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Abstract- The Finemet (Fe73.5Si13.5B9Cu1Nb3) alloy has exhibit the best combination of soft magnetic properties (high 
permeability, high saturation magnetization and low coercivity) as compared to the other traditionally available materials. 
These alloys are prepared using planar flow melt spinning process. The soft magnetic properties of the alloy depend on the 
composition and process parameters such as wheel speed, nozzle-wheel gap, ejection pressure and melting temperature. It 
has been observed that good quality amorphous ribbons can be obtained by selecting optimum process parameters. The 
investigation deals with the optimization of process parameters to obtaining quality amorphous ribbons during planar flow 
melt spinning experiments. The alloy was melt spun to obtain rapidly solidified ribbons using an L16 orthogonal array as 
specified by Taguchi technique; varying process parameter such as wheel speed (V), nozzle-wheel gap (G), melting 
temperature (T) and ejection pressure (P). It has been observed both the thickness and width decrease along the length of the 
ribbon. The results are analyzed using Taguchi ANOVA method. The percentage contribution of each control parameters has 
been calculated, which influences the thickness and the surface roughness of the ribbon has been obtained statistically using 
analysis of variation (ANOVA) method. 
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I. INTRODUCTION 
 
These amorphous and nanocrystalline alloys are 
produced by rapid solidification technique. The 
cooling rates are extremely high (105-106 K/sec). The 
extreme cooling rates inhibit the crystallization of 
material resulting in the formation of a glassy phase. 
Planar flow melt spinning is one of the rapid 
solidification processes in which the material after 
melting is ejected onto the rotating wheel maintaining 
a pre-determined gap (Nozzle-wheel gap). This pre-
determined nozzle-wheel gap helps in the formation 
of a puddle, due to which longer ribbons can be 
formed. The degree of amorphicity depends on 
cooling rate which is controlled by the thickness of 
the ribbon and the ribbon thickness is influenced by 
the wheel speed, nozzle-wheel gap, melt super heat, 
ejection pressure, nozzle geometry etc. 
 
The purpose of the present investigation is to 
optimize process parameters of melt spinning process 
for obtaining high quality FINEMET (Fe-Si-B-Nb-
Cu) ribbons. This can be done through a series of 
experiments.  However conventional experimental 
design methods are too complex and sometimes 
expensive and time-consuming. Therefore Design of 
experiments (DOE) techniques using the Taguchi 
method has been used to optimize the process 
parameters with minimum experimental runs. 
In this investigation the four process parameters 
(wheel-speed, ejection pressure, nozzle-wheel gap 
and melt temperature) and four levels used to find out 
their optimum conditions for production of wider, 
thinner ribbons with good magnetic properties. 
Taguchi techniques were applied to find the effect of 
these process parameters and their effective 
contribution towards each response function. 

II. EXPERIMENTAL DETAILS 
 
The following experiments are conducted for 
obtaining the process parameters through planar flow 
melt spinning process to obtain the quality 
amorphous ribbons using an L16 orthogonal array as 
specified by Taguchi technique; varying process 
parameter such as wheel speed (V), nozzle-wheel gap 
(G), melting temperature (T) and ejection pressure 
(P). 

 
Fig: Fe73.5Si13.5B9Nb3Cu1) alloy of 7.5 kg 

 
The effect of many different parameters on the 
performance characteristic in a condensed set of 
experiments can be examined by using the orthogonal 
array experimental design proposed by Taguchi. This 
method uses a special set of array called orthogonal 
array. These standard arrays stipulate the way of 
conducting the minimal number of experiments 
which could give the full information of all the 
factors that affect the performance parameter. The 
crux of the orthogonal arrays method lies in choosing 
the level combinations of the input design variables 
for each experiment.   This experimentation is carried 
out using 16 Level orthogonal arrays with 4 columns 
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and 16 rows. This array can handle four level process 
parameters. Therefore only 16 experiments are 
required to study the melt spinning process. 

 
Table 1: Layout of L16 orthogonal array 

 
 

The Table 1 shows the layout of L16 orthogonal 
array. There are totally 16 number of experiments to 
be conducted and each experiment is based on the 
combination of level values as shown in the table. For 
example, the third experiment is conducted by 
keeping the independent design variable 1 at level1, 
variable 2 at level 3, variable 3 at level 3, and 
variable 4 at level 3. The selection of designed four 
process parameters at four different levels are shown 
in table 1. 
 
III. RESULTS AND DISCUSSION 
 
The experimental results were analyzed to get the 
effect and contribution of each parameter on the 
thickness of ribbons. The main effect of each 
parameter at different levels on thickness of ribbons 
is calculated using equations and is shown in the Ta 
 
Table 2: Main effects and their differences on the thickness of 

ribbons (in µm) 

 

Fig .2 shows the variation of average thickness of 
ribbons at three different levels. From the graph (Fig. 
2) it can be observed that the thinnest ribbons have 
been produced at level 2.   The slope of the curve for 
wheel speed indicates that the thickness decreases 
with increasing wheel speed. The slope of pressure 
and nozzle wheel gap does not change much at all 
levels indicating that both pressure and nozzle wheel 
gap do not influence the thickness of the ribbon 
whereas the temperature affects the thickness 
significantly.  
 

 
Figure 2.  Main effects of the parameters on thickness of   

ribbons 
 

The optimized parameters were obtained by selecting 
the lowest average thickness values obtained in each 
parameter and it is found to be A3B3C3D2 (Wheel 
speed 25m/s, Pressure 20.7kpa, Nozzle wheel gap 
0.35mm and Temperature 1473K). 
 
CONCLUSION 
 
Experiments on producing quality amorphous ribbons 
for Fe-Si-B-Nb-Cu alloy have been conducted using 
the concept of L16 orthogonal array (Taguchi 
method) and analyzed through Analysis of Variation 
(ANOVA). The thickness of the ribbon gradually 
decreases long the length of the ribbon. The slope of 
the lines i.e length vs thickness vary from -0.64286 to 
-0.01038. The percentage contributions of different 
parameters on the thickness of the ribbon obtained 
from ANOVA are as follows: Wheel speed 9.85%, 
Ejection pressure 0.4%, Nozzle wheel gap 1.25% and 
temperature 55.98%. The optimized parameters were 
obtained by selecting the lowest average thickness 
values obtained in each parameter and it is found to 
be A3B3C3D2 (Wheel speed 25m/s, Pressure 20.7kpa, 
Nozzle wheel gap 0.35mm and Temperature 1473K). 
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