Bisection Occurred — —— - Substep Converged — - Load Step

-
1,38e=4

Force (M)
=
=4

,_.
=
"

0,632 |

2,26e-2 |

o

Time (s)
=

=]

30,

120 160 200 240 280 320 360 403

Cumulative Iteration
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F. ANALYSIS OF RESULTS

F.1 Interpretation of results

Following the analysis of the results obtained as a result of the modeling and FEA (subchapter E) the following are
highlighted:

Following the deformation process of the semi-finished product as a result of the action of the punch it
Is observed that the wings are curved (subchapter E.1); the maximum total displacement is 80,776 mm
(subchapter E.1 fig.a); the displacement in the X-axis direction is 63 mm (subchapter E.1 fig.b), the same
value imposed as constraint.

The maximum equivalent stress has the value of 666.35 MPa (subchapter E.2, fig. A) in the outer curved
area of the semi-manufactured greater than the flow tension (295 MPa, subchapter B.3) indicates the
existence of the plastic flow process. On the other hand, the value of the maximum equivalent stress
(666.35 MPa) being higher than the breaking stress of the material (max. 660 MPa, subchapter B.3)
highlights the possibility of breaking cracks (subchapter F.3)

The variation of the interaction force, increasing up to 32094 N, between the punch and the blank during
the plastic deformation process is presented in subheading. E.3, fig. b. The values increased in the last
part of the deformation process, situation shows that the value of the imposed displacement is greater
than the real one and it is necessary to repeat the analysis with smaller values (eg 62.8 mm); the
maximum value of the reaction force is the basis of the deformation device calculation.

In the subcap. E.5 the contact states are visualized (subchapter E.5, fig. A) and the values of some contact
parameters: pressure - max 415.35 MPa in the connection area, fig. b; relative slip - max 0.13837 mm
in the upper area of the connection; play (jump) - max 6.7072 mm in the lower area of the connection.
These values are useful for designing the workpiece and the mold. For example: starting from the
maximum pressure value, the hardness of the active surface of the mold and the level of crushing of the
semi-finished material inside the connection is determined; starting from the observation that the
deformed wing of the blank is curved (subchapter E.4, fig. a; unwanted shape) and that the clearance
between the die and the blank is increased (6.7072 mm) it is emphasized that the shape of the punch
must be changed such as this to press on the semi-finished product and in the connection area a case
involving the remodeling of the problem (subchapter F.3, fig.d)

F.2 Analysis of the precision and convergence of solving the nonlinear model

Following the analysis of the obtained results, related to precision and convergence, as a result, of the modeling and
FEA (subchapters E.3 and E.6) the following are highlighted:

The maximum structural error in the outer zone of the connection with increased value (10.52 mJ) shows
increased deviations from the quasi-exact value (unknown). To reduce deviations, the fineness of
discretization is increased and the model is solved. Thus, by changing the size of the finite element by
scrolling  through  the sequence: .1 ®-,/Mesh /B Face Sizing - BB, FaceSizing2
Details of "Face 5izing" - Sizing / Details of "Face Sizing 2" - Sizing _|+l| Definition ; )| | Element Size [enter the value,

-3]. After solving (; .1 2/ 5olve ) the maximum reduced structural error, 5.3092 mJ, is obtained in the
imposed displacement area (fig. B); the fact that in the area with the maximum equivalent stress (681,
48 MPa, fig. a) the values of the structural error are reduced (approx. 2... 3 mlJ), it shows that the
equivalent stress is very close to the quasi-exact one.
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- The model solution convergence is done in 403 steps (subchapter E.6) and the computation time is
increased.

681,48 Max 53,3092 Max
584,16 45507
436,33 3,7923
3895 3,0338
29217 2,2754
194,34 L5168
q7.514 0,75845 .
0,18576 Min 8,7575e-8 Min
a b

F.3 Design studies

In order to avoid the occurrence of the rupture micro-cracks in the external connection area of the semi-finished
product (subchapter F.1) it is necessary to reduce the maximum equivalent stress; In this case, the connection radius
and / or the decrease of the plate thickness can be adopted, in compliance with the constructive-functional
requirements. Thus, to increase the connection radius to the value of 15 mm, it is necessary to modify the analysis
model and to solve the model by going through the sequences:

, - J B M8 Extrude2 _y |, @ FBlendl _y Details View  Details of FBlend1: , | | FD1, Radius (0]
— [input value, -15]; th Generate - , Outline - L, &= A Geometry <J Refresh Geu:umetr}r; J
_____ ./‘EE] Connections N ‘J ..... o @ Contacts - L._'/u" Contact Region - JK Delete (Optlon

"y B ContactRegion g tomatically apear with 2] Refresh Geometry ang hecause no other contacts are inserted, it is

deleted); | /B Displacement _ Tabular Data - [change the value in step 7, -65 (instead of -63)]; + Solve

After solving, reduced values of the maximum equivalent stress (577.39 MPa, fig. a) and the contact pressure (283.03
MPa, fig. c) corresponding to the structural error of 8,878 mJ are obtained.

577,30 Max 8,878 Max 283,03 Max
494,94 T.6007 2426
417 44 f,3414 202,17
330,04 50731 161,73
247,58 23,8040 121,2
165,13 2.5366 80,867
a2 682 1,2683 40,433
0,22042 Mi 3,2088e-7 Min 0 Min

a. b. C.

If the design requirements require small deviations of the radius and linearity of the wings of the profile obtained
from the imposed values, it is necessary that the bending device contain a punch with a contour that "forces" the
plastic deformation of the blank to follow the contour of the mold (fig. d). Thus, the analysis model will have a third
solid (Poanson) that will be in contact with the slip friction with the Semifabricat object (1 = 0.2). For FEA, as an
exercise in this application, the same material as the mold will be adopted for the punch.
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G. CONCLUSIONS

In this paper, the modeling and the analysis with finite elements were also done with didactic purpose following the
initiation of the user with the main stages of development of an application of FEA in ANSYS Workbench, which
insists, especially, on the modeling and analysis of a deformable element in the plastic deformable area applying large
displacements imposed.

The adopted FEA model involves considering the frictionless contact between two elements as well as a material with
nonlinear behavior. The deformation force being unknown, the imposed displacement of the edge of the blank is
introduced as loading.

As aresult of solving the nonlinear model with finite elements adopting the method of force convergence, we obtained
results with increased precision, the values of the obtained parameters (displacements, tensions, force) being useful
for the design of the workpiece as well as of the bending device.
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Application: FEA-A.7
Assembly on square profile

KEY WORDS

Non-linear static analysis, Spatial state of stresses, Linear material, 3D geometric model, 3D finite element, Non-
linear finite element (parabolic), Cylindrical coordinate system, Mechanical contact with friction, Structural error,
Assembly on square profile, Mechanical subassembly
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A. PROBLEM DESCRIPTION

A.l. Introduction

FEA, as a general method of studying physical phenomena and processes in mechanical structures also allows the
analysis of the mechanical fields that appear in the case of the contacts of the mechanical assemblies that suppose the
elastic deformable surfaces from the direct contacts and of the slip friction that occur between them.

The profiled (polygonal) assemblies with the advantages of the increased load-carrying capacity and the good
centering have disadvantages related to the very complex stress state in the contact areas, which requires modeling
and FEA for design.

A.2. Application description

For the design of the crank of the mechanism that transforms the movement of swing of translation into movement
of swing of rotation (fig. a) the head area of the driven shaft will be considered. The profiled (polygonal) square
assembly of the figure transmits the forces from crank 1 to the square shaft 2 by shape (fig. b). For the design of the
crank based on FEA, it is necessary to consider the interactions of its four internal contact surfaces with the four
contact surfaces machined on the shaft. Although, the transmission of the forces from the crank to the shaft is done
by form, in the four contacts during the elastic deformation of the materials in contact there appear relative litle
spliping movements and therefore also frictional forces.

A.3. The application goal

For this application, FEA is required for the displacement and stress fields in crank 1, including the shaft assembly
with shaft 2. The crank is made of E335 soft steel and the improved C45 hard steel shaft. The dimensions of the
assembly elements are: L =100, h =10 mm, H = 30 mm, a =45 mm, b =50 mm, R =16 mm, r = 8 mm. The crank
is loaded with tangential force F = 10000 N and axial F. = 2000 N.
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B. THE FEA MODEL

B.1. The model definition

In order to design the crank FEA model, it is necessary to consider and a portion of the driven shaft adopting the
following simplifying hypotheses:
e considering friction in mechanical contacts,
e adoption of material strength constraints (embedding, concentrated force action),
o the material has elastic linear behavior,
e the deformation occurs static (the variation of the deformation force with time is not taken into
account).

B.2. The analysis model description

The model for analysis is based on the 3D geometric model of the crank (fig. a) in contact with friction with the 3D
model of the shaft (fig. b). For analysis the structure is composed of two solids (crank and shaft) which are generated
by extrusion and discretized with 3D finite elements.

In order to make the mechanical contacts between the crank and the shaft on flat surfaces, the square profile of the
crank will be connected to the corners with 2.5 mm radius and the shaft one will be 2.5 mm (fig. A, b). In order to
simulate the behavior of the assembly as close to reality when modeling the mechanical contacts between elastic
deformable surfaces, the friction coefficient 1 = 0.2 will be considered.

The loading of the model for the analysis will be carried out in the area of the crankshaft coupling (subchapter A.2,
fig. a) with the tangential forces, 20000 N, and axial 4000 N (fig. a, b). The modeling of the loads with these forces
will be done with the specific function "Bearing Load".
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B.3. Characteristics of the material and the environment

For the analysis with finite elements the strength characteristics of the materials are:
e longitudinal modulus of elasticity E = 205000 N / mm? (MPa), coefficient of transverse contraction (Poisson)
v =0.29, for steel E335 (602 = 335MPa — at traction; o2 = 400 MPa — at compresion; o = 590...760 MPa)
associated with Manivela element.
e the longitudinal elasticity modulus E = 210000 N / mmz2, the coefficient of transverse contraction (Poisson)
v = 0.3, for the C45 alloy carbon steel (0.4% C) associated with the Arbore solid which, after the hardening
treatment, reaches at hardness 250 ... 280 HB (o2 = 520MPa — at traction; o2 = 560 MPa — at compresion;
or=690...860 MPa)
The average working temperature of the subassembly, To =22° C.

C. PREPROCESSING OF FEA MODEL

C.1 Activarea si salvarea proiectului / Creating, setting and saving the project

Creating of the project

B = 5 snalysisSystems _, @ Static Structural (the subproject window appears automatically); — [the

name can be changed Static Structural jn Assem_sq ].
Problem type setting (2D)

AL, @ Geometry NGy RN Proper ties of Schematic A3: Geometry | S Advanced Geometry Options : J Analysis Type

[select from list with .Jj, 1 3D] (this setting is usually default) — [close the window 1 % ].
Save of the project

Sl savess... _, [l Save As , Filename: [ input name, FEA-A.7] - A.

C.2 Modelling of material and environment characteristics

Generating of the material characteristics for the component Maniveld
m Project Schematic gl @ Engineering Data " 4 _, | @ Edit... N Outline of Schematic A2: Engineering Data : J
Click here to add a new material _, [input name: E335] (it apear in line 2% E335) J? E335 _>: [ LinearElastic
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s 1174 IsotropicElastidty _, RN iat et . Temperature (€) =, coject from list with ==

C (grade Celsius) input value, 20], YoungsModulus ®a) ¥ _, [select from list with 2] MPa, input value 205000],
Poisson'’s Ratio _, mut value 0,29] (the window is automatically generated AR =R and the graph
: , in which the data entered are highlighted).

Generating of I|m|t and permlssmle characterlstlcs of the material E335

E, : B Strength _ E Tensile Yield Strength BNJ Properties of Qutline Row 4: £335 § ?E Tensile Yield Stl'EI'IQﬂ'I, [select
from list with ALI MPa input value, 335] (traction limit stress).

: @ Strength _, E Compressive Yield Strength N

[select from list with .JLI MPa, input value, 400] (compresion limit stress).
.J Strength%El Tensile Ultimate Strength N

from list with .JLI MPa / input value, 220] (traction admisible stress).
Toolbox } [ Strength N 78 Compressive Ultimate Strength N Properties of Qutiine Row 4: £335 |

217 Compressive Ultimate Strength [select from list with 2= mpa input value, 300] (compresion admisible stress).
Generating of the material characteristics for the component Arbore

E RN -1 L EIR RN N <. SN O tiine of Schematic A2: Engineering Data § ]

Click here to add a new I'I'ImtEIInI —> [input name C45] (it apear |nI|ne4"‘ C45)_>J9~ C45 T @ LinearElastic _,

Y= R ELELTIE LR N Table of Properties Row 2  Temperature (©) =, > [select from list with = C

(grade Celsius) input value, 20], 'YeungsModulus Fa) ¥ _, [select from list with 22 mpa input value 210000],
Poisson'sRatio. —, [input value 0,3] (the window is automatically generated Properties of OUInE ROW SESS5 IFTTV T\ e 1))

T V.p_{
A2 : , in which the data entered are highlighted).
Generating of I|m|t and perm|55|ble characterlstlcs of the material C45

E, : @ Strength _ E Tensile YieldStrength _, Ry de e
from list with ALI MPa / input value, 520] (/ traction limit stress).

; @ Strength _, El Compressive Yield Strength BN Properties of Outline Row 5: C45 § 217 Compressive Yield Strength ,
[select from list with .JLI MPa / input value, 560] (compresion limit stress).

: B Strength _ E Tensile Ultimate Strength BN Properties of Outline Row 5: €45 } -;El Tensile Ultimate Strength , [select

from list with .JLI MPa / input value, 420] (traction admisible stress).
- [ Stren gth N n]El Compressive Ultimate Strength N Properties of Outline Row 5: C45 |

217 Compressive Ultimate Strength , [select from list with 22 mpay input value, 480] (compresion limit stress).
Update of the database and exit

E: 7 Update Project G Return to Project

35 | -:EI Compressive Yield Strengﬂﬁ

, [select

217 Tensile Yield Strength | [select

— J

C.3. Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

Bl EoESmmm. L @ ceomety , ] New Geometry... , ANSYS Workbenchl, | © Milmeter o)

C.3.2 Sketch 1 generation (Shaft)

V|eW|nq default plane (XY)

. g Sketching | #3 (| gok at face/Plane/Schetch) — (automatically view of default plane XY
Plane);

Generating of rectangular contour

sketching Toolboxes. | Draw _, T-Rectangle _, |3 rectangular line is generated in the center area of the XY plane,
marking with .1 the first (quadrant 1) corner and the release .1 in the opposite corner (quadrant IV)] (fig. a).
Centering of rectangular contour

Sketching Toolboxes . | Constraints _, | I*Symmetry ., [eajact with I the Y axis followed by the select selection
of the two lines parallel to the Y axis (the two sides will be positioned centered relative to the Y axis)] (fig. b) — [is
selected with Ls a dot in the model area] — . 2Elect new symmetry axis -, spjact with J the X axis followed by the
selection with I of the two lines parallel to X (the two sides will be centered centered with X)] (fig. b).
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Dimensioning of rectangular contour

sketching Teolboxes: | Dimensions _, #=Horizontal _, select with .J lines parallel to the Y axis] (the dimension is
automatically viewed) —» Details View pimensions: || H — [input value, 45] (fig. c);

o I Vertical [select with J liniile paralele cu X / paralle lines with X] (the dimension is automatically viewed)
N DEtE”S\.IriEW, Dimensions: 2: || [V [input value, 45] (f|g C);

Changing the dimension view

. W Display _, Name: ¥ (desactivate) — .1 Mame: [ Value: ™ (activate, fig. c); 112 Move —s [select with .1 and

drag in wanted position] (fig. c).
Generating the chamfers

sketching Toolboxes; | Medify _, if™ Chamfer — Length: | [input value, 2,5] (fig. d).
i ]!

fr. .‘y—:: ll ) l:*

45 000 =

b h
G 4]
.

a. . b c d.

C.3.3 Generating of sketch 2 (crank / hub)

Generating sketch 2

JSketching _, 29 (Mew Sketch)_, (the sketch code is automatically indexed, Sketch2 ™).
Generating overlapping lines over Sketchl

JSketching _, | “uline [select with I the end points of the line respecting the coincidence condition P that
appears when overlapping them] (the line appears automatically after selecting the second point; this sequence is
repeated four times, fig. a); L v Sketehl @ Hide Sketch (hide Sketch); F-y b XYPlane _, -, 3 Sketch2
(activate Sketch).

Generating the chamfers

Sketching Toolboxes: | Modify _, [ Fillet _, Radiss:  [input value, 2,5] — [two adjacent lines are selected with
~ at a time and the connections automatically appear] (fig. b).

Generating the circular line

Sketching Teolboxes. | Draw _, (5 Circle _, [select with .J the center of the circle coinciding with the center of the
coordinate system (symbol P appears), move the cursor outwards and, as a result, release ! the circular line appears]

(fig. c).
Dimensioning of the circle

Sketching Toolboxes . | Dimensions  _, _/€Diameter _ rsajact with 1 the circular line] (dimension appear
automatically) — Defails View, Dimensions: : ;D3 —  [input value, 80] (fig. c);
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a. b. C.

C.3.4 Generate sketch 3 (arm)

Setting the Sketch 3

JSketching _, 2 (Mew Sketch)_; (se indexeza automat codul schitei / he sketch code is automatically indexed,
Sketch3 - )

Generating overlapping circular lines over Sketch2

Sketching Teolboxes. | Draw _, (= Circle [select with .J the center of the circle coinciding with the center of the
coordinate system (symbol P appears), move the cursor outward until it overlaps the circle in Sketch2 (change color

automatically) and, as a result, release .1 new circular line appears] (fig. a); L~ Sketeh2 _, @ Hide Sketch (

hide sketch); B3t XYPlane _, ., Sketch3 ( activate sketch).
Generating circular lines

Sketching Teolboxes. | Draw _, (8 Circle _ [select with I the center of the first circle coinciding with a point on
the X axis (symbol C appears), move the cursor outwards and as a result of the release . the circular line appears] —
[select with . the center of the second circle coinciding with the center of the first (the symbol P appears), move the
cursor outwards and as a result of the release .1 the circular line appears] (fig. a).

Generating straight lines (tangents)

Sketching Toolboxes: | Draw _, & Line by 2 Tangents _, [the two circles are selected with . in a row and the tangent
lines automatically appear] (fig. b).
Generating contour

Sketching Toolboxes: | Medify _, | T 1AM, rihe narts that do not belong to the contour are deleted] (fig. a,

b).

D)imensioninq the new entities

sketching Teolboxes: | Dimensions _, ¥={Horizontal _, [select with ./ the Y axis and the center of the crank arm bore

and the dimension is automatically displayed] — Petails View  Dimensions: | |H —  [input the value, 100] (fig. b); .

FRE‘E"“ — [select the circle with .1 and the dimension is automatically displayed] — Petails View  Dimensions: | 'R
— , [input the value, 8/16] (fig. b).

i

R8,000

R16.000

100,000 ——

a. b.

C.3.5 Generating of the surface and body of the crank arm

Generating of the surface for the arm
: i Concept _ A[f'ﬂ Surfaces From Sketches N - 4;1.. X¥Plane s ™ Sketch3d _y Deta”g‘nﬁe'w,
Details of SurfaceSk . | > L Aeply | ) Generate (generate the surface, fig. a); L v Sketch3

29 Hide Sketch (hide Sketch).
Generating of the solid body of the arm

‘JEEW':”-":IE > J - I SUFFECEED':I}‘_) DEtaiIsViEW, Details of Extrude - | _jGeometry | | Apply :

FD1, Depth (>0} — [input the value, 10]; - <} Generate (generate the solid, fig. b);
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R16,000

100,000

a | b

C.3.6 Generating the surface and body of the crank hub

Generating the surface for the hub
A Concept _, 8 Surfaces From Sketches _, - o KYPlane 3 Sketch2 Details View

Details of SurfaceSk . | —> .l Amply | o Generate (grface generating, fig. a); L wc® Sketch2

2® Hide Sketch (hide Sketch).
Generating of the solid body of the hub

JBEdrude -, By Surface Body (the surface associated with the hub)—» Details View,  Details of Extrude; .

Geometry _, | APPl |. [ |FD1, Depth(-0) s [input the value, 30]; .1 Generate (generate the solid, fig. b):

Obs. Because in the window that defines extrusion (P&tails View (Details of Extrude ) jn the line Operation remained,
the body of the generated hub is concatenated with the body of the previously generated arm.

: v @ Body _, Details View Detailsof Body. Body _, [input name, Manivela].
Generating the radius connection

1% Blend > _, @ FixedRadius _, Details View, Details of FBlend1: | | FD1, Radius (-0) — [input the value, 5] ; ]

- @ Manivela _, | {§) (edge entity activation) — [it will be selected with I the edge for connection]; ... Geemetry

> JAeely_|. |5/ Generate (generate radius, fig. b)

a b

C.3.7 Generating of the surface and body of the shaft

Generating the surface for the shaft
> - Concept _)A@ Surfaces From Sketches N :J----¢ﬂ. X¥Plane N ] Sketch1_> DetailsView,
Details of Surfacesk . > L Aeply |- of Generate (generate surface, fig. a); L»~ved Sketehl

2® Hide Sketch (hide Sketch).
Generating the solid body of the shaft
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J@Bdtrude -, B Surface Body (1he surface associated with the shaft)—s Details View  Details of Extrude: |
Geometry _, | APPIY |- [ |FD1, Depth (-0} _ [input the value, 50]; .. Direction Vector _ 3= XVPlane (normal
plane) — . L_APRY |- jOperation —, [select from the list .Jll, I Add Frozen] (the resulting solid body will be

independent and a separate material will be associated with it); +/ Generate (generating the solid part, fig. b, c¢);
‘J +» 1 Surface Body N Suppress Body (supress body).

a. .

C.3.8 Save of geometric model

@]:A(Saveprnject)_)Jg(Clnse).

C.4. Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics

Launching of the finite element modeling module

i W Project Schematic I IACCTINNGY . [l 2L SR [launch modul Mechanical [ANSYS Multiphysics].
Setting the unit of measure system

: o Units _y  Metric (mm, kg, N, s, mV, mA) the system of units of measurement is usually set by default).
Setting the material characteristics

: <J ----- ./Eﬁ Geometry _y | Ef Manivela N Details of "MﬂﬂiVEH", Material - _|Assignment _ [5e|ect from list
with Aﬂ, o & B335 x @ Arbore _, Details of "Arbore”  Material ; _jAssignment — [select from list with Aﬂ, A
C457;
Disabling redundant entities

L, 7 5 .1 \E] Suppress Body  (4eactivation of surface type entities).
Obs. In the specification tree, we observe, as a consequence of the connections between the two bodies, that a

connection . ContactRedion aq heen qutomatically generated in the subdivision =/ Connections \which will be
further personalized.

C.4.2 Modelling the friction connections

—ﬁ’ : ‘J,,I%] Connections _y | Insert _)A‘l_\ Manual Contact Region _
Details of "Bonded - No Selection To No Selection”  Definition. Type _, [select from list with Jj’ JFrictional]; — L.

" @ Arbore |G Hide Body (hide the solid Arbore) —> . ™ —[with a face of the square profile of the crank
body is selected, fig.a] — Details of "Frictional - Mo Selection To Mo Selectinn", Scope. | Contact _ J Apply

(option Contact Bodies js automatically indexed, NISHER: L, v @ Arbore 2% ShowBody L.
~y @ Manivela_, | Hide Body (hide the solid, Manivela) — . & s [is selected with J in front of the square
profile of the Arbore body, fig. b] — Petails of "Frictional - Arbere Te Manivela" Scope. Target _, ;| Appl | (option
Target Bodies js automatically indexed, Hilis); .1 Definition . Benavior —y [select with J_*), 1Symmetric | -

Friction Coefficient [input value, 0,2]; | Advanced _y _Formulation _ [select with ‘Jj, J
Augmented Lagrange] (method of solving the nonlinear model).
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For each of the other 3 contacts, the sequence will be followed: L, - @ Contacts _y jInset _, |
¥, Manual Contact Region _, _ (continue according to the sequence above, but for another pair of surfaces:,). After

] . .
browsing the above sequences in the specification tree Contacts jt appears v P Frictional - Manivela To Arbore for foyr
times.

Obs. For a good convergence of the solution, the entities (surfaces or edges) belonging to the fixed bodies, to the
bodies with increased material rigidity (greater longitudinal elasticity modulus) or smaller curves are adopted in the
window Details of "Frictional gt the option.

a b

C.4.3 Set discretization parameters, model discretization and analysis type setting

Setting the local discretization parameters in the contact areas

o , : A"f/i& MESh_) DEtEi|5l:If"ME5|"I""J+ Defaults- || | Relevance _ [will be adopted with J .............................
the value, 100]; .| Sizing ; |Relevance Center _, [select from list J_2), JFine ],

Setting the local parameters in the contact areas
L,-.//@ Mesh _, | Insert —><Jw-" Contact Sizing _, Details of "Contact Sizing” - Contact Sizing Scope : _jContact Region _,

[select from list JLI, | Frictional - Arbore To Maniuela]; Definition. || | Element Size _ [input the value, 2] (this sequence

is repeated for the other three contacts).
Automatic discretization

L, @ Mesh _y _| =/ Generate Mesh (fig. a, b).
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C.5. Supports and restraints modelling

Generating of the constraint type (cancels all 6 degrees of

mobility)

, : A ..... A= Static Structural (A5) _, | @, Supports +

with J+Ctrl faces with constraint (frontal face of Arbore)];
~nlE Fixed Support —s Details of "Fixed Suppu:urt"1 Scope - J

Geometry _, | Mo Selection _, | Apply |
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C.6. Loads modelling

Generating of force load on the surface
& , . L, ~,=] Static Structural (A5) _, Insert _, & Force _,

Details of "Force” | scope: Geomety _, [ _, [the cylindrical surface
of the bore in the crank arm shall be selected with .J] — J_~PEW |

Definition: IDefine By _, [select from list with 1.2, .iComponents]. |
Z Component s [input the value, 400] (force B).

Generating of load with force in the bearing

L, ~=] static Structural (A5) _, Insert _, ¥, Bearingload _,

, scope: jGeomety _, (8 _, [the cylindrical

surface of the bore in the crank arm shall be selected with .J] —

Apply . Definition: ~ _DefineBy 5 [select from list All, J
Companents], | ¥ Component _ [input the value, 15000] (force C).

D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the nonlinear physical model (with friction)

][ Solution Information : jSolution Output [ select from list with ™|, JFerce Convergence] (the criterion of
force convergence is adopted).

D.2 Setting the results

Setting the total displacement

Setting the equivalent stress
L"" Solution (A6) _y | Insert _, _ Stress _y _|® Equivalent (von-Mises)

Setting the structural error

L,"" Solution (A6) _y | Insert _, |Stress _y | W Stress _y % Eror

Setting parameters from contacts
|_;" Solution (A6) _, | Inset _, _ ContactTool » _, ‘J Contact Tool .

L.'" Contact Tool _, Insert _, _Frictional Stress/ﬁc Pressure /@c Sliding Distancn?_/@,: Penetratinn/ﬁc Gap,
@c Status

Setting the design parameters
‘J"" Solution (A6) _, | (g Toels | _, [q# Stress Tool -

L, B Stress Tool _Insert _, ) Stress Tool _, J[ﬁ Safety Factarllﬁ Safety Margin /G Stress Ratio

D.3 Launching the solving module

84



E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

[select from list with 27|, E Smooth Contours] (visualization of smooth contours); . &8 —> [select from list with

a7 | 28 Show Elements ] (visualisation the FE structure). I Result — [select from list with 1™ |, a4 2x Auta]]

(select the scale factor); Graph _, _j| Animation > m (view the animation).
0,41606 Max
0,30945
020666
010387
0077403
1,051935
0025963
0 Min

E.2 Viewing the equivalent stress field

Viewing the equivalent stress field

705,62 Max
225,4
80,547
64,487
49,427
32,367
16,307
0,2467 Min

Viewing the equivalent stress field in section
Generating of section plan

Outling - )[4 Coordinate Systems —y |, v Global Coordinate System —y _lnsert _, & Coordinate System
Details of "Coordinate System”  Origin. _DefineBy _, [select from the list Jlly Global Coordinates . _jOrigin X/
Qrigin ¥ /Origin £ — [input the value, 0,0 (by default, usually)] Principal Axis: _Axis _ [select from the list 1™ |, ax
(implicit)]; 1Define By — [select from the list 1™ |, JGlobal X Axis]; Orientation About Principal Axis ; _|A%is _ [select from

the list 17|, ¥ (implicit)]; .1Define By _5 [select from the list 1.7 |, 1 Global Z Axis]
Visualizating of the equivalent stress in the section according to the generated plane

Ly 2k Coordinate System _y 7 Create Section Plane . 7@ (from main menu) —> [SectionPlanes: [activate

[v] Slice Plane 1] (automatically appear). . = —> [select from the list 1~ | H smooth Contours] (smooth contour
visualisation,);
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Obs. In order to delete the section plan, the succession is carried out: T8 — [ection Planes: | Slice Planel —y

P

705,62 Max
410,45
80,547
69,075
57,604
46,133
34,661

23,19

11,718
0,2467 Min

[TT T TN

C.
E.3 Viewing the structural error

0,23538 Max
0,068038
0,056699
0045359
0,034019
0,02268
0,01134
7,3985e-8 Min

E.4 Viewing the fields of the contact parameters (state, friction stress, pressure, sliding, jump, penetration)
1/l Solution (A6) _ _|- M Status (fig. a);

J'«ﬁf‘ Frictional Stress (fig. b); |- M Pressure (fig. ¢);
|~ Sliding Distance (fig. d);
M Gap (fig. e): |-, Penetration (fig. ).

54,563 Ma:x

. Cher Canstrained
22,874

| Rl L 16,844
[ ] Mear | 10,309
DSIiding L { 47743
[ sticking — 3,5807
—{ 23871

1,1936

0 Min

a b.
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. 457,04 Max 0,039132 Max
224,15 0,032234
- 175,97 L 0,025436
- 127,79 | 0,018588
—{ 79,604 —{ 0,01174
—{ 31471 - 0,0043915
20,948 L 0,003261
10,474 0,0016305
0 Min 0 Min
C. d.
. 0 Max 0,0047716 Max
-0,0662342 0,0038829
— -0.3483 -—{ 0,0029942
— -0.63023 —{ 0,0021055
— -0.91241 L 0,0012168
— -L1942 ——{ 0,00032805
= -L3758 —{ 0,0002187
. -1,3798 0,00010935
-1,9107 Min 0 Min
e f.

E.5 Viewing the safety factor field

‘J---_//f@ Solution (A6) _ J-‘,ﬁ Safety Fau:b:ur;

15 Max

0,54603 Min

0

E.6 Viewing the convergence graph of the solution of the nonlinear problem

Jv"ﬂ Solution Information

——i— Force COnvergence Force Criterion
713e<3 94 -
|
= |
Z |
g 002 I
5 |
£ 943 ,
| ﬂh\""'h-..l.
14,3
1, 2, 3, 4, 5, g,
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F. ANALYSIS OF RESULTS

F.1 Interpretation of results

Analyzing the results obtained from modeling and post-processing the results (subchapter E), the following are

highlighted:

- As a result of the deformation process of the semi-finished product as a result of the action of the
connecting rod (subchapter fig.), Increased displacements (max. 0.4106 mm, subchapter E.1) are
observed in the extreme area of the crank.

- The equivalent stress has increased values (max 705.62 MPa; subchapter E.2, fig. A, b, ¢) in the areas
of the connecting rod, in the corner of the square profile of the crank and in the area of connection of the
arm to the hub.

- Inthe subcap. E.4 the states of the contacts are visualized (subchapter E.5, fig. A) and the values of some
contact parameters: surface tension tangential friction - max. 54,563 MPa, fig. b; pressure - max 457.04
MPa, fig. c; relative slip - max 0.039 mm, fig. d; the game (jump) - max 1.91 mm, fig. e; penetration -
max 0.00477 mm, fig. f. These values are useful for designing the shaft-hub assembly (eg starting from
the maximum pressure value determines the hardness of the active contact surfaces).

- Highlighting the field of the safety factor related to the allowable values (subchapter) is particularly
useful in designing to identify the areas with values of this unacceptable factor; thus, dimensional and
shape corrections can be made to obtain the optimal structure (subchapter F.2).

F.2 Analysis of the precision and convergence of solving the nonlinear model

Following the analysis of the obtained results, related to precision and convergence, as a result, of the modeling and

FEA (subcap. E.3 and E.6) the following are highlighted:

- The maximum structural error in the connection areas of the square profile of the connecting rod has a
reduced value (0.23538 mJ corresponding to the areas with increased values of the equivalent stress)
shows an accuracy of the acceptable results (stresss).

- The convergence of the model solution is done quickly in 6 steps (subchapter E.6) and the calculation
time is reduced.

F.3 Design studies

In order to avoid the occurrence of the rupture micro-cracks in the connection areas of the square profile, a fact
highlighted by increased values of the equivalent stress (subchapter E.2) but also by subunit values of the safety factor
(subchapter E.6) are imposed, on on the one hand, dimensional changes (eg, increase of the radius of connection of
the square profile; increase of the radius of the bore in the arm; increase of the radius of connection of the arm to the
hub and / or increase of the thickness of the arm or, on the other hand, changes of the shape.

400
¥

L
)KC’TJHJ

Nervura, § Bosai

In case of dimensional changes, it is necessary to modify the analysis model and to solve the model by going through
. B . . ] o - .
the successions: 5 D change the dimension valued Generate . , Outline - L, B AL Geometry

— A& [4] Refresh Geometry . |7/ } Solve . After the model is solved, the results are re-analyzed and reinterpreted. If
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after the stage of dimensional changes the crank structure is not optimal (minimum weight and equivalent stresses,
respectively, safety factors in permissible fields), the shape of the model is changed (eg adopting an assembly after a
hexagonal profile and / or modification of the arm shape by the insertion of a bump and / or a rib).

G. CONCLUSIONS

The modeling and analysis with finite elements of this paper were also done with didactic purpose following the
initiation of the user with the main stages of development of an application of FEA in ANSYS Workbench, which
insists, in particular, on the modeling and analysis of a deformable element and of its contacts with another adjacent
element.

The adopted FEA model involves considering the multiple surface-to-surface friction contacts of a square / hexagonal
joint between two elements of linear behavior. The loads are introduced distributed on a cylindrical surface and
considering the existence of the bearing.

As a result of solving the model with finite elements nonlinearly adopting the method of force convergence, results
have been obtained with increased precision, the values of the obtained parameters (displacements, stresses, safety
factors) being useful for designing the crank element considering the profiled assembly with square profile.
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Application: FEA-A.8
Threaded assembly

KEY WORDS

Linear static analysis, Axial symmetrical state of tension, Linear material, 2D geometric model, 2D finite element,
Linear finite element, Mechanical friction contact, Structural error, Threaded assembly, Mechanical subassembly
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A. PROBLEM DESCRIPTION

A.1 Introducere / Introduction

FEA, as a general method of studying the physical phenomena and processes in mechanical structures, also allows
the analysis of mechanical fields that occur in the case of mechanical assembly contacts that involve consideration of
elastically deformable surfaces in direct contact and sliding friction between them.

The threaded connections frequently used in the construction of removable screw-nut assemblies form complex
spatial structures involving mechanical contacts with friction and severe stress concentrations, difficult to determine
with classical theoretical and / or experimental methods, can be analyzed more accurately by modeling and FEA .

A.2 Application description

In order to achieve the necessary tightening of the shaft-hub assembly on the conical surface (fig. a) it is necessary to
develop a pressing force F by tightening the nut 4 with internal thread (fig. b) in relation to the external thread
practiced on the shaft 2.

The metric fixing threads have the profile angle 60° and the theoretical height H = 0.866 p, where p is the thread
pitch. The contact surfaces are delimited by cylindrical surfaces with diameter d1 on the inside and diameter d, on
the outside, respectively.

In addition, the threaded assembly is described by the medium (virtual) cylinder with diameter d2 on which the
thickness of the nut thread turn is equal to the thickness of the screw thread turn (p / 2).

For functional and technological reasons, the helical surfaces are connected inside (hut) and outside (screw). The
transmission of force from the nut to the screw by shape (direct contact) to screwing between the elastically
deformable helical surfaces involves relative micromovements with friction.
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A.3 The application goal

In this application, the FEA of the displacement and tension fields in the area of the threaded assembly with M = 30
mm and the pitch p = 3.5 mm is required.

For the area adjacent to the threaded assembly are considered: S =46 mm, d = 18 mm, a = 10.25 mm, D = 30 mm, a
= 10° The assembly is loaded with axial force F = 25000N. The shaft 1 and the nut 3 are made of heat-treated
construction steel (E235).

B. THE FEA MODEL

B.1 The model definition

In order to design the FEA model of the nut / screw in interaction, it is necessary to consider two adjacent areas of
the two elements adopting the following simplifying hypotheses:

e considering that there are no significant variations on the circumference of the physical parameters (displacements

and stresses), a planar model can be adopted that can be framed in the axial-symmetrical state of stresses.

e existing friction in mechanical contacts,

¢ adoption of material strength constraints (embedding, action of force distributed on the surface),

e the material has an elastic linear behavior,

o the deformation takes place statically (the variation of the deformation force over time is not taken into account).

B.2 The analysis model description

In order to simulate the behavior of the threaded assembly, it consider the axial section with the dimensions in the
figure below. The geometric modeling of the thread is based on the approximate pattern in the subcap. A.2, fig. b,
where for H = 0.866p = 0.855 * 3.5 = 3.031 mm, d; = 26.211 mm is obtained. The fillets of the nut and screw profiles
are obtained by automatic generation considering that the connection spring is tangent to the profile lines. The thread
will be generated by multiplying in the axial direction (12 turns for the screw and 10 turns for the nut).

For this analysis, the structure is axial-symmetrical and it is modeled with 2D finite elements.

In order to simulate the behavior of the assembly as close as possible to reality, the friction between the assembled
elements will be taken into account, the coefficient of friction p = 0.2.

The load will be made on the front surface of the nut with F = 15000 N.
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B.3 Characteristics of the material and the environment

For linear static analysis the following resistance characteristics of E335 material are considered:
+ longitudinal modulus of elasticity, E = 206000 N / mm?;
* Poisson's ratio, v=0,3.

Average working temperature of the subassembly, To =20 ° C.

C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project

B B 5 analysissystems _, @ Static Structural (the subproject window appears automatically); — [the

name can be changed Static Structural in FEA-A.8].
Problem type setting (2D)

AL @ Geometry N0 N Proper ties of Schematic A3: Geometry | S Advanced Geometry Options . Analysis Type

[select from the list Aﬂ, 4 2] — [close the window % ].
Save of the project

Sl savess... _, [l Save s , File name: [input name, FEA-A.8] — .

Save

C.2 Modelling of material and environment characteristics

m Project Schematic M @ Engineering Data " _)‘JQ Edit__> Outline of Schematic A2: Engineering Data §

N ‘ Structural Steel jProperties of Outline Row 3: Structural Steel . 2 T Isotropic Elasticity N Young's Modulus |

Young's Modulus | [select from column C (URit) cu / with .Jﬂ, JMPa], [input in column B (UAit) valoarea / value, 206000] —
./ Update Project Return to Project

- (the other parameters remain the default).

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

B = L @ ceomery B New Geometry... , ANSYS Workbench. | Milimeter 5

C3.2 Sketch generation, screw

Vlewmq default plane (XY)

. i Sketching _, /9 (Look at face/Plane/Schetch) [automatically view of default plane XY Plane];
Generatlnq of horlzontal and vertical lines

JDraw 5§ Mline [horizontal and vertical lines are generated by activating with . the end points of each
line respecting the conditions of coincidence with the horizontal direction (symbol H appears automatically),
respectively vertical (symbol V appears automatically)] (fig. a).

Cuting lines at the edge
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JSketching | T 1M, [elect with . the parts of the end of the lines separated by the vertical line] (fig. b).
Partial sketch dimensioning

Dimensioning in the horizontal direction

Sketching Teolboxes: | Dimensions _, | =i Horizontal _, [select with . the line parallel to the Y axis and the Y axis]
(the dimension is automatically displayed) — Details View  Dimensions: | | H — [input value, 15] (fig. c);
Dimensioning in the vertical direction

I Vertical _ [select with .J the line parallel to the X axis and the X axis] (the dimension is automatically displayed)
—» Details View | Dimensions:2: | 'V [input value, 12,34775/15/13,1055/15,378875] (the sequence is repeated for
the other lines, fig. ¢);

Edit dimensions
1081 ry . . F 4 = . . - -
o Hy Display _y Name: M (qezactivate) —» . MName: [ Value: W (activate, fig. c); =] Mave — [select the dimension

o ¥

E = £ r:) £1 :
. | E
L =, !l tl' B 2l L |
G = I o £ H
: = 15 = 13,105 | 15,37
b 12,348 15
AP PR rrcserncnrnr " TETERTIERPE Rt rne s rra s rna i nans ‘ .................. | RN L ..... L..... l’ ...... [
a b C.

Reference thread contour generation (one pitch length)
Polyline generation

Sketching Teolboxes: Draw _, /A Polyline _, [draw the polyline by marking the 4 points with I respecting the
coincidence restrictions P (first point) and C (second and third point)] — [select with L a point in the graphics area]

(context menu appears)— ./Open End
Generating profile lines

JSketching 5 | T 1AM rihe parts that do not belong to the outline are deleted with 1] (fig. a, b).

JDraw ) wArcby3Points . [select with .J the two marginal points of the arc respecting the coincidence
constraint, the symbol P, and the third point will be marked in the opposite area the center of the arc (towards the
intersection point of the straight lines) after the tangent restrictions to the straight lines appear (twice the symbol T)]
(fig. b, c).

Final contour generation

Tﬁketching — . T TM [ delete with .1 right line] (fig. ).
30,000

o

."ﬂ
I \\ /_H
g
/ /
/ \ / \ \
N\ \‘ /. \
\ P o S "
{/'C*--}-I gone TN 60,000 _ /.P AOTR0,000 (\ P L ""’«/‘f L ‘\
/ 600,00 g f’ A, / Vi ; / f0.00 §
i/ \ 4 % ! 5
/ g o o] )f" .\ o
d Iy, j2
/ S
a. b. C.
Generation of the screw thread by multiplying the reference contour
Multiply the reference contour
JModify _, o Replicate _, [value, 0] (appear: "= 10 F=l2 ) = [will be selected with L a point
in the graphics area] (context menu appears) — L Selection Filter — I8 2D Edge _, [will be selected with
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L. a point in the graphics area] (context menu appears) — .J End/ 3etPaste Handle _, | Selection Filter '

1|T&] Point — [select with . the point on the left respecting the coincidence constraint (symbol P appears, fig. a)]
(the set of lines multiplies in the graphics area) — [move the set of lines and mark with J the point on the right
respecting the restriction coincidence (P symbol appears, fig. b)] (the multiplied set appears, this sequence is repeated

11 times, fig. c) .! context menu) — .1 End (fig. c).
Generating the final thread contour

JMedify ) T TAM ., ris deleted with J the last connecting curve].

a0,00®

C.
Screw pattern contour generation and dimensioning

Contour generation with polyline

JDraw _, 1/ Polyline _, [draw the polyline marking the points with . respecting the coincidence constraints P,

H, V and CJ; at the end, after selecting the last point, activate the context menu with L+ and select the option

Open End ] (fig. a).

Dimensioning in the horizontal direction

Sketching Toolboxes . Dimensions _, ;i Horizontal _, [select with .J the line parallel to the Y axis and the Y
axis] (the dimension is automatically displayed) — Petails View  Dimensions: | | H — [input value, 10] (fig. a);
Dimensioning in the vertical direction

3 Vertical — [select with I the line parallel to the X axis and the X axis] (the dimension is automatically displayed)

—» Details View pimensions:: 1 'V — [input value, 9/15] (the sequence is repeated for the other lines, fig. a).
Dimensioning of the angles

4 fiAngle _, Tis selected with .1 angle lines] (the dimension is automatically displayed) —» Details View,
Dimensions:: 1 A  [input value, 10] (fig. a).
Generate the fillets

JMadify _y [ Fillet _, Radius: | [input value, 0,5] — [select the fillet lines] (fig. a).

A e W e

5.000 ]

9.000

..’ ................. Etnee s s densnsnsnsnsnnnnnsnsnsnnnnnnnnnannns l .............................................................................
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a.
C.3.3 Generating of the screw surface

E:JCuncept _)‘Jg'ﬂ Surfaces From Sketches _, - g:':"jSketchl_> , Details of Surface ; | [EEELEEE

Aoy | 5/ Generate (generate surface, fig. a); L~ e Sketehl _, @ Hide Sketch ( yetch masking).
1y 1 Surface Body _ , Details of Surface Body : _1B2dY [input name, Surub].

/\/\/\/\/\q

a.
C.3.4 Nut sketch generation

Nut sketch initialization

: 28 (New Sketchy _ (the object is automatically indexed in the specification tree “vc2 Sketch2)

Generating reference thread contour nut

Activate screw sketch

Tree Outline : ‘J"'(E:IEI Sketchl _, | 4] NG (Display Modely,

Generate preliminary contour

. Sketching _, Sketching Toolboxes:  Draw _, /A Pelyline _, [the polyline will be drawn by selecting with . the
points of the screw thread respecting the coincidence conditions P] (fig. a).

Screw sketch masking

JMadeling _ Tree Outling - L,y Sketchl - J? Hide Sketch _ Aﬁ(Display Modely,

Delete line

JMedify | T TAM_, r4elete with J the last one in the thread connection area] (fig. b).
Generating thread connection arc

JDraw 5 &wArcby3Poeints . [select with o the two marginal points of the arc respecting the coincidence
constraint, the symbol P, and the third point will be marked in the opposite area the center of the arc (towards the
intersection point of the straight lines) after the tangent restrictions to the straight lines appear ( twice the symbol T)]
(fig. b, c).

Delete line

JModify T TAM . [delete with .1 line from right] (fig. c).

AN WAL w4

a. b.
Generating nut thread by multiplying reference contour
Reference contour multiplication

JModify _, o7 Replicate _, [input in r= valoarea, 0] (apare / appear: "~ 12° f=l2 ) — [will be
selected with L a point in the graphics area] (context menu appears)—»  Selection Fitter — T8 2D Edge _, [wil| be

selected with L+ a point in the graphics area] (context menu appears)—»  .J End/>SetPasteHandle |,

Selection Filter k

- J i) — [select with I the point on the left respecting the coincidence constraint
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(symbol P appears)] (the set of lines multiplies in the graphics area) .| [move the set of lines and mark with L the
point on the right respecting the coincidence constraint (appears symbol P)] (the multiplied set appears, this sequence
is repeated 9 times, fig. a) — [will be selected (after the last multiplication) with any point in the graphics area] (the

context menu appears)— .J End (fig. c).

Delete the line
JMadify 5 T TAM _y Tis deleted with . the last connection line].

Generating and dimensioning of the nut pattern contour

Contour generation

JDraw o “Nline [draw 2 vertical lines and one horizontal line with J respecting the conditions of vertical
and horizontal directions, respectively symbols V and H, respectively].

Delete lines .

JModify T TmM -, r4elete with . the ending line].

Dimensioning on vertical direction

3 Vertical —, [select with .J the line parallel to the X axis and the X axis (fig. b)] (the dimension is automatically
displayed)— ,Dimensions:: 1| |V [input value, 23] (fig. b).

e e e manes

C.3.5 Generating the nut surface

,J
8 Surfaces From Sketches _ J---¢Ef'i| Sketchd

N Details‘lfiew Details of Surface - J
Base Objects [N Jl Apply |- :} Generate
(generate surface, fig. a); L» - €3 Sketchl _,

@ Hide Sketch (syetch masking).

v B Surface Body _, Details View |
Details of Surface Body; _1BodY  [input name,
Piuli(a].

C.3.6 Saving of geometric model
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E:JE(SE?EProjed)_)JE(C|DSE).

C.4 Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type

Launching of the finite element modeling module
(LW Project Schematic SINL JCS:CINGE < [N [launch modul Mechanical [ANSYS Multiphysics].

Setting the unit of measure system

B . units _, _Metric (mm, kg, N, 5, mV, ma) (the system of units of measurement is usually set by default).

Setting the material characteristics

ﬁ: B B Geometry _, /B0 Surub_, Details of "Surub” | Material : jAssignment _ [select from the list ..
| Structural Steel (default)]; v ™ Piuita _, Details of "Piulita’  Material : _jAssignment — [select from the list 1],
1 structural Steel (default)];

Setting the model type (axial asymmetric)

. J ..... v‘ﬁ Geometry _ Detailsuf"ﬁeumetly"1 Definition = 20 Behavinn [select from the list .JLI, J
Axis:qrmmetric].

C.4.2 Modelling the friction connections

—E’ Qutline § J,,%l Connections _, |Insert _ ‘J‘i,,\ Manual Contact Region _,
Details of "Bonded - No Selection To No Selection”  Definition. Type _, [select from the list AJ, Frictional];

L, ~wEPulta_, Q@ HideBody _, ¥ —[select with .J the thread lines of the screw threads, fig. a] —
Details of "Frictional - Mo Selection To Mo Selection"’ Scope. | Contact _y | Apply (option Contact Badies will index

automatically, SHf8). L, - % Puita _, o ShowBody | - BySuub_, @ HideBody _, MW _, reelect
with . the thread lines of the nut threads, fig. b] — Petails of “Frictional - Surub To Piulita® Scope. Target _, Al_““Ll[T
(option Target Bodies will index automatically, -); Definition:_genavior — [select with .Jﬂ, JSymmetric ];

Friction Coefficient _ [input value, 0,2]; .| Advanced _, _|Formulation _ [select with Jd, JAugmented Lagrange] (the
,JI;:I Show Body .

method of solving the nonlinear model); L v =1 Surib _,

C.4.3 Model discretization and analysis type setting

Atomatic meshing
Bl [0, LB Mesh _y | </ Generate Mesh (fig, a, b).
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Obs. In fig. a, b there are discontinuities of the finite element structure at the level of the contact surface, which leads
to an inadequate modeling of the contact phenomena and it is necessary to correct the discretization ensuring the
continuity at the nodal level; on the other hand, coarse fineness is observed in the connection areas).

Setting finite element dimensions on contact surfaces

L @ Mesh 5 Insert _, @ Sizing _, [FE01 , Scope: [SIIEDY , L M Puita_,
Q HideBody _, | M _, [select with Ctrl + . the thread lines of the screw threads] — _#eply_|.
Details of "Edge Sizing” - Sizing- _|Element size , [input value, 1,0] — L, 1 Piulita _)‘_]':;:' Show Body N L, v 1 Surub

> 1§ HideBody _, %) _, [select with Ctrl + . the thread lines of the nutthreads] —» Details of "Edge Sizing 2 - Sizing

. JElement Size [input, 1,0]; L, v B Surub N JQ Show Body .
Automatic remeshing
L,;’% Mesh _y _| :,? Generate Mesh (fig. c, d).

C.5 Supports and restraints modelling

Fixed support constraint (cancels all 6 degrees of mobility)
B 0. @2 staticStructural (A5)_, | @ Supports v _, |, Fixed Support. |- S Model (A4) _, |

B _, [select with . the edge (fig. a)]; 7% FixedSupport _, Details of ‘Fixed Support”, Scope: _Geometry _, |

[NoSelection _, | Apply | (fig. a).

a

C.6 Loads modelling

Distributed force load on one edge
E’E : L, =] Static Structural (A5) _y g lnsert _, % Force _ Details of "Force” Scope: _Geometry _,

f8 _,  [will be selected with .1 the edge on which the force is applied] —> «I_APPY_|: Definition: _iDefine By _,
[select from the list All, JComponents]; _|X Component —, [input value, 25000] (fig. a).
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D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the nonlinear physical model (with friction)

1] Solution Information ; _Solution Output s [select from list 17|, .JForce Converaence] (ihe force convergence
criterion is adopted).

D.2 Setting the results

Setting the total displacement

Setting the equivalent stress
L,"" Solution (A6) _y | Inset _, _ Stress _—y _|%, Equivalent (von-Mises)

Setting the normal axial stress

L'"' Solution (A6) _y | Insett _, _Stress _, Jﬁﬁ Normal _, | Scope: _|Orientation
— [select from list .JLl, A ¥ Axis];

Setting the normal radial stress

|_._---- SElution (A6) —> | Insett _, | Stress _, J@U Mormal _ , dtope: _|Crientation
— [select from list All, T Axis];

Setting the normal tangential stress

L."" SElution (AB) —> | Insett _, | Stress _ J@U Mormal _ , dcope: _|COrientation

— [select from list All, A Axis];
Setting the structural error

L,"" Solution (A6) _y | Insert _, _Stress —y | W Stress _y |94 Error

D.3 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

B ContourBands| (yisualization of contours; 8 — [select from list with 7] & Show Elements |

(visualization the FE structure); .JResult — [select from list with a7l 97 5 Auto)] (select the scale factor);

Graph _, 1| Animation | I (view the animation).
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0.016718 Max
0014628
0012538
0010449
n,0083589
00062692
00041795
000208497

0 Min

E.2 Viewing the stresses field

Viewing the equivalent stress field

animation); .JResult — [select from list with 1~ | 1.0 [True Scale)] (select the scale factor);

. 100,52 Max
449,351
— 78183
— 67,015

55,846

. 44,678

— 33,51
22,341

I 11,173
0.004734 Min

Viewing the axial stress field

. 53,6813 Max
0,14275
— -5,9454
— -12,034

. -18,122
-24.21

- -30,298
-36,386

I -42,474
-48,562 Min

Viewing the radial normal stress field

o )

u 6,4751 Max
3,1393

L -0, 19646
13,5323
-6,8651
-10,204

L 13,54
-16,475
-20,211
-23,547 Min
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Viewing the tangential normal stress field

70,667 Max
62,787

54,908

47,028

30,148

11,268

23,388

15,508

7,6282
-0,25168 Min

d.

E.3 Viewing the structural error

0,018261 Max
0016232
0014203
0012174
0,010145
00081159
0,0060869
0,0040579
0002023
6,69e-12 Min

—ﬁ, Qutline - <J ----- 2l&] Solution (A6) - Structural Error (fig. a).

a.

E.4 View the convergence graph of the solution of the nonlinear problem

—E, Qutline - J---«ﬂ Solution Information (fig. a).

——i— Force Convergence Force Criterion

29886,7 =

= 808,92
§ 333,62
2 141,75

35,392 - ~J

F. ANALYSIS OF RESULTS

F.1 Interpretation of results

Following the analysis of the results obtained, as a result of the modeling and post-processing of the results
(subchapter E), the following are highlighted:

- Following the deformation process of the semi-finished product as a result of the action of the force
(subchapter B2 fig. a) there are increased displacements (max. 0.016718 mm, subchapter E.1) in the area
of action of the load (bearing of the nut).
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- The equivalent stress has increased values (max. 100.52 MPa; subchapter E.2, fig. a) in the nut body in
the bearing area on hub 1 (subchapter A.2, fig. a); following the distribution of the equivalent tension in
the threaded areas, the almost same stress of the last 3-4 pairs of turns is observed (subchapter E.1, fig.a),
which shows that the force is transmitted, mainly, by these turns (situation verified by experiments).

- From the analysis of the axial tension (subchapter E.2, fig. b) the compression request of the nut body
with maximum value (-48.562 MPa) and the tension request with lower values in the screw body are
highlighted.

- Normal radial stresses, especially compression, have low values (subchapter E.2, fig. ¢)

- In the subchapter. E.2, fig. b highlights the tensile stress with increased values (70,667 MPa) of the
tangential (circumferential) stresses in the outer area of the nut and the compression stress with much
lower values in the screw body.

F.2 Analysis of the precision and convergence of solving the nonlinear model

The much reduced values of the structural error field (max 0.01826 mJ, subchapter E.3) indicate that the stress values
are close to the exact ones. In addition, from subchapter. E.4 highlights the fast convergence (19 pitches) of the model
solving algorithm and the calculation time is reduced.

F.3 Design studies

From the analysis of the above results, two negative aspects of the screw-nut structure can be synthesized: the uneven
distribution of the axial load on the pairs of turns in contact (out of 10 pairs of turns, only 3-4 are active); increased
stresses occurring in the nut body, especially in the bearing area on hub 1 (subchapter fig. a). Starting from the fact
that the tensions in the thread and the body of the screw have low values (subchapter E.2) in order to diminish the
two negative aspects, dimensional and / or nut shape changes are required. Thus, two options are proposed for
optimizing the shape of the nut. The first involves increasing the outer diameter of the nut from 23 mm to 30 mm and
reducing its length to 6 turns (subchapter A.2, fig. a). The second variant proposes stiffening the nut in the bearing
area by inserting a collar in the bearing bearing area and reducing the length of the nut to 6 turns.

A 6
=g

(6 spite]
f\hﬁq

oy vy 300

In the case of the proposed variants, it is necessary to modify the analysis model and solve it by going through the
. > . s i ; :
successions: b, Sl change size value ..... .7/ Generate. , Outline: L, B M@ Geometry — |

Refresh Geometry . |77 Solve  After solving the model, the results are reanalyzed and reinterpreted.

G. CONCLUSIONS

In this paper, the modeling and analysis with finite elements were also made for teaching purposes following the
user's initiation with the main stages of developing an FEA application in ANSYS Workbench, which emphasizes, in
particular, the modeling and analysis of a deformable element of its contacts with another adjacent element.
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The adopted FEA model involves considering the multiple friction contacts of a screw-nut threaded assembly of
linearly behaved materials. For the analysis, a symmetrical axial plane geometric model (2D) with line-to-line contact
connections was developed. External loading was performed by means of a force distributed on a line. As a result of
solving the model with nonlinear finite elements adopting the method of force convergence, results were obtained
with increased precision, the values of the obtained parameters (displacements, stresses, structural error) being useful
for optimizing the shape and dimension of the nut element.
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Application: FEA-A.9
Tight assembly on the cone

KEY WORDS

Nonlinear static analysis, Axial-symmetric stress state, Linear material, 2D geometric model, 2D finite element,
Linear finite element, Mechanical friction contact, Structural error, Tight assembly on the cone, Mechanical
subassembly
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A. PROBLEM DESCRIPTION

A.1l Introduction

FEA, as a general method of studying the physical phenomena and processes in mechanical structures, also allows
the analysis of mechanical fields that occur in the case of mechanical assembly contacts that involve consideration of
elastically deformable surfaces in direct contact and sliding friction between them.

Tight assembly on the cone frequently used in the construction of mechanical systems form complex spatial structures
involving mechanical frictional contacts that participate in load transmission. Starting from the fact that these
structures cannot be accurately analyzed with classical theoretical and / or experimental methods, this problem is
further treated by modeling and FEA.

A.2 Application description

The tight assembly on the cone transmits the frictional torque M from the hub 1 to the shaft 2 (fig. a). For this, it is
necessary to carry out the axial tightening by developing a pressing force F by tightening the nut 3 in relation to the
external thread applied on the shaft 2. The tight assembly on the cone is described by the minimum inner diameter of
the bore D, the angle of inclination of the generator, a, and the length of the hub, L. The shaft with conical surface on
the outside has an axial hole with diameter d. For FEA, the assembly is considered the hub with a conical bore on the
inside as the inside of a wheel (toothed, belt, chain), which has on the outside two lateral cylindrical sections identical
in diameters and lengths, D1 and, respectively, ¢ and a central section with a diameter a portion of a wheel disc.

A.3 The application goal

For the analysis of the displacement and tension fields in the assembly area taking into account the friction between
the shaft and the hub (1 = 0.2) it is considered (subchapter A.2. Fig. A): D =30 mm, a=10°,d = 18 mm, D1 =50
mm, D, =80 mm, a =30 mm, b =10 mm, ¢ = 12 mm, M = 30 mm, L = 35 mm. In order to transmit the torque M,
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the axial force load, F = 45000 N, is required by means of the screw-nut threaded assembly. The shaft and hub are
made of construction steel without heat treatment (eg E235).

B. THE FEA MODEL

B.1 The model definition

In order to design the FEA model of the nut / screw in interaction, it is necessary to consider two adjacent areas of
the two elements adopting the following simplifying hypotheses:

e considering that there are no significant variations on the circumference of the physical parameters (displacements

and stresses), a planar model can be adopted that can be framed in the axial-symmetrical state of stresses.

e existing friction in mechanical contacts,

¢ adoption of material strength constraints (embedding, action of force distributed on the surface),

o the material has an elastic linear behavior,
the deformation takes place statically (the variation of the deformation force over time is not taken into account).

B.2 The analysis model description

To simulate the behavior of the tight assembly on the cone, the
axial section with the dimensions of fig. a. The threaded and 10 35 30
connecting area of the shaft head portion is neglected and is 1 . 3 N
considered to be cylindrical with a diameter of 26.2 mm.

For analysis, the structure is considered axial-symmetrical and is
modeled with 2D finite elements. In order to simulate the
behavior of the assembly as close as possible to reality, the
friction between the assembled elements will be taken into
account, the coefficient of friction p = 0.2.

The loading will be done on the front surface of the nut with F =

15000 N.

B.3. Characteristics of the material and the environment

For linear static analysis the following resistance characteristics of E335 material are considered:
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+ longitudinal modulus of elasticity, E = 206000 N / mm?;
» Poisson's ratio, v=0,3.
Average working temperature of the subassembly, To =20 ° C.

C. PREPROCESSING OF FEA MODEL

C.1 Creating, setting and saving the project

Creating of the project

B M. 5 analysisystems _, @ Static Structural (the subproject window appears automatically); — [the

name can be changed Static Structural Tn FEA-A.9).
Problem type setting (2D)

A-L @ Geometry NS s g N Proper ties of Schematic A3: Geometry , ; . Analysis Type |

[select from the list Aﬂ, A4 D] — [close the window, 1'% ].
Saving of the project

J#lsavess.. B Saveds  Filename [input name, FEA-A.9]—>A_

C2 Modelling of material and environment characteristics

L& coreeraosn 7, @ -, R

Q\\,\ N Ol Proper ties of Outline B '_ Struch. = & Isotropic Elasticity N Young's Modulus |
""I"-""EIS Modulus | [select from column C (U”'t) cu/ with 4~ | AMPE] [input in column B (Unit) valoarea / value, 206000] —
. 7 Update Pr':'JE':t _, @ Retumn toProject (the other parameters remain the default).

C.3. Geometric modeling

C3.1 Model loading, DesignModeler (DM)

E L, @ Geometry —>4J New Geometry... _, ANSYS Workbench - | Milimeter | OK.

C3.2 Sketch generation 1 (shaft)

Viewinq default plane (XY)

. iSketching _, I (Look at face/Plane/Schetch), [automatically view of default plane XY Plane];
Generatinq of sketch 1

Polyline generation

JDraw — 4% Pelyline _y Tthe polyline will be drawn by marking with .J the points respecting the restrictions of
coincidence C, of horizontality H and verticality V (the last point overlaps over the first, coincidence restriction
P]—

—> [will be selected with a point in the graphics area] (context menu appears) — .1 Closed End (fig. a).

Inclined line split

JModify _ <3Split _y will be marked with . the point on the inclined line] (fig. b).

Sketch dimensioning

Dimensioning in the horizontal direction

Sketching Teolboxes: | Dimensions _, | =i Horizontal _, [select with . the lines parallel to the Y axis] (the dimension
is automatically displayed) — Details View = Dimensions: | [ | H — [input value, 10/30/75] (fig. b).

Dimensioning in the vertical direction

I Vertical _ [select with . the lines parallel to the X axis] (the dimension is automatically displayed) ——
Details View  Dimensions: : || 'V _ [input value, 15/13,1/9 fig. b).

Dimensiong the angles

&4 Angle _, [select with .J angle lines] (automatically view dimension) — Details View  Dimensions: : 1| | & _ [input
value, 10 fig. b).

Edit dimensions
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R Display _, Name: ¥ (qezactivate ) —» 1 MNames [ Value: M ( activate); 1121 Move — [select the dimension

o L _ +I

15,000 13,100 9,000

ceeffie s erm . areassrmssssssssssmrmsssssassssmassnenn . -’ ----------------- L L L L L [ S
a b.

C.3.3 Generation of the shaft surface

:‘JCDHCEFIT: _)Jg['ﬂ SurFacesFrnmSketches_)

oD Sketchl , Details of Surface:
& 1
I Ease Chjects NG ) © =} Generate

2 Sketchl

(generate surface, fig. a); L -

ﬂ' HideSketch;J--‘;E:] Surface Body _,

Details of Surface Body ; _1B0dy [input name, Arbore
/ Shaft].

C.3.4 Sketch generation 2 (hub)

2" sketch initialization
A .= (New Sketch) 5 (the object is automatically indexed in the |

- - |
specification tree vt Sketch2y ' m\

Contour generation
Activare schita 1/ 1% sketch activation
Tree Cutline: | w2 Sketchl — /D S L (Display Modely,

Common Ilne genera‘“on .é ................. A s = A n
ISketching _, |Sketching Toolboxes. Draw _y, | " line _, a.

[select with 4 the end points of the common line respecting the coincidence
conditions P] (fig. a).

Hub contour generation

4\ Polyline [draw the polyline by . marking the points associated with
the hub body respecting the restrictions of coincidence with a point (P), '3
verticality (V) and horizontality (H)] (fig. b).

1% sketch masking

_Modeling _y Tree Oiitling: L, -2 Sketchl _ J? Hide Sketch _, Aﬁ(
Display MEIIjE|)_

Fillet generation :
.JSketching _, [Sketching Toolboxes: | Modify _, | [ Fillet — Radius: . ............ T OO0
input value of radius, 3] — [is marked with I the pairs of lines to be b.

connected] (fig. c).

Contour dimensioning

Dimensioning in the horizontal direction

Sketching Toolboxes . | Dimensions _y | ¥ Horzontal _ [select with J the

lines parallel to the Y axis] (the dimension is automatically displayed) —
Details View Dimensions: | |H [input value, 12/12] (fig. c).
Dimensioning in the vertical direction
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3 Vertical —, [select with J the lines parallel to the X axis] (the dimension - f
is automatically displayed) — Details View Dimensions:: 1 |V —; [input 0 ==
value, 40/25] (fig. c).

H aQ

1' R3,000

.1 q_h‘—‘-b\__

40 000 25 000
. ------------- PRe—ssssnnns i ---------- t -------

C.3.5 Hub surface generation

E: JConcept _

_ &8 Surfaces From Sketches _, -, Sketch2

Details of Surface © | [ooamdlbes] s | |__Apply cd ‘.j Generate

(generate surface, fig. a); L~ 2 Sketehl _ @ Hide Sketch
v 1 Surface Body _ | Details of Surface Body : | Body

[input name, Butuc / Hub].

C.3.6 Saving of geometric model
E: N (SEWE F'r-:uject) NG X | (Close),

C.4. Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type

Launching of the finite element modeling module

E, Project Schematic I JUCNNNGE < |2 USHIN [launch module Mechanical [ANSYS Multiphysics].
Setting the unit of measure system
B . units , Metric (mm, kg, N, 5, mV, ma) (the system of units of measurement is usually set by default).
Setting the material characteristics
e (Eﬁ Geometry _ J'",,.rE] 5UFUh_) Details of "Surub” , Material ; _|Assignment _ [select from the list Jj
, . Structural Steel (default)]; Jv B Pulta _y Details of "Piulita” Material ; _jAssignment _, [select from the list Jj,
| tructural Steel (default)];
Setting the model type (axial asymmetric)

. E- @ Geometry _, Details of 'Geometry’ pefinition: 2D Behavior [select from the list =, -
A:{isymmetric].

C.4.2 Modelling the friction connections

—ﬁ, : ‘J‘/@] Connections - lnsett _ ‘J‘i,,\ Manual Contact Region _
Details of "Bonded - No Selection To Mo Selection” Definition . Type _, [select from the list ‘Jj, Frictional];

Loy e, @ HideBody _, | T _[select with . the inclined line of the shaft, fig. a] —>
Details of "Frictional - Arbore To Butuc” 5cope. | Contact _, | APPY (option Contact Bodies will index automatically,

B, L. . B Butic 2% ShowBody |- Iy abore_, | Q HideBody _, R _, [the inclined line of the
hub, fig. b] — Details of "Frictional - Arbore To Butuc” | Scope. Target _, | APPlY | (option Target Badies will index
automatically, BBl . Definition: genavior —» [select with ] symmetric ]; || Friction Coefficient — [input value,
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0,2]; .J Advanced _, _jFormulation _, [select with .J_*], 1Augmented Lagrange] (the method of solving the nonlinear
model); L, - B Arbore N JI:;:' Show Body .

a b.

C.4.3 Model discretization and analysis type setting

Automatic meshing
B 0. LA vesh _y ) o/ GenerateMesh (fig, a, b).

a.
Obs. In fig. a, there are discontinuities of the finite element structure at the level of the contact surface, which leads
to an inadequate modeling of the contact phenomena and it is necessary to correct the discretization ensuring the
continuity at the nodal level.
Setting finite element dimensions on contact surfaces

L, /@ Mesh _y Insert _, |, Sizing _, [EEETEEIEETENEET scope [EEIEEN L, -, o Butuc_, g
@ HideBody _, MR _, [select with Ctrl + .1 the contact line] — |_Apply . Details of "Edge Sizing" - Sizing.
Element Size [input value, 0,8] — L, - En Butuc _)J':;:' Show Body s Lo ﬂrbure_)‘J':il' Hide Body _ | @ N
[select with Ctrl + . the contact line] — Detaillsof "Edgesizing 27-5izing . Element Size | [input value, 0,8]; Ls
f.. Arbare N ‘JI:;:I Show Eﬂd}r .

Automatic remeshing
L, % Mesh _y _| =/ Generate Mesh (fig. b, c).
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C.5. Supports and restraints modelling

5> Jm™ S [select with . the edge (fig. a)]; <!
9%, Fixed Support _» Details of "Fixed Support”  Scope. |

Geometry _, _||No Selection _, | Apply | (fig, a).

C.6 Load modeling

Distributed force load on one edge
, . L, /=] Static Structural (A5) _, | Insert _, |

@ Force _, Details of ‘Force’ Scope;  Geometry _,

Fixed support constraint (cancels all 6 degrees of mobility) : :

: B[] Static Structural (A5) _, | l
a.

i — [will be selected with J the edge on which the force

o] s}, oot o (ot o ;
a.

with JLI’ JCnmpnnents]; X Component [input value, -
45000] (fig. a).

D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the nonlinear physical model (with friction)

]| Solution Information : _jSolution Output s [select from list 7|, IFerce Convergence] (the force convergence
criterion is adopted).

D.2 Setting results

Setting the total displacement

o
]

i Outline. L, = 2l Solution (A6) _, | Insert _, _Deformation _y %, Total

Setting the equivalent stress

L, Solution (A6) _y | Inset _, _jStress _y _|%% Equivalent (von-Mises)

Setting the normal axial stress

L, /& Solution (A6) —y ylnset _y  Stress _, %% Normal _, . Scope: | Orientation

— [select from list AL', X Axis]
Setting the normal radial stress
Lp'" Solution (A6) _y | Insert _, | Stress

N Jﬁg Mormal

- , Scope - | Crientation
— [select from list .JL|, Y Auis]

Setting the normal tangential stress

L, ~¢/&] Solution (A6) _, | Insert _, Stress _, %% Normal _, . Scope: | Orientation

— [select from list AL', A Axis];
Setting the structural error

L, Solution (A6) _y | Insert _, _ Stress —y | S Stress _y | Error
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D.3 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

—ﬁ, Outline ; 17/l Solution (A6) _, |- & Total Deformation (fig. a): 4 H — [select from list .7, J

B Contour Bandsy (yizyalization contours in bands); . 8 — [select from list with 7|, & Show Elements |

(visualization the FE structure); Result —> [select with 7, .11.3e+002 [0.5x Autol ] (select the scale factor): Graph

_y 1 Animation || M (view the animation).
u 0,015155 Max
0,013471
| 0011787
—{ 0010103
| 0,0054193
L 0,0067354
| 0,0050516

00033677
I 00016839
0 Min

E.2 Viewing the stresses field

Viewing the equivalent stress field

animation); .1 Result — [select from list with A"’|, 1.0 (True Scale] ] (select the scale factor);
. 63,72 Max
58,417
— 51,115
— 43,813
— 36,511
— 20,200
— 21,907

14,504
I 73022
1,7195e-6 Min

Viewing the axial stress field
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u 5,4252 Max
1,658

- -2,1091
L1 58763

L -0 6435
13,411
L 17,178

-20,945
I -24,712
-28.479 Min

Viewing the radial normal stress field

u 18,271 Max
15,096
L 111971
L 57465
L 55718
L 23971
L 0,77762

-3,9523
I -1 1271
-10,302 Min

Viewing the tangential normal stress field

M 19,223 Max
9,7693
L1 0,31593
L1 -5,1374
L 18,501
L 28,044
L1 37,498

-46,951
I -56,404
-65,858 Min

. 0,0043419 Max

0,0038595

— 0003377

— 0,0028946

— 00024122

— 00019297

— 00014473
0,00036487

I 000045244

7,5193e-19 Min

a.

E.4 Viewing the convergence graph of the solution of the nonlinear problem
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—ﬁ, Qutline - _ |-/ ] Solution Information (fig. a).

——i— Faorce Convergence Faorce Criterion
54095 > = = ‘

= 663,78 \
g 146,38
5 32282 \[

3,3431
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

F. ANALYSIS OF RESULTS

F.1 Interpretation of results

Following the analysis of the results obtained, as a result of the modeling and post-processing of the results

(subchapter E), the following are highlighted:

- Following the process of deformation of the elements of the subassembly as a result of the action of the
nut (subchapter A.2, fig. A) there are increased displacements (max. 0.015155 mm, subchapter E.1) in
the area of the hub with the maximum diameter of bore.

- The equivalent stress has increased values (max. 65.72 MPa; subchapter E.2, fig. A) in the body of the
hub in the area with the maximum diameter of the bore (subchapter A.2, fig. A).

- From the analysis of the axial tension (subchapter E.2, fig. B) the compression request of the hub body
with maximum value, -28,479 MPa, and the tension request with low values in the hub in the connection
area from the outside are highlighted.

- Normal radial stresses, especially compression, have low values (subchapter E.2, fig. C)

- In subchapter. E.2, fig. d highlights the compression request with increased values (65,858 MPa) of the
tangential (circumferential) stresses in the hub in the area with the maximum diameter of the bore and
the tension request with much lower values in the hub body.

F.2 Analysis of the precision and convergence of solving the nonlinear model

The much reduced values of the structural error field (max 0.0436 mJ, subchapter E.3) indicate that the stress values
are close to the exact ones. In addition, from subchapter. E.4 highlights the fast convergence (19 pitches) of the model
solving algorithm and the calculation time is reduced.

F.3 Studies for design

From the analysis of the above results, the non-uniformity of the tightening along the conical bore is highlighted and
correlated with this increased tensions in the shoulder area of the hub on the left side. In order to reduce these
disadvantages, it is proposed to increase the shoulder of the hub on the left side (fig. A). Thus, it is necessary to
modify the analysis model and solve it by going through the successions:

, D modify the value of dimension ..... %/ Generate . , Outline: L, B M@ Geometry |

Refresh Geometry . J‘}:f solve

After solving the model, the results are reanalyzed and reinterpreted.
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G. CONCLUSIONS

Modeling and analysis with finite elements in this paper were also made for teaching purposes following the user's
initiation with the main stages of developing an FEA application in ANSYS Workbench, which emphasizes, in
particular, the modeling and analysis of a deformable element and of its contacts with another adjacent element.

The adopted FEA model involves considering the frictional contact of a cone-tightening assembly. For analysis, a
symmetrical axial plane geometric model (2D) with line-to-line contact type was developed. External loading was
performed by means of a force distributed on a line.

As a result of solving the model with nonlinear finite elements adopting the method of force convergence, results
were obtained with increased precision, the values of the obtained parameters (displacements, stresses, structural
error) being useful for optimizing the shape and dimensions of the Hub element.
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Application: FEA-A.10
Optimizing the solutions

KEY WORDS

Linear Static Analysis, Optimization, Linear Material, 2D Geometric Model, 2D Finite Element, Linear Finite
Element, Element, Design Parameters, Status Parameters, Objective Function
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A. DESCRIEREA PROBLEMEI / PROBLEM DESCRIPTION

A.1 Introduction

In general, the FEA determines values of the output parameters (deformations, displacements, stresses), depending
on the preliminary predefined model parameters. Some FEA have distinct optimization modules that for a
preliminarily analyzed structure allow the determination of independent parameters, consequence of solving an
optimization model that involves minimizing / maximizing some purpose functions while imposing restrictions of
other dependent parameters (see Chapter F)

A.2 Application description

For the elaboration of the model of constructive optimization of
the fixed bar and loaded with the force F from fig.a consider:
- predefined parameters: L, a, G; L

- design parameters (input): D, H; ’< "‘
- state parameter (output): cech (equivalent von Mises
stress).
Optimization model (see Chapter F) D
Restrictions:
Dmin < D < Dmin;
Hmin <H < Hmin; l'I.
Gech < Oa (the permissible stress imposed).
Objective function: Mass — min. -
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A.3 The application aim

This application presents, using finite element analysis, the algorithm for solving the problem of dimensional
constructive optimization of the structure in the figure above. For preliminary FEA we consider: L = 50 mm, H
=40 mm, G = 10 mm, a = 20 mm. The values of the optimization model parameters are: Dmin= 14 mm, Dmax =
18 mm, Hmin = 35 mm, Huin=44 mm, c.= 140 Mpa.

B. THE FEA MODEL

B.1 The model definition

For the analysis and optimization with FE, the following simplifying hypotheses are adopted:
e linear behavior of the material,
e adopting constraints associated with symmetry properties,
e external load by force distributed on the surface,
e the proposed problem is solved in two stages: structural analysis and optimization.

B.2 The analysis model description

Figure a shows the FEA and optimization model associated
with the geometric plane model considered in the XY plane.
The X-axis is the axis of symmetry of this model. In addition,
the design parameters: hole diameter (P1) and width (P2) are
also highlighted for optimization.

B.3 Characteristics of the material and the environment

The strength characteristics of E335 material for finite element analysis are:
e the modulus of longitudinal elasticity, E = 210000 N / mm?;
e transverse contraction coefficient (Poisson), v =10.3.
e Average working temperature of the subassembly, To = 20° C.

C. PREPROCESSING OF FEA MODEL

C.1 Activarea si salvarea proiectului / Creating, setting and saving the project

Creating of the project

PRMCELEYS: B Analysis Systems . k& StaticStructural qpe o noroject window appears automatically - the name can be
changed to Optimization).
Setting the problem type (3D)

AL @ Geometry BNy Proper ties of Schematic A3: Geometry | S Advanced Geometry Options - 1 Analysis Type |

[select from list Aj, 430 — [close the window, .J % 1].
Saving of the project

JElsavess.. _, [fpave A3 File name: [input name, FEA-A.10] —>,J,

C.2 Modelling of material and environment characteristics

m, Project Schematic iR @ Engineering Data " N J@ Edit... N Outline of Schematic A2: Engineering Data §
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A % Structural Steel |m.,- ﬁ. aig E T Isotropic Elasticity —» 'foung's Modulus | [select from

list, C column(Hnit) cy 'l AMPa], [inputin the box in column B (Unit) value, 210000] —» .1 7 Update F'r':'JE':t -

(P Return to Project (the other parameters remain the default).

C.3 Geometric modelling
C.3.1 Model loading, DesignModeler (DM)

X A@ Geometry ¥ , _, [ Mew Geometry.. | ANSVS Workbench - | Milimeter ;O
C.3.2 Sketch generation

Viewing default plane (XY)

, . 1 Sketching _, /9 (Look at face/Plane/Schetch) , [automatically view of default plane XY Plane]
Generating of rectangle

JDraw | CIRectangle [the rectangular line is generated in quadrants | and Il by marking ! the corner on
the Y axis (the coincidence symbol C appears) and the release I in the opposite corner in the other quadrant, fig. a].
Generating of circle

& Circle _, [a circular line is generated by marking ! the center on the X axis (the coincidence symbol C appears)
and the release ! on the contour, fig. a].

Symmetry constraint o

JModify _, j Constraints _, «j+Symmetry _, [js activated / deactivated with .J option 'anere ks (W 1) - [is
marked with I the X axis of symmetry and with Ctrl + 1 the horizontal lines] (the symmetrical model with respect to
the X axis appears automatically, fig. b).

Dimensioning the sketch

i Dimensions _, _#ESemi-Automatic _, 1o activated with ) dimensions] —> , [=I| Dimensions: 4 - [enter
the dimension values in the corresponding boxes (fig. c)].

| |
I_II | |
| T 7 i 20,000
40,000 D1,000
-_’___,.,-o—'-\—\-..\_\_\ .__’_.-d"_"‘_‘x.\_\_\
...... (.9_ ,(%_ o
“"m.h__u_ﬂ__-’" "‘\,__\_\_‘_H__-"'
i 5 50,000 ——=
a ' b. c
C.3.3 Generating the solids object
B ®odude 1| Details of Extrudet, [FFEET] _, cd Sketchl _,  Apply |. | |FD1, Deptn (>0)

, [input the depth, 10)]. .1 7 Generate

C.3.4 Saving of geometric model

E: J = (S'EW'E F'ijECt) I ES (Close),

C.4. Finite element modelling

C.4.1 Launching of the finite element modeling module

Launching of the finite element modeling module
i W Project Schematic SIRL JUECTIEN M e [launching Mechanical [ANSYS Multiphysics].
Setting the unit of measure system

B units , _Metric (mm, kg, N, 5, mV, ma) (setting the UM system).
Setting the material characteristics
Jl ----- Bl Geometry J.}(Ei Solid — Details of "Solid”  Material ; _Assignment _, [select from list JJ A

Structural Steel (default)];

C4.2 Meshing the model
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L Mesh _, -} Generate Mesh ( meghing with default parameters, fig. C.6,a).

C.5 Supports and restraints modelling

Generation of embedding constraint

_1-#/[2] static Structural (B5) _, | B Supports » _, |, Fixed Support; _, |[B] (the line selection filter is activated)
— [select left face (fig. C.6,b)];

C.6 Modelarea incircirii / Loads modelling

/2] static Structural (B5) _, | @, Loads v _, % Force ; _, [ (the line selection filter is activated) —

[select right face (fig. c)]; ,Details of 'Force”  =|scope: [EEIED]  _, [select right face (fig. b)] — . ApPW |: |
Define By [selectfromlist.Jﬂ, IComponents ;| ¥ Component [input Y value, -1000];

a. b. C.

D. SOLVING THE FEA MODEL

D.1 Setting the results

Selecting the total displacement

Setting the equivalent stress

L,"" Solution (A6) _y | Inset _, _ Stress _y _|%, Equivalent (von-Mises)

D.2 Lansarea modulului de rezolvare a modelului / Launching the solving module
|-/ Solution (A6) _y |7/ Solve

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement and equivalent stresses fields

(fii. a); v Equivalent Stress (figy ) [Graph. | Animation I B | iy animation).

0,014468 Max 96,613 Max
0012057 47,2149
0,0096455 37,825
00072341 28,431
00048228 19,037
00024114 g.h427
0 Min 0.24868 Min
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F. PREPROCESSING OF THE OPTIMIZATION MODEL

F.1 Setting input (design) and output (status) parameters

Settmq input (design) parameters

« 8 Sketchl _ | , | =/ Dimensions: 4. [activated with . the button associated with the circle diameter, .
] —» A: Static Structural - DesignModeler  Parameter Name: (innt the name, Diameter], J U ; [activated with . the
button associated with the rectangle width dimension, LR —, A: Static Structural - DeS'Q“MOde'er, s

[input the name, Width], .1 & (Am—> REIEEEREIEN - (the input parameter setting loop appears automatically, fig. a).
Setting output (status) parameters

o B - n n - . - - H H
, Outline ; _, ;% Geometry , Details of "Geometry’ | Properties, [is activated with .J the button associated with the
mass, LPALGN]: .1"vI%] Solution (A6) _, - M EquivalentStress _, , = Results | [is activated

with I the button associated with the maximum equivalent voltage, , L (.JE—> Project Schematic § (the output
parameter setting loop appears automatically, fig. b).

- A - A
1 Static Structural 1 Static Structural
2 @ Engineering Data " 4 2 & Engineering Data " 4
3 w Geometry v 4 3 W Geometry v 4
4§ Model v 4 4 @@ Model v .
5 @ setup v . 5 @ setup v 4
6 | @5 Solution v 4 6 @5 Solution v 4
7 @ Results v 4 7 @ Results 4
> 8 [}Fﬂ Parameters > 8 [}p_q] Parameters I
Static Structural Static Structural ,J,
|[’p:l Parameter Set | |[’p:l Parameter Set |
a. b.
F.2 Launching the optimization module
—.JE—LJ Design Exploration _, .1 @) Goal Driven Optimization (fig. a).

- A

N% cicsicora |
2 Q Engineering Data "
3 @]} Geometry 2.,
4 @ Model v,
5 @ setup vy
6 Solution ¥ o4
7 @ Results v o4

= 8 |[pd Parameters

Static Structural Jds
| [pd Parameter Set |

- B
1
2 [ Design of Experiments
3 EI Response Surface

4 (@) Optimization

el

F |

ol | ogl|
[

[

Goal Driven Optimization

a.
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F.3 Generating and visualizing feasible solutions

Generating feasible solutions
‘J E Design of Experiments F PREN

Outline of Schematic B2: Design of Experiment

Table _Chart), 2% P1-Diametrul _, ETTEeTIGgal. Lower Bound , [input the lower value, 14,4], Upper Bound

[input the upper value, 17,6]; Jfp P2-Latimea [EEEECETSEEMREEETN. Lower Bound |input the lower value, 36],
Yes

Upper Bound [input the upper value, 44]. 17 Update B ansvs workbench _, |

with test variants appears Table of Schematic B2 ). @ Return to Project
Visualization of feasible solutions

J[.jl Response Surface i@ N , B ¥ Response Surface _y | »F Update

— |/ Response  EESRENNEENTIENNENETINT Mode | [select from list ..
d| 230]; EREEEN % Axis | [select from list 2=l P1-Diametru ]; ¥ Axis | [select from list 2, P2 -Latimea |; Z Axis |
[select from list Aj, IP3 - Geometry Mass] (appear the graph in fig.a); £ A% [select from list Aj, .J

P4 - Equivalent Stress Maximum] (appear the graph in fig.b).
N @ Return to Prnject_

: (0 View _, ) Outline , ) Properties |

(after processing the table

Table of Schematic B2: Design of Experiments (Central Composite Design : Auto Defined)

B C D E
P4 -Equivalent
P1-Diametrul * | P2-Latmea * | P3-Geometry Mass (ka) ~ Stress Maximum b
{MPa)

2 1 16 40 0,14122 56,613

3 z 14,4 40 0,14422 55,753

4 3 17,6 40 0,1379 58,223

5 = 15 36 0,12552 67,183

] 5 15 44 0,15692 49,085

7 B 14,4 36 0,12852 65,788

8 7 17,6 36 0,1222 058,589

g 8 14,4 44 0,15992 47,4967

10 9 17,6 44 0,1536 50,114

Response Chart for P4 - Equi * 42 X
Response Chart for P3 - * = X
P3 - Geometry Mass - P4 - Equivalent Stress Maximum 58
L
m
i+ ]
o =
: s
0,15 -
:
& 014 - o
2 i
2 013 - s
w X,
= 2
E.r 15 ’ 3
-
16
n, ;
17
a b.
J m — B ‘J@ Optimization e . BN Table of Schematic B4: Optimization B Optimization Objectives
- 1

Objective | [select in column D from list Aj, I Minimize ], [select in column E from list Aj,
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11
17 Candidate A
13 Verification A

17,6

JValues <=Target|. TargetVale | [input in column D the value limit, 140].
SINSELLEELE: Optimization Method [select from list ‘Jj’ ANLPQL].

RS Re S o —> 5 P Optmization ;7 Update (appear in window
lines from fig.a). . Retum to Project

Properties of Outline A2: Optimization

..l"( j .!'(
R O R SHAEE
ot 1222 .
O Or O LiE

a

Obs. The NLPQL (Nonlinear Programming by Lagrangean Quadratic) method is based on the gradient algorithm
for models with a single objective function and multiple constraints.

H. POST-PROCESSING OF RESULTS

H.1 Update the original model with the optimal design values

Entering the values of the optimal design parameters

Table of Design Points

JE> 00 Parameter Set _, IETTINEEYIS . current | [input in column B the optimal value, 17,6 (see the table

above)], [input in column B the optimal value, 36 (see the table above)]. J 7 Update (the boxes in columns D and E
are filled in automatically).

Checking the values of the optimal design parameters

. N

Upgradare proiect
.1/ Update Project

A B C D E F
P1- P2- F3 - Geometry P4 - Equivalent 1
1 s Diametrul Latimea Mass b/ Siress Maximum b/ D Eoi L
Lnits kg MFPa
Current 17,6 36 0,1222 58,589
a.

Geometry " 4 _, _Sketching (the values of parameters D1 (Diameter) and L2 (Width) updated with
the optimal values are observed, 17.6 and 36 respectively).

H.2. Visualization of the field of displacements and equivalent post-optimized stresses

0,0:20152 Max
0016794
0,013435
0010076
00067174
0,0033587

0 Min

68,589 Ma:x
57,213
45,837
34,461
23,084
LL703
0,33216 Min

(fig. a); ) Equivalent Stress (£ig py Graph, )| Animatien > u (view animation).
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I. ANALYSIS OF RESULTS

I.1 Interpretation of results

Following the analysis of the results obtained, as a result of the modeling and post-processing of the results

(subchapters E and H), the following are highlighted:

- Following the deformation process of the non-optimized element (D = 16 mm, H = 40 mm) as a result
of the action of the force F (subchapter A.2, fig. a) the maximum displacement is observed 0.0144468
mm (subchapter E. 2, Fig. a) in the area of the force action; the maximum equivalent stress has the value
56,614 MPa (subchapter E.2, fig. b) in the embedded area; the mass of the element is 141.22 g
(subchapter F.3, IEE TSGR )

- Following the deformation process of the optimized element (D = 17.6 mm, H = 36 mm) as a result of
the action of the force F (subchapter A.2, fig. a) the maximum displacement is observed 0.020152 mm
(subchapter. H.2, Fig. a) in the area of the force action; the maximum equivalent stress has the value
68.589 MPa (subchapter H.2, fig. b) in the embedded area; the mass of the element is 122.2 g (subchapter
H.3, fig. a).

1.2 Design studies

The analysis of the above results shows the decrease of the element mass following the finite element solving of the
optimization model; at the same time the increase of the maximum displacement (rigidity) is observed.

In order to optimize related to other design restrictions, it is necessary to modify the analysis model, re-adopt the
design and status parameters and the objective function. Thus, it is necessary, after the modifications of the analysis

and / or optimization model, to solve it by activating the commands . [#] Refresh Geometry . |7 Solve  After solving
the model, the results are reanalyzed and reinterpreted.

J. CONCLUSIONS

Modeling and analysis with finite elements in this paper were also carried out for didactic purposes following the
initiation of the user with the main stages of development of a finite element optimization application in ANSYS
Workbench, which emphasizes, above all, the modeling and analysis of a deformable element which is then
dimensionally optimized.

The optimization model considered adopted involves the consideration of two geometric parameters as design
variables, a state parameter (equivalent voltage) limited below the allowable value and the objective function that
involves minimizing the mass of the element.

Following the solution of the finite element model of optimization, adopting the NLPQL method (Nonlinear
Programming by Quadratic Lagrangean) which is based on the gradient algorithm for models with a single objective
function and multiple constraints, the reduction of the element mass was obtained. maximum (but not exceeding the
allowable value) and increasing the rigidity of the element.
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Application: FEA-A.11
Compression strained springs

KEY WORDS

Linear Static Analysis, Linear Material, 3D Geometric Model, 3D Finite Element, Linear Finite Element, Classical
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A. PROBLEM DESCRIPTION

A.1 Introduction

Many technical products contain mechanical elements that have distinct compact structures, required by the main
function to be performed. Representative of this group of components are the elastic elements (springs), the damping
elements, the supporting elements (housings), etc. The specificity of these elements, as a rule, is given by their fixed
or quasi-fixed connections with the neighboring parts.

The finite element analysis of these components, in order to obtain precise results, presupposes the accurate definition
of the solid model, of the restrictions imposed by the connections with the neighboring elements, as well as of the
loads.

A.2 Application description

Safety valves are designed to protect tanks, pipes, boilers, boilers or other equipment containing pressurized fluids.
These prevent pressure limits from being exceeded when all automatic control and monitoring equipment no longer
operates.

Many safety valves (see the figures below, Spring safety valve, Fi-Fi brass body, PN 16, DN % ”... 37,
http://www.prestcom-instal.ro, accessed Apr. 2014) have in composition of active elastic elements used to obtain
elastic characteristics imposed by the functional requirements. In this case, by changing the coil spring inside the
valve, valves with different operating characteristics can be made.

The helical spring has the role of generating an axial force that compensates the force generated by the fluid pressure
inside the installation and when the latter increases, the spring will compress by opening the exhaust circuit.

The coil spring used must comply with certain geometrical constraints (to fit within the available space) and to operate
(to ensure the force necessary for the operation of the installation, to compress when an overpressure occurs, to
generate a sufficiently large stroke so that the section of the circuit is suitable for emergency evacuation and, last but
not least, return to working order after restoration of working pressure).
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A.3 Application goal

In this application it is presented the analysis of the fields of
displacements, deformations and tensions in the structure of the elastic
element of helical spring type in the valve composition presented
above (PN 16, DN 3/4 ) as well as the values of forces generated by
compressing the spring with a certain displacement. which oppose the
opening of the valve at nominal working pressures. The values of the
geometric and mounting parameters of the helical spring are: d = 2
mm, D1 = 17 mm, the number of turns n =5 and the pitch t =5.75 mm.
The coil spring is made of spring steel, 50VCr11A, treated at 50-55
HRC.

Axial compression of the spring (3) with the screw (6) in the drawing
above will generate a force that compensates for the pressure inside
the container on the front surface of the valve piston (according to the
product data sheet, the valve piston surface is 283 mmz2).

This application monitors the value of the dependence between the
value of the compression of the spring and the force generated on the
valve piston, in order to design the valve as well as the study of internal
stresses in the spring to check if the material meets the operating
requirements.

B. THE FEA MODEL

B.1 The model definition

In order to draw up the finite element analysis model associated with the above application, it is necessary to identify:
e geometric shape and dimensions,
e restrictions induced by links with adjacent elements,
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e external and internal loads (own weight),
e material characteristics.

B.2 The analysis model description

The geometric shape and dimensions of the helical spring are shown in the adjacent figure. For the analysis, the
structure of the helical spring is modeled with 3D finite elements.

In order to simulate the behavior of the helical spring as close as possible to reality, taking into account the increased
rigidity of the surfaces on which the spring is placed, two associated rigid elements are introduced.

In order for the analysis model to have the same behavior as the real model, it is necessary to associate boundary
conditions that involve translation constraints according to the X and Z directions of the XYZ coordinate system,
respectively only motion will be allowed on OY, simulating the placement of the helical arc in the valve seat. In order
to generate the translational movement along the OY axis, a rotational translation coupling is introduced associated
with the master point of the rigid element at the bottom, corresponding to the point of application of the force.

B.3 Characteristics of the material

For finite element analysis, the strength characteristics of the 50V Cr11A spring steel material treated at 50-55 HRC
are:

e modulus of longitudinal elasticity, E = 209,000 N / mm2;

e transverse contraction coefficient (Poisson), v=0.3.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Creatlnq of the project
. B Analysis Systems _, ke StaticStructural 4he suhproject window appears automatically); —> [the

name can be changed Static Structural in Spring].
Problem type setting (3D)

AL @ Geometry NS g LN Proper ties of Schematic A3: Geomelry , ; . Analysis Type

[select from the list Aﬂ, 3D] — [close the window, % 1.
Saving of the project

Jilsavens.. _, [ Savehs | File name: [input name, Spring] —>J

C.2 Modelling of material and environment characteristics

] L, @ EngesringData v , _, J@ LS .. tine of Schematic A2: Engineering Data

N % Structural Steel Properbes of_

, [select from column C (Unit) cu 1~ | JMPa], Tinput in box from column B (Unit) valoarea / value, 209000] —

7 Update Project _, | (3Retumn to Project (the other parameters remain the default).

- = El Isotropic Elasticity _y voung's Modulus | Young's Modulus
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Properties of Outline Row 3: Structural Steel RERE

A B o D | =

i Property Value Unit |

2 %3 Density 7350 kam 3 || |E

z % IEs:pt;:g;r?emnt Coeffident of Thermal ]

& |E A Isotropic Elasticdty [&]

7 Derive from Young's ... ;I

8 Young's Modulus 2,09E+11 Pa ;I =

g Poisson's Ratio 0,3 =

10 Bulk Modulus 1,7M7E+11  |Pa &=

11 Shear Modulus 8,0385E+10  |Pa =

12 4 Alternating Stress Mean Stress = Tabular 0 m

16 3 strain-life Parameters [

24 §4 Tensie vield Strength 2,56+08 Pa FllE|E <

C.3 Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

Project Schematic § L, G Geometry S rw New Geometry... - AMNSYS Wurkbench_:: J @ Millimmer, JOK.

C3.2 Spring helix generating

E, . 1 Sketching _, /9 (Look at face/Plane/Sketching) [automatically view of default plane XY Plane];
, Modeling — Create — @ point [in the 3D modeling area the point P1 is created based on the Cartesian
coordinates] — Details View _, Details of Point 1 —» Definition =J: Manual Input; Point Group 1 (RMB) = x = 0
y=0; 2= 0 Geneiate.

The points P2... P4 are constructed in the same way, using the resulting Cartesian coordinates based on the dimensions
given in the model for analysis: P2 (0; 2; 0); P3 (0; 30.75; 0); P4 (0; 32.75; Q).

e ven R PR

ol Details of PRt | e 3= XYPlane
Point Pointt | e s 7= DXPlane
Type Comstructon Point | e v ;1. fZPlane
Definition Manual Input | ke v Point1

R ronicow 1 (wip) [ S

FD3, ¥ Coordinate (Oeom | il v Point3
FD9, ¥ Coordinate |Omem | il » Point4
FD10, Z Coordinate (O | il » 5 0 Parts, 0 Bodies
—Ea Modeling —  Concept — | = [m A: APL-A.4.8.
. . FFEEE P I 7= XiPlane
* linesFromPoints _, PETMIEM » Details | " st ZxPlane
of line1 — Pointsegments — (pointsPland | v ¥ZPlane
T Pointl
P2 are selected by holding down the Ctrl key) | .. : Point2
N Apply N :j Geperate | & Point3
U I e ” Paointd
The segments P2P3 and P3P4 are built inthe | .. ™ Linet
sameway. | v o Line2
------- v e Line3
- M@ 1Part, 1Body

C3.3 Solid generating

Generating the spring section
i

o [N Sketching — Draw — Circle — Dimensions —» Diameter — — Dimensions:1 - D1=2mm —
Dimensions — Horizontal - Dimensions:2 — H6 = 8,5 mm — Vertical — Dimensions:3 — V7 =2 mm —
Zj Generate )
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Graphics

....... » Paintl
....... » Paint2?
....... » Paint3
....... v Point4
....... » S Linel
....... » S Line?
....... » e =]
[ B 1Part, 1Body T

Generating the central area of the resort

R

-, @esweep — Details of Sweepl — Profile:
Sketchl (the previously drawn circle is selected) — Apply — Path:
Line2 (select the P2P3 segment from the graphic area) - Apply —
Twist Specification = pitch — Pitch =5,75 mm — */ Generate
Obs. The geometric characteristics of the spring can also be entered

using the number of steps: Twist Specification =1 Turns —> Turns=5
N :j Generate

Generating the end areas of the spring

Because in this geometric shape of the spring the contact with other fixing elements will be made in the form of
very small seating surfaces (geometrically, the contact is only a point), it is necessary to create appropriate seating
areas.

There are two constructive forms, shown in the figures below. For this application, form 2 will be used. To make
the polished ends, the spring must be extended on one side and on the other with a coil with a smaller step, so that a

contact spot of at least 270° can be made when milling.
l - "
W/
%

—E—> R Sweep _, — Details of Sweep2 — Profile: Sketchl (select the circle previously drawn,
located at the axis on the axis Oy = 2 mm) — Apply — Path: Linel (the P1P2 segment is selected from the

Q

capat asezat capit asezat si slefuit

graphics area) — Apply — Twist Specification =) Turns — Turns = 1 — */ Generate
i, Goswesp _, — Details of Sweep3 — Profile: (select the circular section of the spring located at
32.75 mm on the Oy axis) — Apply — Path: Line3 (select the P3P4 segment from the graphics area) — Apply —
Twist Specification =) Turns = Tumns = 1 —» 3/ Generate

The milling surfaces of the spring are milled by extruding command (using the option to cut from the material) some
rectangular surfaces drawn in planes parallel to the xOz plane at elevations of 1.25 mm and 31.5 mm, respectively.
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E—) #= New Plane — — Details of Plane4 — Type: From Plane — Base Plane: ZXPlane — Transform

1 (RMB): Offset Z — Value 1: 1,25 mm — -/ Generate Repeat the sequence of commands to generate the plan at

31.5 mm.
[

into it) — Modeling — [E@Extrude _, BRI Details of Extrude3 — Geometry: Sketch3 (select the
rectangle from the Plane4 plane) — Operation =l cut Material —> Direction: Reversed — Depth: 10 mm —
Zj Generate

Follow the same steps for the other end of the spring.

C.3.4 Save of geometric model

—E, A = (Save Project) — File — Close Design Modeler.

C.4 Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type

Launching of the finite element modeling module
& l Froject Schematic MINL RN A Edit... _, [launch module Mechanical [ANSYS Multiphysics].
. /8 Geometry _,  Details of "Geometry’ _, Definition — Element Control ZJ: Program Controlled.
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v Project
Wl = static Structural = (e
2 @ Engineering Data +" ‘?ﬁ Geometry
3 @) Geometry v . ",-';g\ Coordinate Systems
4 |. Vodel r Al ------- i Connections
oA Mesh
5 @ sew ? HJ--9(=] Static Structural (A5)
6 @& Solution 7 4 o/ Analysis Settings
7 @ Results 7 4 = ? Solution (AG)
AEF-A4.6. ;{Il Solution Information

Setting the unit of measure system
Bl | units _, | Metric (mm kg, N5 mV, ma) (the system of units of measurement is usually set by default).

C.4.2 Model discretization and analysis type setting

Disable help items
P1P2, P2P3 and P3P4 segments will be disabled so as not to affect discretization Moy
] froneen ine Body
and other subsequent operations. _ j & Solid
ol | - % Geomety L, | jne Body —> Suppress Body. | E7 vk Coordinate Systems
—ﬂ, W Mesh _y |88, Mesh Contrel » —y | Sizing — Scope — Select Geometry:

[will be selected with . spring geometry, using the selection filter & (Body)] Apply; Definition Element — Size:
0,002 m —» =/ Update
DE‘; Show Mesh

For a proper view of the discretization, this will be done:

Details of "Body Sizing™ - Sizing
[E| Scope

Scoping Method | Geometry Selection
Geometry 1 Body
[=l| Definition

Suppressed Mo

Type Element Size
Element Size | 2,e-003 m
Behavior Soft

C.5 Supports and restraints modelling

Input the gravitational acceleration
Because the weight of the spring is very small (approximately 75 g), the influence of the weight force (0.73 N) on the
results of the analysis is very small, taking into account the value of the other stresses.

Input restraint

A J=2(=] Static Structural (A5) _,
S, supports « _, (&, Fixed Support  _,
— Scope —> Geometry: [ select

with I the milled surface at the end of the spring at

a height of 1.25 mm, using the I (Face)] —
Apply.
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C.6 Load modeling

Input Remote Displacement

— Scope — Geometry: [select with I the milled surface at the end of the spring at a height of 31.5

mm, using the Iy (Face)] — Apply; Definition — X Component: Free, Y Component: 10 mm, Z Component: Free;
Rotation X: 0, Rotation Y: Free, Rotation Z: 0, Behavior: Rigid.

A virtual rigid element was formed which consists of the front milled surface of the spring, located at an elevation of
31.5 mm, which is connected to a rotary translation coupling on the OY axis and which is printed a displacement of
10 (15) mm in the direction OY.

The constraints and loads of the resort will look like the figure below.
58] Model (A4)
E| ----- ,,ﬁ Geometry
: -y s Line Body

i -y 6 Solid
- ,.-L Coordinate Systems
-------- Connections

E| ----- ,,% Mesh

2 Body Sizing

. ‘//\ Analysis Settings
, Fixed Support
“ﬁ?, Remote Displacement
;- Solution (A6)
/[Il Solution Information

D. SOLVING THE FEA MODEL

D.1 Setting the convergence criterion for solving the model

#| Solution Information ; _|Solution Output 5 [selecting from the list with Aﬂ, |Force Convergence] (the force
convergence criterion is adopted). These steps will be repeated and chosen ,,Displacements Convergence”.
D.2. Setting results

Selecting the types of results

In order to select the final data types to be analyzed after the launch of the calculation module, follow the series of
commands presented below.
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—ﬁ, Outline ; L, -/ Solution (A6) _, jInset _, _Deformation — ™ Tetal  [use the commands in the open
command box with L+ ].
The same result can be obtained by using commands:

-8 Solution (A6) _, | Inset _, @ Deformation ~ _, @ Total [the buttons in the menu bars are used] and:
_;:{@ Solution (A6) —y | Insert _ 8, Deformation - _y %3 Directional

-;»'{@ 52|“ti°'“ (AG) — | Insert _ ﬁﬁ Stress » _ ﬁ,j Equivalent {von-Mises)

-] Solution (A6) _, | Insert _, T Stress ~ | @ Eor

.;:{@ Solution (A6) _, | Insett _, ﬁlj Stress = _, W Maximum Principal

;{@ Solution (A6) _, | Insert _, B, Strain N M, Equivalent (von-Mises) .

-] Solution (A6) _, | Insert _, S Strain ~ _, WL Vector Principal

-6 Solution (A6) _, | Insert _, [d|Tools v _, || StressTool _, Safety Factor,
f@ 5:_:-|utiﬂn (AG) —y  Insert _ . Energy ~ N L Strain Energy

T

Next, the other types of results to be analyzed are set, respectively the reactions in the supports:
L-f@ 5:_}|Iltiml {AB) —y  Insert QﬁlF‘rnbE - _)@l Force Reaction -

L,f{ﬂ Solution (A6) _, | Insert _, %Prnbe N @, Moment Reaction

D.3 Launching the solving module

—ﬁ, Outling . £\ Analysis Settings _ pEPT RIS NESe el Solver Controls —s Large Deflection ;I: On
_, _|~/ldl Solution (A6) _, -/salve

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

For suggestive results, set the view scale of the menu bars:

Result 8,6e+002 (Auto Scale) - N Result 1.0 (True Scale) -

Total deformation viewing
, Qutline - _| Solution (A6) _y | M1 Total Deformation _y 1oyl Graph —> Animation > m

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the display
Result  1,7e-+003 (2x Auto) -

scale by selecting a higher value:

Various forms of distorted state representation can be used by calling the W T (Edge) button. Show Underformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation.
- 5 | o | E5erobe
| IE Ma WireFrame
Kf show Undeformed WireFrame
Kf show Undeformed Model
Ef show Elements

The display characteristics can be changed: the number of frames = 17 Frames ¥, as well as the running
time of the simulation 3¢ (Auta) ¥ . At the same time, the result can be saved as a video file using the

Export Video File command I
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Visualization of the deformation in one direction
ﬂ Qutline . _| Solution (A8) _ ,,_ﬁ Directional Deformation _y Graph —» Animaten [ li .
If you want to view it in another direction, follow the steps below:

E Outline :J--- Solution (A6) _ ‘,_ﬁ Directional Deformation __y, gyt

ails of ,,Directional Deformation”
Definition — Orientation Ll: X Axis —» =/ Selve
Total Deformations

Directional Deformation
J Solution (A6) _ - A Total Deformation N <J Solution (A6) _y ,,@ Directional Deformation __y

Graph —» Animatien > m Graph — Animaten >im

10,018
8,3482

0,1909

6,6785 0,048141

5,0089 -0,094623

3,3393 1 -0,23739

1,669 + -0,38015

0 Min -0,52291

-0,66568 Min
E.2 Visualizing the fields of stresses, forces and moments

Strain Energy Equivelent Stress
.J/& Solution (A6) _y M StanEnergy _, | /8 Solution (A6) _, M EquialentStress _y Gran
Graph —» Animatian > m _y Animaton - M

0,33878
0,29643
0,25408
0,21173
- 0,16939
— 0,12704
| 0,084694
0,042347
0 Min

Structural Error

Safety Factor
g Solution (A6) _y M@ StructuralEror _y | -,/ Solution (A6) _y M Safety Factor Graph —

Graph —y Animation >(m (sau Tabular Data). animaton | M. (sau Tabular Data).
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Unit; ml
Time: 5
13.04.2014 19:05

Time: 5
13.04.2014 19:12

15 Max
0,10777 Max n
0,095799
0,083524 s
0,071 1
0,18087 Min

1}

Force reaction in support
.| ~/[] Solution (a6) _y -, Force Reaction _, Graph —> Tabular Data.

Time [s] |[v Force Reaction (%) [Nl |[+ Force Reaction (¥) [N] ||+ Force Reaction (2) Il | [v Force Reaction (Total) ]
a(175 -2,2517=-002 -34,33 -3,3942 34,493
2(2,25 -4,279e-002 -44.059 -4,3879 44,277
32,75 -7,1138e-002 -53,753 -5,4735 54,031
43,5 0,13174 68,226 -7,1793 68,003
=24 -0,18504 -77,828 -3,3664 78,277
B45 -0,25271 87,392 -9,5883 87916
7|5, 40,33295 95,916 -10,839 97.521

Moment reaction in support
o] /] Solution (A6) _, /& MomentReacton _y Graph —> Tabular Data.

Time [s] |[v Moment Reaction (X) M-mm] |[v Moment Reaction (¥) [N-mm] ||+ Moment Reaction (Z) IN-mm] [[v Moment Reaction (Total) [N-mm]

87,054 5,0396 -49,646 100,34
109,64 65,5898 53,599 126,93
131,09 8,2072 77,444 152,48
160,59 10,713 -97.993 188,7

179,04 12,445 -111,52 11,3

195,67 14194 -124,9 232,57
210,64 15,98 -138,09 252,38

E.3 Visualizing the convergence of solutions

—ﬁ’ Qutline: | - Solution (A6) _ ;{_ﬂ Solution Information  _y  [pEETIE MBIV S Solution

Informations — Solution Output hd Displacements Convergence.
Repeat these steps and select "Force Convergence".
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Displacement Convergence

=
]
o
[~

A 6,558-2

Displacement (m

5,63e-3

——— Displacement Convergence
—— — - Substep Conwverged

Displacermneant Criterion

— — - Bisection Occurred

L

Time (s)

Cumulative Iteration

Force Convergence

2,3e+4

3,24843
1,19e+3

272
Z61,9
9 14,1
5
8321
0,732
0,167

8,66e-3

—#— Force Convergence Force Criterion —— — - Bisection Occurred

—— —— - Substep Converged

Time (s)

Cumulative Iteration

&, 9, 12, 15, 18, 21, 24, 27,

F. ANALYSIS OF RESULTS

F.1 Interpretation of results

The characteristic of the spring was drawn after performing two simulations with deformations of 10 mm (blue dots),
respectively 15 mm (red dots). A perfect overlap of the results is observed, and it can be concluded that this graph is

correct.
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From the point of view of the deformations in the area 0... 15 mm, it is observed that the graph is a straight line
segment, so in this interval the spring works in the elastic zone of the deformations. The value of the force generated
by the spring can be extracted from the graph, depending on the value of its deformation.

For example, at a spring compression of 10 mm, the force generated on the valve piston is about 65 N. According to
the technical data of the safety valve analyzed, the valve seat has a front surface of 283 mm?2. According to the relation
p = F /S, the value of the nominal pressure obtained by the valve is obtained: p = 2.3 bar. For a spring compression
of 15 mm, the operating pressure becomes p = 3.4 bar.

Because the maximum compression of this spring depends on the pitch, the number of turns, and the diameter of the
turn:

x=(p-d)-n=(575-2) -5=18,75mm,

it can be concluded that this valve will operate in a range of working pressures between 0.7 barr (corresponding to a
2 mm spring compression) and 3.75 barr (for 16 mm compression).

F.2 Accuracy and convergence analysis

The information regarding the deformations, corroborated with the information regarding the equivalent stresses, the
structural error, the convergence of the solutions lead to the conclusion that the spring withstands the loads without
problems, the values of the maximum stresses not exceeding the allowed limit value of the material. Increased
attention must be paid to the connections at the exit of the spring propeller, at both ends, these two areas being
important concentrators of stresses and a discretization finish is required, here appearing the maximum structural
errors. The much lower values of the structural error field (max 0.107 mJ, subchapter E.2) indicate that the stress
values are close to the exact ones. In addition, from subchapter. E.3 highlights the fast convergence (25 steps) of the
model solving algorithm and the calculation time is reduced.

G. CONCLUZII / CONCLUSIONS

In order to use the valve for higher ranges of working pressures (its body withstanding pressures of 16 barr), it is
necessary to change the spring with some with different characteristics: either with a larger coil diameter or better
materials.

To demonstrate the concept, the diameter of the coil will be changed from 2 mm to 2.5 mm, as follows:
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/] A: APL-A.4.8,

- 3= X¥Plane
. ; L I:EI
- Sketching — .| ~vcD ket ooy, - % DXPlane
) ) T v = YZPlane
Dimensions:3 — D1=25mm — °#Generate Point1
L
B ) R ;
M Sketching —» .| v Swesp2 _, N > Sl
....... y
Details of Sweep2 —> Twist Specifications =J: Pitch — v ¥ Pointd
i ~iGeneraste v > Linel
Pitch=2,5mm =/ e /e Line2
------- v e Line3
[+ M@ 1Part, 1Body

Repeat the steps for Sweep3.The spring in the figure from above will be obtained. Next, the analysis operations will
be performed according to the steps presented above.

H- File — Refresh All Data —» =/ Solve
J -/ Solution (A6) o ' Force Reaction —> Graph —> Tabular Data.

Time [s] |[v Force Reaction (%) [N] |[w Force Reaction () ] |[w Force Reaction (Z) [N] |[w Force Reaction (Total) ]
1|05 -4, 4687e-003 -24.4 -2,2287 24,501
21, -1,9466e-002 -48,712 -4, 5406 48,923
31,75 -6,717e-002 -35,019 -8,1745 85,411
2,29 -0,11957 -109,11 -10,713 109,64
212,75 -0,19182 -133,12 -13,346 133,79
613.5 -0,3436 -168,97 -17,471 169,87
4 -0,47781 -192,75 -20,33 193,83
845 -0,6425 -216,45 -23,265 2177
8l 5. -0,8382 -240,05 -26,259 291,99

Based on the data obtained by simulating a 15 mm compression, the characteristic of the 2.5 mm diameter coil spring
is obtained. The maximum deformation of this spring is 16.25 mm. Depending on the characteristics of this spring,
the nominal working pressures will be in the range (1,2; 8,4) barr. It can be seen that for any spring, following a fairly
simple analysis, it can be checked whether it will work properly but the values of the nominal working pressures of
the safety valves can also be estimated.
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Application: FEA-A.12
Torsional springs
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B. PROBLEM DESCRIPTION

A.1 Introduction

There are mechanical components in many technical products that have distinct compact structures required by the
main function to be performed. Representative of this group of components are the elastic elements (springs), the
damping elements, the supporting elements (housings), etc. The specificity of these elements, as a rule, is given by
their fixed or quasi-fixed connections with the neighboring parts. The finite element analysis of these components, in
order to obtain precise results, presupposes the accurate definition of the solid model, of the restrictions imposed by
the connections with the neighboring elements, as well as of the loads.

A.2 Application description

Springs are machine elements that, due to the shape and elastic properties of the materials, store the mechanical work
of external forces, at deformation, and return it, almost in whole or in part, in the period of return to the original shape.
These cylindrical coil springs are made of round diameter round wire. The introduction of force or torque occurs
through the arm at the beginning and end of each spring.

These springs have a linear torque characteristic and can be made by cold or hot forming. There may be various
constructive forms, shown in the figure below. They can be used in various applications, some of which are shown
in the images below.

H
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A.3 Application goal

In the case of this application, the analysis of the fields of displacements, deformations and tensions of an elastic
element of curved bar type from the composition of the devices presented above is presented. The values of the
geometric parameters of the spring were taken from the specialized literature, as follows: d = 2.5 mm - the diameter
of the coil; D = 50 mm - average diameter; n = 8.5 turns; A = 0.5 mm distance between turns.

B. THE FEA MODEL

B.1 The model definition

In order to draw up the finite element analysis model associated with the above application, it is necessary to identify:
e geometric shape and dimensions,
e restrictions induced by links with adjacent elements,
e external and internal loads (own weight),
e material characteristics.

B.2 The analysis model description

The geometric shape and dimensions of the helical spring are shown in the figure below.

Cupla de
rotatie

Element rigid
virtual

Element rigid
virtual

B.3 Characteristics of the material

For finite element analysis, the strength characteristics of the 50V Cr11A spring steel material treated at 50-55 HRC
are:

e modulus of longitudinal elasticity, E = 209,000 N / mm2;

e transverse contraction coefficient (Poisson), v = 0.3.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Creating of the project
B B 5 analysissystems _, @ Static Structural (the subproject window appears automatically); — [the

name can be changed Static Structural in / in Torsional spring].
Problem type setting (3D)
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a-L @ Geometry _, Properties _, JeGhEgiss of Schematic A3: Geometry & Advanced Geometry Options : . Analysis Type

[select from the list .Jﬂ, 3D] — [close the window, J % ].
Saving of the project

= : . . . 5
Jllsavens.. [l SaveAs | Filename: [input name, Torsional Spring] —> J

C.2 Geometric modelling

C.2.1 Importing the geometric model of the spring

This application will aim to use a geometric model made in another drawing / design environment. The model is made
in advance in CATIA v5R21 in the form of a 1D body, with the geometric construction data presented in the Model
section for analysis. The file, originally saved in the specific format of the CATIA software (.catpart) will be saved
under the extension of a universal transfer format (.igs or .stp).

E, L, | @ Geometry = 4 — Import Geometry — Browse — (navigate to the directory structure of
the HDD and identify the file Torsiunal Spring-1D.igs) —» 4 (OK);
s = . -
BEELL @ ceomety = 4 ANSYS Workbench: Select desired length unit: = Milimster _, |
_#
(OK) —» 1 _y - Generate
@) New Geometry =
Select desired length unit:
Import Geometry ]
=% Duplicate O Weter O Foot
Transfer Data From Mew 3 O centimeter O nen
Transfer Data To New » ® Milimater
O Wicrometer
q B R APLAAT
Refresh [] Always use project unit : Vﬂ“ X¥YPlane
Reset [ Always use selected unit _ .{;*_ Z¥Plane
EE Rename D Enable large model support ....... y ;*- 7XPlane ‘f-:.’*‘ YZPlane
o [E| Import1
Properties ------- v Y2PlERe & g 1F'p  180d
7 [igh] Import1 v 1Part, 1Body
Quicc Help v W@ OParts, 0Bodies v ™ Line Body

C.2.2 Creating the geometric model in CATIA

Activating the shape generation module and setting the unit of measure for lengths
CATIA — Start — Shape — Generative shape design — New part: New part name: Spring.
Tools — Options...— Options: Parameters and Measure; Units; Length, Milimeter (mm); 1 OK.

Generating of reference points

(Point) — Point Definition: X -27.50mm, Y 0mm, Z Omm; JOK. [similarly, the coordinates of some auxiliary
points are introduced - which will help to achieve the geometry of the arc P2(-32.5,0,0), P3(-44.5,5,0), P4 (32.5, 5,
25.5), P5(44.5, 5, 25.5) and the points P6(0, 0, 0) si P7(0, 0, 25.5) used to create virtual rigid elements].

2l & Arc torsiune
Point type: WJ - - Ppoint.1
K= 225 Point.2
¥ = |Dmm E

2 = [onm =S| Point.3
s Point.4

Paint: Default (Origin)

Point.5

Axis System: IDefault {Absolute)
Compass Location I Point 6

@ oK I - Canoell Preview I Point.7
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Helical spring generation

5'-9/ (Helix) — Helix Curve Definition select with the mouse in the graphic area or in the tree structure the point
Point.1 for Starting Point and for Axis, with the help of a right click on the selection box choose the OZ axis, then fill
in the step values: 3 mm and the height of the spring = 8.5 steps x 3 mm = 25.5 mm], . OK.

Obs.

The Helix command can be found in the Wireframe menu.

k|
WA L AReX
Helixl
Starting Point: [5or] '-%f Arc torsiune
G [z Axis ' Point.1
Type J.. )
Pitch: EC | e - Point.2
Revolutions: II—E pL_ Point.3
Height: - J-
Orientation: ICcunberdockwise j J.'- Point.4
Starting Angle: IMEQ—E FL_ Point.5
Radius variation
@ Taper Angle: IUdEQ = Way:lln“'ﬁ"d j - Point.6
) Profile: Mo selection FL_ Point.7
Reverse Direction I .
[ @ 0K l & Cancel ] Preview l J.'- e M
C.2.3 Generating of clamping areas at the ends of the spring
Generating of clamping areas at the 21x|
ends of the spring Line type :[Point-Point j@

. . Point 1@ |Point.2
/ (Line) — [se construieste un 2 T

o . Point 2 |Paint.3
segment de dreaptd din extremitatea

Support: |xy plane

arcului de cerc realizat anterior in Start, [ =
punctul P3 / a line segment is Up-to 1: [P
constructed from the end of the circle End:  [Omm =
arc previously made at point P3] — Up-to 2: [No selection

. . ey R . . Length Type
Line Definition — Line type: Point to e T

point, Point 1: Point.2, Point 2: O Infinite O Infinite End Point

POint.3, SUppOI’t: Xy plane J 0K [ Mirrored extent
@ ok | @ cancel | preview |

This command is repeated for the other

end of the spring, using points P4 and JET 3
P5, as follows:: Flane type: Ifoset from plane jM
< (Plane) — Plane Definition — - :

) eference: |3(3-' plane
[A plane parallel to XOY is Offet:  [25.5mm =

constructed, one at a distance (Offset)

Reverse Direction I
of 25.5 mm from XOY] 4 OK.

[ repeat object after O

& oK l - Cam:ell Preview l
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/ (Line) — [a right segment is constructed from the end of the circle arc previously made at point P5] — Line
Definition — Line type: Point to point, Point 1: Point.4, Point 2: Point.5, Support: Plane.1 4 OK

r_ (Corner) — [the 5 mm pitch helix is connected to the P1P2 and P4P5 segments with a radius of 5 mm] —
Corner Definition — Circle type: Center and point, Center: Point.2, Point: Point.1, Support: xy plane, Start: 0 deg,
End: 90deg - OK

Joining the five segments of the arc

EEL (Join) — Join Definition [select Helix.1, Circle.1,
Line.1, Circle.2, Line.2] 4 OK.

i Plane A Add Mode | Femove Mode |

L.

'L::' Circle.2 .

Parameters | Federation | Sub-Elements To Remove |

J. ol / [] Check tangency & Check connexity & Check manifold
- Line.? [] simplify the result

[ 1gnore erroneous elements

Merging distance m

[1 angular Threshald |'II. Sdeg

@ OK l o Canoell Preview l

Generating the spring section
ANsYs Workbench B L B modeing

Concept —» Cross Section —» @ Cireular _
e =l @8 1Cross Section

PN > Dimensions:1 — R1=1,25mm — L@ Ciraularl

E j Generate (= ﬁ 1Part, 1Body
ey S Ling Body

Assigning a cross-sectional profile to the spring
Generating a profile does not mean assigning it to a 1D
part. To complete the procedure, proceed as follows

i, | v ~LlneBody _ DEEIRE s Details of

Line Body — Cross Section LI: Circular 1;

Modeling — View — |T Cross Section Solids [the

3D viewing option is activated | —-/ Generate

Building a point in the 3D space of the spring

il Create — Point — — Details of Point 1 — Definition _l: Manual Input; Point Group 1

(RMB) — X Coordinate = 0, Y Coordinate = 0, Z Coordinate =0 — 3} Generate
This point will be used to create a virtual rigid element for the introduction of forces.
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C.3 Modelling of material characteristics

Changing the value of the modulus of

elasticity Properties of Qutline Row 3: Structural Steel * B X
B , Project Schematic § L, A B c D |E |=
. . 1 Property Value Unit (%] ['i::i
@ Engineering Data "
) 4 - 2 ] Density 7850 kam~3  _=|/[C1{[]
Q Edit... - Isotropic Secant Coeffident of Thermal
. : . 3 3 ?zEI Expansion D
Outline of Schematic A2: Engineering Data i
’ 6 %4 Isotropic Elasticity O
Q‘@ Structural Steel 7 Derive from Young's... =]
Properties of m \- ! ‘ 3 Young's Modulus 2,09E+11 Pa | E
. . L. - ' 9 Poisson's Ratio 0,3 [&]
= El Isotropic Elasticity - 10 Bulk Modulus 1,7417E+11  |Pa [l
Young's Modulus , Young's Modulus . [select T Shear Modulus 8,0385+10 |pa il
from column C (Unit ) cu - | JMPa] 12 8 Alternating Stress Mean Stress = Tabular [l e
. . . , ' in-Life Parameters 0o
Uit 16 E Strain-Li
[input in column B ( ) valoarea / 24 & Tensile Yield Strength 2,5E+08 Pa FlE|E &l

value, 209000] —» .1 7 UndateProject
- @ Return to Project (the other
parameters remain the default ).

C.4 Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type

Launching of the finite element modeling module

i I Project schematic IR JUS:CINNGY . 2SN [launching module Mechanical [ANSYS Multiphysics].
Setting the unit of measure system

. . units |, Metric (mm, kg, N, 5, mV, ma) (the system of units of measurement is usually set by default).
/% Geometry _, Details of "Geometry’ _, Definition —» Element Control ZJ: Program Controlled |

Details of "Geometry™

- B =] Definition

1 Source C:\_Documente\Carte MEF\AEF-A\_Aplicatie ferma 1DVF...
. ) H| Project Type DesignModeler

2 & EngineeringData " 4 E[j Length Unit Milimeters

3 (i) Geometry v 4 Ee -/Lﬁ Geometry Element Contral |Program Controlled

& |‘ Model 4 ‘l ----- v sk Coordinate Systems Display Style | Body Color

5 @ Setup 2, ------- _//% Mesh Bounding Box

| @ s 7. O SmmcstwcuwsiGs) el

e N Analysis Settings Statistics

7 | @ Results 7 4 (=--le Solution (AG) Basic Geometry Options

AEF-A.4.6. e .;{Il Solution Information Advanced Geometry Options

Setting the m_aterial characteristics

;B B Geometry | ine Body —> [DISCTIRRSREBTIREISRY , Material - Assignment _ [select from list.
], iStructural Steel (set py default)].

C.4.2 Model discretization and analysis type setting

—ﬁ, . oM Mesh _, & Mesh Control = 5 [k Siing  _, [pISPHIIPMEINPAMEISTITN » Scope —> Select

Geometry: [select with . the geometry of spring using I (Body)] Apply; Definition Element — Size: 0,001 m —
- Update
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of "Body Sizing” - Sizing 1

Scoping Method | Geometry Selection

Geometry 1 Body
Definition

Suppressed Mo

Type Element Size
mmnam
0,000 0,045 Nl 0,000 (m) :
= oz - ) Behaviar Soft
O Sh
. . . . ow Mesh
For a proper view of the discretization, this will be done:

\1\“"\'\ \\\\

IS
13 nmﬁ“‘i“‘ S
‘a,‘amm‘\‘l S
‘m\m\\\\\‘-""“
S

&

C.5 Supports and restraints modelling

Input the gravitational acceleration

Since the weight of the spring is very small (about 58 g), the influence of the weight force (0.56 N) on the analysis
results is very small, taking into account the value of the applied torque (which is 1 Nm, which corresponds to a force
of of 40 N acting at the helix end point).

Input restraint
, . _El-9[=] Static Structural (AS)
_y Psupports - _, @ FixedSupport

IDISEN R MG N el — Scope —
Geometry: [select with I the end segment of
the spring at a height of 25.5 mm, using the

selection filter [l (Edge)] — Apply.

C.6 Load modeling

Input Remote Moment

, JE| """ 'J‘El Static Structural (A5) _, . Loads ~ _, T Moment _, _, |pYeEIING MY uSine — Scope —

Geometry: [will be selected with . the arc of the connecting circle between the spring propeller and the terminal

segment at dimension 0, using the option i (Edge)] — Apply; Definition —» Magnitude' -1 Nm;

- Scope — X Coordinate = 0, Y Coordinate = 0, Z Coordinate = 0 [the coordinates of the point P1 (0, 0, 0) made
previously will be written].
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. “?;‘_;—_—-_,.,4_ -

The constraints and loads of the resort will look like the figure below

Bl ‘5:"1:'
g Analysis Settings
....... ‘,Eiﬂ Fixed Support
....... ./% Moment
=-/a| Solution (A6)
e, ,;;m Solution Information

D. SOLVING THE FEA MODEL

D.1 Setting results

In order to select the final data types to be analyzed after the launch of the calculation module, follow the series of
commands presented below.

ﬂ - L 55@ Solution (A6) _, |nsert —» Deformation — Total [use the commands in the open command box
with L. ].
The same result can be obtained by using the commands:

are used] and

L, g8 Solution (A6) _, 4, Deformation + _, %, Directional

For this type of structure, the Beam tool can be applied in order to visualize the linearized stresses on the component
elements. It is customary, in the process of designing bar structures, to take into account the components of axial

stresses that arise from the effect of axial and bending loads in all directions. The following are the other types of
results to be analyzed:

L, /8] Solution (A6) _, l@Tools - _, Beam Tool

th@ Solution (A6) N ¥ Beam Results - _)ﬂI Axial Force

L, /8l Solution (A6) _, ' eam Results ~ _, % Bending Moment.

thg@ Solution (A6) _, 4 Beam Resuts -

_, . Torsional Moment
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L, [l Solution (A6) _, 4 BeamResults v _, . Shear Force

D.2 Lansarea modulului de rezolvare a modelului / Launching the solving module

B outiine. | -/ Solution (A6) _, -/salve

et

[SE 7} Solution (A6)
------- & | ¥] solution Information

------- _;ﬁ Total Shear Force
= Beam Toal

: _jﬁ Minimum Combined Stress
e M Maximum Combined Stress

N ‘.} Solve N

(SR | Solution (A6)
------- ¥ Solution Information

------- J@ Total Deformation
------- Jﬁ Directional Deformation
------- A0 Axial Force
------- A8 Total Bending Moment
------- A Torsional Moment
------- J@ Total Shear Force
- Beam Tool
— Direct Stress
- A Minimum Combined Stress
e A Maximum Combined Stress

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

For suggestive results, set the view scale of the menu bars:

Result 8,6e+002 (Auto Scale) v Result 1.0 (True Scale) -

Total deformation viewing

’ Outline - _| 5:_1Iution {AE}_) J"-/ﬁ Total Deformation —> Tab-ul Graph — Animation hli
If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the display
scale by selecting a higher value; ResHt 1,78+003 (¢ Auto) =

Various forms of distorted state representation can be used by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation

The display characteristics can be changed: the number of frames |ﬁ, =4 | [HIR | [ Probe

10 Frames ¥, as well as the running time of the simulation | [ N WireFrame

* At the same time, the result can be saved as a | B\ Show Undeformed WireFrame
ﬁ Show Undeformed Model

B Show Elements

2 Sec (Auto)

video file using the Export Video File command .

0,16654 Max
0,14804
0,12953

0,018505
0 Min

Visualization of the deformation in one direction

145




0,011763
-0,00948
—{ -0,030723

1 -0,051965
-0,073208
-0,094451 Min

If you want to view it in another direction, follow the steps below:

Definition — Orientation ﬂ: Y Axis —» o Selve

E.2 Visualizing the fields of stresses, forces and moments

Direct stress

Direct Stress (ox) represents the
component of the internal tension due
to the axial force in the spring.

B Outline. _1-/%] Solution (a6) _,
-,/ﬁ Direct Stress  _y Graph N

-7,7487¢5
| -2,3246e6
| -3,8743e6
-5,4241e6
-6,9738e6 Min

Maximum Combined Stress
Maximum Combined Stress —represents
a linear combination of Direct Stress
and Maximum Bending Stress.

B Outline. /%) Solution (a6) _,
,,-ﬁ Maximum Combined Stress

—> Graph

3,6311e8
2,9009e8
2,1707e8
1,4406e8
7,1043¢7
-1,9737e6 Min
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Directional Axial Force

(A Outline. | -,/ Solution (A6) _,

A Asial Force —  Graph N
Animation Fli

36,796 Max
28,619
20,442
12,265
4,0885
-4,0885
-12,265
-20,442
-28,619
-36,796 Min

Bending Moment

A Outline: |-/ Solution (a6) _,

’/ﬁ Total Bending Moment

- Animation F li .

—> Graph

1 Max

1 0,88889
0,77778
0,66667
0,55556
0,44444
0,33333
0,22222
011111
0 Min

Shear Force

Bl Ouline. | 81 Solution (a6)
-5 A0 Total Shear Force —> Graph
- Animation F li .

190,71 Max
169,52
148,33
127,14
105,95
84,761
63,571
42,381
21,19

0 Min

F. ANALYSIS OF RESULTS

F.1 Interpretation of results

It is observed that, despite the fact that the spring modeling was performed using a 1D body, the results obtained are
suggestive, being presented in a 3D environment.

From the point of view of the total deformations, it is observed that the maximum value is 166 mm, corresponding to
the extremity of the segment in the drive area.

147




It is observed that the areas with high shear and bending efforts are those corresponding to the connection areas
between the spring propeller and the right segment.

The information regarding the deformations, corroborated with the information regarding the internal stresses, the
combined maximum stresses lead to the conclusion that the spring withstands loads without problems, the values of
the maximum stresses not exceeding 6.5 x 108 Pa, value below the allowed material limit. Particular attention must
be paid to the connections at the outlet of the spring propeller at both ends, these two areas being important
concentrators of stresses.

F.2 Prezentarea rezultatelor obtinute prin metoda clasica

Known geometric parameters:

« d =2.5 mm - the diameter of the coil;

* Dm = 50 mm - average diameter;

*n = 8.5 turns;

* A =0.5 mm, the clearance between turns.

Type of support area (support) and number of turns in this area: symmetrical outer hooks; connection radius, r = 2d;
radius of action of the loading force, R=Dn /2 +r.

Based on the constructive data of the spring in the figure above, the displacement and stiffness are calculated for a
load M = 1,000 Nmm. The following values are obtained:

_ 64Myu Dpyn _
B, = ——pa = = 213,14 grd
k= 64EDd4 - 1%0 = 4,7 Nmm/grd

F.3 Comparative analysis of results

Using classical methods of Strength of Materials, the results are obtained by relatively simple calculations and can
be compared with those obtained with MEF. On the other hand, by classical methods, very few results are obtained:
only the angular displacement and the rigidity of the spring.

G. CONCLUZII / CONCLUSIONS

From the point of view of the pre-processing phase, it can be seen that the use of 1D bodies involves minimal resources
for both modeling and discretization. Another strong point is that the profile of the spring can be modified / oriented
very easily, without influencing the basic shape.

The introduction of supports, constraints and demands is quick and easy. The declaration of materials as well as
discretization are controllable processes, which can be done automatically or manually.

Comparing the results obtained by the classical method and FEM, it can be seen that they are comparable, at least in
the case of angular displacement, which was calculated classically, the finite element method providing much more
data, over time and resource consumption much smaller.
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It can be seen that the spring is very strongly stressed in the connection area, at the exit of the propeller towards the
extremities. The modification of these areas and the recalculation by FEM is done in a very short time, being an easy
procedure. On the other hand, the model for analysis can be changed very easily, and it can change the supports and
the demands very easily. In the case of geometries imported from other modeling programs, the geometric model will
have to be modified in the original software, which will lead to the resumption of the procedure from the beginning.
For example, the analysis model can be modified by introducing an additional constraint, represented by the obligation
for the final segment of the spring in the moment (force) request area to move in a plane. This means that the spring
will not be deformed on the Oz axis.

—ﬁ, Outline. | =[] Static Structural (A5) _,
G, Supports » _ ﬁiﬂ Remote Displacement _, [BYeT Ne}i

MEuLENNESuENel — Scope — Geometry:
Moment: -1,

; 3 B ‘m :
[will be selected with I the end of the end segment of  [c]remote Displacemer: [ED>
the spring located at dimension 0 mm, using the option

(Vertex)] — Apply — Definition — X @ o
Component: Free, Y Component: Free, Z Component: [ »

0, Rotation X: 0, Rotation Y: 0, Rotation Z: Free.
The model for the analysis will look like this:

The results obtained for Directional Deformation (X Axis) as well as for Maximum Combined Stress are presented
below.

6,5519e8 Max
5,82398
5,096e8
4,363
3,64e8
2,912e8
2,184e8

0,075493
0,054251
0,033009
0,011767
-0,0094756
-0,030718
-0,05196 1,456e8
-0,073202 7,27997
-0,094445 Min 0 Min

The results are almost identical to those obtained in the previous example. This is due to the fact that, by applying a
moment via a Remote Point, the action of this request is required to take place only around the Oz axis, so it will only
act in a plane parallel to xOy - equivalent to the newly imposed constraint in the second example.

Another model for analysis can be considered by replacing the moment applied to the spring with an imposed
displacement of a certain angular value.

For this, the action of the moment will be suspended and an imposed angular displacement will be introduced.
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'L Qutline - L, -, 8, Moment _ SUPWESS;
o, Supports - BN Eiﬂ Remote Displacement

Details of ,,Remote Displacements” [eaisise] oS

Geometry: [will be selected with 1 the arc of the
connecting circle between the spring propeller and
the terminal segment at dimension 0, using the B

selection filter [ (Edge)] — Apply —> Definition
— X Component: Free, Y Component: Free, Z
Component: 0, Rotation X: 0, Rotation Y: 0,
Rotation Z: -90°;

L, ﬁﬂ Remate Displacement N @ Promote Remote Point _y ‘J---‘([SJ\ Remote Displacement - Remote Point BN ctails of ., Remote
BN T RSt cpgalng —> Scope — X Coordinate = 0, Y Coordinate = 0, Z Coordinate = 0 [the coordinates

of the point P1 (0, 0, 0) made previously will be written] —» = Salve
The results obtained, for an imposed displacement of -90°, are presented below.

y 0,041064 Max
0,032046.
0,023029
‘ 0,014012
0,031422 0,0049942
0,023566 -0,0040232
0,015711 A
0,007855¢ -0,022058
0 Min -0,031075
-0,040093 Min

= 60,959 Max

71,963 2,4713e8
62,968 2,161428
53,073 1,8514e8

1,5414e8
1,2315e8

44,977
35,982

26,986 9,2152e7
17,991 6,1155e7
8,9954 3,0159e7
0 Min -8,3782e5 Min
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A. PROBLEM DESCRIPTION

A.1 Introduction

Many technical products contain mechanical elements that have distinct compact structures, required by the main
function to be performed. Representative of this group of components are the elastic elements (springs), the damping
elements, the housing support elements, etc. The specificity of these elements, as a rule, is given by their fixed or
quasi-fixed connections with the neighboring parts.

The finite element analysis of these components, in order to obtain precise results, presupposes the accurate definition
of the solid model, of the restrictions imposed by the connections with the neighboring elements, as well as of the
loads. This application will aim to perform a transient dynamic analysis to determine the response of the target
structure to tasks that vary over time. If the effects of inertia and damping are not significant, another analysis can be
performed - static structural with variable force.

A.2 Application description

Elastic elements made by rubber are frequently used in the construction of mechanical systems due to their elastic
capacity and especially their damping capacity and, in many cases, due to their lower cost.

The buffer in the adjacent figure is composed of a cylindrical piece of rubber to which are attached two flat metal
reinforcements.
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These elements are frequently introduced in the subsystems of motor vehicles having the role of supporting parts or
as elastic quasi-couplings with damping, bringing the following advantages: they eliminate wear and noise, dampen
vibrations, have moderate costs and unpretentious maintenance. On the other hand, these elements have a shorter
service life than steel due to the decrease in the strength and elasticity properties of rubber over time (aging process).

A.3 Application goal

The aim of this paper is to determine the displacement, deformation and stress fields of the standardized rubber buffer
structure, type 497719, usually used to support the muffler in some vehicles. The rubber pad has the following
dimensions: D = 70 mm, threaded rods M10, L =43 mm, H = 70 mm. The loading and fixing of the studied element
is done by means of the M10 metal rods integral with the flat metal reinforcements. The metal reinforcements are
considered to be rigid and non-deformable in relation to the rubber mass of the element.

B. PREPARATION OF THE MODEL FOR ANALYSIS

B.1 The model definition

In order to draw up the finite element analysis model associated with the above application, it is necessary to identify:
e geometric shape and dimensions,
e restrictions induced by links with adjacent elements,
e external and internal loads (own weight),
e material characteristics.

B.2 The analysis model description

The geometric shape and dimensions of the rubber pad are shown in the adjacent figure. For the analysis, the structure
of the buffer is modeled with 3D finite elements and, therefore, the geometric model is identical to the solid model.
In order to simulate the behavior of the buffer as close to reality as possible, considering its loading by means of an
M10 threaded rod and of the reinforcements made of steel, characterized by increased rigidities, the fixing constraints
and loads will be introduced directly on the faces of the rubber cylinder. In order to simulate the connection with the
outside by means of the external reinforcement, boundary conditions are introduced which imply translation
restrictions after the three directions of the XYZ coordinate system for all points of the surface.

ITEM D H d L
497719 70 70 M10 43
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B.3 Characteristics of the material

The analyzed element is made of neoprene rubber, with a hardness of 70 Sh and the following deformation
constants: A =0.177 N/ mm2, Aoz = 0.045 N/ mm? and D1 = 333 N / mm?. These characteristics, in the area of
small deformations, correspond to the following physical parameters of analysis:

e modulus of longitudinal elasticity, E = 400 MPa;

e transverse contraction coefficient (Poisson), v = 0.49.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Creating of the project
The following commands will be executed, in the order shown:

E, QLEEEEY | B AnalysisSystems _, ) ) [ Transient Structural (the sybproject window appears automatically) —

- . 5
&l saveAs... _, File name: Rubber element — .

Problem type setting (3D)
AL @ Geometry BN Ca RN Properties of Schematic A3: Geometry , ; ) Analysis Type |

[select from list 4.2, .13D] - [close window 1 ].

Save of the project

= _ - . Save
Sl savess.. [ Save s File pame [ input name, Rubber element] — A.

Setting the unit of measure for lengths
B 2. | 2 nshysisSystems _, ANSY'S Workbench: Select desired length unit: = Milimeter _, 5] (o)

N N ‘./,E Generate )

i) MNew Geometry... ]
Select desired length unit:
Impart Geometry 3
23  Duplicate O Meter ) Foot
Transfer Data From Mew  » O Ccentimeter O eh
Transfer Data To New ’ ® wilimeter
(; Llpl:late O Micrometer
Refresh |:| Always use project unit
Reset [ anways use selected unit By g A: APL-A.4.9,
QE Rename [] Enable large model support ,,,,,,, » ;*- ¥YPlane
- Z¥Plane
Properties (i l
L ane
QK H
Quick Help [ . M 0 Parts, 0 Bodies

C.2 Modelling of material characteristics

Choosing of hyperelastic material (neoprene rubber):

E_) |, @ EngineeringData v INE QNN - SN Properties of Outiine Row 3: Structural Steel (by default, the program

opens the Structural Steel material, to be changed to Neoprene Rubber, chosen from the material database).

E_) Outline of Schematic A2: Engineering Data — L. Structural Steel — Delete —s . ﬁ N Engineering Data Sources N
a @l Hyperelastic Materials N Outline of Hyperelastic Materials 5 %} Meoprene Rubber - J (Add to A2:
Engineering Data) — Hlal b et > the material characteristics stored in the program
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database are accepted —>  Update Project _, (RRetum toPraject o cont for 4 few properties: density (the value of

1000 kg / m® will be entered) as well as the modulus of longitudinal elasticity (E = 400 MPa) and the Poisson
transverse contraction coefficient (v = 0.49).

dlmport... |+gReconnect & Refresh Project # Update Project | {3 Return to Project & Compact Mode || 7 ()
s

A B C D

1 Data Source /| Location Description
2 5 Favorites Quick access list and default items
3 ﬁ General Materials [ & | General use material samples for use in various analyses.

4 ﬁ General Noninear Materials [ & | General use material samples for use in nondinear analyses.

5 ﬁ Explicit Materials [ &l | Material samples for use in an explidt anaylsis.

[ ﬁ Hyperelastic Materials [ & | Material stress-strain data samples for curve fitting.

Qutline of Hyperelastic Materials > 1=
A B C E

1 Contents of Hyperelastic Materials = Add  jource Description

7 =

3 Elastomer Sample (Mooney-Rivin) ar Sample data to model as Mooney-Riviin

4 Elastomer Sample (Neo-Hookean) ar Sample data to model as Neo-Hookean

5 Elastomer Sample (Ogden) ar Sample data to model as Ogden

[ Elastomer Sample (Yeoh ) ar Sample data to model as Yeoh (courtesy of Axel Products, Inc. http:/jwww.axelproducts.com)
7 Neoprene Rubber ar & Sample data for a neoprene rubber

Outline of Schematic A2: Engineering Data v o ox
P————— ©

A B | C D =
A B B D | E
Contents of

1 Engineering = | i jource Description 1 Property Value Unit |9 |05

Balo PR I e —
= = 3 Derive from Young's Modulus and Pois. .. ;I
3 -_, giggr:rne =] Sample data for @ neoprene rubber 4 Young's Modulus Pa ;I

X 5 Poisson's Ratio

Click here to
= add a new 6 Bulk Modulus Pa

material 7 Shear Modulus Pa

Chart of Properties Row 2: Uniaxial Test Data n v o X

Temperature : 7.8886090522101181E-31 [C]

Stress (.10% [Pa]

1 2 3 a 5 5
Strain [m m~™-1]

C.3 Creating the geometric model

C.3.1 Uploading DesignModeler Module (DM)

E, Project Schematic § L, @ Geometry N

New Geometry... _, ANSYS Wurkbench_-; J J . I0K.

C.3.2 Creating the rubber component

reating the body

_ Modeling _, 3 XiPlanei _, Sketching _, ¥R, praw — @Crde  [1n the 2D modeling area a circle is
created according to the sketch below] — —> Dimensions: 1 — D1 = 70 — =/ Generate
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Details of Sketchl

Sketch Sketchi

7 Sketch Visibility Show Sketch
Show Constraints? | Mo

[=| imensions: 1

[N

~ : ° [=l| Edges: 1
x | [Full Cirde |cr7

ﬂ > Modeing _, [Extrude _, BEEIRI — Details of Extrude 1 — Geometry: Sketchl — Depth: 70 —
:} Generate

.....................

-y = 2Plane

------- v = YZPlane

=, [ Extrude1

e » I:EI Sketch1

-, M@ 1Part, 1Body
E— ” @ Solid

Making clearances at the ends

A 65 mm diameter and 2 mm deep recesses shall be
drilled to simulate the position of the metal
reinforcement of the buffer.

B - rvodeing _, 5 (New Plane) — EEEIS
Details of Plane 1 — Type =l From Plane — Base
Plane: XY Plane — °/ Generate _, Sketching _, 1R _,
Plane 1 — (& Circe [In the plane P1 draw a concentric
circle with circle D1 and diameter D2 = 65 mm] —
SEEEA > Dimensions: 1 — D1 = 65 — -/ Generate
m —y _Modeling _, .Exlrude — =R S Details
of Extrude 2 — Geometry: Sketch2 — Operation =l

Cut Material — Depth: 2 — </} Generate
Repeat the above steps to clear the other end of the
cylinder.

View
ViEW >

C.3.3 Saving the geometric model

E — = (Save Project) — File — Close Design Modeler.

C.4 Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type
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- [=| Project
E - Jdd @ Mode! < 4 - 1 o @ Model (A4)
launching the module Mechanical 5 = A Geometry
. . - lid
ANSYS Multiphysics]. x 8 So
physics] . 3 M Geometry v . E /24 Coordinate Systems
;7 8 Solid - B Mesh
’ . B Wt 4 | . Model v ‘| _
Details of "Solid™ ; B Transient (AS)
- Material - 5 @ Setup 7 4 ] Az Initial Conditions
Assignment 2l Neoprene Rubber. B Salution * ------- s Analysis Settings
7 @ 7 e ,/Ef}v Fixed Support
Resllts F | ....... 1. Force
Element elastic din cauciuc B Solution (A6)

C.4.2 Model discretization and finite element size setting

—ﬁ . . <% Mesh _, @ MeshControl » _y Wk Sizing  _, — Scope — Select
Geometry: [will be selected with . 3D body geometry, using the selection filter | (Body)] Apply; Definition

Element — Size: Default — Nonliniar Effects ZJ: Yes — /Update  For g proper view of the discretization, select:

DE‘;Shnw Mesh .

.J
Details of "Body Sizing” - Sizing
=l Scope

Scoping Method | Geometry Selection

Geometry 1Body
[=]| Definition
Suppressed Mo

Type Element Size
Element Size |Default

0,00 50,00 100,00 (rm) -
25,00 00 Behavior Soft

C.5 Supports and restraints modelling

Input restraint

, : _|E-9[2] Static Structural (AS) _
U#, Supports - N [3-1, Fixed Support N

PECMCEEN i > Scope — Geometry: [the

surface at the end of the spring at a height of 2 mm shall

be selected with .1 using the selection filter I (Face)]
— Apply.

C.6 Load modeling

Input forces
Because the part being used is used to secure a car's exhaust pipe, the stresses will not only be static, but will vary

over time, depending on the vibration of the drum.
A sinusoidal, time-varying force-type load will be used in this study. Upload values will need to be entered in tabular
form.
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—E’ ‘J----?Q‘ Analysis Settings N

PRSIV ESESSE N 5 Step Controls — Number of

Steps: 1, Current Step Number: 1, Step End Time: 0,5 s, - i’fﬂﬂs :]'"'"'E [] FDI [N FU"' [N g ZN
Auto Time Stepping: * Off. 21 |se002 =0 =0, 0,
& - 301 |01 o, 0, -80,
| : /(@ Transient(as) _, Shloads _, 41 oas =0, =0, 80,
T Force — Scope — Geometry: S 0.2 =0 =0 30

[selecting with J the surface from the end of the buffer at

distance 68 mm, using option I (Face)] — Apply;
Definition — Define by: Components; X Component =0
N, Y Component = 0 N, Z Component: 3 Tabular Data

N , & Tabularbata o (aple with the

values of the loads presented next will be completed). The
constraints and loads of the resort will look like the figure
below

[_@ Model (A4, B4)

----- ,,ﬁ Geometry
----- 4 Coordinate Systems

=4 Initial Conditions
------- <\ Analysis Settings
o ,,«Eiﬂ Fixed Support
- ﬁ 1. Force

£ Solution (A6)

D. SOLVING THE FEA MODEL

D.1 Setting results

In order to select the final data types to be analyzed after the launch of the calculation module, follow the series of
commands presented below.

Total deformation setting
?. Outline - L, /& Solution (A6) _, | Insert _, _Deformation _, %, Total

Equivalent stress setting
L. -- Solution (AG) — Insert _y | 5tress Jﬁg Equivalent (von-Mises)

One direction deformation settings
L, -8 Solution (A6) _, ', Deformation - _, B, Directional

Next, set the other types of results to be analyzed:
_| -/l Solution (A6) _, M Stress - W Eror

J -- Solution (A8) _, A, Strain - N B, Equivalent (von-Mises) .
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.| -/Ig8] Solution (A6) _, WA Eneray ~ _, L Strain Energy

D.2 Launching the solving module

—E, Outling: | ~£\ Analysis Settings _, [PINTEIUEISRERTES] _, Solver Controls — Large Deflection =J: On
1 ~#[da] Solution (A6) _, -/ solve

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement fields

For suggestive results, set the view scale of the menu bars:

Result  8,6e+002 (Auto Scale) = Result 1.0 (True Scale) -

The section will be used to view the analyzed part in section ra (New Section Plane) located on the Desktop and
a section plan will be chosen.
Total deformation view

/8 Solution (A6) _ -, Total Deformation _y Graph —» Anmation > m .

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the display
Result  1,7e+003 (2x Autc) =

scale by selecting a higher value:

Various forms of distorted state representation can be used
by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the
undeformed and warped models in the same representation.

Time: 0,2
25.01.2015 20024

0,0032377 Max

The display characteristics can be changed: the number of 0,0028779
. . 00025182
frames = 10 Frames ™, as well as the running time —
of the simulation. At the same time, the result can be saved gggizzg?
as a video file using the Export Video File command =& . 0,0010752
0,0007 1945
0,00035574

0 Min

Visualization of the deformation in a certain direction

| -/ Solution (A6) _y - M Directional Deformation  _

Global Coordinate Syskem

imati Time: 0,2

Graph — Animation h u . 25.01,2015 20:26

If you want to view in another direction, follow the steps 535020902;23”“

below: -0,00067485
-0,0010404

J Solution (A6) - M Directional Deformation N -0,001406
-0,0017716

Details of "Directional Deformation™ —s Definition — Orientation Egggégg

;IZ Z Axis —> 3 Solve -0,0028683

-0,0032339 Min
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E.2 Visualization of equivalent stress fields, structural error and acceleration

Equivalent Elastic Strain
J -/ Solution (A6) SN - M Equivalent Elastic Strain BN

Graph - Animation F li .

A: Element elastic din cauciuc

Equivalent Elastic Strain

8,1238e-5 Max
7,2471e-5
6,37048-5
5,49368-5
4,616%8-5
3,74028-5
2,8635e-5
1,9868e-5
1,11e-5
2,3332e-b Min

Strain Energy
.1 /8] Solution (A6) _ -, M StrainEneray  _y Graph

- Animation .* li .

Type: Equivalent Elastic Strain
Uik rarnmnn
A: Element elastic din cauciuc
Skrain Energy
0,00074451 Max
0,00066181
0,0005791
0,00049639
0,00041369
0,00033098
0,00024827
0,00016557

8,2062e-5
1,5534e-7 Min

Structural Error
e Solution (A6) _y - /R Structural Error —> Graph

N Animation [ li (sau Tabular Data).

Time: 0,2
25.01.2015 20:29
Type: Strain Energy
Unit: mJ
A: Element elastic din cauciuc
Skructural Errar
5,4998e-5 Max
4,888765
4, 2776e-5
366655
3,0555e-5
2 4444e-5
1,8333e-5
1,225%e-5

6,1113e-6
4,4797e-10 Min

Total acceleration
‘J Solution (AE}_)----‘,ﬁ Total Acceleration _y Graph

_y Animation »> li (sau Tabular Data).

Time: 0,2
25,01,2015 20:31
Twpe: Structural Error
Unik: mJ
A: Element elastic din cauciuc
Total Acceleration

Time: 0,2

Tvpe: Tokal Acceleration

Lnit: mnnys2

Time: 0,2

25.01.2015 21:02
29,501 Max
26,223
22,345
19,667
16,359
13,111
9,5335
6,5557
35,2778

25.01.2015 20:35
0 Min
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E.3. Visualizing the convergence of solutions

‘J Sglﬂtiﬂll'l (AE}% -j{_i-l Solution Information - Details of "Solution Information™ - Solutlon Informations -

Solution Output =l Displacements Convergence.

—#— Displacement Convergence Displacernent Criterion —— — - Substep Converged

0,24 p > 'y 'y

E 1,61e-2

ent (m

T 1,08e-3

o 7,24e-3 V'

4 86e-6 |
|

am

Displa

3,26e-7
1, 2, 3, 4, 3 6, /. 8, 9, 10,

11,

4

Time (s)

1, 2, 3 4, 3 6, 7, 8, 9, 10,

Cumulative Iteration

F. ANALYSIS OF RESULTS

In order to avoid loading the buffer with a variable load that overlaps with its own vibration values, it is recommended
to perform a modal analysis beforehand to determine them. For the rubber buffer, the modal analysis is performed as
follows.

— BRESERRUEEN  ; holding down .1 on the command in the analysis structure B Analysis Systems 15 oy the

command @ Model ¥ 4 from structure of Transient Structural, until it turns into
| I,when the mouse key is released —
- A - B

[y

E; Transient Structural i 1|: Madal

2 Q Engineering Data A e I3 Q Engineering Data  + 4

3 () Geometry v g3 W) Geometry v 4

4 @@ Model / g——W4 @ Model v

5 @ setup F 5 @ setup ? .

6 Solution F 6 Solution F

7 | @ Results F . 7 @ Results F .
Element elastic din cauciuc Modal
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The natural vibration frequencies obtained by the modal analysis have very
low values, far from the values of the stress frequencies induced by the
operation of an internal combustion engine. From the point of view of
deformations, it is observed that, following a variable stress in the range (-
80, +80) N, they are in a very small value range, of the order of 0.005 mm,
which does not cause a rapid deterioration. of the tampon.

Mode |[v Freguency [Hz]

AEENE

1
2
3
4.
3
&

o,
0.
0,
1,8714e-004
1,2595e-003
1,6363e-003

G. CONCLUSIONS

Modeling and analysis with finite elements in this paper were made especially for teaching purposes following the
user's initiation with the main stages of developing an FEA application in ANSYS Workbench, which emphasizes, in
particular, the modeling and analysis of an elastic element made of -a material with nonlinear behavior (hyperelastic

material - neoprene rubber).

The analysis algorithm for the Transient Structural type was highlighted, introducing time-varying stresses. At the
same time, the importance of performing a modal analysis was highlighted in order to identify the values of the own

vibrations, in order to be used in the design activity.
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A. PROBLEM DESCRIPTION

A.1 Introduction

The beams are primary semi-finished products with one of the dimensions much larger than the other two have various
constant sections (circular, annular, square, rectangular, profiles, etc.).

The structures made of beams are specific, especially, to metal constructions (bridges, beams, pillars, trusses, etc.).
For finite element analysis, beam structures are modeled with one - dimensional finite elements whose properties are
determined by dimensional and orientation sectional parameters. These models substantially reduce the memory
requirement as well as the computation time. The results obtained from these finite element analyzes are less valid in
the nodal connecting areas (welds, riveted joints, screw assemblies) which can be analyzed separately using 3D and
connecting finite elements.

A.2 Application description

In order to support a water supply pipe when crossing a river, it is necessary to create a beam-type structure with
lattice. The pipe is attached to the supports on the beam, placed at equal intervals, using clamps. In order to avoid the
occurrence of thermomechanical stresses at temperature variations, the beam is fixed at one end by means of a bolt
assembly that allows rotation and at the other end it is supported and guided allowing translation.

A.3 Application goal

In the case of this application, the analysis of the fields of displacements, deformations and stresses of a statically
stressed beam structure is presented in order to optimize its construction, respectively to minimize its weight in
compliance with the deformation and strength restrictions. For the beginning of the finite element analysis, the
supporting structure in the figure above is considered to be made of square S235 steel pipe with dimensions 80 x 80
x 5 mm. The dimensions of the support structure are: length L = 16a =8 mand height H=3a =1.5m. It is considered
that this structure supports, in the lower part, a pipe that is suspended by means of two flanges, at equal distances
margins (I = 2 m). For finite element analysis, the action of the supported pipe on the structure can be modeled by
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inserting in each node in which the pipe is attached by means of clamps a fixed force F = 5 KN. In addition, the
consideration of internal forces of the own weight type is of particular importance for the analysis of these structures.

B. PREPARATION OF THE MODEL FOR ANALYSIS

B.1 The model definition

In order to draw up the finite element analysis model associated with the above application, it is necessary to identify:
e geometric shape and dimensions,
e restrictions induced by links with adjacent elements,
e external and internal loads (own weight),
e material characteristics.

B.2 The analysis model description

The geometric shape and the dimensions of the analysis model of the supporting structure are identical to those of the
structure at the level of the sections of the sections. For the analysis, the structure is modeled with 1D finite elements
and, therefore, the geometric model has the configuration in the figure below, havinga = 0.5 m.

In order for the analysis model to have the same behavior as the real model, it is necessary to associate limit conditions
that imply the cancellation of the translational displacements in relation to the OX, OY and OZ axes and of the
rotations in relation to the OX and OY axes, in point P1, respectively of the rotations OX, OY and of the translations
along the axes OY and OZ, in point P5. The structure of the analysis model is loaded with concentrated force F =5
kN at points P2 and P4.

fe fe =
4a | 4a |, 4a | 4d4a |

Iy A 21 A 2

B.3 Characteristics of the material

For finite element analysis the strength characteristics of the material, S235 steel (equivalent to OL 37) are:
e modulus of longitudinal elasticity, E = 204,000 N / mm?;
e transverse contraction coefficient (Poisson), v = 0.3.
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C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Creating of the project
E, M. = Analysis Systems _, @ Static Structural (the subproject window appears automatically); — [it can

change the name Static Structural in Structuri beame].
Problem type setting (3D)

AL, '9 Geometry NGY -0 N Proper ties of Schematic A3: Geometry B Advanced Geometry Options . | Analysis Type

[select from list .Jﬂ, 43D] — [close window % ].
Saving of the project

= : . . Save
Jlelsavens.. _, [ SeveAs | Filename: [input name, Structuri beame] - A.

C.2 Modelling of material characteristics

E . L, @ EngineeringData v/ , _, J@ .1 NN Outiine of Schematic A2: Engineering Data §

% Structural Steel JProperties ofm&gw‘ S50N. @ A 1sotropic Blasticity —y Young's Modulus |
*"':"-""EIS Modulus | [select from list in column C (U"'t) cuJ "| MPa], [input in column B (Unit) valoarea / value,
204000] .1 7 UpdateProject _, (PRetum o FIOIEEt (the other parameters remain the default).

P T :
If the window ltasietane st is not visible, the Outline and Properties or Reset Workspace

options will be activated in the View menu.

Properties of Qutiine Row 3: Structural Steel v B X

A B o D|E |

1 Property Value Unit 3 (5

3 %3 Density 7850 kam~3 =||E|E

3 ﬁbli‘l IEsxDphI;?E:;:ecant Coefficient of Thermal &

6 E Isotropic Elasticity [l

7 Derive from Young's ... ;I

3 Young's Modulus JE+11 Pa ;I |

9 Poigzon's Ratio 0,3 [l

10 Bulk Modulus 1,6667E+11  |Pa [

11 Shear Modulus 7,6923E+10 |Pa |

12 E Alternating Stress Mean Stress [hear Modulus bular | o

15 4 strain-ife Parameters [

24 2] Tensile Yield Strength 2,5E+08 Pa FHBE|E <

C.3 Creating the geometric model

C.3.1 Uploading DesignModeler Module (DM)

E,: L, @ Geometry _, [ MNew Geometry... _, JANSYS Workbench|- ,® Milimeter o

C.3.2 Generating points

E—) Modeling — Create — @ point [in the 3D modeling area the point P1 is created based on the Cartesian
coordinates] — — Details of Point 1 — Definition =l: Manual Input; Point Group 1 (RMB) — x =0;
y=0; Z:0_>'.}'Ger1erate.

The points P2... P8 are constructed in the same way, using the resulting Cartesian coordinates based on the dimensions

given in the model for analysis:
P2 (2000; 0); P3 (4000; 0); P4 (6000; 0); P5 (8000; 0); P6 (6000; 1500); P7 (4000; 1500); P8 (2000; 1500).
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/58] B: AEF-A. 4.6,

_;;'*. X¥Plane
<y Spn ¥PlaNE
< 7 YZPlane
4 Point

=1/ Details of Point1 v Point2

Paint Point1 S PD!nt3

Type Construction Point T F‘D?nt‘!-

Definition Manual Input T Paints

8 ot croup 1 (D) o ponts

FD8, X Coordinate {0 mm g PointT

FD3, Y Coordinate |0 mm g _[—‘Dintﬁ
FD10, Z Coordinate [0 mm - M0

C.3.3 Generating of beam sections

Ee Modeling — Concept — e Lines From Points _, — Details of line 1 — Point Segments [while holding

down the Ctrl key, select points P1 and P2]: Apply — *} Generate
In the same way the segments corresponding to the pairs of points are constructed: (P2, P3), (P3, P4), (P4, P5), (P5,
P6), (P6, P7), (P7, P8), (P8, P1), (P8, P2), (P8, P3), (P7, P3), (P6, P3), (P6, P4). The structure shown below will be

obtained.

e ™ Lined
e ™ Line2
g Line3
e Lined
e Lines
e M Lined
o ™ Line7
g Lined
g Lined
e Line 10
- Linell
e g™ Line12

C.3.4 Segment section generation

E—) Modeling — Concept — Cross Section — 13
B Rectanguiar Tube _, BEETNIEN > Details of Rect
Tube 1 — Sketch: Teava_rect_80x80x5; j
Dimensions: W1 =80 mm, W2 =80 mm, t1 =5 mm, 12 : “‘“
t2=5mm, t3=5mm, t4 =5mm — -} Generate E i
E| ..... : ‘;’ |:..5 e =y .i.zﬂa, " _':IP-“ ..... t 1

b [B Teava_rect_80x30x5
= M@ 1Part, 1Body
iy s Line Body

C.3.5 Assigning a transverse profile to the metal structure

Generating (building) a profile does not mean assigning it to a 1D beam structure. To complete the procedure,
proceed as follows:

B b, S Line Body Details Viey ; ; ion Tl .
ol > 1 — BRI > Details of Line Body — Cross Section —I: Teava_rect_80x80x5;
Modeling — View — IT Cross Section Solids [the option of 3D visualization of the sections is activated ] —

[check that the profiles are oriented correctly; the profile orientation is viewed using the green section view option
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is activated by green arrows; if the profile is not symmetrical and is not project oriented, the orientation can be
changed accordingly: .1 v ™ tineBody _ [ESISUEM | | ine Body-Edge — Reverse Orientation? =J: Yes] —
Offset Type =l Centroid —» =/ Generate

C.3.6 Saving the geometric model

E—) = (Save Project) — File — Close Design Modeler.

C.4 Finite element modelling

C.4.1 Launching the finite element modeling module and set the material characteristics and problem type

Launching of the finite element modeling module
i N Project Schematic il @ Model AVIIEN launching module Mechanical [ANSYS Multiphysics].

/8 Geometry _, [SEETERIMELEESN 5 Definition — Element Control ZJ: Program Controlled .

Details of "Geometry™

- =] Definition
il =  Static Structural @ Project Source C:\_Documente\Carte MEF\AEF-A'_Aplicatie ferma 1DVF...
2 | & EngineeringData + e @ Model (B4) Type - D_E?gnMOdEIer
T Length Unit Milimeters

3 @ Geometry L I "'ﬁ Geomv.f_'trv Element Control | Program Controlled
4 |. Model td ‘l ..... v ;4‘ Coordinate Systems Display Style  |Body Color
5 @ setup 2, o /g MESh_ Bounding Box
. ‘E <ol 7 = ?E SEI:IC Stl‘lllctlll‘ﬂ.l (BE} Properties

4 e Analysis Settings Statistics
7 | @ Results 7 . =--9/&8 Solution (B6) Basic Geometry Options

AEF-A.4.6. b ;[Il Solution Information Advanced Geometry Options

Sttinq the unit of measurement system

. units — JMetric (mm, kg, N, 5, mV, mA) (the system of units of measurement is usually set by default).
Setting the material characteristics
B ﬁ Geometry - Details of rGEOI'TTEU‘/r — Material : Jhssignment - [Se|ect from list Jﬂ, <J

Structuréll Steel (default)].
Setting the model type

J ..... BB Geometry BN Details of 'Geometry' Definition - 3D Behavior.

C.4.2 Model discretization and finite element size setting

—H, - -8 Mesh _, @ Mesh Control » _ @, Sizing — DEENERO VA g IS vdlle — Scope — Select

Geometry: [will be selected with . structure geometry, using the selection filter & (Body)] Apply; Definition

Element —> Size: 0,05 m —» ° Update
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Details of "Body Sizing”™ - Sizing

| Scope
Scoping Method | Geometry Selection

Geometry 1 Body
= Definiti
Suppressed Mo

Type Element Size

5,e-002m
Behavior Soft

C.5 Supports and restraints modelling

Introduction of gravitational acceleration

acceleration implies the taking into account of the own weight of the metallic structure) —
PR R PP VoM > Definition — Direction =J: -Y Direction.

-

Scope — Geometry: [will be selected with I point P1, using the option (Vertex)] — Apply; Definition —» X
Component: 0, Y Component: 0, Z Component: 0, Rotation X: 0, Rotation Y: 0, Rotation Z: Free.
The procedure will be repeated for point P5:

n_> T ?El 5Eti|:5trll|:hlra|{55}_) L supports - N Eiﬂ Remote Displacement BN Details of "Remote Displacement”™ N

Scope — Geometry: [will be selected with I point P5, using the option (Vertex)] — Apply; Definition —» X
Component: Free, Y Component: 0, Z Component: 0, Rotation X: 0, Rotation Y: 0, Rotation Z: Free.
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— Scope — Geometry: [select

point P2 using option (Vertex)] — Apply; Definition — Magnitude: 5000 N; Direction: axa Y [a segment of the
metal structure parallel to the OY axis will be selected with ].
The procedure will be repeated for point P4:

n - A7 ?E SEE.: St"-.:t“rﬂ{m_) ﬁmlﬂﬂk AN Ei.; Force - Details of "Force” — Scope — Geometry [Select

point P2 using option (Vertex)] — Apply; Definition — Magnitude: 5000 N; Direction: axa Y [a segment of the
metal structure parallel to the OY axis will be selected with ].

=l A=] Static Structural (B5)
....... » E Analms Sethn_gs

o
....... ﬁ v Farce
------- ﬁ w Force 2
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D. SOLVING THE FEA MODEL

D.1 Launching the calculation module and select the types of results

In order to select the final data types to be analyzed after the launch of the calculation module, the series of

[use the commands in the open command box with L].
Acelasi rezultat se poate obtine prin utilizarea comenzilor:

""" . /8] Solution (B6) _, ", Deformation -~ _, @ Total [the buttons in the menu beams are used]
and

----- ;. Solution (B6) _ ¥, Deformation - N ﬁd Directional

For this type of structure, the Beam tool can be applied in order to visualize the linearized stresses on the
component elements. It is customary, in the process of designing beam structures, to take into account the
components of axial stresses that arise from the effect of axial and bending loads in all directions. The following are
the other types of results to be analyzed:

e Solution (B6) _, @ Tools - N Beam Tool

e Solution (B6) _, B Beam Results - N '571 Axial Force

4

o Solution (B6) _, 'ﬁI Beam Results N ﬁI Bending Moment

4

A Solution (B6) _, 4 Beam Results N B Torsional Moment

s Solution (B6) _, U3 Beam Results = _y W shear Force

D.2. Launching the solving module

----- /['j Solution (B6) E-/& Solution (B6)
------- Solution Information @ Solution Information
------- M Total Deformation - M) Total Deformation
------- M Directional Deformation - Ml Directional Deformation
|:_]/- Beam Tool [—] Beam Tool

M Direct Stress — Direct Stress
.;ﬁ Minimum Combined Stress o MG Minimum Combined Stress

(- /ﬁ Maximum Combined Stress - ﬁ Maximum Combined Stress
....... fﬁ Axial Force - M Axial Force
------- //ﬁ Total Bending Moment . M Total Bending Moment
------- M Torsional Moment . M3 Torsional Moment
------- M Total Shear Force N =/ Solve N - Ml Total Shear Force

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement fields

For suggestive results, set the view scale of the menu beams:
Result &,6e+002 (Auto Scale) - N Result 1.0 (True Scale) -

Total deformation view
] Solution (A6) _ - A Total Deformation —> Graph — Animation [ li _

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the
Result 1,7e+003 (2% Autao) -

display scale by selecting a higher value:
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Various forms of distorted state representation can be used by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation.

The display characteristics can be changed: the number of | -3 | AN | (25 Probe
frames 10 Frames ¥, as well as the running time of I|i No WireFrame
the simulation. At the same time, the result can be saved as a Kl Show Undeformed WireFrame
video file using the Export Video File command “d. €9 show Undeformed Model

. Show Elements

Vizualizare deformatiei totale / Total deformation view

e Solution (B6) N .,«ﬁ Total Deformation —> Graph —» Animation [ 4 Ii .

1 0,00011033
5,5233e-5
1,41e-7 Min

Visualization of the deformation in a certain direction
g SEIuﬁnn (B&) N ‘(_ﬁ Directional Deformation —> Graph — Animation [ li '

19,9629-5
1 7,4722e-5
1 4,9815e-5
2,4907e-5
-1,9362e-13 Min

If you want to view in another direction, follow the steps below:
J Solution (B6) _, J_“ Directional Deformation _, |5YSRtjIaG Moot IMbStsntist — Definition —

Orientation —d: v Axis —» o Solve
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0,00021
-0,00026585
1 -0,00031899
{ -0,00037214
-0,00042528
-0,00047842 Min

E.2. Visualizing the fields of stresses, forces and moments

Direct Stress
Direct Stress (ox) represents the component of the internal tension due to the axial force in a section of the beam.

/i Solution (B6) _, - M DirectStress _, Graph — Animation > m

{ -4,2312e6
-5,637eb
-7.0428e6 Min

Maximum Combined Stress
Maximum Combined Stress — represents a linear combination of Direct Stress si / and Maximum Bending Stress.
e E Solution (B6) _ A Maximum Combined Stress —> Graph — Animaten hli .

gl

-2,240686

-3,7917e6
-5,3427e6
-6.8938e6 Min
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Directional Axial Force
.1 /& Solution (86) _, M Axial Force —» Graph —» ANmaton >m

2131,
-4240,4
-6349,4
-3458,5
-1NSARR Min

Bending Moment

e E SEHII:innl[Bﬁ} N A Total Bending Moment N Graph N Animation b’ Ii .

2,4619e-7 Min
Total Shear Force

0 ./@ Solution (B6) _y - A Total Shear Force — Graph — Animation b’ li )

15,337
5,4314e-5 Min
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F. ANALYSIS OF RESULTS

F.1/ Analysis of the results obtained by FEM

It is observed that, despite the fact that the modeling of the beam structure was performed with the help of 1D bodies,
the results obtained are suggestive, being presented in a 3D environment.

From the point of view of the total deformations, it is observed that the maximum value is 0.5 mm in the middle area
of the metal structure. In the Ox direction, the maximum displacement is obtained in the bearing corresponding to
point P5, having a relatively small value, 0.2 mm.

It is observed that the areas with high shear efforts are those corresponding to the assembly points of the sections and
those required for bending being the middle areas of the sections (explained by the maximum value of the forces arms
in the nodes).

Examining the graphical representation of the axial forces, it is observed that the sections located in the lower part of
the structure (segments 1-2, 2-3, 3-4, 4-5) are subject to stretching stress - represented in red and those located in the
upper part of the structure (1-8, 8-7, 7-6, 6-5) are required for compression - represented by the color blue. The
sections in the middle of the structure (8-3, 7-3, 6-3) are very little stressed axially, the value of the efforts tending
towards 0.

The information regarding the deformations, corroborated with the information regarding the internal stresses, the
combined maximum stresses lead to the conclusion that the structure withstands loads without problems, the values
of maximum stresses not exceeding 7 x 10° Pa, value well below the allowed material limit.

F.2 Prezentarea rezultatelor obtinute prin metoda clasica / Presentation of the results obtained by the
classical method

Number the nodes: N = 8.
The number of beams b = 13 is established, as well as the number of simple external connections r = 3.
The static determination condition is checked: 2N =b +r.

Calculate the reactions in the bearings corresponding to points P1 and P5 using the solidification method, writing
the equilibrium equations.

D My =—F-4a—F-12a+Vs-16a = 0
Y Mgy =—F-4a—F-12a+V;-16a=0

ZF(Oy) =V;+Vs—2F=0
We obtain the results: V1 =Vs=F =5.000 N; H; = 0.
Isolate node P1 and represent it graphically, writing the equilibrium equations.
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v
518 Z Fox) = 12 + Sigcosa = 0
Pl - > > ZF(O)/) =F + Sigsina =0
3
A
V Il2
1

Given that, according to the imposed geometry
of the beam structure, cosa = 4/5 and sina =
3/5, the following values are obtained for the
axial stresses in sections 1-2 and 1-8, depending
on the force F:

I, = 4/3 F =6.666 N;

S18=-5/3F=-8.333N

In the same way, the other axial stresses in each
section of the beam structure will be calculated.
The following distribution of efforts will be
obtained:

F.3 Comparative analysis of results

Using classical methods of Strength of Materials, the results are obtained by relatively simple calculations but
which require significant time resources, which are directly proportional to the level of complexity of the analyzed
structure.

G. CONCLUSIONS

Several sub-chapters of the analysis can be addressed in this subchapter.

From the point of view of the pre-processing phase, it can be seen that the use of 1D bodies involves minimal resources
for both modeling and discretization. Another strong point is that the transverse profile of the sections can be modified
/ oriented very easily, without influencing the basic shape of the beam structure. Moreover, it is possible to use
different profiles for each section. The sections can be connected in several ways, depending on the central axis of
the profiles used.

The introduction of supports, constraints and demands is quick and easy. The declaration of the materials, as well as
the discretization of the beam structure are controllable processes, which can be done automatically or manually.
Comparing the results obtained by the classical method and FEM, it can be seen that they are comparable, at least in
the case of axial stresses, a case that was calculated classically, the finite element method providing much more data,
over time and with much resource consumption. smaller.

It can be seen that the structure of the beams is very little required, and much smaller profiles can be used in order to
achieve savings. Changing the profile of the beam sections and recalculating is done in a very short time, being an
easy procedure.

For example, the 80 x 80 x 5 mm rectangular pipe profile will be replaced with 50 x 50 x 5. The result of Maximum
Combined Stress is shown below.
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H . voseing Concept — Cross Section — B Rectangular Tube _, PEETRIEN » Details of Rect Tube 2 —
Sketch: Teava_rect_50x50x5; Dimensions: W1 =50 mm, W2 =50 mm, t1 =5mm, t2=5mm,t3=5mm, t4 =5
mm —» o Generate

B_ . ~unesd _ DEIER

B . ~unesody Update Selected Parts — Update: Use Geometry Parameter Value — = 5alve
As the section decreases, the values of the combined stresses and strains increase, but do not reach the maximum
permissible values.

— Details of Line Body — Cross Section =l Teava_rect_50x50x5;

-1,0575e7 Min
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Application: FEA-A.15
Self-induced vibration modes

KEY WORDS

Linear static analysis, modal analysis, eigenfrequencies, eigenmodes, eigenmodes, planar geometric model, linear
material, 1D finite element, linear finite element
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G. CONCLUSIONS

A. PROBLEM DESCRIPTION

A.1 Introduction

In many practical situations for the design of complex mechanical systems it is necessary to know the own frequencies
and modes of vibration of some components or even of the whole. These parameters, invariable with time, determined
in the conditions of observing the equilibrium configuration, are intimate characteristics of the analyzed structure
depending on the shape, dimensions and material.

The determination of the frequencies and of the own vibration nodes of the mechanical components or structures can
be done by means of the modal analysis. Natural frequencies and vibration modes are very important parameters for
the design phase because they provide information about the dynamic behavior of the analyzed structures. The modal
analysis within the ANSYS program is a linear analysis. Any nonlinearity such as plasticity and contact elements is
ignored, even if it is defined. Modal analysis is used to calculate the natural frequencies and modes of deformation of
the structure.

A.2 Application description

Bridges made of lattice beams are characterized by high rigidity, being generally made of elements made of steel.
Identifying your own modes and frequencies of vibration is particularly important to take into account in the design
process the values of the frequencies of certain demands: natural (earthquakes, strong winds) or artificial (induction
of vibrations by vehicles crossing the bridge) to avoid total or partial destruction of the structure. At the same time,
because tensions can occur in the structure at temperature variations, the bridge is fixed at one end by means of a
rotating joint with a bolt and at the other end it is supported and guided allowing translation.

A.3 Application goal

The purpose of this application is to identify its own modes and frequencies of vibration for the bridge-type structure
of lattice beams in order to avoid its resonance phenomena. The displacement fields for each vibration mode will be
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presented in order to optimize the construction of the structure, respectively to minimize its weight in compliance
with the deformation and strength restrictions.

£\ = \N : /Y 7

B. PREPARATION OF THE MODEL FOR ANALYSIS

B.1 The model definition

The modal solution is obtained following a modal analysis which consists in completing the following steps:

e model construction;
e applying loads and obtaining the solution through structural analysis;
e expanding modes;
e viewing the results.
In order to draw up the finite element analysis model associated with the above application, it is necessary to
identify:
geometric shape and dimensions,
restrictions induced by links with adjacent elements,
external and internal loads (own weight),
material characteristics.

B.2 The analysis model description

The basic equation solved in a typical unamortized modal analysis typical for the ANSYS program is given by the
classical problem of eigenvalues:

[K] = wi? [M]
where [K] is the stiffness matrix; is the shape vector (eigenvector) of mode i;
i is the natural frequency of mode i (wi? is the eigenvalue); [M] is the mass matrix.
Among the methods for solving this equation, recommended in the ANSYS program, the Lanczos vectors method
will be used in this paper. The static stresses of the bridge-type mechanical structures can be overlapped by the
dynamic stresses which, together with the static ones, can cause the destruction of this part. One of the dynamic
stresses to which a bridge is subjected is the stress due to vibrations caused by various causes during use (passing of
people, vehicles, vibrations due to machinery or work equipment, weather stresses - strong wind, etc.).
The mechanical structure studied in this paper is considered independent, without mechanical connections and other
constraints. This method of calculation was approached because the modeling of related elements would lead to large
dimensions of finite element models, which would have a negative effect on the accuracy of the results. Thus, the
modal analysis of the mechanical structure will be performed in order to obtain indications on the occurrence of the
resonance phenomenon.
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B.3 Characteristics of the material

For finite element analysis the strength characteristics of the material, S235 steel (equivalent to OL 37) are:

¢ modulus of longitudinal elasticity, E = 204,000 N / mm?;
e transverse contraction coefficient (Poisson), v = 0.3.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Creating the project

The drawing made in the previous application "Linear static analysis of bar structures™ will be taken over.

In order to take over a geometry previously made in another analysis, the following commands will be executed, in
the order presented:

E _, [ZOpen... (navigate to Windows Explorer and select the previously made "Farm 1D" file) — .. Madal
— will geta window with two analysis structures (Static Structural and Modal).

By holding down Efll Geemetry "4 on the command in the Static Structural analysis structure, it is dragged

= . . . =h B3
over the command @ Geometry ? 4 in the Modal structure until it turns into | o |

when the mouse key is released . The link between the two projects is shown in the figure below —

— ) S
&l ssveAs.. _, File name: Modal_ex — .

- A

|
2 Q Engineering Data " 4 2 Q Engineering Data & P
3 |ﬂi} Geometry v ‘I_l i) Geometry v 4
4 @@ Model v 4 4 @ Model &,
5 | @ setup v . 5 @@ setup 2,
6 Solution v 4 6 Solution F
7 @ Resuts v 4 7 @ Results F oy

Ferma 1D AEF-A4.12,

Problem tvpesettmq (3D)

ety N N == BN Proper ties of Schematic A3: Geometry , & Advanced Geometry Options ,

Analysis Type  [select from list Aﬂ, J3D] — [close window 1% ].

C.2 Modelling of material characteristics

The material of the new structure can be introduced by taking over the characteristics from the main window, with
the "pull™ procedure from Static Structural.

- A

il 7 Static Structural
2 @ Engineering Data " 2 Q Engineering Data  +"

3 Wil Geometry v g—— &3 i} Geometry v 4
4 @ Model v 4 4 @@ Model &,
5 @ Setup v 4 5 @ Setup =
6 §F Solution v 4 6 Solution =
7 @ Results v 4 7 @ Results F

Ferma 1D AEF-A.4.12.
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Changing the value of the modulus of elasticity can be done following the commands:

S L |$ Engineering Data v N & Edit. RN Proper ties of Outiine Row 3: Structural Steel B1iaRVE (11N # 1)1

longitudinal modulus of elasticity changes , Young’s Modulus = 2,04 x 10* Pa] — Gretum to Project

Properties of Outline Row 3: Structural Steel ¥ B X

A B o D |E |

1 Property Value Unit ¥ (B

2 Density 7850 kam~3 =]

- lﬁEl IEs:pta'?gzr?emnt Coefficient of Thermal

6 |@= Isotropic Elasticity

7 Derive from Young's ... ;I

8 Young's Modulus E+11 Pa =l

g Poisson's Ratio 0,3

10 Bulk Modulus 1,6667E+11  |Pa

11 Shear Modulus 7,6923E+10 Pa

12 Alternating Stress Mean Siress  [ghear Modulus [RUIEr E

15 Strain-Life Parameters

24 Tensile Yield Strength 2,5E+08 Pa = -

2

If the window IREEEREXERe NIRRT EN is not visible, the Outline and Properties options will be activated
in the View menu.

C.3 Creating the geometric model using DesignModeler (DM)

Making the beam structure with lattice

— ﬂ Geometry ¥ 4 from the Static Structural analysis structure the geometric model of the lattice
beam will open.

&6 A:Ferma 1D

™ Linel1
™ Line12
™ Line13
- ,‘ 1Cross Section
-, @ 1Part, 1Body

Setding wodsig |

oo Y e = 20
z I .

0,500 1,500

Model View lethiewl

The geometry of the bridge can be continued in two ways: either by building a number of 8 points corresponding to
the beam in a plane parallel to the one in which the original model was built (at z = 1.5 m) or by copying the existing
beam at distance of 1.5 m on the Oz axis.

Draw a plane parallel to xQOy, at a distance of 1.5m.

E—) 3 New Plane — 5 Details of Plane 4 — TypeXl: From Plane —> Base Plane=: XY Plane —»
Transform 1 (RMB) =) Offset Z — FD1, Value 1: 1,5 m —» =/ Generate |
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Copy the existing beam into the newly created plane.
_, Create _, ¥ Body Operation _,

— Details of BodyOpl — Typeﬂ: Move — Bodies (select the

lattice beam using selection filter .) > Preserve Bodies? ZJ: Yes — Source PlaneXJ: XY Plane —> Destination
Plane): Plane 4 —» =/ Generate

When there are two parallel lattice beams, the points on the lower base will be joined.

H—> Concept _, “w LinesFromPoints. _, 1o corresponding points are joined —» o Generate

Assigning a transverse profile to the metal structure
In terms of section geometry, the newly created segments will have the same properties as the original beam. The
beam imported from the previous analysis is assigned a profile, the procedure is as follows:
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E—) o 7w S LineBody > Details of Line Body —> Cross Section =) Teava_rect_80x80x5:

Modeling — View — IT Cross Section Solids [the 3D section view option is activated] — check that the profiles
are oriented correctly; the profile orientation is displayed using green arrows. If the profile is not symmetrical and is
not project oriented, the orientation can be changed accordingly: .1 v ™ tneBedy — Line Body-
Edge — Reverse Orientation? =l Yes] — Offset Type =l centroid — 3/ Generate

Saving the geometric model

= . . .
> (Save Project) — File — Close Design Modeler.
B L @ cornesy 7 4 _ Properties — — Advanced Geometry

Options — Analysis Type =) 3D = save.
C.4 Finite element modelling
C.4.1 Activate the discretization module and set the finite element type

E—> Ad @ Moce < 4 — is launched from the analysis structure Modal, the modul Mechanical [ANSYS
Multiphysics].
/0 Geometry _, ~ Definition —> Element Control XJ: Program Controlled .

Details of "Geometry™

h g = Definition
1 T_l.'- Modal i Source C:\Users\BS\Dropbox\Pod 1D vibratii propriiPod 10 - ve...
& . . lgl Project Type DesignModeler
—Hu 2 Engineering Data " = Model (B4)
- Length Unit Meters
—& 3 (i} Geometry v 4 B /TH Geometry
. ’i\ Coordinate Systems Element Control | Program Controlled
4 |‘ Model F ‘l ‘;@ Mesh Display Style Body Color
Ed -
5 @ setup 7 4 = Modal (BS) Bounding Box
6 @5 Solution F b TR Pre-Stress (Mone) Properties
4 ‘/f"\ Analysis Settings Statistics
7|@ Results 7 4 =--|d] Selution (B6) Basic Geometry Options
# H
AEF-£.4.12. [ _//m Solution Information Advanced Geometry Options

C.4.2 Model discretization and finite element size setting

ﬁ—) .~ Mesh _, @4 Mesh Contral ~ _ @, sizing e Dctails of "Body Sizing” - SizingeeaiS{ee o et [Hlo:

Geometry: [ will be selected with J structure geometry, using the selection filter ™ (Body)] Apply; Definition —

Element Size: Default — = Update

Details of "Body Sizing™ - Sizing

| Scope
Scoping Method | Geometry Selection
Geometry 1 Body
[=]| Definition
Suppressed Mo
Type Element Size
Element Size | Default
Behavior Soft
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C.5 Supports and restraints modelling

Input restraint

Details of "Remote Displacement”™ [N

Scope — Geometry: [will select, with J, holding down the Ctrl key, points P1 and P1', using the selection filter
(Vertex)] — Apply; Definition — X Component: 0, Y Component: 0, Z Component: 0, Rotation X: 0, Rotation Y:
0, Rotation Z: Free.

Will repeat the actions for points P5 si P5’:

n S ?El 5E|ﬁ'3 St"l':t“rﬂ'[BE}_) ﬁm&m AN ﬁ.or Remote Displacement BN Details of "Remote Displacement™ [N

Scope — Geometry: [will select, with ., holding down the Ctrl key, points P5 and P5', using the selection filter
(Vertex)] — Apply; Definition — X Component: Free, Y Component: 0, Z Component: 0, Rotation X: 0, Rotation
Y: 0, Rotation Z: Free.

acceleration implies the taking into account of the own weight of the metallic structure) —

PR P MEEUM  Definition — Direction J: -Y Direction,
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D. SOLVING THE FEA MODEL

D.1 Select the types of results
In order to select the final data types to be analyzed after the launch of the calculation module, the series of
commands presented below will be followed.

with L.
The same result can be obtained by using commands:

In order to obtain suggestive results, analyzes will be performed with several types of profiles of the beams of the
metal structure: rectangular pipes with dimensions 80 x 80 x 5 mm, 60 x 60 x 5 mm, 50 x 50 x 5 mm and profiles |
of sections of 3800 mm?, 950 mm?, 237.5 mm?.

D.2 Launching the solving module

....... @ Solution Information e Solution Information
....... T,;h TUE' Defﬂrmaﬁun N :}E Salve """" ‘;m Tﬂml DEﬁ:!rI'I'IEFiﬂFI

ﬁ

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement fields

For suggestive results, set the view scale of the menu bars:
Result §,6e+002 (Auto Scale) N Result 1.0 (True Scale) -

Total deformation view
. Solution (A6) _ ,,ﬁ Total Deformation _ Graph — Animation [ li .

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the
Result 1,7e+003 (2x Auto) v

display scale by selecting a higher value:

Various forms of distorted state representation can be used by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation.

The display characteristics can be changed: the number of frames | 10 Frames ™, as well as the running time
of the simulation. At the same time, the result can be saved as a video file using the Export Video File command ig
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The following are some results of the values of eigenfrequencies and vibration modes for the various profiles

analyzed.
Rectangular pipe 80 x 80 x5 mm
|| Volume 9,45e+007 mm?
| Mass 741,82 kg
| | Length 63000 mm
Cross Section Teavarectangulara80x80x5
| | Cross Section Area | 1500, mm?

1 i o e

Mode |[¥ Damped Frequency [Hz] |

1,  2,1807e-005 |
2, 2,932e-005 ;
3, 19387 |
4, 8,9035 '
5 10,182
5{_ | 11,772

Rectangular pipe 60 x 60 x 5 mm

|| Volume 6,93e+007 mm?

| Mass 544,01kg

| |Length 63000 mm

Cross Section Teavarectangularab0x60x5
|| Cross Section Area | 1100, mm?

Mode |[v Damped Frequency [Hz] |

~

4

<

S EE R

6'

1
2
3.
-

' 1,9005e-005 |
| 2,9813e-005 |
16,7876
| 7.5313
18,8938

,90167
0,68165
0,46163
0,24162
0,021602 Min

0,98178
0,66065
0,33952
0,018393 Min

1,1569

0,94384
0,73075
0,51767
0,30458
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Rectangular pipe 50 x 50 x 5 mm

| Volume 5,67e+007 mm3

| Mass 445,1ka

"I Length 63000 mm

Cross Section Teavarectangulara50x50x5
|| Cross Section Area | 900, mm?

jr—

Mode |[v Damped Frequency [z |
1[1,  7,3932e-006 '
2|2, 2,6739e-005 |
3]3,  1,2586
4]4, 56674
5|5 6,193
6 |6, 7,4044

10,9965

{ 0,7529

b= 0,50942
0,26588
0,022345 Min

1e+003

4e+003 (mm)

4a4NN3 fmm)

1,306
1,065
0,81904

= 057558
0,33212
0,088663

Profil 11, sectiune 3800 mm?

| Volume 2,394e+008 mm?3
| Mass 1879,3 ka
| Length 63000 mm

Cross Section I1

|| Cross Section Area | 3800, mm?2

Mode |[¥ Damped Frequency [Hz] |
1. 10 =
12 0.
[3.  |2,4689
[ | B,5667
15 74186

G, 89,0787
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Profil 12, sectiune 950mm? Vode |[o D T
" Volume 5,985¢+007 mm? i— g |
|| Mass 469,82 kg B
.| Length 63000 mm a, 3,205
Cross Section 12 5, 3,7458
| Cross Section Area | 950, mm?2 6, | 4,569 .

1,4104

1,0634
0,71629
0,36923
0,022161 Mig

Profil I3, sectiune 237,5 mm? Mode |[v Damped Frequency [Hz]
~ Volume 1,4962e+007 mm? i_ E |
[ ] Mass 117,46 kg 3. 0,628
|| Length 63000 mm 4, 1p4d62
Cross Section 13 3 LB
" Cross Section Area | 237,5 mm2 L

3000,00 ()

1500,00 3000,00 (rnm)

2250,00
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F. ANALYSIS OF RESULTS

It is observed that, despite the fact that the modeling of the bar structure was performed with the help of 1D bodies,
the results obtained are suggestive, being presented in a 3D environment.

From the point of view of the recorded own frequencies, it can be concluded that with the increase of the beams
section, the value of the frequencies will increase, regardless of the transversal profile used. This is observed for both
types of profiles analyzed: rectangular profile and for profile I.

Vibration frequencies
14
12

10

(Hz)

Mod #1 Mod #2 Mod #3 Mod #4 Mod #5 Mod #6

e=@==30x80X5 ==@==60x60x5 50x50x5 1 eo@ue|? =@==|3

For equivalent profiles in terms of the value of the section surfaces, it can be seen that the rectangular profile generates
its own vibrations with higher frequencies than the | profile.

Maximal displacements

(mm)

Mod #1 Mod #2 Mod #3 Mod #4 Mod #5 Mod #6

=@==80x80x5 ==@=60x60x5 50x50x5 1 e=@u=|) ==@=|3

From the point of view of the total displacements, it is observed that the maximum values are found in the own
vibration modes Mode # 4 or Mode # 5, after which they decrease with the increase of the own vibration frequencies.
Some applications aim to increase the rigidity of a structure or change its own frequencies, based on an existing
structure. In this case, for the structure built from profile I3 (with the smallest cross section of the analyzed ones) two
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modifications are considered: the installation of some sleepers (case 1 - a sleeper, case 2 - 3 sleepers) in the upper
part, as follows . It is observed after the analysis of the vibration modes that the values of the own frequencies have

changed compared to the original structure in the direction of the increase.

{ Mode ||7 Damped Freguency [Hzl |
o~ 1,  1,027e-005
*3. i 18

* 3, 0,63347

4. 1,9132

e 5, 2,4412

2 =
| | N 6  2,7407
N>~
L e
N
N
- Mode ||7Dam|:ued Frequency [Hzl |
<, ’ i <
N v ST e \ ~| Bz o
W | ™ — 2 3|3, 086262

LG AP i 4|4 1,9957

. | “';\\ 5l 5. 2,5659

1 S
| }” ' 6]6, 40492
N < )

G. CONCLUSIONS

From the point of view of the pre-processing phase, it can be seen that the use of 1D bodies involves minimal resources
for both modeling and discretization. Another strong point is that the transverse profile of the sections can be modified
/ oriented very easily, without influencing the basic shape of the bar structure. Moreover, it is possible to use different
profiles for each section. The sections can be connected in several ways, depending on the central axis of the profiles
used.

The introduction of supports, constraints and demands is quick and easy. The declaration of the materials, as well as
the discretization of the bar structure are controllable processes, which can be done automatically or manually.

The modal analysis of a lattice beam structure is a relatively simple activity, and various modifications of the structure
can be made depending on the objectives pursued. Changing the profile of the beam sections and recalculating is done
in a very short time.
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Application: FEA-A.16
Static analysis of bar mechanisms

KEY WORDS

Linear Static Analysis, Plane Geometric Model, Plane Voltage State, Linear Material, 1D Finite Element, Linear
Finite Element, Machine Element, Mechanical Subassembly, Bar Mechanisms, Joints
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A. PROBLEM DESCRIPTION

A.1 Introduction

In various finite element analysis (FEA) applications it is necessary to model not only a single part, but also a whole
mechanism, including the joints between its elements.

Complex plane or spatial mechanisms can be reduced to bar mechanisms (levers) and toothed mechanisms (gears and
racks). The methods of studying the complex mechanisms with bars and gears are very diverse, especially in the field
of kinematics, starting from the hypothesis of the rigidity of the components. This paper aims to study the behavior
of the elements of a bar mechanism, taking into account their elastic behavior.

A.2 Application description

From a constructive point of view, the jack in the figure below is a flat mechanism consisting of four bars of various
sections mounted on a support, a screw and a nut that make a helical coupling. The analyzed jack can operate within
two positions: A - start lifting and B - maximum lifting.

The vertical movement of the upper plate 5 is determined by the change of the positions of the side segments 2,
mounted by means of support joints 1, due to the axial movement of the nut 6. The screw 3 is actuated by means of
the crank 4.

All the joints between the segments 2 and the support 1, between the segments 2 and the upper plate 5, as well as
those between the lower and the upper segments are flat rotational couplings.

By rotating the crank 4, thanks to the nut 6, the side segments of the jack tend to approach each other, generating
vertical movement, thus lifting the vehicle.
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A.3 Application goal

The application aims to determine the maximum values of the fields of displacements, deformations, internal stresses
produced in operation on the component elements. For this analysis, the use of one-dimensional elements was
considered due to the simplicity of the geometric construction, the ease of modifying the profile of the studied
elements but also the main objective - to use the joints in the study with finite elements.

B. PREPARATION OF THE MODEL FOR ANALYSIS

B.1 The model definition

In order to draw up the finite element analysis model associated with the present application, it is necessary to
identify:

geometric shape and dimensions,

restrictions induced by links with adjacent elements,

external and internal loads (own weight),

material characteristics.

B.2 The analysis model description

The dimensions of the studied mechanism, respectively the lengths of the segments and their sections, are presented
in chapter C.3.2, C.3.3 and C.3.4, these being, on the one hand, taken from the specialized literature and, on the other
hand, imposed from constructively so that the problem is determined.

The construction of the segments 2, of the vertical zones afferent to the guide bush (7) and the nut 6, the upper plate
5 are constructed in the form of one-dimensional bars.

The connections between these bars are made with simple rotating joints (CR in the adjacent drawing). In addition,
the vertical side segments will have translational movements only in the plane of the mechanism, without rotations.
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The external loads, generated by the mass of the raised vehicle, are shaped by the rigid fixing of the support 1 and the
upper plate 5, and the forces generated by the screw act on the horizontal axis, on the lateral vertical segments, in the
direction of approaching the lateral segments.

B.3 Characteristics of the material

For finite element analysis the strength characteristics of the material, S235 steel (equivalent to OL 37) are:
e modulus of longitudinal elasticity, E = 204,000 N / mm?;
e transverse contraction coefficient (Poisson), v = 0.3.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Create of the project

B 2 5 analysis Systems _, @ Static Structural ( the subproject window appears automatically); —> [the
name can be changed 5tatic Structural in Cric auto].
Problem type setting (3D)

AL @ Geometry BINRYS (s =B Properties of Schematic A3: Geomelry , ; . Analysis Type

[select from list Aj, 1 3D] — [close window % 1].
Saving the project

= : . . Save
glsavess.. , [ saveds Filensme [ inputname, Cric] —>A.

C.2 Modelling of material characteristics

E [ Project Schematic IR A=y L eCICRRGNPRNENGRT. N =. | SN Outine of Schematic A2: Engineering Data §
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J Structural Steel Properﬁes of Qutline Row 3:5 i

UCIUra
S

- B A Isotropic Elasticity _y Young's Modulus |

Young's Modulus | [select from column C (Unit) cy .Jﬂ, MPa], [input in column B (Unit) value, 204000] — .

7 Update Project _, (@ Retum to Project iy other parameters remain the default).

If the window

Properties of Outiine Row 3: Struch

seiubnzrion o

" is not visible, the Outline and Properties or Reset Workspace

options will be activated in the View menu, then the Engineering Data Sources command =)

v 4+ X
A B o D |E |

1 Property Value Unit i |l

2 T Density 7350 kam~3 7|0

- 11-@ IEsxnpta'onzzgl;SecantCoef‘ﬁcientofThermaI &

6 E Isotropic Elasticity [l

7 Derive from Young's ... ;I

3 ‘Young's Modulus 2E+11 Pa ;I [

9 Poisson's Ratio 0,3 [l

10 Bulk Modulus 1,6667E+11  |Pa |

11 Shear Modulus 7,6923E+10 Pa [

12 E Alternating Stress Mean Stress m::dulus bular [l o

16 59 strain-Life Parameters ]

24 T Tensile Yield Strength 2,5E+08 Pa FlBE|E T

C.3 Geometric modelling

C.3.1 Loading DesignModeler (DM) module

m, Project Schematic IR @ Geometry - 1

New Geometry.. _, ANSYS Workbench . | Milimeter o

C.3.2 Generati

ng points

Using Notepad program generate a txt file with the form shown next to it, which will be saved as puncte cric.txt. It
will contain the coordinates of the construction points of the jack.

[B| puncte cric.bct - Notepad

File Edit Format WView Help

=10l x|

1 1 50 0 0
1 2 150 95 0
1 3 150 105 0
1 4 50 200 0
1 5 -50 200 0
1 6 -150 105 0
1 7 -150 95 0
1 8 -50 0 0

B

[

E _, Modsling —» Create — & Pont — Details of Point 1 — Definition: From Coordinates File;

Coordinates File J select the saved file (puncte cric.txt) — -/ Generate

Details View

[=| Details of Point1
Point Pointl
Type Construction Point
Definition From Coordinates File

MNone
Tolerance Mormal
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The 8 points in the xOy plane will be obtained automatically, as in the figure below:

5 ¢ L

*e
~N o
-

C.3.3 Segments generation

Ee Modeling —> Concept — = Lines From Paints _, — Details of line 1 — Point Segments [while holding
down the Ctrl key, select points P1 and P2]: Apply — *j Generate

In the same way, using the option Operation: Add Frozen din , the segments corresponding to the pairs of
points are constructed:: (P2, P3), (P3, P4), (P4, P5), (P5, P6), (P6, P7), (P7, P8). The structure in the figure below will
be obtained.

'VE‘E A Cric auto

------- 7= ¥¥Plane

....... » :*‘ T¥Plane e

------- 5= YZPlane 3

....... v @ Paintl

....... » e Line1

....... » e Line2 N

....... . Q‘hb Line3

....... » e Lined B8

«

....... » e LiNES

------- v e Lined

....... » e Line7

- M 7 Parts, 7 Bodies v
=M@ 7Parts, 7 Bodies - /M@ 7Parts, 7 Bodies
Rename segments | v ™ tneBody - v
R —— N v = Line Body e Pl Dr_med
— Modeling — Ls Line Body — db Rename —> the| s = lneBody 0 e = Dr_sup
. S S, S L Body 0 e G
segments created according to the adjacent structure are v ey Y oo
....... v “x. Line B,:"j-!l,- g ey, Stg_sup
renamed. | o e lineBody e » = Sto_med
------- = Line Body e e Stg_inf

C.3.4 Generation of cross sections
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E — Modeling — Concept — Cross Section — £ ) U
[E Channel Section _, [EEIEN > Details of - i
Channel 1 — Sketch: Channell (U34); Dimensions:
W1=20mm, W2=20mm, W2=34mm,t1=1,5
mm,t2=15mm,t3=15mm — -/ Generate _

The procedure will be the same for a profile

Channel2 (U30) with dimensions: W1 = 15 mm, W2 ﬁ
=15 mm, W2 =30 mm, t1 =2 mm, t2 =2 mm, t3 = 2 2 ;
mm.
El ----- ; ﬂ 2 Cross Sections I o
H ....... » ﬁ CharlrlEll :;‘I;;l.....m.l'-ww-nww.‘-‘{_‘r ...................
-y IR Channel2 ’

C.3.5 Assigning transverse profiles to the metal structure

In order to complete the procedure for generating a profile, proceed as follows:

> > e~ Drnf _ [FEETRIEN | Details of Line Body — Cross Section ﬂ: Channel2; Offset Type: Centroid;

Modeling —» View —» ¥ CrossSectionSolids [yne 3D section view option is activated] — [check that the profiles are
oriented correctly; the profile orientation is visualized with the help of green arrows; if the profile is not symmetrical

and is not project oriented, the orientation can be changed accordingly: . v ™ Dr_inf _, PEEINEN » Line Body-
Edge — Reverse Orientation? ﬂ: Yes] — Offset Type ﬂ: Centroid —» = Generate

P

.

The last operation is repeated for all segments, taking care that the Channell (U34) profile is attached to the
Dr_med, Sup, Stg_med segments and to the other segments - the Channel2 profile (U30).

C.3.6 Saving the geometric model

E — = (Save Project) — File — Close Design Modeler.

C.4 Finite element modelling

C.4.1 Activate the discretization module and set the finite element type

Launch of the finite element modeling module

&l Project Schematic [ @ Mode = 4 _, Jaunching module Mechanical [ANSYS Multiphysics].
: -/ ceometry _, EEEIXIREUENM 5 Definition — Element Control =\ Program Controlled .
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& Model (A4)
-2 Geometry

....... 2 =, Dr ||-|'|:
....... 2 =, DOr med
- A e .? =, Dr sup
8 = sStaticStructural [ S 2™ 5
------- 2 = Stg_sup
2 @ EngineeringData ~" 4, i il 2 ™= Stg_med
3 i) Geometry v 4 ,i,._? *~ Stg_inf
- s34 Coordinate Systems
4 ? =
@ Model =4 il Connections
g @ SEtLlp "? 4 e _j% Mesh
. Solution > - -,[3 Static Structural (A5)
- /™ Analysis Settings
H «"""
7 @ Results 7 4 = ? Solution (AG)
Cric auto b, //m Solution Information

Setting the unit of measurement system

B Junits _, Metric (mm, kg, N, 5, mV, ma) (the system of units of measurement is usually set by default).
Setting the material characteristics

EETA. &80 Geometry o~ Drnf _, [ESTETETETE , Material . Assignment _, [select from list Aﬂ,

) Structural Steel (setare implicitd / default)]. The operation will be repeated for the other segments as well.
Setting the model type

[Outiine | J ..... ./ﬁ Geometry _, Detailsof'Geometry' Definition - 3D Behavior.

C.4.2 Model discretization and finite element size setting

B MY | @ Mesh |, @iveshconwol - _, Bseng _, premrmrrrasry Scope — Select

Geometry: [a segment of the structure geometry will be selected with . using the selection filter i) (Edge)] Apply;

Definition Element —> Size: Default — =/ Undate | The operation will be repeated for the other segments as well.

Details of "Edge Sizing™ - Sizing

=l Scope

Scoping Method | Geometry Selection

Geometry 1 Edge :
1| Definition P

Suppressed Mo

Type Element Size

Element Size | Default -//
Behavior Soft 7
Bias Type Mo Bias /
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200,00 (mm)

e
50,00 150,00

C.5 Modeling joints and constraints

Introduction of gravitational acceleration

acceleration implies the taking into account of the own weight of the metallic structure) —

P RS PI MEE8 5 Definition —> Direction =) - Direction.

Insertion of the base connection joints
n, : Jd Connections - ?}‘;Bﬂd?ﬁm TS 'ﬁ" Revolute BN Details of "Revolute - Ground To No Selection” =S

Mobile — Scope: [select Point 1 using the selection filter (Point)]. A rotating joint around the Oz axis is being
considered

Details of "Revolute - Ground To Mo Selection™

= Definition
Connection Type | Body-Ground

Type Revolute
Torsional Stiffness |0, M mmj®
Torsional Damping |0, M mm=s/®

Suppressed Mo
Hl| Reference

Coordinate System | Reference Coordinate System
=| Mobile

Scoping Method Geometry Selection

Scope Mo Selection

Body
Initial Position Unchanged . RZ

The operation will also be repeated for Item 8, in connection with the base.

Insertion of joints between segments
n, Erm. | /8% Connections | & Body-Body ~ _, G Revolute BN Details of "Revolute - No Selection To No Selection™ [N

Reference — Scope: [Point 2 on the Dr_inf segment is selected using the selection filter (Point)] —» _Aeply  _,
Mobile — Scope: [the same Point 2 is selected, but which is located on the Dr_med segment, using the selection

filter ) (Point)] — __ Asely
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When selecting the same point, the symbol below will appear in the lower left corner of the graphic window, which
is the command button to toggle the selection of the two entities (segments, in this case) by clicking with the mouse

on the two planes.

I Geometry A Print Preview #,

Details of "Revolute - No Selection To Mo Selection” Details of "Revolute - Dr_inf To Dr_med®

Torsional Damping |0, M mm-s/® Torsional Damping |0, M mm-s/®
Suppressed Mo Suppressed Mo

E| Reference E| Reference
Scoping Method | Geometry Selection Scoping Method | Geometry Selection
Scope Mo Selection Scope 1 Vertex
Coordinate System | Reference Coordinate System Coordinate System |Reference Coordinate System
Behavior Rigid Behavior Rigid
Finball Region All Pinball Region all

| Mobile [=| Mobile
Scoping Method | Geometry Selection Scoping Method | Geometry Selection
Scope Mo Selection Scope 1Vertex
Initial Position Unchanged Initial Position Unchanged
Behavior Rigid Behavior Rigid

Repeat the operation for the other torques in points 3, 4, 5, 6, 7 and obtain the torques shown in the tree below.
= ,,laqg Connections

= @

----- o E\ Revalute - Ground To Dr_inf

----- ” ,?\ Revalute - Ground Tao Stg_inf
----- o E\ Revolute - Dr_inf To Dr_med
----- v ,1 Revolute - Dr_med To Dr_sup
----- . ﬁ\ Revolute - Dr_sup To Sup
----- v, ﬁ\ Revalute - Sup To Sto_sup
----- o E\ Revalute - Stg_sup To Stg_med
----- @ Revolute - Stg_med To Stg_inf

Introduction of operating constraints
The jack will work taking into account the hypothesis that the median lateral segments will be able to move only in
the xOy plane, without the possibility to rotate.

(], Remote Displacement BN Details of "Remote Displacement”

— Scope — Geometry: [select the lateral segment
Dr_med] — Apply; Definition — X Component: free,
Y Component: free, Z Component: 0, Rotation X: 0,
Rotation Y: 0, Rotation Z: 0.

The procedure will be repeated for the segment as well
Stg_med.

Rokation: 0, 0, 0, ¢
Lacation: -150,, 100,, 0, mm
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E?a, Fixed Support - BE=EE of "Fixed Support 2" N Scope
— Geometry: [will be selected with J the upper
segment Sup] — Apply.

C.6 Load modeling

Input forces
[, 72 staticStructural (85)_, @ loacs » _, B Force _, PSRRI > Scope —» Geometry: [will be

selected with . lateral segment Dr_med] — Apply; Definition — Define by: Components — X Component = 10.000
N, Y Component =0, Z Component = 0. The procedure will be repeated for the Stg_med segment, changing only the
direction of the force, towards the inside of the mechanism..

The constraints and loads of the structure will look like in the figure below

B2 v
------- 71 Analysis Settings . Force: 10000 1 A

------- % Remote Displacement [E] Force 2: 10000 N
------- 1 Remote Displacement 2

....... A Fixed Support
....... ﬁ  Force

D. SOLVING THE FEA MODEL

D.1 Launching the calculation module and select the types of results

In order to select the final data types to be analyzed after the launch of the calculation module, the series of commands
presented below will be followed.

with L+ ].
The same result can be obtained by using commands:

N -/l Solution (A6) — %, Deformation ~ 5 % Total [the buttons in the menu bars are used] precum si / and

., /g8 Solution (A6) _, @, Deformation ~ _, U, Directional

For this type of structure, the Beam tool can be applied in order to visualize the linearized stresses on the component
elements. It is customary in the design of bar structures to take into account the components of axial stresses arising
from the effect of axial and bending loads in all directions. The following are the other types of results to be analyzed:

_| /e Solution (A6) _, \@|Tools » _, |#] Beam Tool
|/l Solution (A6) _, @ BeamResults ~ _, % Axial Force
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-6 Solution (A6) _, T BeamResults + _, " Bending Mament

?41@ 5(_}|Iltiull (AB) N ¥ Beam Results -

N B Torsional Moment

?41@ 5(_}|Iltiull (AG) N ¥ Beam Results - N £ Shear Force .
?41@ Solution (A6) _, % probe ~ _, & Joint

t t t v

D.2. Launching the solving module

------- _//ﬁ Directional Deformation

- Beam Tool
o M1 Direct Stress
M8 Minimum Combined Stress

------- /0 Total Deformation
------- /B0 Directional Deformation
=/ £] Beam Tool
Direct Stress
- M Minimum Combined Stress
o M Maximum Combined Stress
------- 0 Axial Force
------- /& Total Bending Moment
------- A0 Torsional Moment

~iSolve 0 e M0 Total Shear Force

- 7 -

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement fields

For suggestive results, set the view scale of the menu bars:

Result  8,6e+002 (Auto Scale) = _, Result 1.0 (True Scale) -

Total deformation view

J Solution (A6) _ - A Total Deformation —> Graph — Animation [ li '

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the
Result 1,7=+003 (2x Auto) -

display scale by selecting a higher value:

Various forms of distorted state representation can be used by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation.

The display characteristics can be changed: the number of frames | [8-F @ @ | weo

. . . ] Kt ro wireFrame
10 Frames ¥, as well as the running time of the simulation. At the same | & showundeformed ireframe
time, the result can be saved as a video file using the Export Video File command

Kl Show Undeformed Model
B show Elements

=
= .
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0,019562
0,013041
0,0065207
0 Min

One-way deformation view
a ;IE Solution (AB) _ .,_ﬁ Directional Deformation _y Graph — Animation [ li .

0,019562
0,0065207
-0,0065207
-0,019562
-0,032604
-0,045645
-0,058686 Min

If you want to view it in another direction, follow the steps below:
.1 /I Solution (A6) _, - M Directional Deformation _, FETYTETe=rRE=R==== — Definition — Orientation

=) v Axis - 3 Solve

6,3592

| -9,1002e-7
-8,1793e-6
-1,5449e-5
-2,2718e-5 Min

200




E.2. Visualize the fields of stress, forces and moments

Direct Stress

Direct Stress (ox) represents the component of the internal tension due to the axial force in an element of the

mechanism.
1 /8] Solution (A6) _, .9 Directstress _y Graph — Anmation [ M |

-20,525
27,367
-34,209
L -41,051
| 47,393
54,735
-61,576 Min

Directional Axial Force
. ¥ Solution (A6) _, My axial Force —» Graph —» AMmation > li

2298,9
-3065,1
-3831,4
-4597,7
= -5364
-6130,3
-6896,6 Min

Joint Probe
.1 ¥/ Solution (A6) _, /B JointProbe _y Tapylar Data.

Time [5] |[+ Joint Probe (Total Force %) [N] [[+ Joint Probe (Total Force ) [N] [+ Joint Probe (Total Force ) N1 |[v Joint Probe {Total Force Total) [N] |

1] -5000, 4500, 1,6211e-005

6726,8
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F. RESULTS ANALYSIS

It is observed that, despite the fact that the modeling of the articulated bar mechanism was performed with the help
of one-dimensional bodies, the results obtained are suggestive, being presented in a 3D environment, due to the ease
of the program used to attach various profiles to the structure. executed by the user. Modifying the profiles of the
articulated bars is very easy to do, this can be done even at the end of an analysis, following that after an update
command, the results of the new analysis will change according to the new initial conditions.

The realization of the rotational torques is easy, it is not necessary their 3D construction and the precise modeling of
their geometry. The definition of the rotational torques can take into account the elastic characteristics of the joint.
The positioning of the torques according to the bar profile can be chosen from several variants, offered by ANSYS.
From the point of view of the total deformations, it is |Definition

observed that the maximum value is 0.05 mm in the |Cennection Type  |Body-Ground

P . . . Type Revolute
area of application of the stress, in the direction of the L : _
. Torsional Stiffness |0, M*mm/®
Ox axis.

ini : . . Torsional Damping |0, Memm-s/®
Examining the graphical representation of the axial |5,ppressed "

stresses, it is observed that the lateral segments (2) are | Reference

subjected to the compression stress - represented in | Coordinate System |Reference Coordinate System
blue. The information regarding the deformations, |Mebile

corroborated with the information regarding the |-oPingMethod |Geometry Selection

. . . Scope 1 Vertex
internal stresses, the combined maximum stresses Body
lead to the conclusion that the structure withstands [1itial Position Unchanged
loads without problems, the values of the maximum Rigid -
stresses not exceeding the allowed material limit |Pinball Region
L <t Ceformable
(compression’ | ac=80 ... 100 Mpa). ops Beam (Beta)

G. CONCLUSIONS

From the point of view of the pre-processing phase, it can be seen that the use of 1D bodies involves minimal resources
for both modeling and discretization. Another strong point is that the transverse profile of the sections can be modified
/ oriented very easily, without influencing the basic shape of the bar structure. Moreover, it is possible to use different
profiles for each section. The sections can be connected in several ways, depending on the central axis of the profiles
used.

The introduction of supports, constraints and demands is quick and easy. The declaration of the materials, as well as
the discretization of the bar structure are controllable processes, which can be done automatically or manually.
Analyzing the results obtained by MEF, it can be seen that it provides much more data, at a time and with much lower
resource consumption, than the analytical version. It can be seen that the structure of the beams is very little required,
and smaller profiles can be used in order to achieve savings. Changing the profile of the beam sections and
recalculating is done in a very short time, being an easy procedure.
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Application: FEA-A.17
Dynamic analysis of collision

KEY WORDS

Dynamic Analysis, Plane Geometric Model, Plane Stress State, Linear Material, 1D Finite Element, Linear Finite
Element, Machine Element, Collision
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A. PROBLEM DESCRIPTION

A.1 Introduction

The Ansys Workbench Explicit dynamics suite it enables to capture the physics of shortduration events for products
that undergo highly nonlinear, transient dynamic forces. In many cases, the accuracy of an explicit solution can be
verified only via comparison with physical experiments. For some problems (such as explosions), it may be too
expensive or impossible to perform tests.
“Implicit” and “Explicit” refer to two types of time integration methods used to perform dynamic simulations. Explicit
time integration is more accurate and efficient for simulations involving — Shock wave propagation — Large
deformations and strains — Non-linear material behaviour — Complex contact — Fragmentation — Non-linear buckling.
Typical applications are drop tests, impact and penetration. ANSYS Explicit Dynamics analysis software provides
simulation technology to help simulate structural performance long before manufacture.
A time integration method used in Explicit Dynamics analysis system. It is so named because the method
calculates the response at the current time using explicit information.
After defining the initial conditions (initial velocity, angular velocity), the analysis setting has to be
maintained as per the problem requirement. In the analysis setting, time steps have to be defined explicitly,
including:

¢ Initial time step

e Minimum time step

e Maximum time step

e Time step safety factor
In case of drop test the standard earth gravity is also taken into account.
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ANSYS Explicit Dynamics utilizes the Autodyn solver within the standard ANSYS Mechanical interface
to analyses transient structural events and it is used for simulating fracture, cutting, failure, buckling, impact,
drop as well as highly nonlinear quasi-static simulations that the implicit APDL-based solvers would
struggle to converge.

1 year 10s 1s 0.1s 0.01s 0.001s 0.0001s

Creep Static/Dynamic Quasi-Static Drop/  Ballistics DetonationHypervelocity
i & Blast Impact

( IMPLICIT METHODS )

( EXPLICIT METHODS )

https://www.mechead.com/what-is-explicit-dynamics-in-ansys/

A.2 Application description

In practice, there are many mechanical phenomena that are manifested by mechanical contacts and stresses made in
very short periods of time, in the form of collisions. Some of these collisions can cause elastic deformation of the
parts in contact, others can cause plastic deformation or even destruction and expulsion of material (in the case of
penetration phenomena). In the field of motor vehicles, these dynamic impact requirements are very common. An
analysis of the impact phenomena between a body element and a static element is very suggestive, and can be used
in the design stages of body elements and passive safety elements.

A.3 Application goal

The application aims to determine the maximum values of the fields of displacements, deformations, internal stresses
produced in collision on the component elements.

For this analysis, the use of two-dimensional elements was considered due to the simplicity of the geometric
construction and the ease of modifying the profile of the studied elements.

B. PREPARATION OF THE MODEL FOR ANALYSIS

B.1 The model definition
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In order to draw up the finite element analysis model associated with the present application, it is necessary to
identify:

e geometric shape and dimensions,

e restrictions induced by links with adjacent elements,

o external and internal loads (own weight, speeds, accelerations),

e material characteristics.

B.2 The analysis model description

The analyzed model is intended to be very simple, consisting of only two elements: one of the tubular type which
represents a fixed obstacle (steel pipe pillar with an average diameter of 60 mm and the wall of 5 mm) and the other,
of the panel type by alluminium alloy 1 mm thick sheet, representing the moving object (dimensions are presented
in Chapter C.3 - Geometric modeling). The collision with the vertical pole is considered to take place in the normal
direction of the sheet metal panel, in the middle of it, according to the drawing below. The metal pillar is embedded
at the bottom and the sheet metal panel moves in the direction of Ox in the direction of approaching the pillar with a
speed of 25 m/s.

e pointA-TXTY TZRXRY RZ
o Vertical edges of the panel B— TX RY
o Vvy=-25m/s

B.3 Characteristics of the material

For finite element analysis the strength characteristics of the material, S235 steel are:

e modulus of longitudinal elasticity, E = 204,000 N / mm?;

e transverse contraction coefficient (Poisson), v = 0.3.
The characteristics of the second material, aluminum alloy, remain unchanged, according to the software library of
materials.

e modulus of longitudinal elasticity, E = 75.000 N / mm?;

e transverse contraction coefficient (Poisson), v = 0.32.

C. PREPROCESSING OF FEA MODEL

C.1 Creating and saving the project

Create of the project

E, IEEEER: 12 Analysis Systems _, ;B ExplicitDynamics (the subproject window appears automatically); — [the

name can be changed ExplicitDynamics  in Collision].
Problem type setting (3D)

205




AL @ Geometry NIy BN Proper ties of Schematic A3: Geometry Ji = Advanced Geometry Opfions R iee=S roy

[select from list .Jj, 43D] — [close window 1 % ].
Saving the project

= . . .. Save
JElsavens.. [l Seveds | Filename: [input name, Colhsmn]—nJ.

C.2 Modelling of material characteristics

As there will be two separate parts, two different materials will be considered: steel and aluminum.

E  Project Schematic [N & EngreeringData v _>‘J@ LN Outline of Schematic A2: Engineering Data §
A ~ Structural Steel (Gl A onﬂheRM 3; ruch

y ) -l\\-._ o

Young's Modulus | [select from column C (Unit) cu . '| AMF‘E] [input in column B (Unit) value, 204000] —
 Updte Project _y J@Retum toProject (4o gther parameters remain the default).

= E Isotropic Elasticity — ‘foung's Modulus

To introduce the second material, follow the steps:

Q Engineering Data  +" N ﬁEﬂgineering Data Sources N Engineering Data Sources N
|ﬁ General Materials IDI _)‘

(se bifeaza casuta / check box) —

Aluminum alloy,

‘%
Outline of ANSYS GRANTA Materials Data for Simulation (Sanﬂe) ® wruught 5051, e (select Al alloy by check the
N P Outiine of Schematic A2: E”Q'”ee””q L &l (both materials are active: steel and aluminum).

If the window J22i220 is not visible, the Outline and Properties or Reset Workspace
options will be activated in the View menu, then the Engineering Data Sources command

* B2 X
A B o D|E =
1 Property Value Unit @l @
2 T Density 7350 kam~3 7|0
Isotropic Secant Coefficient of Thermal
3 H—E‘ Expansion D
6 E Isotropic Elasticity [l
7 Derive from Young's ... ;I
3 Young's Modulus 2E+11 Pa ;I O
9 Poisson's Ratio 0,3 [l
10 Bulk Modulus 1,6667E+11  |Pa |
11 Shear Modulus 7,6923E+10 Pa [
12 E Alternating Stress Mean Stress m::dulus bular [l o
16 59 strain-Life Parameters ]
24 T Tensile Yield Strength 2,5E+08 Pa FlBE|E T
C.3 Geometric modelling
C.3.1 Loading DesignModeler (DM) module
E Project Schematic L. @ Geometry - d [ Mew DesignModeler Geometry... — Units: J ¥ Millimeter JOK.

C.3.2 Pillar modelling

Construct a pipe with a circular section along the OZ axis, with surface-type elements, as follows:
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Tree Outline |, 3~ ZXPlane _, sketching P () ook at plane) (draw a line parallel to the OZ axis, at distance

25 mm, 1000 mm long).
Dimensioning commands in the menu Dimensions will be used for sizing and positioning.

To create the 3D model, use the command ffeRevolve , then rotate the drawn segment around the OZ axis, then

'.j Generate .

40,00 (crm) e

C.3.3 Panel modelling
A rectangular panel is constructed in a plane parallel to the XOZ, using surface-type elements. Since the panel will
have reinforcements on two edges, its profile will be drawn in a plane perpendicular to the OZ and XQY axis,

respectively.

Tree Outline | _, -3t XYPlane | sketching 99 (Look at plane) ¢ Polyline  (qraw the profile in the figure

below).
L
i
{ \“ M ¥
IL.

H1 300 mm
L3 70 mm :
L4 40 mm Modify
L5 40 mm |["_Fillet Radius: |5 mm

The profile will be extruded with the [ Extrude command in the OZ direction on the length of 400 mm, then it will
be translated in the OZ direction at half the height of the pole, respectively 300 mm, using the commands:

N .} Translate N '.j Generate .

Create —s  Body Transformation
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Tree Outline

5@

- 5= XYPlane
- = ZXPlane
oy ¥ZPlane
El----\;ﬁa Revolvel
Eﬂ----JE Extrudel2

e pme TTEnslatel
- M@ 2 Parts, 2 Bodies y
., Bl Pillar :

0.00 150.00 300.00 (mm)
i I Panel [ — —

75.00 225,00

C.3.4 Saving the geometric model

E—) = (Save Project) — File — Close Design Modeler.

C.4 Finite element modelling

C.4.1 Activate the discretization module and set the finite element type

Launching of the finite element modeling module
E Project Schematic Sl @ Model

< 4 — launching module Mechanical [ANSYS Multiphysics].

Setting the unit of measurement system

o : : . .
: Jlnits _y Metric (mm, kg, N, s, mV, mA) (the system of units of measurement is usually set by default).
Setting the material characteristics

Ym0 M8 Geomety _, 7By Pilar _, [ESHPTEINING , Material . Assignment _, [select from list J_*], ..
Structural Steel (qefaylt)] —» Definition _, de003m
[ Outine | A ..... ./Eﬁ Geometry _, 20 Panel _, PECIEIGEERER | Material - Assignment _ [select from list Jj,
J Aluminum Alloy  (default)] —» Definition _, leD3m

C.4.2 Model discretization and finite element size setting

o ok . N .
, EETE: % Mesh _, Sizing @ N — Scope — Select Geometry: [will be
selected with 1 3D geometry of the pillar, using the selection filter @ (Body)] Apply; Definition Element — Size:

10 mm — Update @ .

The operation will be repeated for the other body as well — Panel, Size: 10 mm.
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C.5 Modeling joints and constraints

Inserting the fixed support

E,: ] v o Bored _, [BESICIEIEEEIENS 5 Geometry — Scope: [the circle at

level 0 corresponding to the pillar is selected using the selection filter & (Edge)].

Details of "Fixed Support” s
[=I| Scope

Scoping Method | Geometry Selection
Geometry 1 Edge

[=1| Definition
Type Fixed Support
Suppraessed Mo

Enter the movement conditions of the panel

E . - E‘, Displacement
|_]utl|r1e © ---,E! Explicit Dynamics RS Pa il N Geometry BN Scope: [select the edges parallel to
the OZ axis of the panel using the selection filter & (Edge)] — OX, OZ = 0, OY = free.

Details of "Displacement”

=) Scope
Scoping Method | Geometry Selection

Geometry 2 Edges

[=1| Definition
Type Displacement
Define By Components

Coordinate System | Global Coordinate System

¥ Component |[0.m (step applied)
¥ Component Free

0. m (step applied)
Suppressed Mo 5 0300

C.6 Load modeling

Entering the speed of the panel

—
E,: o[ ETIEENTENTS | {8 Inital Conditons  _y Velocity T=0 — [EEGRGE »

Scope — Select Geometry: [will be selected with .1 3D geometry of the panel, using the selection filter i|
(Body)] Apply; — Definition — Define by: Components —x=0,y=-25m/s,z=0.

[ Explicit Dynamics (DS)
= Initial Conditions

-y Te0 Pre-Stress (None)
o ~T-0 Velodty
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Introduction of analysis time
’: ] Explicit Dynamics 71:[;]1 Analysis Settings = PRSI Step Controls _

End Time: 0.01 s (estimate the travel time of the panel to the collision with the pole, depending on its initial
distance and speed: t = dist/speed = 70 mm / 25 m/s = 0.0028 s).

D. SOLVING THE FEA MODEL

D.1 Launching the calculation module and select the types of results

In order to select the final data types to be analyzed after the launch of the calculation module, the series of commands
presented below will be followed.

E —» L. ~#(& Solution (D6) _, |nsert —» Deformation — Total [use the commands in the command box open
with L+ 1.

The same result can be obtained by using commands:

@] Selution (D6) _, Solution — Deformation u _, -/ Total Deformation [the huttons in the menu bars
are used] and

‘_] ----_;;{E Solution (D6} _y Solution — Stress — ﬁé B8  Equivalent (von-Mises)
.1 /@ Solution (A6) _, -, —> Tabular Data.

D.2. Launching the solving module

—E _y 1% solution (D6) _, '.j Solve

=l Explicit Dynamics(5) 1 Explicit Dynamics (D5)

B ] Initial Conditions = Initial Conditions

....... /-4 Pre-Stress (None) ------- ,T=0 Pre-Stress (None)

b s 7o0 Velodity e e Velodty

o, JH] Analysis Settings - /I Analysie Settings

/@ Fixed Support -0, Fixed Support

/@ Displacement - Displacement

[--f&) Solution (D6) =-,/% Solution (D6)
2 Solution Information - 1) Solution Information
....... /%@ Total Deformation -, Total Deformation

.3 Equivalent Stress .. @@ Equivalent Stress

r.a
N Solve N

In case of errors in the processing of the model of the type "An unknown error occurred during solution ...", the
solution below must be tried, by unchecking the highlighted button.

210




“ Home Solution Display Selection Automation

o X My Computer ¥ 47 H = B
B Q. Find v| Distributed : o [ comment A
B te, Tree™ | Cores 2 SO_IVE Ana-I},fS|s i Chart B=F

Outline Solve Insert
Qutline s IO X | § o ol el n o .0 @ @
N | N—
T N\ Advanced Properties *

My Coemputer, Background

Distribute Solution (if possible]

Max number of utilized cores: |2
Rename
Use GPU acceleration (if possible) INDNE ﬂ

Advanced... i i .
D Manually specify Mechanical APDL solver memory settings

Additional Command Line Arguments:

oK |

Details of "Solution (AB)"
—I| Solution

Mumber Of Cores to Use (Beta) |Solve Proces
—I| Information oK Cancel

Status Done
—|| Post Processing |
Distributed Post Processing (Beta) | Program COH
Mesh Source (Beta) Program COH

Beam Section Results Mo

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement fields

For suggestive results, set the view scale of the menu bars:

Result  8,6e+002 (Auto Scale) = _, Result 1.0 (True Scale) -

Total deformation view

J -/t Solution (a6) _y - M Total Deformation _ Graph —> Animation [ ’i _

If the images are not suggestive enough, in terms of how the work is distorted, you can return to changing the
Result  1,7e+003 (2% Auto) -

display scale by selecting a higher value:

Various forms of distorted state representation can be used by calling the - (Edge) button. Show Showformed
WireFrame will be selected, an option that displays the undeformed and warped models in the same representation.
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-3 | B mw | EProbe
[ Mo wireFrame

Kl show Undeformed WireFrame
Kl show Undeformed Model
.Eh:mrElﬂnmls

The display characteristics can be changed: the number of frames | 10 Frames T, as well as the running time
of the simulation. At the same time, the result can be saved as a video file using the Export Video File command &

Total deformation view
J ;@ SEluﬁun (AG) N ,,m Total Deformation _ Graph —> Animation [ ’i .

If you want to view it in another direction, follow the steps below:
.1 /I8 Solution (A6) _, - M Directional Deformation _, SR rREm==m==l —> Definition — Orientation

=l v Axis - 34 Solve
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Graph =
Animation |« P Ii‘ | ﬂ:ﬂ 20 Frames ~|2Sec(puto) | EE G it S5 B B B 3Cyces SA L

5.500%e-3
017881 ———
E T
[ i t T '
Q. 2.5e-3 S.e-3 7.5e-3 1.e-2

[s]

E.2. Visualizing the fields of stress, forces and moments

Equivalent Stress
N ;‘1@ Solution (A6) _y - @ Equivalent Stress —> Graph — Animation [ ’i _

1.e-2
— 1 28682+3 _““'M_______________
g /_/‘/_/A\”_’//Wr
— _._,_'—I—'—.—\—I—'_'_._‘—'—\—\_._
[ T T T
Q0. 2.5e-3 S.e-3 7.5e-3 1.e-2
[s]

Force reaction
| .;1@ Solution (A6) _ o X Force Feaction —> Tabular Data.

AT

W T
L
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Tabular Data * 1 OX

Time [s] [w Force Reaction () [M] |[w Force Reaction ¥) [M] [[w Force Reaction (Z) [M] |[w Force Reaction [Total) a

? 6.0003e-003  -328.63 2307.3 659.87 24222
? 6.5007e-003 464.37 5059.5 -4397.5 T056.9
? T.001e-003 33572 67276 -1172.2 6837.2
ﬁ 7.5002e-003 -461.69 2355.4 -606.84 2475.8
E 3.0005e-003  417.92 433.06 2291, 2378.3
18 [8.5008e-005  -43.553 1236.6 2040.5 2386.4
19 (9.0009e-003  -503.21 -326.26 -1053. 1364,

W 13 EN11a mn3 124 72 T1EN A AG31 G Ta0A4 1

F. RESULTS ANALYSIS

It is observed that, despite the fact that the modeling of the parts was performed with the help of surface type bodies,
the results obtained are suggestive, being presented in a 3D environment, due to the ease of the program used to attach
various thicknesses to the structure.

Changing the thickness and materials of the various components is very easy to do, this can be done even at the end
of an analysis, and after an update order, the results of the new analysis will change according to the new initial
conditions.

From the point of view of the total deformations, it is observed that the maximum value is 0.0175 m in the area of
the vertical edges, the entities furthest from the center of the panel.

Examining the graphical representation of the total equivalent stresses (fig.a), it is observed that the panel is strongly
stressed in the areas of contact with the column, reaching values (543 MPa) that exceed the elastic limit of the material,
entering the flow area (L_c=280 Mpa).

In other words, at these initial data (constraints and speed of the panel) a plastic deformation of the panel can be
noticed.

From the point of view of the tubular pillar, made of steel (fig. b), a voltage of values of 180-200 Mpa is observed,
below the flow limit. So, the pillar will deform elastically, returning to its original shape and dimensions.

If the initial speed changes from 25 to 10 m /s, it will be noticed that the value of the stresses generated by the impact
is lower (280 Mpa), as well as the deformation of the panel (0.005 m), remaining in the area of elastic deformations.
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G. CONCLUSIONS

From the point of view of the pre-processing phase, it can be seen that the use of 2D bodies involves minimal resources
for both modeling and discretization. Another strong point is that the thickness of the parts (either of the column or
of the sheet metal panel) can be modified very easily, without influencing the basic shape of the bar structure.

The introduction of supports, constraints and demands is quick and easy. The declaration of materials, as well as the
discretization of the structure in the form of surfaces are controllable processes, and can be done automatically or
manually.

Analyzing the results obtained by FEM, it can be seen that it provides much more data, at a time and with much lower
resource consumption, than the analytical version.
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