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Abstract: The surface roughness, residual stresses andstnigcture are main parameters that cause surfaai cr
initiation in theoretically porous free materiatfence, the effect of the surface roughness onrdek driving force is
investigated regarding physically short stationargcks in this paper. FE simulations show that raeictally short
stationary cracks have practically zero crack dgviorce and the orientation of the crack driviogeé will not support
crack growth. The crack driving force follows thaterial deformation around the crack tip in theayie direction as
is the supposed crack extension.

1 Introduction monotonic loading; is defined as a path indepentieat

Real surfaces are never really flat. Chemicaintegral and equal to the energy release rate [16]:
electrochemical treatment and generally production )
technology {iﬁect surface rough_nes_s [2]112] [3] Bgirface ] = fr (Wdy — Ti%ds), (1)
roughness influences crack initiation and fatigife of
various materials under various mechanical andthker
loading conditions [5] [6] [7] [8] [9] [10]. Fromhe
mechanical point of view, surface roughness acieigdly
as a stress concentrator and influences fatigai§llif] [12]
[13] [14]. From the fracture mechanics point of wje
physically short cracks (further denotes only asrish 3 _FE Model

cracks) are substantially larger than the scakheflocal The FE plane stress model has a size of 100x100x10
plastic deformation with characteristic microstuat HM- Mesh element size 1 um is used in the wholeeinod

dimension usually smaller (in lengths) than 1-2 rand Th_e fix_ boundary conditions are prescribed in tba(_hm
they grow faster than physically long cracks (fertonly ~ POINts in the FE model, see Figure 1. The Forceith w
as long cracks) [15] — the threshold value is senall magnitude 0.01 N is prescribed to the points inengart
compared to long crack [15] [16] [17]. of the Model. Scheme of the FE model is shown in

The effect of the surface roughness on short cimck F19ure 1.
investigated by means of FE simulation. The sinptéae
stress FE Model evaluates crack driving force foed Rough surface
crack lengths and arithmetic surface roughnesIRaFE F= 0.01N / 10° \ F=0.01N
Model does not take into account any crack closure ", — kgl -
mechanisms (review can be found in [18]). Howeweeack
closure mechanism is not present, if crack starigrow
from small processing or metallurgical defectsamf of
pre-existing crack-like defect [19]. Explicitly @ssumed
that long cracks are not influenced by surface hoegs
and they are not investigated in the paper; thekcra
modelled as a stationary crack (no crack extenson
simulated).

Crack driving force concept is introduced in Chapte
FE Model is described in Chapter 3, results arsepred
in Chapter 4 and discussed in Chapter 5. Ay

wherew is the strain energy density; is the traction
vector (component),u; is the displacement vector
(component) ands is length increment on the contdur

50 um

100 um

Fix B.C.

2 Crack driving force s e

The J-Integral is a crack driving force conceptd/gr AT X 100 pm T
nonlinear (and linear) material behaviour subjected '

Figure 1 Scheme of the FE Model
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One straight crack with length of 10, 20, 30 pm is -05
embedded to the upper surface in the model. Thok tras —
a wedge like geometry with opening angle of 10°e Th
crack is located either in the middle of the upparface
(X=50 pm) assuming a flat surface or approximaiepe
middle of the upper surface, see “Crack initiatian”
Figure 2.

The arithmetic mean roughness Ra is modelled by th  _, g \ﬁ
probability density function with the normal distation in 1 2 3 4 5 6
Python 3.6 (numpy library) with mean distributioh3o2, Integration contour [-]

6.3 um respectively; both with standard deviatiopmi. ~ Figure 3 Contour dependency of the computed cravind
The generated surface roughness is shown in Figure. force (J-Integral) for three crack lengths (10, 30, um). Flat

Generated points are imported to Ansys 16 anddbghr surface is assumedd&nd higher contour is numerically
surface is created independent and will be used in further simulations

-1.0 —— 10 um
20 um

—e— 30 um
=15

J-Integral [J/m?]

The computed values are negative (related to tted lo

108 coordinate system of a crack) - cracks have noetanydto
106 growth. This phenomenon will be discussed in thet ne
- Cracl chapter.
i 104 | .|‘1it'|at‘|on ‘= i : ‘
> 10 bl st kil 4.2  Effect of the crack length and the surface
\/ Initigtion ' roughness on the crack driving force
100 Figure 4 shows effect of the crack length and serfa
0 20 40 60 80 100 roughness on the crack driving force. Results ffier 3¢
X [um] integration contour are plotted. The longest cr@kpm)
Figure 2 Arithmetic mean roughness Ra with markedic has highest negative values — the crack has théesma
initiation position. Crack initiation position ishosen tendency to grow. The shortest crack (10 pm) has th

it i oredies oo . TIghest tendency (0 raw  the values are n pr
condition in the FE model. Crack initiation on tfiat surface (0 mvestlgated case neggtlve. The material motiortht
um) is located at X position 50 pm crack tip was observed in [20] but the contexthef paper
' differs significantly from the presented one. The
A linear-elastic material model is used in the ditian displacement field (material motion) will be dissed later
with following parameters: Young's Modulus E=200&;P in Chapter 4.3.
Poisson numbey=0.3. The local coordinate system of a

crack is located at the crack tip. Mode | compor{enthe 05—
Y direction in global coordinate system) is evahaht NE 10
—= m
S-1.0 20 5m
4 Results g —— 30um
4.1 Numerical investigation £-15
Figure 3 shows contour dependency of the compute = //
crack driving force (J-Integral) for three crackdéhs 10, -2.0
20, 30 um. Flat surfaces is assumed in the sinoulsiti 0 2 4 6
Results show stabilization of the computed cradkiredy Surface roughness Ra [um]
force since ® contour. Crack length of 10 um Figure 4 3% integration contour of J-integral for three crack
demonstrates other trends of the computed craeingri lengths (10, 20, 30 um) over surface roughness Ra.
force for F'integration contour than crack lengths 20 and . )
30 um, see Figure 3. The reason is irregular mestréck The surface roughness shifts negative values akcra

length of 10 pm created by automated mesh genmatigrlvmg force_ toward positive values but values atid _
(soft meshing) in FE Software that influence resulthegative (Figure 4). The computed results confirm
significantly; the mesh around other crack lengths observations that the crack propagation (and tratig is
meshed regularly. Generally, it is not recommendsaje Supported by surface roughness [9] [12] [21] [22].
of crack tip (2 integration contour) as a valid integrationffowever, the continuum mechanics approach useisn t
contour due to numerical accuracy [16]. THerBegration Paper has to be critically assessed regarding ot sh

contour will be used in the further investigations. (stationary) crack, micromechanical approach and
threshold values; more details can be found fdaime in

the review paper [23].
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4.3 Displacement and stress field around the 5 Discussion

crack The computed results are in accordance with twd wel

Figure 5a shows displacement With marked non- observed phenomes. Firstly, the shortest crackph)
deformed geometry and Figure 5b shows scopedould grow faster than longest cracks (20 and 3p-pithe
perpendicular stresses on the cragk Scale 100 is used threshold value of small crack is smaller than Erngacks
in Figure 5. The results are shown for crack lergftB0 [15] [16] [17] [23] but clear distinction between
pm and Ra=3.2 um. microstructurally and physically small crack is knbwn.

The crack is moved in the up (Y) direction (a) andror instance, in [17] was for pearlitic steel chose the
opened in crack Mode | (b). The maximugx Stresses are largest microstructural barrier 20 um. This pagefotus
approximately 400 MPa around the crack tip (wittonly on physically short stationary cracks and risults
prescribed force 0.01 N in the FE model). should be assessed cautiously. Secondly, the hidéce

roughness leads to earlier crack initiation and llema

S, [MPa] fatigue life than low surface roughness [9] [12]][222]
but this paper does not investigate crack initratir
fatigue life. Thus, the computed results are wedifonly
indirectly.

Uy [um]

0011174
0,0097772
0,0083805
0,0069937
0,005587
0,0041902
0,0027935
0,0013967
0
-0,020357

487,52
4097
331,80
254,08
176,26
98,448
20,634
-57,18
-134,99
212,81

Conclusions
The effect of a surface roughness on the crackndriv
force of stationary crack has been investigatedhia
Yu paper. FE simulations show that crack driving foofe
physically short (stationary) crack follows matéria
a) b) deformation and the surface roughness would support

Figure 5 Displacement Wnith marked non-deformed geometry crack grow. This result is in accordance with eipental
(). The crack is moved in the up (Y) directioroged observations.

perpendicular stresses on the crack ®). The maximum
stresses are approximately 400 MPa around the crig¢ithe
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