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Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

CAD - FEA –CAM- FEA/CAM 

❑ Objetivo é dar uma visão geral de como análises utilizando
elementos finitos e softwares de apoio, como o CAD, são
importantes na manufatura de componentes
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Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

Análise utilizando elementos finitos  
❑FEM - https://www.youtube.com/watch?v=boSLQYhDXoE

❑FEM - https://www.youtube.com/watch?v=boSLQYhDXoE

❑ABAQUS

❑ANSYS 

❑DEFORM

❑MAGMA 

❑LS DYNA 

❑CONSOL

❑MATLAB (otimização, machine learning) 

❑EXCEL (estatística e otimização) 

❑SOLID WORKS

❑OUTDESK

❑E muito mais....
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https://www.youtube.com/watch?v=boSLQYhDXoE
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Análise utilizando elementos finitos 
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Simulação 
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Simulação 
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Simulação 
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Exercise 1 – Cantilever Beam

Total c = 20 mm

L = 60 mm

➢ PART: 2D – Deformable – Shell

Partition: Face – 2 points
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Exercise 1 – Cantilever Beam

t = 5 mm

➢ PROPERTIES: Steel - E = 200 GPa; 𝜈 = 0.3;

➢ ASSEMBLY;

➢ STEP: Static, General (time = 1 s); Nlgeom: OFF;
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Exercise 1 – Cantilever Beam

P = 1000 N

➢ LOAD: BC – encastre; Concentrated Force = 1000 N;

➢ MESH: Triangular Element – Structured Mesh;

Global Size = 5 mm.
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Exercise 1 – Cantilever Beam
➢ JOB: Exercise_01

Report: Field Output (RF and U).
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Exercise 2 – Plasticity
➢ PART: Bar - 2D – Deformable – Shell
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Exercise 2 – Plasticity
➢ PROPERTIES: Steel

Elastic: E = 210.73 GPa; 𝜈 = 0.29;

Plastic:

Thickness (Plane Stress): 5 mm;

➢ ASSEMBLY;

Yield Stress Plastic Strain

200.2 0

246 0.02353

294 0.0474

374 0.09354

437 0.1377

480 0.18
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Exercise 2 – Plasticity
➢ STEP: Static, General (time = 1 s); Nlgeom: ON;

Initial Increment size = 0.05

Maximum Increment size = 0.2

Field Output:

Frequency – Every x units of time: 0.01 (100 frames).
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Exercise 2 – Plasticity
➢ LOAD:

➢ MESH:

Element Type: CP4S (Plane Stress)

Controls: Quad mesh – Medial Axis

Global Size: 2

P = 150 MPa

U1 = U2 = 0
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Exercise 2 – Plasticity
➢ JOB: Plasticity

Report: PEEQ
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FEM Macroscale
➢ PART 1:

Workpiece - 3D – Deformable – Solid

20 x 20 x 200 m³

Roller - 3D – Discrete Rigid – Solid – Extrusion

∅ 100 𝑚
Depth = 45 m

Create Reference Point (Tools).

➢ PROPERTIES:
Workpiece - Steel

Plastic:

Yield Stress Plastic Strain

380e6 0

420e6 0.04

470e6 0.12

500e6 0.19

530e6 0.25

➢ PROPERTIES:
Workpiece - Steel

Elastic: E = 200 GPa;
𝜈 = 0.3;
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FEM Macroscale➢ ASSEMBLY:

Rotate and Translate
the Workpiece

➢ INTERACTION:
Surface-to-surface;

Penalty: COF = 0.3;
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FEM Macroscale
➢ LOAD:
Workpiece

Pre-defined field (V1 = - 70 m/s);
ZSymm;
YSymm.

RP – Roller:

Initial Step - U1 = U2 = U3 = UR1 = UR2 = 0
Step -1: VR3 = -5 rad/s

➢ MESH:

Workpiece: Hex (C3DR8) – Global Size: 3;

Roller: R3D4 – Global Size: 3;

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 
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FEM Macroscale
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Stress constrains that can cause failure!  

Basic types of deformation and failure (Dowlling, 2012)  
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How can we connect all possible 
mechanisms and conditions ???

Knowledge, characterization, 
experiments  models and 
computational tools … 

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

And the effect  stress 
constraints  influence on 
damage



Mechanical Approach X
Metallurgical/Materials Approach   

1. Materials are usually considereded
homogenous and isotropic

2. Plastic deformation is based on tension
tests

3. Failure is based on the onset of
deformation (Von Mises criteria) –
Principal stresses

4. State of strain and stress are evalueted

5. Strain rate and constitutive equations
such as Johson-Cook are importante to
describe the mechanical behavior

6. Damage is mainly evaluated during
crack growth - Macro

7. Focus on Design of components
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1. Materials are usually considereded
heterogeneuos and anysotropic

2. Plastic deformation is based on
dislocations teory, crystaline structure

3. State of strain and stress were not usually
considered

4. Damage are based on ductile or fragile
behavior (nucleation)

5. Microstructural Characterization (Nano 
and Micro levels) is an important tool

6. Mechanical behavior (mechanical
properties and processing) – Micro

7. Focus on Design of Materials

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 
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CAD, Parameters, MICROSTRUCTURE 

X-Ray Tomography : resolution, density of phases

FEM Microescale

https://commons.wikimedia.
org/wiki/File:Micro_CT_anal
ysis_of_Ti2AlC_and_Al_com
posite.gif
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CAD, Parameters, MICROSTRUCTURE

Softwares

FEM Microescale
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CAD, Parameters, MICROSTRUCTURE

Softwares

FEM Microescale

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 



Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

Meyers and Chawla, Mechanical behavior of Materials , 2009
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Mechanical and Tribological (Micro) Behavior Assessment
using Finite Element Method Tools 



Finite element analysis of the effects of thermo-mechanical T
loadings on a tool steel microstructure

V. Seriacopi⁎, N.K. Fukumasu, R.M. Souza, I.F. Machado, Engineering Failure Analysis , https://doi.org/10.1016/j.engfailanal.2019.01.006 

28Izabel Machado – machadoi@usp.br

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

1 



29Izabel Machado – machadoi@usp.br

Finite element analysis of the effects of thermo-mechanical loadings on a tool steel
microstructure

V. Seriacopi⁎, N.K. Fukumasu, R.M. Souza, I.F. Machado, Engineering Failure Analysis , https://doi.org/10.1016/j.engfailanal.2019.01.006 
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Stress Analysis to Improve Pitting Resistance in Gear Teeth

Newton K.Fukumasu Guilherme A.A.Machado Roberto M.Souza Izabel F.Machado
https://doi.org/10.1016/j.procir.2016.02.349
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Simulação do funcionamento de engrenagens
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FGZ – churning losses
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Friction evaluation during contact – manual transmission

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

Friction coefficient 
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Experimental and numerical analysis of dry contact in the pin on disc test

E.M. Bortoleto, A.C. Rovani, V. Seriacopi, F.J. Profito, D.C. Zachariadis, I.F. Machado, A. Sinatora, R.M. Souza,  WEAR. 
http://dx.doi.org/10.1016/j.wear.2012.12.005 
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Experimental and numerical analysis of dry contact in the pin on disc test

E.M. Bortoleto, A.C. Rovani, V. Seriacopi, F.J. Profito, D.C. Zachariadis, I.F. Machado, A. Sinatora, R.M. Souza,  WEAR. 
http://dx.doi.org/10.1016/j.wear.2012.12.005 
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Numerical Model of Machining Considering the Effect of MnS Inclusions in an
Austenitic Stainless Steel

G.M.P.Chagas, I.F.Machado
https://doi.org/10.1016/j.procir.2015.04.093
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Homogeneous material

Phenomena – Abrasion, 2D 
analysis 

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 
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Analysis of abrasion mechanisms in the AISI 303 stainless steel: Effect of

deformed layer
V. Seriacopi, N. K. Fukumasu, R. M. Souza, I. F. Machado 

10.1016/j.procir.2016.02.326
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Vanessa Seriacopi. Evaluation of abrasive mechanisms in metallic alloys during scratch tests: a 
numerical-experimental study in micro-scale. 2017. 
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Riscamento
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Study of angular cutting conditions using multiple scratch tests onto low
carbon steel: An experimental-numerical approach 

V. Seriacopi, S. Mezghani, S. Crequy, I.F. Machado, M. El Mansori, R.M. Souza,  Wear
https://doi.org/10.1016/j.wear.2019.01.101 
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Study of angular cutting conditions using multiple scratch tests onto low
T carbon steel: An experimental-numerical approach 

V. Seriacopi, S. Mezghani, S. Crequy, I.F. Machado, M. El Mansori, R.M. Souza,  Wear
https://doi.org/10.1016/j.wear.2019.01.101 
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Numerical analyses of stress induced damage during a reciprocating lubricated test
of FeCMo SPS sintered alloy

N.K.Fukumasu, G.Boidi, V.Seriacopi, G.A.A.Machado, R.M.Souza,  I.F.Machado, Tribology International

https://doi.org/10.1016/j.triboint.2016.12.025 
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Numerical analyses of stress induced damage during a reciprocating lubricated test
of FeCMo SPS sintered alloy

N.K.Fukumasu, G.Boidi, V.Seriacopi, G.A.A.Machado, R.M.Souza,  I.F.Machado, Tribology International

https://doi.org/10.1016/j.triboint.2016.12.025 
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Numerical analyses of stress induced damage during a reciprocating lubricated test
of FeCMo SPS sintered alloy

N.K.Fukumasu, G.Boidi, V.Seriacopi, G.A.A.Machado, R.M.Souza,  I.F.Machado, Tribology International

https://doi.org/10.1016/j.triboint.2016.12.025 
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Numerical analyses of stress induced damage during a reciprocating lubricated test
of FeCMo SPS sintered alloy

N.K.Fukumasu, G.Boidi, V.Seriacopi, G.A.A.Machado, R.M.Souza,  I.F.Machado, Tribology International

https://doi.org/10.1016/j.triboint.2016.12.025 
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Numerical analyses of stress induced damage during a reciprocating lubricated test
of FeCMo SPS sintered alloy

N.K.Fukumasu, G.Boidi, V.Seriacopi, G.A.A.Machado, R.M.Souza,  I.F.Machado, Tribology International

https://doi.org/10.1016/j.triboint.2016.12.025 
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Influence of Sintering Parameters on Micro-Scale Mechanical and 
Tribological Behavior of Niobium Carbides

N.K. Fukumasu, A.J.O.Tertuliano, C.F. Bernardes, V. Seriacopi, R.M. Souza, I.F. Machado 
Plansee Seminar - 2017

Wear

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 



Local transformation of amorphous hydrogenated carbon coating induced by high 
contact pressure

N.K. Fukumasu, C.F. Bernardes, M.A. Ramirez, V.J. Trava-Airoldi, R.M. Souza, I.F. Machado 

Tribology International

https://doi.org/10.1016/j.triboint.2018.04.006 

The coating and the interlayer were deposited using a pulsed Direct Current Plasma Enhanced Chemical Vapor Deposition (DC PECVD)

Under dry sliding condition, DLC coated systems may present a reduction of friction force based on the graphitization of the contacting surfaces, as
observed by Liu et al. [9]. This phenomenon is related to the re- arrangement of the sp3 and sp2 carbon bonds by energy transferred from the
mechanical movement to chemical bond kinetics.
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Scratch test on coated systems –
sequence of stress states

[Holmberg et al. Wear  
267 (2009) 2142–2156]

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 

10



Local transformation of amorphous hydrogenated carbon coating induced by high 
contact pressure

N.K. Fukumasu, C.F. Bernardes, M.A. Ramirez, V.J. Trava-Airoldi, R.M. Souza, I.F. Machado 

Tribology International

https://doi.org/10.1016/j.triboint.2018.04.006 
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Local transformation of amorphous hydrogenated carbon coating induced by high 
contact pressure

N.K. Fukumasu, C.F. Bernardes, M.A. Ramirez, V.J. Trava-Airoldi, R.M. Souza, I.F. Machado ,  Tribology International

https://doi.org/10.1016/j.triboint.2018.04.006 
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Numerical simulation indicates high 
contact pressure (>12GPa) developed
at the surface and high internal
stresses, ranging from 20 GPa to 12 
GPa, are developed along coating
thickness. The increase on indentation
hardness inside the scrat- ched region
are compatible with the nucleation of
sp3 carbon bond sites derived from
sp2 bonds.

Mechanical and Tribological (Micro) Behavior Assessment using Finite Element Method Tools 
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Influence of spark plasma consolidation conditions on the
superconducting properties of (Bi,Pb)-Sr-Ca-Cu-O ceramic samples

F. Rosales-Saiz, L. Pérez-Acosta , I.F. Machado , J.E. Pérez-Fernández , R.F. Jardim , E. Govea-Alcaide, Ceramics International

http://dx.doi.org/10.1016/j.ceramint.2016.08.053 

Influence of the material die and plungers on the superconducting properties of Bi1.65Pb0.35Sr2Ca2 Cu3O10 δ samples
processed by the Spark Plasma Sintering method. Samples were then consolidated by using two setups comprised of
different materials: all-steel and all-graphite. Finite element simulations (FEM) were performed to provide extra
information regarding the distribution of temperature within the samples. X-ray diffraction (XRD) analysis and DC
magnetization as a function of temperature, M(T), have been conducted in all synthesized samples as complementary char-
acterizations. The main motivation of this study is to evaluate the influence of the material setup of the SPS apparatus on
the de- oxygenation of Bi-2223 compounds consolidated by the SPS method.
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Surface damage modeling



Surface damage modeling



Surface damage modeling



CAM 
• https://www.youtube.com/watch?v=FdipJNG_vV8
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CAM • https://www.youtube.com/watch?v=JrmYZIrcuMs
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CAM • https://www.youtube.com/watch?v=JrmYZIrcuMs
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CAM • https://www.youtube.com/watch?v=00TqO1pBEro
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CAM • https://www.youtube.com/watch?v=00TqO1pBEro
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Atividade
• Dê 3 exemplos do uso do CAD, FEA e CAM para simulação da 

fabricação de componentes mecânicos. 

• Esses exemplos devem ser descritos detalhamente, mostrando cada
etapa em CAD, FEA e CAM

• Não há necessidade de programar, mas de ilustrar cada uma das 
etapas

• Exemplo: Uma barra engastada: Material, dimensões, solicitações
(mecânicas, térmicas...), seleção de processos de manufatura
(fundição, usinagem, laminação??) com justificativa. 
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