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ABSTRACT 
Porosity is a majw defect in cast aluminum alloys affecting in particuIm, the fatigue 
strength. l%e pom sewe cr9 points of saess concenmrion mdpolnts of crud initiation 
for evenfwI f~i lwe.  In this work Fractal undysis was used to numericdy 
chmucferke the pores in mi-directiondly solidfleddl 4.5 WI % Cu alloy microgrqhs, 
nrnlsverse section at a distance of I4mm porn the mefaUchitl mold inteflme. l%e 
Spatial Point PaTtern (SPP) and the Multi-stage randbm samplng (MR$l m e t h d  were 
used 10 determine the distribvtion ofthe md the point of crack initiation leading 
to mimd failure. i%e h4RS method reveah that aJI the pores cmidered w e  o j  
irregular shupes, ii,e shrinkcrge pores, with sphericity B < 0.3. ne "worst" of the 
shapes is ?he pore in the upper Iefl region with B 5.3078~-010 and D = 1.8949. The 
SPP method con- the result of t h  MRS method becaws crack inilialion will 
commence in a region with ~Justered pores. 
Keywords: Fraclal Analysh, Pores, Reglons, Roughness, SplerkQ and FaUure. 

INTRODUCTION 
h e  of the major defects to which AIuminum alloys is susceptible is porosity. h d u c i n g  aluminum alloy 
wting free 'hm d e w  is difficult because of the wide freezing ranges of the alloying constituents a d  
various modqs of their solidification (1). Molten aluminum will dissolve considerable mounts of hydrogen, 
if p m t  in the fuinm atmosphere, damp flux, crucibles and green a n d  mod& (2). Huang and Lu (3) 
Concluded that if pores cannot be avoided, they should be small and preferably round in shape to decrease 
the stress concensation in the finished product. They further observed that shrinkage pores appears to ba 
more irregular (rough contours) while gaseous pores have smooth shapes. It is generally observed that 
shrinkage pores are mare harmful to castings. It is known that the q d t y  and the appearance of the 
porosity are very crucial to the mechanical p @ e s  of castings especially the fatigue property because the 
pores in the micro scale are primary source of initial cracks for the final failure (4). In the developed 
countries, maintenance engineers @om critical analysis of the microstnrcture of the materials to use in 
order to detect any defect which can cause catastrophic failwe in the materials (5) .  In order to forestall the 
incidences of fatal accidents in drcmfh and automobiles due to materials failure, there is need to dwell more 
on this aspect of materials r e d .  This march' work is an improvement on the work done by (6).Tbe 
aim is  to predict the point of crack initiation in the microstructure of a unidirectional solidified Al45w&/oCu 
alloy, transverse section at a distance of 14mm from metallchill mold interface. 

M A T E W A N D  METEOD 
As a new approach, fractal geometry provides a mathemqtiptical basis for measurement of imgular (chaotic) 
objects (7) with power law modified as follows 

P = P , ~ " '  ( l c D < Z  and 6 ,<6cSM)  (1) 

A=A,~'- '+  ( 2 < D < 3  nnd 6,<8<6,) (2) 
Where the subscript E denotes Euclidean measurement, D is the Ufrtlctd dimension" for length (perimeter) P 
and m a  A, respectively, and 6 is the yardstick dimension. It should be noticed that values of D are not 
integers for irregular objects. The -1 dimension, D, therefore describes the complexity of the contour of 
an object. It can be moE ptically called tbe roughness (3). 
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Fig. 1 : Unidirectional solidified A1 4.5 wt % Cu alloy micrographs, transverse section st a 
distance of 14mm from the metal/chill mold intcrEacc showing the micro porosities. 
Magnification 60x 

When 6< 6, the measurement is not sensitive to the yardstick chosen, therefore giving a smaller value of the 
slope, while when 
& SM (maximum), the size of the yardstic'k exceed that of the individual feature being measured so that the 
measurement loses meaning because the object falls below resolution limit ?f the yardstick used for the 
measurement (7-1 I). 
Sphericity, p, another dimensbnless number, is used together with roughness, D, to describe the shape of 
the ~Gres formed. It can be expressed as 

/3=4 . i r~ lp2  (0 CP < 1 and 1<D<2) 
where P = PE 6&' and 

(3) 

(j3=4aA/PE * ) 8 2('-D) (O<P<Iandl<D<2) (4) 
Where $ = I and D = 1, a perfect circular shape is formed by the pore in the microstructure. For shrinkage 
pore < 0.3 and for gaseous pores /I > 0.3. As J3 decreases along the axis, the shapes become more 
elongated showing a departure from perfect sphere (3). 
The locations of 1 < D < 2 represents less regular shapes. 
It was also discovered that the larger the roughness, the more irregular a pore and thus more stress 
concentration. 

Using multktage random sampling (NIB) and spatial point pattern (SPP) methods. 
The first stage involves the division of the ~icrostructures into four quadrants (lower left, upper left, lower' 
right, and upper right) as shown in Fig. 2. The second stage is the random selection of six pores from each 
quadrant while the third stage is the purposive selection (purposive sampling) of the "worst" and the "best" 
pores from the twenty-four pores selected from the rnic&ucture. The faurth stage is the categorization of." 
the porosity distribution map into random, regular, clustered, and clustered with randam background. FiM 
stage is the discrimination between the shrinkage and the gaseuus pores. I n  this stage, the patterns described 
in stage four are associafed with different types of porosity: Regularity is associated with gas porosity 

. because the gas pores are always formed at a distance fiom their immediate neighbor due to depletion of the 
hydrogen g& in the area slrmrundi~g each pore while clustering is associated with shrinkage porosity 
because of the sectioning effect of the m s  with shrinkage pores. Meanwhile, in clustering on random 
background, the clusters are assw iated with shrinkage pores while the random background are associated 
with giseous pores. With these, the paint of crack initiation was determined. The values of the fractal . . 
dimepsion and sphericity wee obtained using the expressions in equations 2,2 and 3 above. 
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Lower left 

Upper left 

Fig. 2: Tbe Multi-Stage Random Sampling Method of Dividing w Microstructure into four Quadrants. 

Upper right 

- ,  '.. 
Lower right 

Using the equations (1), (2) and (3) above, interactive programme (flow chart is s h o & ~ i ~ .  3) in Matlab 
programming language is developed to obtain the numerical values of the rougbnrxs I) and the spbericiiy 
for some s e l d  pores in the various quadmnts of the microstnrcture (Fig. 1). 

'1. 
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CmpW Y=X multiply by Array I by 64 of ones. Hold ttse 
cumnt graph In the flpure and plot the graph of X I  against Y. 
Also compute XaY multlpty by Array I by 51 of ones. Hold the 
cumnt gmph in the f i~um and plot the graph of X against Y l  

Compute Y=X rnmply by Arm&$ by 26 of ones. Hold the 
current graph in tha figure and plotbe graph d X 1  ag-t Y. 
Alsb computm X-Y multlply by Army 1 by 48 of ones. Hold the 
current graph In the figwe and plot the graph of X against Y1 

Fig. 3: Flow Chart for Fmctal AnaIysSs of the pores 

.RJBazTSAND DISCUSSIONS , - 
"Table 1 shows the vahres of roughness D and sphericity f! obtained after the fractal: analysis of the pores in 
the different quadrants. If dl the quadrants are subjected to the same loading, failure ... of t#o material wT1l start 
from the region with the lowest value of p md highest wiue of D. 
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Fig. 4: hsities h ihe four quadrants (a) Upper left (b) Upper ;ight(c) Lower left (d) Lower right of the 
microstructure Fig.1; 

From Fig. 4, dark spots represent the pores while the grey areas denotes inter-metallie compound with whid 
spot showing the aluminum matrix. If is also observed that from the values obtained (i.e P < 0.3 a n d 8  
approaching 2)  all the pores are shrinkage pores. I n  the Upper right~uadrmt, the "worst" shape is the 
with fli l.lW2c-009 and D 1.8985 while the %st'* shape i i  8 '1.1131e-008 and D = 1.7121.13 
Lower right quadrant, the %orst" shape is the pore with 3.6565e-009 and D = 1.9418 while the * 
shape is = 3.058le-007and D = 1.7292. In the Upper left quadrant, the "worst" shap is the pore with 8;' 
5.307880 10and D = 1.8949 while the "best" shape is $ = 6.1 820e-009 and D = I .8 161. In the Lower le 
quadmtthe " w o d '  shape & the pore with j3= 1.8054@09 and D = 1.8369 while the "best" shape is J3 
1.026 I e-007 and D = 1.7520. : 
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Values of roughness D and sphericity obtained after the fractal s~lalysis of the pvres in the 

Lower right 1.8169 1.5 1 2Qe-008 shrinkage 
Lower right 1.7709 2.9924e007 shrinkage 

Lower right 1 -7292 3.05 8 1 4 0 7  
pp 

Lower right 1.8222 8.5273%-008 shrinkage 
. . 

Lawer right 1.8568 5.9 138a009 shrinkage 
Lower right 1.9418 3.65658009 shrinkage 

Upper lefi 1.8161 6. I 820e-009 shrinkage 
Upper left , 1.8949 5.3 078d 1 D sbrinkage 
Upper left , 'I - .1 .go44 2.2 142e-009 shrinkage 
Upper left 1.8343 X4167e-009 shhkage - 
U ~ F  left 1,8816 ' 1,3785e-009 shrinkage 
Upfir left a 1.8131 2.0679e009 shrinkage - 

Lower iefi . 1.7710 1.7392e-008 shrinkage ' 

Lower left 1.7363 1.272 1 e-008 shrinb~e . . 
. - 

Lower lefi 1.8369 1 .&054~009 &inkage 
b w e r  'left 33077 1.025 l&008 shrinkage 
Lower left 1.8526 3.09738-009 . shriiakage 

1,7520 1.0261e-007 sbrbbge 

Fmm the graph below, fig9 it is observed that the pores in fie Upper left regioi (a) are Clumnd on regular 
backgrqund . Thus, these are primmy sources of cmk initiation and which will evenbdly grow to a level 
causing h t u r e  
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Sphericity 

(dl 
Fig. 5: Porosity Distribution ~ a ~ c o f  (a) Upper right region (b) Lower right region (c) Upper left region (d) 
tower right region 

CONCLUSIONS 
I. All the pores in the microstructure Fig. 1 stre of shrinkage types. 
2. The "worst" of all the pores considered is the one located in the upper left q u h t  with 5.3078~-0 1 0 
and D = 1.8949. 
3. From the analysiq hilure of the material will start in the upper ~ e k  region. 
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