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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 Fa = 2000 N.

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),
e 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 u = 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:

¢ longitudinal modulus of elasticity E = 205000 N / mm? (MPa), coefficient of transverse contraction
(Poisson) v = 0.29, for steel E335 (c02 = 335MPa — at traction; co2 = 400 MPa — at compresion; or =
590...760 MPa) associated with Manivela element.

e the longitudinal elasticity modulus E = 210000 N / mm2, 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 (co2 = 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

A I = analysissystems 5y Static Structural (the subproject window appears automatically); —
[the name can be changed Static Structural in Assem sq ].

Problem type setting (2D)

AL, @ ESCUIUE N Ry el =N Properties of Schematic A3: Geometry § & Advanced Geometry Options : o Analysis Type

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

@l save s, MV Savehs , Filename: [ input name, AEF-A.7] > A,

C.2 Modelling of material and environment characteristics

Generating of the material characteristics for the component Manivela

&-, Project Schematic [N & Engineering Data v N J@ 211 SN Ouitline of Schematic A2: Engineering Data .
Click here to add 2 new materisl — [input name: E335] (it apear in line 2% E335) J2% E335 I,
Linear Elastic —y ), |8 IsotropicElastidty _, JEI it . Temperatre (©) =, gelect

from list with - C (grade Celsius) input value, 20], YeungsMedulus Pa) ~ _, [select from list with .J=




MPa, input value 205000], Poissen'sRatio — [input value 0,29] (the window is automatically generated

and the graph , in which the data entered are
highlighted).

Generating of limit and permissible characteristics of the material E335

N, 0. @ stength _, T8 TensileYieldsirength _, : 288 Tensie vied strength [select

from list with =l MPa input value, 335] (traction limit stress).

ST, @ Strength _, #] Compressive YieldStrength _ . 21# Compressive Yield Strength |

[select from list with d MPa, input value, 400] (compresion limit stress).

WCET. @ Strength E Tensile UltimateStrength N . ?E Tensile Ultimate Strength
: : ,

[select from list with Jzl Mpa/ input value, 220] (traction admisible stress).

T, @ swength B CompressiveUtimateStengh :
217 Compressive Ultimate Strength [select from list with 42l MPa input value, 300] (compresion admisible
stress).

Generating of the material characteristics for the component Arbore

&-’ Project Schematic [N & EngneeringData i > ‘J@ (2.1 SN O tline of Schematic A2: Engineering Data ‘J
Click here to add 2 new material — [input name C45] (it apear in line 4 2% ¢y 5 o ER JUSINN Toolbox
Linear Elastic — .|, 178 IsotropicBlastaty _, . Temperatwre ©) 2, [select

from list with J= C (grade Celsius) input value, 20], YeungsModulus Pa) ™ _ [select from list with i
MPa / input value, 210000], Peisson's Ratio —; iniut value 0,3! (the window is automatically generated
and the graph EEEASSREEEER R ElEnes) , in which the data entered are
highlighted).

Generating of limit and permissible characteristics of the material C45

N S B Swength _, T Tensie Vieldstrength _, EXEm PR ENIEIEE; 34 Tensie Ve Stength, [select
from list with =] MPa / input value, 520] (/ traction limit stress).

; I [E Strength _ E Compressive Yield Strength BNy Properties of Outline Row 5: C45 2T Compressive Yield Strength ,
[select from list with a2l MPay/ input value, 560] (compresion limit stress).

EEEE; 8 Strength _, § Tensile Ultimatestrength _, ey e R IISecE. 2] Tensie Uimate Strength  [efect

from list with =l MPa/ input value, 420] (traction admisible stress).

IEETN. @ Strength _y §2 Compressive Ultimate Strength _y s L. 27 Compressive Ultimate Strength
, [select from list with 4=l MPa/ input value, 480] (compresion limit stress).

Update of the database and exit

N . 7 UpdateProject _, (3 Return to Project

C.3. Geometric modelling

C.3.1 Model loading, DesignModeler (DM)

AW Froject Schematic LFQ Geometry _>,JW New Geometry... _, ANSYS Wc-rkbench:‘J-’;' Milimeter K

C.3.2 Sketch 1 generation (Shaft)

Viewing default plane (XY)

‘W, . ) Sketching _, | 12 (Look at face/Plane/Schetch) — (automatically view of default plane
XY Plane);

Generating of rectangular contour

sketching Toolboxes. ) Draw _, [C]Rectangle _, T3 rectangular line is generated in the center area of the XY
plane, marking with J the first (quadrant II) corner and the release J in the opposite corner (quadrant V)]

(fig. a).
Centering of rectangular contour

Sketching Toolboxes; | Constraints —, | <T*Symmetry [select with J 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 L a dot in the model area] — 1 >Slect newsymmetry axis - rgoloct with

the X axis followed by the selection with J of the two lines parallel to X (the two sides will be centered
centered with X)] (fig. b).




Dimensioning of rectangular contour

Sketching Toolboxes: | Dimensions —_ M=Horizontal _y Tqelect with .J lines parallel to the Y axis] (the
dimension is automatically viewed) —» DetailsView  Dimensions: | |H — [input value, 45] (fig. ¢);

o3[ Vertical 5 [select with ! liniile paralele cu X / paralle lines with X] (the dimension is automatically
viewed) — Details View  Dimensions:2: | 'V — [ input value, 45] (fig. c);

Changing the dimension view

1 W] Display _y _Name: ¥ (degactivate) — . Mame: I Value: M (activate, fig. ¢); IEIMove — [select with ]

and drag in wanted position] (fig. c).

Generating the chamfers
sketching Toolboxes: | Medify _y " Chamfer — Length: | [input value, 2,5] (fig. d).
I m
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C.3.3 Generating of sketch 2 (crank / hub)

Generating sketch 2
sketching _, | #3 (Mew Sketchy_ (the sketch code is automatically indexed, Sketch2 ).

Generating overlapping lines over Sketchl

JSketching 5 | “wline [select with J 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 ¢ Sketchl _, @ Hide Sketch (hide Sketch); [y 3 XYPlane _y |
v Sketch? (activate Sketch).

Generating the chamfers

Sketching Toolboxes. | Modify _y, [ Fillt _ Radius: | [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 Toolboxes: | Draw _, = Cirdle _ [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  _, €3} Diameter _, [select with . the circular line] (dimension appear
automatically) — Details View, Dimensions:: 1| /D3 — | [input value, 80] (fig. c);
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C.3.4 Generate sketch 3 (arm)

Setting the Sketch 3
Isketching _y &9 (New Sketch)_5 (se indexeza automat codul schitei / he sketch code is automatically
indexed, sketch3 ™).

Generating overlapping circular lines over Sketch2
sketching Toolboxes: | Draw _, @& Circle [select with . 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 . new circular line appears] (fig. a); L,y Sketch2 _,
@ Hide Sketch ( pide sketch); B3 X¥Plane 1,8 Sketch3 ( aetivate sketch).

Generating circular lines

Sketching Teolboxes. | Draw _, (= Circle _ [select with . 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 I the circular line
appears] — [select with J 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 J the circular line appears] (fig. a).
Generating straight lines (tangents)

Sketching Toolboxes. | Draw _, | Lineby2Tangents — [the two circles are selected with .J in a row and the
tangent lines automatically appear] (fig. b).

Generating contour

Sketching Toolboxes: | Modify _, | T TAM _y [the parts that do not belong to the contour are deleted] (fig.
a, b).

Dimensioning the new entities

Sketching Toolboxes: | Dimensions  —, #=Horizontal _, [select with .J 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); (& Radius _5 [gelect the circle with .J and the dimension is automatically displayed] —» Details View
Dimensions: | | R — [input the value, 8/16] (fig. b).
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C.3.5 Generating of the surface and body of the crank arm

Generating of the surface for the arm
. | Concept _y @ Surfaces From Sketches _ . By XVPlane _y | Sketch3 _s Details View

Details of SurfaceSk . | — L meely || </ Generate (generate the surface, fig. a); Ls - Sketch3

' Hide Sketch (ide Sketch).
Generating of the solid body of the arm

JBEBdarude ;| -, By Surface Body _, Details View | Details of Extrude . | jGeometry 5 | | Apply |-

FD1, Depth (+0)  [input the value, 10]; 1%/ Generate (generate the solid, fig. b);
v . ;
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C.3.6 Generating the surface and body of the crank hub

Generating the surface for the hub
@. Concept _y _ g8 Surfaces From Sketches _ o [y X¥Plane _y 8 Sketch2 _ Details View
Details of SurfaceSk ; | —> | Aeply | | 3fGenerste (qurface generating, fig. a); Lsvc® Sketch2

' Hide Sketch (pide Sketch).
Generating of the solid body of the hub

J@@Bdrude . Wy Surface Body (the surface associated with the hub)— Details View  Details of Extrude: | |

Geometry _, | _APPly |. | |FD1, Depth (>0} — [input the value, 30]; ! </ Generate (generate the solid, fig. b);
Obs. Because in the window that defines extrusion (Petails View (Details of Extrude ;) in the line Operation
remained, the body of the generated hub is concatenated with the body of the previously generated arm.

: v W Body _, Details View Detailsof Body. Body _, [input name, Manivela].

Generating the radius connection

% Blend v _, | § FixedRadius _, Details View | Details of FBlend1: || | FD1, Radius (>0) — [input the value, 5] ; ]
- @ Manivela _, | [fy] (edge entity activation) — [it will be selected with ! the edge for connection];

Geometry_, _|_APPY _|. |77 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

W:JCDHCEpt _)‘Jﬁ Surfar:vasFru:urﬂSh:vatr:hvas_> :‘J---Vﬂ.){"r’l:'lane_) v C[‘ilSkEtChl_> Details‘u‘iew,

Details of SurfaceSk ; _| —> L Apply |y ofGenerate (generate surface, fig. a); L veD Sketehl

9 HideSketch (hide Sketch).
Generating the solid body of the shaft

J@Bdrude ., B Surface Body (the surface associated with the shaft)— Details View — Details of Extrude: |

Geometry _ || APPlY |- FD1, Depth (>0) — [input the value, 50]; .J.) Direction Vector 5 K¥Plane (normal

plane) — . L_APBY . _jOperation —5 [select from the list 2l iAdd Frozen] (the resulting solid body will be
independent and a separate material will be associated with it); +/ Generate (generating the solid part, fig. b,
©);

g 2 Surface Body N Suppress Body (supress body).
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C.3.8 Save of geometric model

E5 - (Save F'ru:u_iect) N AQ (Close),

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

N o L@ vodel , @) Edit.  [jaunch modul Mechanical [ANSYS Multiphysics).
Setting the unit of measure system
6. | units _y Metric (mm, kg, N, 5, mV, mA) (the system of units of measurement is usually set by default).
Setting the material characteristics

- |- Geometry _y |- [ Manivela _y Details of "Manivela"’ Material ; _|Assignment 5 [select from list
with J*], o % E335]; o @ Arbore _, Details of "Arbore” | Material . _jAssignment —y [select from list with ],
J & s,
Disabling redundant entities

L2 8 — .1 \BEl suppress Body (geactivation of surface type entities).
Obs. In the spgciﬁcation tree, we observe, as a consequence of the connections between the two bodies, that a
connection v.Fx ContactRegion hag heen automatically generated in the subdivision B Connections  which

will be further personalized.
C.4.2 Modelling the friction connections

—E’ ‘JJ% Connections — Insert _y _| ®, Manual Contact Region _y
Details of "Bonded - Mo Selection To Mo Selection” , Definition. _Type _ [select from list with ‘Jj, JFrictional]; — L,

v @ Arbore | Q Hide Body (hide the solid Arbore) — .J Iy —[with a face of the square profile of the crank
body is selected, fig.a] — Details of "Frictional - No Selection To No Selection” Scope. | Contact — . Aeply |

(option Contact Bodies js automatically indexed, MBHieR); L. @ Arbore _, | Y ShowBody _, L,
“ @ Manivela_, | Hide Body (hide the solid, Manivela) — Io — [is selected with I in front of the square
profile of the Arbore body, fig. b] — Details of “Frictional - Arbore To Manivela® | Scope Target _ | APPW | (option
Target Bodies {5 automatically indexed, Higl); .| Definition . _|Behavior — [select with ), .1Symmetric ] ;

Friction Coefficient — [input value, 0,2]; o Advanced _ _|Formulation _ [gelect with .Jﬂ, A
Augmented Lagrange ] (method of solving the nonlinear model).
For each of the other 3 contacts, the sequence will be followed: L+~ i@l Contacts 5 _jInsert _ |
M, Manual Contact Region 5 (continue according to the sequence above, but for another pair of surfaces:,).

After browsing the above sequences in the specification tree Contacts it  appears
--‘/ul,‘ Frictional - Manivela To Arbore for four 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 at the option.
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C.4.3 Set discretization parameters, model discretization and analysis type setting

Setting the local discretization parameters in the contact areas

% Mesh _y  [Details of ‘Mesh" _j#|Defaults: || |Relevance —  [will be adopted with .
3 ‘ the value, 100]; J®|Sizing: Relevance Center — [select from list 2, JFine ],

Setting the local parameters in the contact areas

L,-;’@ Mesh - Insert N ‘Jw'..\ Contact Sizing —y Details of "Contact Sizing" - Contact Sizing’ Scope - | Contact Region _
[select from list J;I’ | Frictional - Arbaore 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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Generating of the constraint type (cancels all 6 degrees of
mobility) _
ﬁ, : J ..... @ Static Structural (AS) _, F, Supports ¥

with J+Ctrl faces with constraint (frontal face of Arbore)];
<_] ....... 218 Fixed Support — Details of "Fixed Suppu:urt", Scope. |

Genmetry_)ANGSEIectinn_) 4J Apply i

C.6. Loads modelling

Generating of force load on the surface

i . L, =] Static Structural (AS5) — JInsert _5 A[El-r Force _y Details of "Force"
, Scope; |Geometry JB [the cylindrical surface of the bore in the crank
arm shall be selected with 1] — J_2PPY | pefinition: ,|Define By — [select from

list with =l _iComponents ]; ZComponent — [input the value, 400] (force B).
Generating of load with force in the bearing
I_._.,{El Static Structural (A5} _y | Insert _y ‘J':'.’.'-', Bearing Load _y

scope; ., 1Geomety _y (B




[the cylindrical surface of the bore in the crank arm shall be selected with 1] — J_2PPW | pefinition:
DefineBy — [select from list AL', JComponents]; | ¥ Component — [input the value, 15000] (force C).

D. SOLVING THE FEA MODEL

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

9

| Solution Information : _jSolution Output [ select from list with .7, IFeree Convergence] (the criterion of

force convergence is adopted).

D.2 Setting the results

Setting the total displacement

Setting the equivalent stress

L"" SEllltiﬂ" (Ag) — | Insert _y _|Stress ‘Jﬁ,j Equivalent (von-Mises)

Setting the structural error

L,"" SElutiG“ (A6) —> | Insert _y _|5tress _y | ﬁg Stress ‘Jﬁ'ﬁ Error

Setting parameters from contacts
L"" Solution (A6) —y I Inset _y _ContactTool ¥ _ ‘J Contact Tool :

L'" Cu:lntactTcu:uI —y Insert _y _|Frictional Stress/ﬁ.: Pressure /ﬁc Sliding Distanr:E/@c Penetratinn/@c Gap/ﬁc Status
Setting the design parameters

J'" Solution (A6) _, | (@l Tools | _, [ Stress Tool

L, [ Stress Tool | |Insert _y | Stress Tool _ ‘Jﬁﬁ Safety Factnr/[ﬁ Safety Margin /G Stress Ratio

D.3 Launching the solving module

E. POST-PROCESSING OF RESULTS

E.1 Viewing the displacement field

[select from list with 17|, JE Smeoth Contours] (visualization of smooth contours); 8 —> [select from

list with 7|, )@ Show Elements | (visualisation the FE structure). JResult — [select from list with 7], .

44 [2x Auta]] (select the scale factor); BrEph — | Animation [ | B (view the animation).
0.41606 Max
0,30945
0,20666
0,103a7
0077903
0,051935
0,025963
0 Min




E.2 Viewing the equivalent stress field

Viewing the equivalent stress field

705,62 Max
245,4
80,547

fid, 457
48,427
32,367
16,307
0.2467 Min

AN
Bl RS
L T

Viewing the equivalent stress field in section

Generating of section plan

Outline - | B 3% Coordinate Systems L,./f’l‘- Global Coordinate System -  lnsert _ J,L Coordinate System  _y
Details of "Coordinate System” | Origin . | DefineBy  — [select from the list ,JLI, Global Coordinates |, _Origin X/
Origin ¥ /Origin Z — [input the value, 0,0 (by default, usually)] Principal Axis: _Axis — [select from the list J71,
X (implicit)]; JDefineBy — [select from the list J~ L JGlobal X Axis]; Orientation About Principal Axis : iz
[select from the list J.7 |, J¥ (implicit)]; JDefine By — [select from the list I ], .JGlobal Z Axis]

Visualizating of the equivalent stress in the section according to the generated plane

Ly Coordinate System _y_Ffg Create Section Plane ;"8 (from main menu) —> [SectionPlanes: [activate
Slice Plane1] (automatically appear). . B - [select from the list J~|, JH Smeeth Contours] (smooth
contour visualisation,);

Obs. In order to delete the section plan, the succession is carried out: .J/T# —» [Section Planes: | Slice Planel —»
AR >

. 705,62 Max
410,45
— 80,547
—{ 69,075

E 57,604
46,133

— 34,661

23,19
I 11,718
0.2467 Min

C.

E.3 Viewing the structural error




0,23538 Max
0065039
0056699
0,0453549
0024014
002268
001134
7,3985e-8 Min

E.4 Viewing the fields of the contact parameters (state, friction stress, pressure, sliding, jump,
penetration)

.|/l Solution (A6) _y _|. @ status (fig. a);

I A Frictional Stress (fig. b); - Pressure (fig ¢):
|-/ M@ Siiding Distance (fig. d);

MG (fig. ¢); M Penetation (fig f)

_ 54,563 Max
. Cheer Constrained 22,878
M | 15,344
[ ] Mear | 10,808
[[] sliding — 47743
[ sticking — 3.5807
L 23871
1,1936
0 Min
a.
. 457,04 Max 0,039132 Max
724,15 0,032284
——{ 175,97 -—{ 0,025436
——{ 127,79 L—{ 0,018588
79,604 L { 0,01174
{31,421 —{ 0,0048915
{20,943 —{ 0,003261
10,474 0,0016305
0 Min 0 Min
c d.
. 0 Max 0,0047716 Max
-0,065342 0,0038629
— -0,3483 - { 0,0029942
— -0.63025 -—{ 0,0021055
— -0.91221 - 0,0012168
— -L13& L—{ 0,00032805
= -L3798 L{ 0,0002187
. -1,3788 0,00010935
-1,9107 Min 0 Min
e f.

E.5 Viewing the safety factor field

.|+ Solution (A6) _y | M Safety Factor




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

J.AII Solution Information

—— Force Convergence Faorce Criterion
7.13e+3 ¥4 -
= |
£ |
2 602 |
v |
Soa3 {
1.4,3 [ -‘H
1 2 3 4, 5 3

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.

- In the 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 AEF (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.

In case of dimensional changes, it is necessary to modify the analysis model and to solve the model by going

through the successions: ¥, D, change the dimension value.>* Generate . ﬁ, Outline; L.

""" U Geometry . ||%] Refresh Geometry . | + Solve  Afier the model is solved, the results are re-analyzed
and reinterpreted. If 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).
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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.




