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Abstract  
 
In the dissertation the data modeling has been shown for the data that regards the damages, which value is above zero. With the use of 
Weibull distribution, with prior regression and correlation analysis chosen parameters that defines the life time and failure level of two 
populations of AlSi17Cu5 were defined. The calculation sheet of reliability allows to create so called survival diagram, and on the basis of 
durability data the average warrantee can be determined, on the pre-exploitation period.  
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1. Introduction  
 

In the works about reliability there can be, in general, 
distinguished two categories: of quality and of quantity. In the 
quantity analysis estimates the measure of reliability, the 
probability indicators of failure and models the properties. Using 
the mathematical functions the efficiency structure is being built 
in order to numeric description and representation of the 
occurring phenomenon. The quality category on the other hand 
consists certain methods of evaluation, formalized procedures of 
recognizing the damages influence on stability and acting 
standards of the analysis of damages consequences. The result is 
the expert evaluation and guidelines for improvement of 
reliability, defined on the basis of appropriate standards [1, 2]. 
With the reliability, the concept of material stability or 
construction endurance are connected, those are the features, 
which decides about failure-free operational use time of the 
system [3, 4]. However conducting the reliability testing on the 

actual objects is very costly, therefore the alternative in this case 
is statistical analysis, with the use of the part of calculation sheet, 
as for example MS Excell [5÷7] and process “tools”, that define 
statistic distribution of technological stability (Weibull analysis) 
based on the strength properties of the material [8÷10].  
 
 

2. Scope and purpose of research  
 

The aim of the study is to demonstrate the modeling of the 
data that defines material reliability on the basis of initial testing 
of the samples for Rm. For the research two populations (A and B) 
of AlSi17Cu5 were chosen, of different technological history of 
charge materials. In order to achieve the assumed goal, the scope 
of this study consist, in between of the other, of the following:  
• construction of the data base, and Excell calculation sheet,  
• conducting variance, correlation and regression analysis,  
• estimation of the two parameter Weibull distribution,  



48 

• 
• 
 
 

3. R
 

stee
Sam
the d
the 
show
 

 
Fig

 

cond
the 
tens
was 
popu
used

leve
relia
estim

a)

b)

c

development of
graphic develop

Research 
The AlSi17Cu
l mould, wher

mples that were
dimensions as p
casting mould, 
wn in Figure1.  

. 1. Metal moul
tensile t

The static ten
ducted as per th
Instron 3382 m

sile speed of 5 
defined. Twe

ulation), discar
d as input data f
In order to un

el of significanc
ability of statist
mated as 1-α=0

) 

) 

c) 

A

f the calculation
pment of the „s

method a
5 alloy, chosen
re 3 samples w
e subjected to m
per the standard
with the dimen

ld along with th
test (b) and sam

nsile test in am
he standard PN

machine, using 
mm/min. The 

elve durability 
rding two extr
for further statis
nify and to con
ce was assume
tical calculatio

0.95, so the max

R C H I V E S  o

n sheet for relia
survival” functi

and mater
n for the resear
were created a
mechanical ma
d PN-EN 10002
nsions of the st

he casts (a), die 
mples after ruptu

mbient tempera
N-EN ISO 6892

the gear ratio 2
tensile strength
tests was con

reme, and the 
stical tests.  
nduct compara
d as p(α) ≤0,0
n. The Neyman
ximal risk of po

o f  F O U N D R

ability,  
on diagram. 

rials  
rch, was casted
at the same tim
achining, to rea
2-1. The inside
tatic tensile test

diagram of stat
ure (c)  

ature (20oC) w
-1 with the use
20:1 and consta
h Rm of the all

nducted (for ea
balance 10 we

tive analysis, t
5 being the res
n trust range w
ossible acceptab

R Y  E N G I N

d to 
me. 
ach 
e of 
t is 

tic 

was 
e of 
ant 
loy 
ach 
ere 

the 
sult 
was 
ble 

error 
95%.
standa
depen
 
 

4. T
 

Th
Table
 
Table
Chem

A
 

Th
AlSi1
 
Table
The en

 
O

one to
range 
240 M

O
to def

In
the re
ranks 
popul
tensile
“medi
 

=m

for i 
 
Th

as per
 

s =
1

E E R I N G  V

is 5%, and ve
The data for s

ards [11÷13], w
ndable variable 

The results
he chemical co
1.  

 1.  
mical content of 

Alloy Ch
Si

lSi17Cu5 16.8

he results of te
7Cu5 alloy are 

 2.  
ntry data for sta

No 
sample 

R

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

n „first sight” 
o another; the r
between 218 a

MPa.  
n the basis of t

fine, which popu
n order to cond
sults has to be 
from 1 to 10

ation part, tha
e strength Rm
ian rate” metho

4,0
3,0

+
−

n
ni   

 from 1 to 10, 

hen the standar
r the following r

m−1
1  

o l u m e  1 5 ,  

erified results a
statistical resea
with prior verif
(Rm) is complia

s of invest
ontent of the A

the AlSi17Cu5
hemical content 

Cu Fe 
1 4.71 0.54 

nsile strength t
shown in Table

atistical analysi
Results Rm of A
Population A  

219 
222 
218 
223 
220 
223 
218 
226 
228 
219 

it is visible, th
results of Rm o
nd 228, and of 

the results that 
ulation has high
uct the data mo
sorter in ascen

0. Then the est
t will get dam
should be cal
d, as per the be

n – number of o

rdizing of the d
rule:  

 I s s u e  3 / 2

are significant 
arch were prep
fication of the 
ant with normal

tigations  
AlSi17Cu5 allo

5 cast alloy (wt%
of the AlSi17C

Mn Mg 
0.03 0.04 

test for two po
e 2.  

is  
AlSi17Cu5 alloy

Populatio
222 
220 
218 
233 
225 
219 
229 
236 
222 
240 

hat both popul
of population A
population B b

has been show
her reliability.  
odeling with W

nding order, ass
timated value 

maged with ass
lculated. It can
elow dependenc

  

observations.  

dependence sho

  

0 1 5 ,  4 7 - 5 0

on the level o
pared as per th
hypothesis, tha
l distribution. 

oy is shown in

%)  
Cu5 alloy 

Ni Al 
0.13 rest 

pulations of th

y[MPa]
n B  

ations are clos
A are within th
between 218 and

wn, it is difficul

Weibull analysis
signing them th

of proportiona
signed value o
n be done with
ce:  

    (1)

ould be done (1

    (2)

0  

of 
e 

at 

n 

e 

e 
e 
d 

lt 

s, 
e 

al 
of 
h 

) 



A R

And
 

ln(l

 

loga
depe
the c
 

 
Fig

 

defi
 

xF )(

whe
x – m
α – 
β – 
 

subs
 

⎢
⎣

⎡
lnln

 

=β
 

 
y =

 

the W
the 
life-
 

=α e

 

regr
wind
for p

C H I V E S  o f

d apply double l

))
1

1ln(
m−

  

In the final p
arithm (as vari
endence (3) as 
correlation diag

g. 2. The correla

The function 
ned by the form

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−−=

β

α
xexp1)

ere:  
material feature
characteristic li
shape paramete

Applying the l
stituting for:  

y
xF

=⎥
⎦

⎤
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
− )(1

1n
 

m= ; x =⋅ lnβ

We may receiv

bxm +⋅=  

So, if the linea
Weibull modulu
regression line

-time (α ) is bei

⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

β
bexp

 

The Weibull a
ression in order 
dow of the bas
population A ha

f  F O U N D R

logarithm as pe

  

phase the Rm 
iable „x” – th
variable „y” –

gram (Figure 2)

ation diagram o

of cumulative
mula [10]:  

⎦

⎤    

e, e.g. Rm,  
ife-time of the m
er (Weibull mod

logarithm on bo

x ; b=⋅ αβ ln

ve the formula o

  

ar regression h
us (m=β) come
e (correlation d
ing calculated f

  

analysis is best
r to allow the in
se statistics of r
as been shown 

Y  E N G I N E

er the rule:  

 

values should 
he axis of ab
– the axis of or
).  

of population A 

 Weibull distr

 

material,  
dulus).  

oth sides of the

b  

of a straight line

 

has been done, 
es directly from
diagram), and 
from the follow

 

t started with 
nference of relia
regression and 
in Figure 3.  

E R I N G  V o

       (

be subjected 
scissae), and t
rdinates and dr

 

of the AlSi allo

ribution is bei

      (4

e formula (4) a

e as below:  

       (

the estimation 
m the inclination

the characteris
ing formula [11

       (

conducting line
ability. The dial
variance analy

(5

l u m e  1 5 ,  I

(3) 

to 
the 

raw 

oy  

ing 

4) 

and 

(6) 

of 
n of 
stic 
1]:  

(7) 

ear 
log 

ysis 

O
on de
alloy 
calcul
for bo
 

 

 
Table
Chara
alloy 

 
A

popul
the R
assum
[11]: 
 

=R Rm)(

where
Rm – r
 

Fo
reliab
of 220
should

Th
has be
 
Table
Reliab
of the

5) 

s s u e  3 / 2 0

n the basis of r
ependence (7), 
for populations
lation of charac
oth populations 

Fig. 3. Results

 3.  
acteristic life-tim
for A and B pop

Parameter
α 
β 

At this stage o
ation of results

Reliability form
mption of Weib

β

α ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛−=

xexp
 

e:  
represents the d

or the needs o
ility of the cast
0 MPa) should
d „survive” the 
he results of the
een shown in T

 4.  
bility (R) and v

e AlSi17Cu5 all
Parameter
R(220 MPa)

 

Pr
ob

ab
ili

ty
 

le
ve

l 

1%
10
50
90
99

1 5 ,  4 7 - 5 0  

regression and 
the α and β p

s A and B wer
cteristic life-tim
are shown in T

s of Linear Regr

me (α) and shap
pulations  

Population 
236.7542
21.8935 

of calculations
s gas higher rel
mula R(Rm) n
ull distribution

durability (or tim

of the task, it
tings (on the ba

d be 0.90. It me
tensile strength

e calculations f
able 4.  

values of Rm for
oy for populati

Populatio
0.818

% 253.8
0% 245.9
0% 232.8
0% 213.6
9% 191.8

variance analy
parameters of 

re calculated. T
me (α) and shap
Table 3.  

gression for pop

pe parameter (β

A  Populati
2 250.56

14.22

s, still is not 
liability. In ord
needs to be 
n as per the fol

   

me) until break 

t was assumed
asis of minimal
eans, that 90%
h of at least 220
for chosen leve

r different level
ions A and B  
on A  Popul

83 0.8
Rm [MPa]  

8 27
9 26
8 24
6 21
8 18

49

ysis (Fig. 3) and
the AlSi17Cu5

The result of th
pe parameter (β

 

ulation A  

β) of AlSi17Cu5

ion B  
684 
92 

certain, which
der to achieve it

estimated with
llowing formul

      (8)

down.  

d, that required
 tensile strength
 of the casting

0 MPa.  
ls of probability

ls of probability

lation B  
8547 

78.9 
65.7 
44.2 
14.0 
81.3 

9

d 
5 
e 

β) 

5 

h 
t, 
h 
a 

) 

d 
h 

gs 

y 

y 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 5 ,  I s s u e  3 / 2 0 1 5 ,  4 7 - 5 0  50 

Out of the data shown in Table 4 comes, that population B has 
slightly higher reliability, but still it is not certain which, out of 
two populations, has higher reliability for full range of data. In 
order to ascertain it, the calculation sheet has been prepared for 
reliability, using the function =WEIBULL() for the range of 
tensile strength given in the Table 2.  

For both population the life-time diagram has been drawn, 
with the use on axis of abscissae the tensile strength, and on axis 
of ordinates the probability of survival in the full range of Rm. 
This diagram, with assumed tensile strength value (220 MPa) is 
shown in Figure 4.  
 

 
 

Fig. 4. Survival diagram for A and B population of AlSi alloy  
 
 

5. Summary  
 

In the study, the estimation of bi-parameter Weibull 
distribution for population (A and B), that differs in technological 
history of obtaining the AlSi17Cu5 alloy, has been shown. The 
study had an objective of showing the methodology of estimation 
of material reliability, that is determine with survival probability 
(p) on the basis of static tensile test in the temperature of 20oC. 
The aim was to indicate, which population of results has higher 
castings reliability, on the basis of tensile strength Rm. For ten 
results of tensile strength with the median rank method and using 
the relations (2) to (5), the linear regression was applied, to define 
the shape parameter (β), and with the use of the formula (7) the 
characteristic life-time of the material (α) was calculated. Using 
the Weibull distribution (8), the reliability determined with 
survival probability was defined for assumed durability of  
220 MPa, out of which comes, that population B has higher 
reliability.  

Using calculation sheet of reliability and function 
=WEIBULL() the diagram was created that shows the survival 
probability as a function of tensile strength in the whole data 
range (Table 2). From Figure 4 it comes, that up to the tensile 
strength Rm of around 210 MPa, the reliability of casts from 
AlSi17Cu5 alloy of both populations A and B is very similar. For 
the Rm=220 MPa (assumed durability level), the reliability of 
population B is slightly higher: R(220 MPa)=0,8547 than population 
A: R(220 MPa)=0,8183. However it deserves the attention, how the 
„survival” line is positioned (Fig. 4). As it can be seen, for 

population A it is more “vertical”, which means, that in the range 
of Rm from 220 to 250 MPa the result distribution is close, so the 
“survival” probability in this range is higher. Population B has, as 
a matter of fact, higher tensile strength, but due to more stretched 
“survival” line, the survival probability is slightly lower.  

One more thing is worth attention, if the parameter (β <1), 
then the level of mortality of the product gets lower. It is typical 
for products, which got damaged at the pre-exploitation stage 
(burn-in-period). If the indicator (β =1), then the level of mortality 
is on constant level. It applies to the products, that „survived” the 
initial testing period, and during the normal exploitation show 
constant level of mortality. The casts, for which (β >1) are 
characterized by increasing mortality, and that is typical for the 
products that are subjected to wear-off. From the works [11, 12] it 
comes, that if (β >6,0), then for proper data modeling the third 
parameter is required, and function gets the name of tri-parameter 
Weibull distribution. This parameter (γ) makes the distribution 
shift to the right and it can be interpreted as the earliest, possible 
break-down occurrence time [5], but then, the Weibull analysis, as 
it’s interpretation becomes more complicated [13÷15].  
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