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Abstract 

The intention of this challenge is to optimize of centrifugal casting procedure parameters 

to maximize the thermal conductivity of Al-SiC-B4C FGM with the aid of Taguchi technique. 

Composite substances used in this venture are Al6061 aluminum alloy because the matrix and 

SiC (silicon carbide) and boron carbide debris size 40 mesh as the reinforcement. Experimental 

layout used L9 orthogonal arrays Taguchi method requirements. Experimental factors used 

within the making of composite samples had been SiC and B4C content material, melt 

temperature, die rotation speed and pre-heat temperature, revolution time and pouring 

temperature each with 4 ranges or versions. The Thermal conductivity and microstructures of Al-

SiC-B4C composite are found through AnterUnitherm thermal conductivity system and scanning 

electron microscope (SEM). Experimental end result will shows that the most advantageous of 

centrifugal casting procedure parameters are SiC and B4C content material of 10 wt.%, melt 

temperature of 7250C, rotation velocity of 1300 rpm, pre heat temperature of 1000c and stirring 

length of 45sec. The hybrid micro particle content which contributes full-size impact on thermal 

conductivity. The parameters while used, exhibited more desirable outcomes, where the, thermal 

conductivity turned into determined to be 145W/m-k indicating a 17% enhancement of the FGM 

respectively.  
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1. Introduction 
 

The huge variety of the application of aluminum alloys could be very apparent. Their appropriate 

characteristics of light weight, terrific resistance to corrosion inside the surroundings and water, strength 

and excessive thermal conductivity offers them an part over different metals in the electric, aviation, 

marine, aerospace, creation and car industries just to mention however a few. This improved usage creates 

the need for a deeper know-how in their thermal behaviour and the impacts of processing parameters. This 

knowledge permits the dressmaker to make certain that the casting will obtain the preferred properties for 

its supposed application. There is no question that centrifugal casting as a process entails so many 

parameters inclusive of melting temperature of the rate, temperature of the mould, pouring velocity, 

pouring temperature, composition, microstructure, size of casting, runner length, composition of the alloy 

and solidification time just to say however a few.  Simply to mention however some have efficaciously 

carried out studies on the varying outcomes of casting manner parameters at the mechanical residences of 

casted metals and their alloys. One of the latest maximum critical optimization methods is the Taguchi 
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approach conceived and advanced by way of jap student Engr. Dr. Genichi Taguchi in 1950. Taguchi 

technique is a powerful device for the design of excessive exceptional structures. It gives a easy efficient 

and systematic method to optimize design for overall performance, exceptional and price. The method is 

treasured whilst design parameters are qualitative and discrete. Taguchi parameter layout can optimize the 

performance feature via the placing of design parameters and decrease the sensitivity of the device 

performance to source of version. The Taguchi method enables a complete understanding of the person 

and combined from a minimal wide variety of simulation trials. This approach is multi – step procedure 

which comply with a certain series for the experiments to yield an progressed understanding of product or 

technique performance.  

1.1 The Need for Better Materials 

The want to make lifestyles greater relaxed for humankind, to satisfy the desires of the real and 

future society, and to explore the unknown, requires materials that may be used within the maximum 

excessive and tough situations. For example, applications at high temperatures and energy location call for 

at the improvement of substances with novel capabilities, some application are defined next.  

The fuel turbine engine surroundings gives demanding situations to cloth technology. Crucial 

additives include the rotors, nozzle guide vanes and the combustor liner. Load and operating conditions 

consist of high temperature, thermal stress, centrifugal stress, contact pressure, excessive and coffee 

frequency cyclic fatigue, creep, pressure rupture, oxidation and corrosion. Better running temperatures in 

gasoline turbine engines cause improved efficiencies and decreased harmful emissions. Benefits 

encompass lowering the NOx emission to 40.Three% under IACO (global Civil Aviation organisation) 

rule and a five.Four billion lbs decrease in CO2 in the ecosystem. 

1.2 Importance on Thermal Behaviour of Functionally Graded Material 

 
   In latest years, functionally graded materials (FGMs) have won considerable significance in 

extraordinarily high temperature environments inclusive of nuclear reactors and chemical flora. FGMs 

also are taken into consideration as a ability structural cloth for the future high-velocity spacecraft [1].  

 

FGMs are composite substances, microscopically inhomogeneous, wherein the mechanical houses 

range easily and continuously from one surface to the other. This is accomplished by using progressively 

varying the extent fraction of the constituent materials. This continuous exchange in composition 

outcomes in graded residences of FGMs. Those novel materials have been first delivered with the aid of a 

group of scientists in Sendai, Japan, in 1984 Commonly, those substances are crafted from a mixture of 

ceramic and metal or a mixture of different metals. The benefits of the usage of these materials are that 

they are capable of withstand high-temperature gradient environments at the same time as keeping their 

structural integrity. The ceramic constituent of the fabric affords the excessive-temperature resistance 

because of its low thermal conductivity. The ductile steel constituent, however, prevents fracture resulting 

from stresses due to excessive-temperature gradient in a completely short time frame. Similarly, a 

aggregate of a ceramic and a metallic with a continuously various quantity fraction may be easily 

synthetic [2-6]. 

 

1.3 Taguchi optimization method 

 
The Taguchi technique is a useful asset for structuring top notch frameworks dependent on 

Orthogonal array (OA) tests that give a lot of decreased change to the investigations with an ideal setting 

of procedure control boundaries. It presents an incorporated methodology that is basic and effective to 

locate the best scope of structures for quality, execution, and computational cost. This technique 

accomplishes the Design of Experiment trials (DOE) with the parametric improvement of the procedure 

yielding the ideal outcomes. The conventional exploratory structure methodology center around the 
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normal procedure execution attributes, however the Taguchi technique focuses on the impact of minor 

departure from the procedure quality qualities as opposed to on its midpoints. That is, the Taguchi 

approach makes the procedure execution obtuse (powerful) to variety in uncontrolled or commotion 

factors. Taguchi suggests this should be possible by the best possible plan of boundaries during the 

"boundary configuration" period of disconnected quality control. He structured certain standard OAs by 

which concurrent and free valuation of at least two boundaries for their capacity to influence the 

fluctuation of a specific item or procedure trademark should be possible in a base number of tests. 

Utilizing OA, the Taguchi strategy investigates the whole structure space through few examinations so as 

to decide the entirety of the boundary impacts and a few of the co-operations. These information are then 

used to anticipate the ideal blend of the plan boundaries that will limit the target work and fulfill all the 

imperatives. Notwithstanding finding a close to ideal target work, the Taguchi strategy gives data on 

boundary patterns and commotion sensitivities in this manner empowering a strong plan. The boundary 

configuration period of the Taguchi technique for the most part incorporates the accompanying advances: 

(1) recognize the goal of the trial; (2) distinguish the quality trademark (execution measure) and its 

estimation frameworks; (3) distinguish the components that may impact the quality trademark, their 

levels, and potential co-operations; (4) select the suitable OA and appoint the elements at their levels to 

the OA; (5) lead the test portrayed by the preliminaries in the OA; (6) investigation of the test information 

utilizing the sign to noise (𝑆/𝑁) proportion, factor impacts, and the examination of change (ANOVA) to 

see which elements are factually huge and to locate the ideal degrees of variables; (7) check of the ideal 

structure boundaries through affirmation try. The OA requires a lot of even (least trial runs) tests. The 

Taguchi technique utilizes a statistical measure of execution called (𝑆/𝑁) proportions, which are 

logarithmic elements of wanted yield to fill in as target capacities for enhancement. The𝑆/𝑁 proportion 

considers both the mean and the fluctuation and is characterized as the proportion of the mean (signal) to 

the standard deviation (clamor). The proportion relies upon the quality attributes of the item/procedure to 

be streamlined. The three classes of 𝑆/𝑁 proportions are utilized: bring Lower the better (LB), higher the 

better (HB), and Nominal the best (NB). The boundary level mix that amplifies the suitable 𝑆/𝑁 

proportion is the ideal setting. This work is one of the less attempts to consolidate Taguchi procedure, 

explicitly for a diffusive throwing of functionally graded metal matrix composite (FGMMC). For the 

instance of maximization of warm conductivity, HB trademark should be utilized. Moreover, a 

measurable investigation of fluctuation (ANOVA) is performed to discover which process boundaries are 

factually huge. With the 𝑆/𝑁 proportion and ANOVA investigations, the ideal mix of the procedure 

boundaries can be anticipated. At last, an affirmation test is led to check the ideal procedure boundaries 

acquired from the boundary structure. 

1.4 Research Targets 

The goal of this examine is to determine the finest settings of centrifugal casting manner 

parameters the usage of Taguchi’s experimental layout method. Orthogonal arrays of Taguchi, the signal-

to-noise (S/N) ratio, the evaluation of variance (ANOVA), and regression analyses are hired to discover 

the most beneficial stages and to investigate the effect of the centrifugal casting method parameters on 

thermal conductivity. 

2. Materials 

2.1 Matrix 

The substances used for the present research were aluminum A6061 alloys for aluminium matrix 

related FGM research. A6061 in addition to A2219 are wrought aluminum alloys. Al 6061 alloy becomes 

selected because the matrix section since it having high strength and coffee melting temperature. The 

targeted elemental compositions, residences of the aluminum alloys and properties of matrix are furnished 

in table 1 and 2 respectively. 
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Table 1 show the basic composition of Al6061. 

Element Si Fe Mn Mg Cu Zn Ti Cr V Sn Al 

Composition 

(%) 
0.59 0.18 0.08 0.99 0.3 0.005 0.008 0.12 0.003 0.001 97.723 

 

Table 2 Properties of A6061 aluminum alloys 

Properties Al6061 

Density 2.70 g/cm³ 

Melting Point 650 °C 

Thermal Expansion 23.4 x10^-6 /K 

Modulus of Elasticity 70 GPa 

Thermal Conductivity 166 W/m.K 

Electrical Resistivity 0.040 x10^-6 Ω .m 

 

2.2 Reinforcements 
The unique kinds of discontinuous reinforcements used for the existing investigation have been 

silicon carbide and boron carbide micro particles of 14 to 23μm in aluminum matrix primarily based 

FGM. Green SiC of average particle length 23μ, with constant 10%wt compositions, is used because the 

reinforcement due to the fact having low density, excessive electricity, excessive melting temperature for 

the development of FGMMC. The fundamental composition of SiC-B4C and standard properties of matrix 

are provided in table 3 and 4 respectively. 

 

Table 3 show the elemental composition of SiC and B4C 
                                                                          SiC 

Element Si Sio2 Fe Al Co SiC 

Composition (%) 0.3 0.5 0.08 0.1 0.3 98.5 

B4C 

Element B C Ca Fe Si F Cl 

Composition (%) 80 18.1 0.3 1.0 0.5 0.025 0.075 

 

Table 4 Properties of reinforcements 
 

Sic Hardness 

(HV) 

Density 

(g/cm3) 

Poisson 

ratio 

Modulus 

of 

elasticity 

GPa 

Shear 

strength 

GPa 

%Elongation Thermal 

conductivity 

W/m-k 

B4C 120 2.65 0.18 362 400 15 29 

Sic 144 3.2 0.35 90 560 16 20.7 
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2.3 Selection of Process Parameter 

The process parameters and their tiers beneath investigation are shown in table 5.four  

Experiments are carried out the usage of four parameters numerous at three degrees. Levels of freedom 

(DOF) required for the design are night time. The orthogonal array which satisfies the required DOF is 

L9. The experiments are performed the usage of L9 OA that is shown in table 6. 

Table 5 Process Parameters and their Levels 

Factors Parameters Units Levels 

L1 L2 L3 

A Mould rotational 

speed 

RPM 1300 1500 1700 

B Revolution time SEC 45 60 90 

C Preheat 

temperature of 

mould 

0C 100 150 200 

D Pouring 

temperature 

0C 725 750 775 

 

 

Table 6: Experiment design by use of L9 Orthogonal array 
 

Sr.No A B C D 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

 

 
2.4 Description of Experimental Work 

 
The FGMMC was manufactured using horizontal centrifugal casting technique. A acknowledged quantity 

of aluminum alloy become fed within the muffle furnace the use of a graphite crucible and was melted at 

unique temperature from 7250C to 7750C. Silicon carbide of consistent 5wt% and boron carbide 5% of 

precise grain length changed into first preheated to 725oC for 3 hours to improve its wettability with the 

matrix fabric and changed into the fed into the melt with the stirrer set at 1300 rpm. Small quantity of 

magnesium (1% with the aid of weight) changed into added so one can similarly beautify the wettability 

of the reinforcement. Right here the casting mildew is a warmness resisting forged iron drum with an 

internal diameter of 120 mm and a period of 220 mm with mould wall thickness of 20 mm whose solid 

tubular element. Then liquid aluminium it poured into another graphite crucible, now the stirred melt is 

poured into a mildew of the horizontal centrifugal gadget, which changed into preheated at one-of-a-kind 
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temperature from 1000C to 2000C and turned around at distinctive pace from 1300rpm to 1700rpm and 

revolution time also range from 45sec to 60sec for extraordinary experiments. The overall process of 

horizontal centrifugal casting system is shown in figure 1. 
 

 

 
Figure 1A:  Muffle Furnace   Figure 1B :Al 6061 melted at 800°C 

 
Figure 1C :preheating of centrifugal mould at 400ºC    Figure 1D: Al melts mixing with 

reinforcements 
Figure 1: overall process of centrifugal casting 
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The samples combination of composites according to their weight percentage is given in the table 

7. 

Table 7: Percentage of composition 

Volume 

Fraction of 

Aluminium 

(%) 

Weight 

Fraction  of 

Aluminium 

(kg) 

Volume 

Fraction of 

Silicon Carbide 

(%) 

Weight 

Fraction of 

Silicon 

Carbide (g) 

Volume 

Fraction of 

Silicon Carbide 

(%) 

Weight Fraction 

of boron 

Carbide (g) 

90 0.900 5 45 5 45 

 

 Figure 7 shows the picture of the Al 6061 as cast and FGMMC cylinders with 10 mm 

thickness, fixed outer diameter 120 mm, inner diameter 100 mm and weight about 1.5 kg. As per 

the ASTM standards, specimens were cut from the cast cylinders for the mechanical 

characterization. 

 

3. Experimental Work 
3.1 Thermal Conductivity 

Scope 
  Thermal conductivity values are used to measure heat flow through a material. It is the measure of 

resistance of materials to thermal transmission. The test method is utilized for solids of a representative 

thickness. Thermal conductance of films, pastes and melts can also be determined. Figure 2 and 3  and 

shows  process of the  Thermal conductivity and FGM thermal conductivity specimen at same time Table 

8 show the Thermal conductivity of samples 

 

Equipment Used:         AnterUnitherm Model 2022  

Specimen type:              Al6061-B4C-SIC (FGM hybrid composite)  

Specimen dimension:   50Dx10L in mm 

 No of specimen:           9 

                 

              Figure 2A                                               Figure 2B 

Figure 2: AnterUnitherm Model 202 
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Figure 3: FGM thermal conductivity specimen 

 

Table 8 : Thermal conductivity of samples 
Sample  Thickness(m) Thermal conductivity (segment 1 at 150oc) 

1 0.10 145.7 

2 0.10 144.3 

3 0.10 143.1 

4 0.10 134.3 

5 0.10 139.5 

6 0.10 136.5 

7 0.10 137.3 

8 0.10 132 

9 0.10 129.4 

Pure 

AL6061 

0.10 162 
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The parameters considered for experiment are shown in Table 9 

 

Table  9: Parameters Considered for Experiment 

Factors Parameters UNITS Levels 

L1 L2 L3 

A MOULD 

ROTATIONAL 

SPEED  

RPM 1300 1500 1700 

B Revolution time SEC 45 60 90 

C PRE HEAT 

TEMPERATURE 

OF MOULD  

0C 100 150 200 

D POURING 

TEMPERATURE  

0C 725 750 775 

 

 

 

4. Data Validation and Optimization  
 

In this degree, the information series must be thru facts validation technique ensuring that that a 

study accumulate a easy, correct and useful information. Once thermal conductivity of a casting 

experiments been finished results are analyzed through calculating the signal-to-noise (S/N) ratio for 

every issue and each stage in those experiments. This ratio is the reciprocal of the variance of the 

measurement blunders that is maximal for the mixture of parameter levels that has the minimum mistakes 

variance. Calculating the average of S/N cost for every factor and plotting them for every degree will 

exhibits the impact of the component on the variable used to evaluate these experiments on fee of thermal 

conductivity. Evaluation of variance (ANOVA) strategies may be used to have a look at the fractional 

factorial experiments and pick out the significance of each issue. In statistical significance testing, the p-

fee is the probability of acquiring a test statistic at least as severe as the one that changed into virtually 

observed, assuming that the null hypothesis is actual. The p-cost must flip to be less than a certain 

significance stage zero.05. If the P value above this stage, the statistics must be remember again by means 

of using distinction technique inside the identical experiment. In this study would be the approach of 

thermal conductivity cost. 

On this chapter we've got discussed approximately the corporation profile, selected device specification, 

selected material (paintings piece and filler) specification and additionally parameter affecting on energy 

of welding. We've additionally mentioned approximately the layout of experiment using Minitab 17 

software. In next bankruptcy we are able to discuss on experimental work and analysis. 

 

5. Results and Discussion 

In Casting, minimizing the porosity and maximize the thermal conductivity is an vital criterion. 

Single reaction optimization with taguchi layout of experiments and their fashions have been advanced 

and implemented on this paintings for the identity of the high-quality insert and levels of casting 

parameters, importance, and optimization of the system parameters have analyzed and plotted as 3-D 

surface plot. 

 
As in step with the declaration quoted within the experimental and analytical information, a huge 

variety of centrifugal casting trials become completed under special reducing situations in an effort to 
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compare the overall performance of centrifugal casting function of FGM. Similarly evaluation and 

evaluation based totally at the expected values of thermal conductivity from reaction floor equations and 

the actual (experimental) values of FGM have been studied. The cast reputation and floor integrity had 

been determined using scanning electron microscopic tool. Single response optimization of manner 

parameter on this study experiment are done in two instances and experimental cost of Thermal 

Conductivity cost, are shown in table 10. 

 

 
Table 10: Experimental Results 

Sr.No A B C D Thermal 

conductivity 

(W/mk) 

1 1300 45 100 725 145.7 

2 1300 60 150 750 144.3 

3 1300 90 200 775 143.1 

4 1500 45 150 775 134.3 

5 1500 60 200 725 139.5 

6 1500 90 100 750 136.5 

7 1700 45 200 750 137.3 

8 1700 60 100 775 132 

9 1700 90 150 725 129.4 

 

 

5.1 Single Objective Optimization for Thermal Conductivity 

5.1.1 S/N ratio calculation of thermal conductivity 
In this the observe value of thermal conductivity is rework in S/N ratio values to discover the 

superior combination of parameters for reaction variable. In thermal conductivity “large is higher” is goal 

feature, since the maximization of the excellent characteristic is involved and it could be expressed via 

taguchi equation. The analyzed value of S/N ratio for thermal conductivity by way of use Minitab17 

statistical software program is proven in table 11. 

 
Table 11: Experimental Results 

Sr.No A B C D Thermal 

conductivity 

(W/mk) 

1 1300 45 100  725 145.7 

2 1300 60 150 750 144.3 

3 1300 90 200 775 143.1 

4 1500 45 150 775 134.3 

5 1500 60 200 725 139.5 

6 1500 90 100 750 136.5 

7 1700 45 200 750 137.3 

8 1700 60 100 775 132 

9 1700 90 150 725 129.4 

 

 

Vol 40, 2020

443

Tierärztliche Praxis

ISSN: 0303-6286



 

 
 

5.1.2 Main effects plot of thermal conductivity 
The main effects plot for S/N ratio of thermal conductivity verses mould rotational speed, 

revolution time, preheat temperature of mould and pouring temperature which is generate form the value 

of S/N ratio of thermal conductivity as per Table 12 in Minitabe-17 statistical software is useful to find 

out optimum parameter value for response variable. The graph generate by use of Minitab-17 statistical 

software for thermal conductivity is shown in figure 4. 

 
Table 12:  Result table for Thermal conductivity Vs S/N ratio 

Sr.No Thermal conductivity (W/mk) S/N ratio 

1 145.7 43.2692 

2 144.3 43.1853 

3 143.1 43.1128 

4 134.3 42.5615 

5 139.5 42.8915 

6 136.5 42.7027 

7 137.3 42.7534 

8 132 42.4115 

9 129.4 42.2387 
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Figure 4: Mean effect plot of thermal conductivity vs. mould rotational speed, revolution 
time, preheat temperature of mould and pouring temperature 

 

From the Figure 5. It is conclude that the optimum combination of each process parameter for 

higher thermal conductivity is meeting at low die rotational speed (A1), Revolution time (B1), pre heat 

temperature (C3), and tool insert (D2). The S/N of the thermal conductivity for each level of the each 
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machining parameters can be computed in Minitab 18 and it is summarized for finding out rank of each 

effective parameter for response. The analyzed value of mean of surface roughness by use of Minitab 18 

statistical software is shown in Table 13. 

 
Table 13: Response table of S/N ratio for thermal conductivity 

Response Table for Signal to Noise Ratios 

Larger is better 

 
Response Table for Means 

 

Level      A      B      C      D 

1      144.4  139.1  138.1  138.2 

2      136.8  138.6  136.0  139.4 

3      132.9  136.3  140.0  136.5 

Delta   11.5    2.8    4.0    2.9 

Rank       1      4      2      3 
 

 

From Table.13, it is show that the value of delta for each parameter A, B, C and D are 11.5, 2.8, 4.0 and 

2.9 for thermal conductivity. From delta value of each parameter it is conclude that for mould rotational 

speed, revolution time, preheat temperature of mould and pouring temperature the most effective 

parameter is FGM followed by mould rotational speed, revolution time, preheat temperature of mould and 

pouring temperature 

 
One-way ANOVA: Tc, SNRA1  
 
Source  DF       SS       MS        F      P 

Factor   1  40800.2  40800.2  2563.66  0.000 

Error   16    254.6     15.9 

Total   17  41054.8 

 

S = 3.989   R-Sq = 99.38%   R-Sq(adj) = 99.34% 
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Figure 5: Residual Plots for Thermal Conductivity Vs SNRA 
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Figure 6: Contour Plots for Thermal Conductivity Vs SNRA1 
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6. Conclusion 

 
Hybrid micro particles had been locating in centrifugally casting with the goals to increase the 

thermal conductivity of aluminum FGM. Centrifugally casting of alloy produced less porosity for outer 

surface speeds of 1300 rpm. But, the solid microstructure contained carbide and Laves stages, the latter as 

being typically seemed as deleterious to the thermal properties of the alloy. Further experimentations, 

varying the velocity of rotation are accomplished then higher consequences could be received with the aid 

of Taguchi layout of test of the centrifugally casting input parameter and optimizes the outputs of solid 

substances. Table 11, maximum value of thermal conductivity and even distribution of reinforcement will 

give low defects as similar to their enter parameter. In this table suggests the very best S/N price gives 

excessive fine and occasional defects with high-quality. In this situation 725oC temperature, 1300 rpm and 

45sec revolution time gives higher reaction of output. 
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