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ABSTRACT

A surface geometry of many components and systems is not always known and not
always be measured. This condition make study of real surface was hard to accomplish.
Numerical contact simulations of rough surfaces are common but most models contain
extensive assumptions and idealizations about asperity shape and size. This thesis
presents a new method for generating deterministic of rough surface in ABAQUS with
pre-treatment in SolidWorks. Validation by comparing simple geometry which
generated by this method and generated directly in ABAQUS shows a good agreement.
Random geometry of a real rough surface and a deformable smooth ball is then taken
for simulating real rough surface contact using finite element analysis. The result is
covering on contact area, contact pressure, von Misses stress contour distribution and
plot of surface topography. Random rough and sinusoidal solid surface were used in
contact simulation. In the end, an experimental result is taken then generated to form
finite element surface. The simulation results compared with the experimental result
show identical contact area and surface topography at y-axis in x = 288 um. These
techniques, combined with the ability to model real surfaces in ABAQUS, can be used
to help researchers in material science, mechanical engineering, and beyond to better

understand micro scale surface contact mechanics.

Key words: Rough surface, FEM, contact mechanics, asperity

vii



PREFACE

Praise be to Allah SWT who has bestowed his mercy and grace to the author, so

I can get through the study and completed the bachelor thesis which is the final stage of

the process to obtain Sarjana Teknik of Mechanical Engineering at the University of

Diponegoro

Success in completing the bachelor thesis of author is not separated from the

people who help me with their guidance and support, both moral and material.

Therefore, the authors wish to thank

1.

Dr. Jamari, ST, MT, as a thesis advisor of my thesis and as head of Engineering
Design and Tribology Laboratory who has fully guide me to completed my work
and encourage me to use english in this work.

Dr. Susilo Adi Widyanto, ST, MT, Ir. Yurianto, MT and Dr. Munadi, ST, MT as
thesis referee. Their criticism and suggestions are helpfull to make my thesis even
better.

Rifky Ismail, ST, MT, and M. Tauvigirrahman, ST, MT, as lecturer in LAB. EDT.
Eko Saputra, ST, MT, with all of discussion process which massively contribute to
my work and his guidance make me able to use SolidWorks and ABAQUS.
Mochammad Ariyanto, ST, for teach me Matlab.

All people who not mentioned yet help a lot on my work.

Author realize that in preparing this thesis there are mistakes and failures,

therefore, criticism and suggestions that are built to perfection and progress in the future

are encouraged. In the end, author hope that this work can be useful for all readers.

Semarang, March 2012

Author

viii



LIST OF CONTENT

B I I TR U PO UPRTPUPPPT I
BACHELOR THESIS ... .ottt i
DECLARATION LETTER OF ORIGINALITY ..ot ii
APPROVAL SHEET ... iv
PROVERB & ACKNOWLEDGMENT ...t Vi
ABSTRACT ..ttt et e be e b et e e nr e e b naeereas vii
PREFAQCE ..ot ettt sttt st b et e e nbe e snb e b e viil
LIST OF CONTENT ..ottt ettt snaeenneas iX
LIST OF FIGURE ... Xii
LIST OF TABLE ...ttt XV
NOMENCLATURE. ...ttt nneas Xvi
CHAPTER I INTRODUCTION ....oiiiiiiiiiiieiie et 1
1.1, BaCKGIOUNG......oouiiiiiiiiiieieie ittt 1
1.2, OBJECHIVE...cctie ettt 3
1.3, CONSIIAIN. ...ttt 4
1.4. Research MethodolOgy ........ccocvvieiieiiiieie e 4
1.5, Systematic Of WITING.........cooerviiiireiiiiecee s 5
References

CHAPTER I CONTACT OF ROUGH SURFACE: A LITERATURE SURVEY .... 7

2.1. Basic of Contact MECNANICS .. ...vveeeeeeee e 7
2.0 0. INTEOUUCTION ..ttt seseeeeeneneeneneen 7
2.1.2. EIQSIC CONTACT. ... ..eeeeeeeeeeeeeee et eeeeeeeeneennnnnnenne 8



2.1.3. Fully PIastiC CONTACE .......cc.evverieiiiriieiieieese e s 11

2.1.4. Elastic PlastiCc CONLACT.........ccccverueiiesiee e seesie e 13
2.2. Surface Topography: Surface Texture, Roughness, Waviness .............. 14
2.3. Contact Problem of Smooth SUurfaces ..........cccooeveiiiiininniee e, 15
2.4. Contact Problem of Rough Surfaces ..........cccocevevieieern s 18
2.5. Modeling ROUgh SUITACE..........ccoiiiiiiiiiee s 19
2.6. Three Dimensional Model of Rough Surface in Commercial Finite

Element SOTtWAre ..o s 23
References

BAB Il FINITE ELEMENT MODELING........ccci i 32

3.1. Methodology of Finite Element Modeling ........ccccccovvvevviieieeceieceee, 32

3.2. Basic Theory of Finite Element Method ............cccoovviiiiiiniiciicee, 33

3.3. Spesification & Geometry Problem..........ccocoiiiiiiiiiieieee 36

3.4. Description of Modeling Method ...........cccocoveiiiiiiiiii e 38

3.4.1. Process Pre-processing from Mathlab-SolidWorks ........................ 38

3.4.1.1. Determining Surface Geometry on Matlab...........cccccoeeiiiiiinnns 38

3.4.1.2. Surface Modification on SOlIAWOIKS .........cccoeveevvivieniiniieieen 40

3.4.2. Process Pre-processing from ABAQUS..........cccooviiiiiiiniieneee 42

3.4.3. Verification of Generated SUIface........ccccocvveviiiininieiene e 51
References

BAB IV RESULTS & DISCUSSIONS .......cccoiiiiiieiseseiee e 55

4.1. Generated SUMACE ......c.ooeieiiiiieie e 55

4.1.1. Point Cloud SUITACE .....c.eeeiiieeee e 55

4.1.2. Three Dimensional Solid Surfaces.........cccooeiieieiinnienieiieicee e 55

4.1.3. Three Dimensional Surface Model in CAE .........ccoccoveiiiiieiennnnns 56
4.2. SINUSOITAl CONTACT........ceviiiiiie et 57

4.2.1. Sinusoidal EIastic CONACT...........ccccvverivereiieri e 57

4.2.1. Sinusoidal Elastic-Plastic CONtact...........cccceveevviinienieieseeie s 58



4.3. Random ROUGh SUIMTACE ..o 59

4.3.1. Rough Surface Elastic CONtact...........ccocvevevverenieniene e 59

4.3.2. Rough Surface Elastis-Plastic Contact ............ccocevveiiieincinnns 62

4.4. Experimental Validation ... 65

BABYV CONCLUSIONS & RECOMMENDATIONS ... 69
5.1, SUMMAIIES ..eviiiiie ettt sttt sttt e b e sne s e sreenneeneens 69

5.2 . RECOMMENUALIONS .....ocvviiiiiiiiie ittt 69
APPENDICES ..ottt sttt sttt nnenes 71
a) Detail of Experimental SEtup ........ccooviiiiiiiiiie e 71

b) Photographic Impression of the Experimental Equipment.................... 72

c) Asperities Determination of Real Rough Surface ...........cccocoeeeiieieennne 73

d) Surface Roughness Values from Various Machining Processes............ 75

xi



Figure 1.1
Figure 1.2
Figure 1.3

Figure 2.1
Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11

Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6

Figure 3.7

LIST OF FIGURE

Spherical ball Dearing. ..o 1
Contact between two rough SUrfaces.........ccevvveiivivie e, 2
Research methodology flowchart. . ..., 5
Deformation 0N aSPEritiy . .....ccoeveeieeieiie e 11

Typical representation of a surface (a) one-dimensional (b) two-
AIMENSIONAL.....c.viiiviiiiee e e 15

A schematic of representation of the three dimensional moving

Grid METNO. ... 20
A schematic of representation three dimensional model of

[ 10T 0] (o TSR 21
A self-affine fractal surface for L=256 generated by the

successive random midpoint algorithm .........ccccccoeiiiiciie e, 21
Measured rough surface model by Bryant & Evans.............cccccccevevnnenen. 22
Model of rough surface from SChwarzer............ccccoovviiiiinencicnenn 23
Rough surface modeled by BhOWMIK. ........cccooeiiiiiiiiiiicencccs 24
Interface of rough surface on ANSYS......ccoooiiiiiiiiee e 24
Methodology for generating rough surface from David et,al................. 25
Block with normally distributed rough surface...........ccccovvveveiieiinennn. 25
Flow chart modeling on FEM ABAQUS 6.10.1. ......coooviiiiiiiiiiiicine 32
LN BIEMENL. ..o e 34
Field lEMENT. .....oiiiiiee e 34
VOIUME EIEMENL.....oiiiiiice e 34
Element of quadratic quadrilateral. .............cccooooiiiiiiiiice 35

(a) Contact model of rough surface vs hard smooth ball (b)

surface geometry in ABAQUS after being imported from

SOHAWOIKS. ...t 36
Captured surface on cross sectional area...........ccccoecvvvverenieniesieeree s 37

xii



Figure 3.8
Figure 3.9

Figure 3.10
Figure 3.11

Figure 3.12

Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16
Figure 3.17
Figure 3.18
Figure 3.19
Figure 3.20
Figure 3.21
Figure 3.22
Figure 3.23
Figure 3.24
Figure 3.25
Figure 3.26
Figure 3.27
Figure 3.28

Figure 3.29

Figure 3.30

Procedures of measuring von Misses stress from each nodal ................ 37
Graphic plot of rough surface with n=500, rl=2, h=0.5, and

CIXT0.2. e 39
Sinusoidal rough surface in “xyz” data format...........cccocoveiiiniieiicninne 40
Point cloud file in SolidWorks consisted of numerous nodal as a

form of rough surface with 0.04 pixel SiZe...........ccoovvviiiiiieniiciiiee 41

Surface which smoothed and given thickness on its surface (a)

random rough surface (b) sinusoidal rough surface ............cccceoeevieinnens 41
Import geometry procedures on ABAQUS ..o, 42
Procedures of making rigid bal ball geometry .........ccccovevvvieveieinenn. 43
Graphic of alumunium Properties..........ccooevererinienieiee e 43
Material data INPUL ProCEAUIES .........ccouiiiiiieieiie e 44
Procedures of applying material to geometry rough surface................... 45
Procedures of aSSembBIY ........ccoveiiiieiecce e 45
ProCedUIres OF STEP.....cciiiiiiieiie e 46
Procedures of interaction ProPerties...........coeverereninenierenenesesieeieas 47
Procedures of applying 10ad ............ccooveiiiic i, 48
Set-up boundary CoNdition ..........cccccveiieiiiiece s 49
SIZING CONTIOL.....oiiiiiice e 49
Sizing control 0N 10Cal Area...........cceoveiieieiiiiieceee e 49
Element shape CONtrol ..........coveiiiiiii e 50
Surface after being meshed ... 50
Procedure Of JOD .....ooveieei e 51

(a) Surface generated in form of graphic plot (b) mesh surface

after being imported on SolidWorks (c) half sphere after surface
treatment (d) surface on ABAQUS .........ccooii i 52
Comparison between ABAQUS and present model shows good
AQTEEIMEBNT ... 53

Contour von Misses stress (a) present model (b) ABAQUS

xiii



Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4

Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12
Figure 4.13

Figure 4.14

Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 4.20

Figure 4.21

Surface in coordinate “xyz” format data ...........cccocoeviiriini i 55
Three dimensional solid surface in SOlIAWOrKS...........cccccceevveiiieeinenne, .56
Surface geometri for SIMUlation ...........cccccoeeiii i, 57

Contact area with 0.3 mm interference on sinusoidal rough

surface (a) ®=0.1 mm (b) ®=0.2 mm (¢) ®=0.3 MM........c.cc0errrrrrens 57
Contour of von Misses stress sinusoidal rough surface.............cc.ccocevee. 58
Contact area evolution of sinusoidal surface..........c.cccceoerinininininnns 58
Elastic spring back of sinusoidal surface at ® = 0.1 mM.............ccoeeneeee 59
Simulation procedures on static CONtact ............cccceevveeieeieiieese e, 60

Contact area with 0.3 mm interference on a real rough surface
@o=01mm(b)ow=02mm(c) ®=0.3mMMm ....c.coerrrrrrrirrrrrrrrrnnn. 60
Contact pressure distribution viewed from isometric point of

view in 3D numerical graphiC ..........cccoevveiieiiiie i 61
Contour of von Misses stress distribution on cross sectional of

SUITACE. ..ottt ettt et e e s reenteeneenreeseanee s 61
Elastic spring back effect on random rough surface.............ccecvvvernnee. 62
Profile of the matched and stitched isotrpic aluminium from

MEASUIEd SUITACE ......eiviiiieiieie e 63

Deformation on the tip of asperitiy during repeated contact on

FOUGN SUMTACE ...t 63
Contour von Misses stress of random rough surface...........cccceevevveenen. 64
Contact area comparison between rough surface smooth surface.......... 64
Plot contour von misses stress during unloading ..........ccccceveveveiierinenen. 65
Solid surface from measured real rough surface ...........cccccoceveneinnnnns 65
Experimental SETUP ....ccvviiiiiec 66

Contact area comparison: analytic model, experiment, FEM
O] =] | TP PRSP OTPRUTRI 67
y-profile at x = 288 um comparison between experiment and

Xiv



LIST OF TABLE

Tabel 3.1 Stress-strain of alUMINIUM ...
Tabel 3.2 Comparison of von Misses stress on two models with varying

interference UNAEr 433 CIEMEBNTS ....vvueeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenneees

XV



Symbol

Acke

Pe
Pep

NOMENCLATURE

Description

Radius contact area

Contact area

Contact area on critical KE model
Contact area elastic

Contact area elastic-plastic

Contact area fully plastic

Modulus elastisity

Effectie modulus elastisity

Modulus elastisity material 1
Modulus elastisity material 2
Modulus efective contact

Hardness of material

Distance between two point which is contacting each other
Average contact pressure

Average contact pressure elastic
Average contact pressure elastic-plastic
Average contact pressure fully plastic
Contact force

Contact force elastic

Contact force elastic-plastic

Contact force fully plastic

Contact force during initial yield
Effective radius curvature

Radius 1

Radius 2

Effective radius principal x direction
Effective radius principal y direction

Yield modulus

XVi

Unit
[mm]
[mm?]
[mm?]
[mm?]
[mm?]
[mm?]
[MPa]
[MPa]
[MPa]
[MPa]
[MPa]
[MPa]
[mm]
[MPa]
[MPa]
[MPa]
[MPa]
[N]
[N]
[N]
[N]
[N]
[mm]
[mm]
[mm]
[mm]
[mm]
[MPa]



wp1

wp2

pL

wpy

w1

@1-CEB

W1-KE

m-zmC

W-KE

W2-7zMC

Deflection

Poisson’s ratio

Plastic deformation material 1
Plastic deformation material 2
Plastic deformation during loading
Plastic deformation during unloading
Elastic spring back

Interference

Interference initial yield

Interference fully plastic
Interference initial yield CEB model
Interference initial yield KE model
Interference initial yield ZMC model
Interference fully plastic KE model

Interference fully plastic ZMC model

XVii

[mm]

[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]

[mm]



