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Abstract: Piezoelectric ceramics are extensively investigated materials for transducer application.
The selection of optimal piezoelectric material for this particular application is a tedious task. It
depends upon various physical properties, including piezoelectric charge coefficient (ds3),
electromechanical coupling factor (K,,), dielectric constant (&;), and dielectric loss (tand). The classical
multiple attribute decision making (MADM) can be used for decision making if these properties are
known precisely. However, these properties cannot be expressed by exact numerical values, since they
are dependent upon the microstructure and fabrication process. Fuzzy-based MADM approaches can
be helpful in such cases. In this paper, we have determined the ranks and rank indices (for degree of
closeness) of important piezoelectric materials using fuzzy VlIseKriterijumska Optimisacija I
Kompromisno Resenje (VIKOR) technique. PLZT(8/65/35) ((Pbi_.La,)(Zr,Tii-,)O3) and KNN-LT-LS
((Ko.44Nag s2Lig.04)—(Nbg g4 Tag 10Sbo.0s)O3) consecutively are found to be the top-rank piezoelectric
ceramics. This indicates that KNN-LT-LS can be used on behalf of lead-based piezo-ceramics.

Keywords: piezoceramics; selection; MADM; fuzzy approach; transducer application

1 Introduction

Technology is tremendously advancing every day.
Among these advancing fields, growth in the fields of
sensors, actuators and energy harvesting devices is
very steep and more rapid than the predictions
(Moore’s law). Innovations in functional materials can
be credited for this. Ferroelectric materials belong to
the most renowned families of the functional materials.
These materials are at the peak of research and have
dragged the attention of technologists and researchers
because of their excellent piezoelectric, pyroelectric
and non-linear optical properties. Over years, many
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ferroelectric materials are developed, synthesized,
fabricated, characterized and exploited for various
industrial applications. Continuous studies are going
on around the world in order to explore new materials
with more suitable properties. A huge number of
materials have been reported in this area [1-3]. These
are further sub-divided into two categories of
lead-based and lead-free piezoelectric ceramics. The
lead zirconate titanate (PZT) family in lead-based
piezoelectric ceramics [2], and (K,Na)NbO; (KNN),
(BigsNags)TiOs (BNT) and (BigsKos)TiO; (BKT)
based materials among lead-free piezoelectric ceramics
are the most popular due to their exceptionally good
piezoelectric properties as compared to other reported
materials till date [4—6]. It is noted that PZT-based
ceramics make severe negative impacts on
environment; KNN ceramic has some critical issues
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such as volatility of alkali-oxides, compositional
inhomogeneity, poor densification and phase stability
[7]. On the other hand, the properties of pure BNT and
BKT ceramics are not promising but their solid
solutions are sufficiently good for the technological
applications [7]. The performance of any device is
controlled by various physical properties associated
with the materials. For example, in the case of
piezoelectric transducer applications, piezoelectric
charge coefficient (ds3), electromechanical coupling
factor (K), dielectric constant (&) and dielectric loss
(tanod) are important properties. However, it is noted
that all suitable physical properties from the
application point of view are rarely observed in one
material. Due to this, researchers are left with no other
option rather than enhancing the key parameters/
properties by playing with fabrication/processing
variables or compositional modifications. The
improvement of less suitable parameters/properties is a
tedious task. Sometimes it is observed that by altering
the processing parameters, methods (physical or
chemical) or both together for a material, one property
may be boosted rapidly on expense of gradual decrease
in other properties. Therefore, it becomes essential to
find the materials with optimal characteristics using a
compromised approach among all distinguished
parameters. The selection of an optimal material from
pool of alternative materials on the basis of two or
more attributes/properties is a multiple attribute
decision making (MADM) problem [8].

A variety of methods are reported under MADM
category. These methods include simple additive
weighting (SAW), analytic hierarchy process (AHP) [9],
graph theory and matrix approach (GTMA) [10],
VliseKriterijumska Optimisacija 1 Kompromisno
Resenje (VIKOR) [11], technique for order preference
by similarity to ideal solution (TOPSIS) [12] and many
others. These methods have some advantages and
disadvantages over others. MADM models are used to
select the best alternative from a large number of
alternatives for a set of selection criteria. Moreover,
these also tell about the degree of closeness in terms of
rank index. These have been successfully applied to
various fields such as manufacturing processes, social
science decisions, financial decisions and engineering
problems. We have found that these methods are also
efficient in material selection [13-26]. The above
mentioned MADM approaches work on crisp values of
attributes. However, in the case of material selection,
most of the attributes/properties can be defined in

intervals rather than crisp values because of their
dependency on various factors, such as purity,
microstructure and fabrication techniques. Material
selection with interval values of properties can be dealt
with fuzzy set theory aided with MADM approachs
[17-23]. The aim of the present work is to select
optimal piezoelectric materials for transducers under
fuzzy environment using fuzzy VIKOR method.

2 Materials and methods

As discussed above, piezoelectric materials belong to
extensively studied families of materials. Their various
compositions with different properties are reported in
the literature. Only the presence of piezoelectric
properties does not make all of these materials
viable for technological applications. Many factors
simultaneously govern the suitability of a piezoelectric
material for different applications. These factors can be
sub-divided into two categories, namely primary and
secondary factors. Primary factors include physical
properties of a material, while secondary factors deal
with cost, durability, toxicity, availability, ease and
time of fabrication, environmental conditions, etc.
Here we are much more concerned about the selection
of materials with optimal primary properties. Among
the important material properties for piezoelectric
transducer applications, electromechanical coupling
factor (K,,), dielectric constant (&), dielectric loss (tand)
and piezoelectric charge coefficient (ds3) are reported
to be critical parameters. These are reported to be the
key parameters for compositional engineering in order
to increase the suitability for transducer applications
[27]. High dielectric constant (g;), low dielectric loss
(tand), high electromechanical coupling factor (X,),
and high piezoelectric charge coefficient (ds;) are
desirable properties for piezoelectric applications. Vital
piezo-ceramics along with their properties are listed in
Table 1.

2.1 Modified digital logic

It is a fact that all the properties have different impacts
on the performance of devices, and hence cannot be
assigned equal weights for any application. So it
becomes vital to find out the priority of each property.
Modified digital logic (MDL) is one of the well-known
techniques to find the weights for the properties [45]. It
includes expert opinion to give initial priorities as 1, 2
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Table 1 Piezoelectric materials’ physical properties and ranks

Fuzzy- Fuzzy- .

VIKOR ~ VIKOR _"IKOR = VIKOR Material 6 tm LG
rank index rank rank index rank (%) (pC/N)
0 1 0 1 PLZT(8/65/35) [2] 3400 0.030 0.65 682
0.174 307 0.475 838 2 KNN-LT-LS [44] 1650 0.024 0.48 340
0.255 851 3 0.566 390 3 KNN-LiSbO3(5%) [36] 1288 0.019 0.50 283
0.286 857 4 0.628 284 4 PLZT(12/40/60) [37] 1300 0.013 0.47 235
0.328 695 5 0.688 128 6 0.7BNT-0.2BKT-0.1(Biy sLig 5)TiO5 [40] 1900 0.044 0.36 231
0.410 394 6 0.671 907 5 BaTiOs [35] 1700 0.005 0.36 190
0.458 412 7 0.701 702 8 NBT-KBT-LBT [39] 1550 0.034 0.40 216
0.483 007 8 0.743 092 10 KNN-Li(3%);Ta(20%) [41] 920 0.024 0.46 190
0.517 622 9 0782174 12 NKN—(Biy sK.5) TiO3(3%) [29] 850  0.040 045 192
0.554914 10 0.739 268 7 0.92BNT-0.08BT+0.3wt%MnO [43] 1596 0.008 0.36 153
0.566 966 11 0.788 999 13 NBT-KBT-BT(MPB) [24] 730 0.020 0.33 173
0.584 519 12 0.754 449 11 BaTiO3;—CaTiO;—Co [38] 1420 0.005 0.31 150
0.620 873 13 0.741 250 9 KNN-LiNbO;(6%) [30] 500 0.040 0.42 235
0.626 584 14 0.796 833 14 KNN-Li(7%) [34] 950 0.080 0.45 240
0.680 084 15 0.798 781 15 KNN-LiTa05(5%) [31] 570 0.040 0.36 200
0.686 737 16 0.857 628 17 NBT-KBT(50%) [28] 825 0.030 0.22 150
0.701 540 17 0.874 010 18 NBT-KBT-BT [24] 820 0.030 0.16 145
0.755 968 18 0.916 994 19 BBT-KBT90 [1] 827 0.050 0.23 140
0.791 859 19 0.928 853 20 NKN-BaTiO;(2%) [32] 1000 0.040 0.29 104
0.825 774 20 0.851 269 16 Nay 5Ky sNbO3(HP) [25,26] 496 0.020 0.46 127

0.851 070 21
0.856 080 22
0.992 947 23
0.998 430 24
0.999 998 25

0.948 485 22
0.947 955 21
0.995 181 25
0.983 983 24

0963870 23 PbNb,Og [42]

SBT-KBT90 [1]
SBT-KBTS5 [1]

BBT-KBTS0 [1]

870 0.040 0.15 110
1000 0.050 0.16 120

Nay 5K sNbO; [33] 290  0.040 0.35 80
630  0.040 0.15 95
225 0.010 0.07 85

and 3 for less, equally and more important properties,
respectively. Based on the expert opinion, decision
table is formed under pair-wise comparison. Prior to
the formation of MDL table, one needs to estimate the
number of possible positive decisions as N=n(n-1)/n,
where 7 is the number of attributes/properties. Further
summation of all positive decisions (P) for a particular
property on normalization leads to final weight (W)
as

Wo=—1 (1)

2.2 VIKOR method

VIKOR method is a compromising-approach MADM
model [11]. The analysis of VIKOR is highly accurate
and provides closeness to real solution. It makes use of
the utility weight, thus enabling different users to apply
expert opinion. The normalization norms used in
VIKOR are linear. Calculation of VIKOR index
involves the following steps.

Step 1 Determination of ideal and negative ideal

solutions.
The ideal solution f*

solution /™ are determined as
f*:{(maxfl./.,jeJ) or (minf,,jeJ)} (2)

S =A(minf,,jeJ) or (maxf,,jeJ)} (3)
where f; is the jth property of the ith material; J
corresponds to benefit criteria and J' corresponds to

and the negative ideal

cost criteria.
Step 2 Calculation of utility measure and regret
measure.

"
S =YW 2L L.V 4
l ; ]ff_f.; l @
R, =max, (WJ MJ;VI' Q)
Iy =7

where S; and R; represent the utility measure and regret
measure, respectively; W, is the relative weight
assigned to the jth property.

Step 3 Determination of VIKOR index.

S,
e
g NI

-5 R-R

+(1—V)m,v1. (6)
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where Q; represents VIKOR value of the ith material;
Vis the group utility weight, generally considered as
0.5 (unsupervised).

S" =min,(S,) @)
S™ =max,(S5,) ®)
R’ =min,(R) 9)
R™ =max,(R) (10)

The material with the least value of VIKOR index Q; is
preferred.

2.3 Fuzzylogic method

It includes a set of numbers within the interval [0, 1],
which describe the smallest possible, most promising
and largest possible values [18] as illustrated in Fig. 1.
In this method, initially all comparisons are done using
linguistic variables. Further, these linguistic variables
are assigned to fuzzy values in order to have
comparable numerical values without any ambiguity.
For this, here we have used trapezoidal fuzzy numbers
(a,,a,,a;,,a,) for {a,,a,,a,,a,eR; a<a,<a;<a,}. It is
one of the most common and simplest kinds of division
used for fuzzy numbers. The membership function
M, (x) of trapezoidal fuzzy number is defined as

A xela, ay]
a, —aq
1, x€la,, a
/Ua(x): L [ 2 3] (11)
4 , x€lay, a,]
a,—a,
0, Otherwise

The linguistic variables and corresponding fuzzy
numbers are shown in Table 2.
The pre-assigned fuzzy numbers are aggregated
using following Egs. (12)—(16) [19]:
X5 = 451 X2 Xyas Xya (12)
where x; is the fuzzy aggregated rating for M
materials.

X, =min{a, | (13)
1

Xija :Hzaiﬂd (14)
1

YTy 2 s (15)

X;4 = max{a,,} (16)

The first basic necessity of any comparison is that it
should be on the same scale and quantities being
compared must be of the same dimension. Therefore,
our next step is the normalization of aggregated fuzzy
rating. Similar to VIKOR, here we can also have two

situations. One is properties with higher desired values
and the other is properties with lower desired values.
10 (%) Mathematically, normalization is done as [18]
X X X X,
m=| S e (AT
T Xiga Xys o Xy
Xy Xon Xz X
= /R A ER LA ijeld (18)
Xp Xy Xy Xy
where x;4 =max(x;,), j€J; x;=min(x,), jeJ ;
J corresponds to benefit criteria and J' corresponds to
a a as as cost criteria. Thereafter, defuzzification (Eq. (19)) [18]
Fig. 1 Trapezoidal fuzzy number. is done to have the crisp values for each property
corresponding to each material.
Table 2 Intervals, linguistic terms and corresponding fuzzy numbers for each material
& tand (%) K, ds3 Linguistic variable Fuzzy number
>2500 <0.014 >0.6 >350 Exceptionally high (EH) (0.8,0.9, 1.0, 1.0)
1950-2500 0.014-0.028 0.5-0.6 240-350 Very high (VH) (0.7, 0.8, 0.8, 0.9)
1450-1950 0.029-0.042 0.4-0.49 221-239 High (H) (0.5, 0.6, 0.7, 0.8)
961-1450 0.043-0.056 0.3-0.39 161-220 Above average (AA) (0.4,0.5, 0.5, 0.6)
831-960 0.057-0.070 0.2-0.29 135-160 Average (A) (0.2,0.3,0.4,0.5)
570-830 0.071-0.084 0.1-0.19 100-134 Very low (VL) (0.1,0.2,0.2,0.3)
<570 >0.084 <0.1 <100 Extremely low (EL) (undesirable) (0.0, 0.0,0.1, 0.2)
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j H(x)xdx
[ uxdx

f{):x}dﬁ [ xdv+ j( }dx
[ P

+(x

J; = Defuzz(x,) =

XX+X

2
i1 %2 Xija y4_x1]3) + (xyz zjl)

=Xy = Xy X T X

(19)

Thus the crisp values, obtained corresponding to

material understudy, are used in VIKOR method to
calculate the final ranking (Egs. (2)—(10)).

3 Results and discussion

The properties, such as K, &, tand and ds3, have their
own importance for various piezoelectric applications
and have different priorities. Piezoelectric constant
shows an ability of material to produce electrical signal
on application of mechanical strain or vice versa,
which is solemnly a key parameter in deciding material
for actuator and sensor applications. Therefore, it is
always given priority over the other properties.
Similarly, dielectric constant is the essence of material
to store the electrical energy, and tand shows the
inherent dissipation of stored electrical energy. K, is
the conversion efficiency of the material. In order to
assign relative weights to the above mentioned
properties, we have made pair-wise comparison and
allocated numbers 1, 2 and 3 to less, equally or more
important properties, respectively. The relative
decision matrix is formed based on pair-wise
comparison (MDL approach) as illustrated in Table 3.
Table 4 summarizes the calculation for weights for all
the properties under study. It is clearly depicted in
Fig. 2 that piezoelectric constant (d33) is the most
important parameter with maximum weight assigned

Table 3 Decision matrix for calculation of
weights (pair-wise comparison)
& tand dsy3 K,
& 2 2 1 3
tano 2 2 1 3
dx; 3 3 2 3
K, 1 1 1 2

Table 4 Number of possible decisions for
properties understudy

Number of Positive Weighted
possible decisions decision  factor

1 2 3 4 5 6 — —

Goal

& 2 1 3 _ = — 6 6/24
tand 2 — — 1 3 — 6 6/24
dz — 3 — 3 — 3 9 9/24
K, — — 1 — 1 1 3 3/24
37.5%
I
B tano
e ds
Il K,

25%

12.5%

Fig. 2 Subjective weights assigned using MDL
method.

followed by dielectric loss and dielectric constant,
which are found to be equally important. K, is found to
be the least important property among the considered
properties in this study.

Initially we made ranking using VIKOR method
with weights for each criterion (property) obtained by
MDL. The MDL weights add-ups a subjective
reasoning part to VIKOR approach by material point of
view. PLZT(8/65/35) and KNN-LT-LS are found
to be at the top among lead-based and lead-free
families consecutively. KNN-LT-LS is also studied
experimentally and reported to have significant
potential for transducer applications [46]. Thus it can
be termed as the most suitable candidate for these
applications under lead-free piezoceramic families.
The ranks and respective rank indices for all materials
understudy are shown in Table 1. The difference in
rank index indicates about the extent of closeness
among any two materials. For the first two materials,
this difference is found to be 0.475 838 (almost 50%).
On the other hand, it can be visually analyzed that the
values for & and ds; are nearly double for PLZT as
compared to KNN-LT-LS, while the values of K, and
tand are even less than 1.5 times of KNN-LT-LS.
Similar observations can also be seen for other
materials. MDL has improved the ranking by providing
the weightage of properties based on reasoning by
material experts. But in order to have exact comparison,
here rises a need of such system which can perform
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well for inter-criteria (property) comparison for each
attribute (material). Comparing the values for a
particular property for all materials is quite easier than
comparing the values of different properties for a
single material. This is because of the fact that there is
no clear boundary between all criteria (properties). It is
difficult to determine the equivalence of intervals for
different properties for a single material. It becomes
much more cumbersome as the number of materials
and associate range increases.

Fuzzy logic approach works well with such kind of
problems. It utilizes linguistic variables for pre-decided
(as illustrated in Table 2 for the present study)
comparative ranges of different properties. These
ranges are selected very carefully. Any alteration in
these ranges can affect the ranking of the system. The
worst range is termed as extremely low (EL)
(undesirable), and the best is termed as exceptionally
high (EH). We have chosen these ranges as suggested
by various material experts. It is clear in Table 2 that
lower value of tand is kept in exceptionally high (most
desirable) range for assigning linguistic variable, so it
is no more a cost criteria. It is used as a benefit
criterion in both normalization and implementation of

VIKOR. It is used to reduce any possibility of
ambiguity. Further these variables are replaced by
fuzzy numbers as displayed in Table 5 according to the
terms assigned in Table 2. Fuzzy values are normalized
and crisp values are obtained (Table 6) using Eq. (19)
as discussed in the previous section. These values are
inter-comparisons between all properties for each
material. Later these values are used to calculate the
rank indices of the piezoelectric ceramics understudy
using VIKOR method which is shown in Table 1. Top
four ranks obtained by fuzzy and conventional VIKOR
are the same but thereafter the ranking is changed. The
most important observation is the variation in the rank
index obtained by both the methods. The rank index
thus obtained not only provides us fair ranking but also
forms the clusters of materials which show closeness
in values of the properties. The more is the closeness,
the more is the possibility of interchangeability for a
technological application. The main advantage of this
approach over conventional VIKOR is that it is entirely
based on verbal reasoning. VIKOR after fuzzy logic
advancement is no more merely a data-dependent
technique; rather it has become a comprehensive
decision making technique.

Table 5 Importance of materials with respect to properties in terms of fuzzy numbers

tand K, ds3

Materials &
PLZT(8/65/35) (0.8,0.9, 1.0, 1.0)
KNN-LT-LS (0.5,0.6,0.7, 0.8)
BaTiO; (0.5,0.6,0.7, 0.8)
KNN-LiSbO5(5%) (0.4,0.5, 0.5, 0.6)
PLZT(12/40/60) (0.4,0.5,0.5, 0.6)

0.7BNT-0.2BKT-0.1(Bi( sLig 5)TiOs
0.92BNT-0.08BT+0.3wt%MnO
BaTiO;—CaTiO;—Co

NBT-KBT-LBT

KNN-Li(3%); Ta(20%)
NBT-KBT-BT(MPB)

(0.5,0.6,0.7, 0.8)
(0.5,0.6,0.7, 0.8)
(0.4,0.5,0.5, 0.6)
(0.5,0.6,0.7, 0.8)
(0.2,0.3,0.4, 0.5)
(0.1,0.2,0.2,0.3)

Nay sKo sNbO;(HP) (0.0, 0.0, 0.1, 0.2)
PbNb,0 (0.0, 0.0, 0.1, 0.2)
NBT-KBT(50%) (0.1,0.2, 0.2, 0.3)
NBT-KBT-BT (0.1,0.2, 0.2, 0.3)

NKN-—(Bi sKo 5) TiO3(3%)

KNN-LiNbO;(6%)
KNN-LiTa05(5%)
NKN-BaTiO;(2%)

(0.2,0.3,0.4, 0.5)
(0.0,0.0,0.1, 0.2)
(0.0,0.0,0.1, 0.2)
(0.4,0.5,0.5, 0.6)

SBT-KBT90 (0.2,0.3,0.4, 0.5)
BBT-KBT80 (0.1,0.2,0.2,0.3)
Nay 5K sNbO; (0.0, 0.0, 0.1, 0.2)
SBT-KBTS85 (0.4,0.5,0.5, 0.6)
BBT-KBT90 (0.1,0.2,0.2,0.3)

KNN-Li(7%)

(0.2,0.3,0.4, 0.5)

(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.8,0.9, 1.0, 1.0)
(0.7,0.8, 0.8, 0.9)
(0.8,0.9, 1.0, 1.0)
(0.5, 0.6, 0.7, 0.8)
(0.8,0.9, 1.0, 1.0)
(0.8,0.9, 1.0, 1.0)
(0.5, 0.6, 0.7, 0.8)
(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.7,0.8, 0.8, 0.9)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.1,0.2,0.2,0.3)

(0.8,0.9, 1.0, 1.0)
(0.5,0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.7,0.8, 0.8, 0.9)
(0.5,0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.5,0.6, 0.7, 0.8)
(0.5,0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.5,0.6, 0.7, 0.8)
(0.0, 0.0, 0.1, 0.2)
(0.2,0.3, 0.4, 0.5)
(0.1,0.2, 0.2, 0.3)
(0.5,0.6, 0.7, 0.8)
(0.5,0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.1,0.2, 0.2, 0.3)
(0.1,0.2, 0.2, 0.3)
(0.4,0.5, 0.5, 0.6)
(0.1,0.2, 0.2, 0.3)
(0.2,0.3, 0.4, 0.5)
(0.5,0.6,0.7, 0.8)

(0.8,0.9, 1.0, 1.0)
(0.7,0.8, 0.8, 0.9)
(0.4,0.5, 0.5, 0.6)
(0.7,0.8, 0.8, 0.9)
(0.5, 0.6, 0.7, 0.8)
(0.5, 0.6, 0.7, 0.8)
(0.2,0.3, 0.4, 0.5)
(0.2,0.3, 0.4, 0.5)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.4,0.5, 0.5, 0.6)
(0.1,0.2, 0.2, 0.3)
(0.0, 0.0, 0.1, 0.2)
(0.2,0.3, 0.4, 0.5)
(0.2,0.3, 0.4, 0.5)
(0.4,0.5, 0.5, 0.6)
(0.5,0.6, 0.7, 0.8)
(0.4,0.5, 0.5, 0.6)
(0.1,0.2, 0.2, 0.3)
(0.1,0.2, 0.2, 0.3)
(0.0, 0.0, 0.1, 0.2)
(0.0, 0.0, 0.1, 0.2)
(0.1,0.2, 0.2, 0.3)
(0.2,0.3, 0.4, 0.5)
(0.7, 0.8, 0.8, 0.9)
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Table 6 Crisp values of material ratings

Materials & tand K, dx3
PLZT(8/65/35) 0.922 0.800 0.922 0.922
KNN-LT-LS 0.650 0.800 0.650 0.800
BaTiO; 0.650 0.922 0.500 0.500
KNN-LiSbO;(5%) 0.500 0.800 0.800 0.800
PLZT(12/40/60) 0.500 0.922 0.650 0.650
0.7BNT-0.2BKT-0.1(BisLig5)TiOs 0.650 0.650 0.500 0.650
0.92BNT-0.08BT+0.3wt%MnO 0.650 0.922 0.500 0.350
BaTiO;-CaTiO;—Co 0.500 0.922 0.500 0.350
NBT-KBT-LBT 0.650 0.650 0.650 0.500
KNN-Li(3%); Ta(20%) 0.350 0.800 0.650 0.500
NBT-KBT-BT(MPB) 0.200 0.800 0.500 0.500
Nay 5Ky sNbO;(HP) 0.078 0.800 0.650 0.200
PbNb,Og 0.078 0.800 0.078 0.078
NBT-KBT(50%) 0.200 0.800 0.350 0.350
NBT-KBT-BT 0.200 0.800 0.200 0.350
NKN—(BigsKy5)TiO3(3%) 0.350 0.650 0.650 0.500
KNN-LiNbO3(6%) 0.078 0.650 0.650 0.650
KNN-LiTa0;(5%) 0.078 0.650 0.500 0.500
NKN-BaTiO;(2%) 0.500 0.650 0.500 0.200
SBT-KBT90 0.350 0.650 0.200 0.200
BBT-KBTS80 0.200 0.650 0.200 0.078
Nay 5Ky sNbO; 0.078 0.650 0.500 0.078
SBT-KBTS85 0.500 0.500 0.200 0.200
BBT-KBT90 0.200 0.500 0.350 0.350
KNN-Li(7%) 0.350 0.200 0.650 0.800

4 Conclusions

MADM methods are employed for selection of
piezoelectric ceramics for transducer applications.
MDL method is used to calculate the weightage of
physical properties for these materials and are
weighted as d33>¢=tand>K,,. Further priority order of
materials is determined using conventional and fuzzy
VIKOR incorporation with MDL weights. PLZT
(8/65/35) (lead-based) and KNN-LT-LS (lead-free)
are found to be at the first and second positions,
respectively. The present study proposes the feasibility
of fuzzy VIKOR method in material selection when the
properties are not exact numerical values.
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