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Abstract 

An analysis of the effects of sand casting process parameters on the ultimate 

tensile strength of an aluminium alloy sand casting based on the Analysis of 

variance (ANOVA) technique is proposed in this paper. While other casting 

parameters were kept constant, the selected parameters were varied and the 

cast specimen tested to obtain their ultimate tensile strength. Formulation of 

the varied effects was then made and a statistical tool selected for the analysis. 

The result of this work shows that the selected technique is an effective tool 

for analyzing sand casting process. The computed treatment mean square, 

response mean square and error mean square are 456.35, 57.57, and 59.8 

respectively. It is concluded with 90% confidence that the mould temperature 

is the most significant factor which influences the casting quality in terms of 

strength under the specified conditions. 
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Introduction 

 
The wide ranges of application of aluminium alloys are very obvious. Their desirable 

characteristics of light weight, excellent resistance to corrosion in the atmosphere and water, 

strength [1] and high thermal conductivity gives them an edge over other metals in the 

electrical, aviation, marine, aerospace, construction and automotive industries just to mention 

but a few [2]. Casting on the other hand is a metal object obtained by allowing molten metal 

to solidify in a mould [3]. The shape of the object is determined by the shape of the mould 

cavity.  

The applications of statistical tools and concepts that depend heavily on the statistical 

theory of experimental design in the design and analysis of casting processes have increased 

over the years [4-6]. Analysis of variance (ANOVA) is a statistical procedure for 

summarizing a classical linear model (a decomposition of sum of squares into a component 

for each source of variation in the model) along with an associated test (the F-test) of the 

hypothesis that any given source of variation in the model is zero [7]. It has been widely used 

as an effective tool for analyzing highly structured experimental data (in agriculture, multiple 

treatments applied to different batches of animals or crops; in psychology, multi-factorial 

experiments manipulating several independent experimental conditions and applied to groups 

of people; industrial experiments in which multiple factors can be altered at different times 

and in different locations).  

There is no doubt that casting as a process involves so many parameters such as 

melting temperature of the charge, temperature of the mould, pouring speed, pouring 

temperature, composition, microstructure, size of casting, runner size, composition of the 

alloy and solidification time just to mention but a few [8,9, and 10]. The difference in the 

structure of the casting occurs due to the non-uniform cooling of the molten metal in the 

mould. This difference resulting in low mechanical properties, if not controlled will affect the 

performance of the casting while in use [11]. This assertion has led to the evolution of so 

many processes [12]. Because of the difference in structure of the casting which cannot be 

eliminated completely in many casting techniques , due to the inability to maintain the law of 

constant volume par second during the pouring stage, there is therefore the need to investigate 

the varying effect of some of these parameters on the mechanical properties of similar 

products. Only two process parameters and one mechanical property are employed in this 

work. The process parameters are pouring temperature, and mould temperature while the 
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mechanical property is the ultimate tensile strength.  

The purpose of the analysis of variance is to investigate the process parameters 

(factors) that significantly affect the ultimate tensile strength of the castings under the stated 

conditions. 

 

 

Material and Method 

 

Preparation of the Charge  

At a constant percentage of the iron and silicon, high purity aluminium electrical 

wires, free from dust and contamination were charged in a graphite crucible kept in an electric 

resistance furnace. Sodium chloride- potassium chloride (NaCl-KCl) (0.01%) powder was 

used as a cover for melting the alloy; this helped in minimizing oxidation of aluminium by 

excluding oxygen and creating a protective atmosphere inside the furnace.  

Upon initiation of melting of pure aluminium, the temperature of the furnace was 

raised to 720°C. The required quantity of silicon (4.6%) and iron (1.5%) was added using 

Ferro-silicon, and resulting melt thoroughly stirred with progressive melting, the furnace 

temperature was raised to 780°C and the melt was held at this temperature for ten minutes. It 

was then skimmed to remove the oxides and impurities.  

The molten metal was continuously stirred in order to ensure a near-uniform 

distribution of alloying elements from settling at the bottom on account of their higher 

density. For each melting 1.6kg of charge materials were used to produce the alloy. The result 

of the chemical analysis and the composition of aluminium alloy used are shown in table 1. 

 

Preparations of the Mould and Casting of Specimen   

Foundry sand of known specification was prepared for moulding by adding some 

quantity of water. The mould boxes (i.e. drag and cope) were produced using wood. One of 

the boxes was on a board and then a cylindrical pattern was placed on the board. The 

cylindrical pattern was used because the specimens to be produced are of cylindrical shapes 

(figure 1). Then the prepared moulding sand was then added to the pattern and rammed, 

properly. When it was properly rammed, the mould box containing the pattern was turned 

upside down and the parting sand was applied before placing the other box (i.e. cope). The 
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moulding sand was then added, but before the moulding sand was added, pipes were placed to 

locate the position of the gate and the riser. The sand was then rammed. When it was properly 

rammed, the cope was removed and then the pattern was removed. At the sprue the cross-

sectional area of the pouring cup was 380mm2, and at the cavity the cross-sectional area was 

100mm2. After this, the assembled mould was placed in a furnace and preheated to 

temperature of 37°C, 100°C, 150°C, 170°C, and 230°C for holding time of 35 minutes. Again 

the molten metal was then poured into each mould. After this, the process was repeated with 

the molten metal poured at pouring temperatures of 700°C, 720°C, 750°C, 770°C and 800°C 

for holding time of 20 minutes respectively. A total of twenty five samples were prepared. 

 
Figure 1. Mould assembly for sand casting 

 

Determination of Ultimate Tensile Test    

The castings were machined to the required shape using the lathe machine as shown in 

figure 2. The equipment used for the ultimate tensile test is a universal material testing 

machine, model SSR25 14, digital indicating system. The machine is hydraulically operated. 

The machined test specimen was then fed into a locking socket which provided grip of the 

specimen at the base and at the top. With the press loosened to release the extension to allow 

for easy monitoring on the tensile test piece alongside the socket in which it is fitted, the test 

piece was held at both end as made to be tensioned slightly and the meter was set to zero with 

the pump handle in the down position and locked. The pump handle was raised and pressed 

down so as to apply the load. The load was increased uniformly and the corresponding 
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extension was noted. This process was repeated for other specimens.  

 

 
Figure 2. Tensile test specimen 

 

To obtain the ultimate tensile strength the following formula was used [13]: 

UTS =Pmax/Ao (1)

where Pmax is the maximum load reading on the machine. Ao  is the original cross sectional 

area. 

 

Formulation for Two-Factor Experiments    

The formulation adopted for this work is as developed by [14]. Here we have a 

treatments and b blocks, we construct a model table as shown in table 2, where it is supposed 

that there is one experimental value corresponding to each treatment and block. For treatment 

j and block k, we denote this value by Xjk. The mean of the entities in the jth row is denoted by 

jX  , where j =1,...,a, while the mean of the entries in the kth column is denoted by kX ,where 

k=1,...,b. The overall or grand mean is denoted by X  . In symbols: 

∑
=

=
b

1k
kjj X

b
1X  

(2a)

∑
=

=
a

1k
jkk X

a
1X  

(2b)

∑=
k,j

jkX
ab
1X  

(2c)

 

Variation for Two Factor Experiments    

We define the total variation to be: 
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( )
2

K,J
jk XXV ∑ −=  

(3)

By writing the identity: 

( ) ( ) ( )XXXXXXXXXX kjkjjkjk −+−++−−=−  (4)

And then squaring and summing over j and k we, can show that: 

V=VE+VR+VC (5)

Where: 

( )2
k,j

kjjkE XXXXV ∑ +−−=  (6)

( )∑
=

−=
a

1j

2
jR XXbV  

(7)

( )∑
=

−=
b

1k

2
kC XXaV  

(8)

VE is variation due to error. VR is variation between rows (treatment). VC is variation 

between columns (block). 

The variation due to error or chance is also known as residual variation or random 

variation. The following equations are shortcut formulas for computation. 

ab
TX

b
1V

2

jk

2
jk −= ∑  

(9)

ab
TT

b
1V

2b

1k

2
jR −= ∑

=

 
(10)

ab
TT

a
1V

2b

1k

2
kC −= ∑

=

 
(11)

VE=V-VR-VC (12)

Where Tj is the total of entry in the jth row, Tk is the total of entries in the kth column 

and T is the total of all entries. 

 

Analysis of Variance for Two Factor Experiment    

The generalization of the mathematical model for one factor experiment is given by 
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[14]: 

jkkjjk εβαμX +++=  (13)

Where  0=∑ jα  and ∑ = 0kβ . Here μ   is the population grand mean,  jα  is that 

part of  Xjk due to the different treatments (sometimes called treatment effects), kβ   is that 

part of  Xjk due to the different blocks (sometimes called the block effects) and jkε  is that part 

of Xjk due to chance  or error. As before, we assume that the jkε  are normally distributed with 

mean 0 and variance 2σ  so that the Xjk are normally distributed with mean μ  and variance 
2σ . 

It can be proven that the expectations of the variations are given by: 

( ) ( )( ) 2
E σ1b1aVE −−=  (14)

( ) ( ) ∑+−=
j

2
j

2
R σbσ1aVE  (15)

( ) ( ) ∑+−=
k

2
k

2
C βaσ1bVE  (16)

( ) ( ) ∑∑ ++−=
k

2
k

j

2
j

2 βaσbσ1abVE  (17)

There are two null hypotheses that we would want to test: 

Ho(1): All treatment (row) means are equal and the parameter (mould temperature) 

influences strength: that is , jα  = 0 and j=1,...,a. 

Ho(2): All block (column) means are equal the parameter (pouring temperature) also 

influences strength: that is , kβ  =0 and k=1,...,b. 

From equation (16), without regard to Ho(1) or Ho (2),  a best (unbiased) estimate of 2σ   

is provided by ( )( )1b1a
VŜ E2

E −−
= , that is: 

( ) 22
E σŜE =  (18)

Also if hypothesis Ho(1) and Ho(2)are true, then:   

( )1a
VŜ R2

R −
= , ( )1b

VŜ C2
C −
= , ( )1ab

VŜ2

−
=  

(19)

will be unbiased estimates of 2σ . If Ho(1) and Ho(2) are not true, however, then from equations 
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14 and 15, respectively, we have: 

( ) ∑−
+=

j

2
j

22
R α

1a
bσŜE  

(20)

( ) ∑−
+=

k

2
k

22
C β

1b
bσŜE  

(21)

To test hypothesis Ho(1), it is natural to consider the statistics. 22 ˆ/ˆ
ER SS  since it can be 

seen from equation 19 that 2ˆ
RS  is expected to differ significantly from 2σ  if the row 

(treatment) means are significantly different. Similarly, to test hopothesis Ho(2) we consider 

the statistics 22 ˆ/ˆ
EC SS . Under hypothesis Ho(1), the statistic 22 ˆ/ˆ

ER SS  has the F distribution with 

a-1 and (a-1)(b-1) degrees of freedom. Under hypothesis Ho(2), the statistics 22 ˆ/ˆ
EC SS  has the F 

distribution with b-1 and (a-1)(b-1) degrees of freedom. This enables us to accept or reject 

Ho(1) and Ho(2) at specified significant levels. An analysis of variance table is then constructed 

as shown in table 4. 

 

 

Results and Discussion 

 

The chemical composition of the Aluminium alloy casting is presented in Table 1. 

Table 2 shows the model table employed in the formulation.  

 

Table 1. Chemical composition of aluminium alloy 

Element Al Fe Si 
Weight Percentage (W %) 93.9% 1.5% 4.6%

Concentration(mgl) 939 15 46 
 

 

Table 2. Model table  

 Block  
 1 2 ... b  

Treatment 1 X11 X12 ... X1b  
Treatment 2 X21 X22 ... X2b  . . . . . . . . . . . . . . . . . .

Treatment a Xa1 Xa2 ... Xab  
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The results of the effect of mould temperature and pouring temperature on the ultimate 

tensile strength of the aluminium alloy part are shown in table 3. Results of the ultimate 

tensile strength were obtained from each test sample. The column means represent the 

response means while the row means represent the treatment means. The overall grand mean 

was computed to be 61.5. 

 

Table 3. Effect of mould temperature and pouring temperature on Ultimate Tensile strength 

Pouring temperature (°C)  
700 720 750 770 800 

Means [UTS(N/mm2)] 

37 76.3 84.7 74.2 69.4 66.4 74.2 
100 66.3 78.4 55.4 75.6 69.5 69.0 
150 62.7 64.0 54.2 54.3 49.5 56.8 
170 41.2 43.4 61.9 65.4 51.1 52.6 M

ou
ld

 
te

m
pe

ra
tu

re
 

(°
C

) 

230 55.1 62.9 51.2 54.8 49.5 54.7 
Means[UTS(N/mm2)] 60.3 66.7 59.3 63.9 57.2 61.5 
 

Table 4 shows an Analysis of Variance (ANOVA) table obtained by numerical 

computation. The mean squares are obtained by dividing the sum of squares of each of the 

two sources of variation (mould temperature and pouring temperature variance) by the 

respective degrees of freedom. The F value, known as Fisher variance ratio provides the 

information on how well the factors describe the statistical variation in the data from its mean. 

It is calculated by dividing mean square due to model variance to the mean square due to the 

error. Generally, if the calculated F value is less than the F value obtained from the standard 

distribution table, the model is a good prediction of the experimental results. From the F-

distribution table (statistics table) with 90% confidence, the tabulated value at 4, 16 degree of 

freedom is given as 2.33. However, the calculated F- values of table 4 are 1.9 and 0.3. 

According to [5, 14, and 18] we accept the null hypothesis if the calculated F value is less 

than the tabulated F-Value. Thus, both null hypotheses are accepted and we conclude that the 

mould temperature and pouring temperature influences the tensile strength of the sand casted 

part. Pinholes in aluminium castings are caused by the absorbed hydrogen. This can be 

minimized by pouring the alloy at temperatures just necessary for casting [15]. Hence, upon 

identification of the optimum pouring temperature, it should be properly applied [16]. Also, 

since the mould temperature has the least F-value, we conclude that it is the parameter which 

influences the ultimate tensile strength of the aluminium alloy part the most. This is in tandem 

with previous work by [17] who adopted the simplex method developed by Dantzig [19] to 
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optimize the effect of sand casting process parameters on the mechanical properties of an 

aluminium alloy part. 

 

Table 4. Analysis of variance (ANOVA) table 

Variation Degrees of 
freedom 

Mean 
square F 

Between treatments, 
VR=1825.4 (a-1)=4 35.456ˆ2 =Rs 9.1ˆˆ 22 =ER ss  

Between blocks, 
VC=287.85 (b-1)=4 57.57ˆ2 =Cs  3.0ˆˆ 22 =EC ss  

Residual, VE=957 (a-1)(b-1) =16 8.59ˆ2 =Es   
Total, V=3070.25 (ab-1) =24   

 

 

Conclusions 

 

Our results indicated that the selected process parameters significantly affect the 

selected mechanical property. It also shows that the selected tool can be effectively adopted 

for the analysis of physical processes to explain the relationships between various sand 

casting parameters. The sequence of the two factors affecting the ultimate tensile strength is 

the mould temperature and pouring temperature respectively. At 90% level of significance, 

the mould temperature is the most significant factor which influences the casting quality in 

terms of strength. The results of this work can be applied in foundry shops where it is evident 

that the number of defective castings produced is on the high side. Work is in progress to 

adopt the ANOVA technique to more than two sand casting process parameters (pouring 

speed and runner size) and to include other mechanical properties such as impact strength and 

hardness. 
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