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Abstract
Continual introduction of new materials and improvements in existing materials increase the variety of materials that can 
be used for pressure vessel components. Among wide variety of materials, the most suitable one must be selected for a 
component by matching its functional requirements with various available materials’ specifications. This study proposes an 
interactive knowledge-based decision support system for selecting the most suitable material for a given pressure vessel com-
ponent and its working environment. The developed decision support system, namely Pressure Vessel SELection (PVSEL), 
consists of two separate phases. In the first elimination phase of PVSEL, the user obtains a feasible set of alternative materi-
als by answering various questions and providing lower-limit values at materials’ critical specifications. PVSEL, then, uses 
a ranking phase which uses ELECTRE, TOPSIS and VIKOR methods to rank the feasible materials. In the second phase, 
each alternative material’s ranking is determined by combining its performance values at weighted critical specifications 
(selection criteria), which are considered as important in meeting the functional requirements of the component. Usage of 
PVSEL is illustrated in the paper and the results show that the proposed PVSEL is an effective selection tool and provides 
meaningful results for the designers.

Keywords  Pressure vessel components · Material selection · Decision support systems · Multi criteria decision making · 
TOPSIS · VIKOR · ELECTRE

1  Introduction

When a designer needs to make a material selection for a 
pressure vessel component, the decision has to consider 
hundreds of different material types which are specified at 
many specifications such as: strength, operating tempera-
ture range, operating pressure range, corrosion resistance, 
elastic module, hardness, weld ability, etc. [1]. In the litera-
ture, there are various studies that proposed models to solve 
material selection problems. For example, Karande and 

Chakraborty [2] proposed MOORA (The Multi-Objective 
Optimization on the basis of Ratio Analysis) method and 
Chatterjee et al. [3] combined COPRAS (COmplex PRo-
portional Assessment) and EVAMIX (Evaluation of Mixed 
Data) methods for cryogenic tank material selection prob-
lem. Jahan et al. [4] developed a pin selection model using 
VIKOR (VIsekriterijumska optimizacija i KOmpromisno 
Resenje– in Serbian) method. Sapuan et al. [5] presented 
a composite material selection methodology using AHP 
(Analytic Hierarchy Process). In another work, Mayyas et al. 
[6] used AHP for material selection for automobile body 
panels. Shanian and Savagado [7] used TOPSIS (Technique 
for Order Preference by Similarity to Ideal Solution) and 
VIKOR methods in selection of high strength materials for 
nuclear power plant reactors. Chatterjee ve Chakraborty 
[8] provided a combined model of PROMETHEE (Prefer-
ence Ranking Organisation Method for Enrichment Evalua-
tions), EXPROM2 (Ex-tended PROMETHEE II), COPRAS, 
ORESTE (Organization, Rangement Et Synthese De Donnes 
Relationnelles) and OCRA (Operational Competitiveness 
Rating Analysis) methods for gear material selection. Maitya 
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and Chakraborty [9] presented an abrasive material selec-
tion model using Fuzzy TOPSIS. Mansor et al. [10] used 
AHP for natural fiber composite material selection of an 
automobile breakage system. Bahraminasab and Jahan [11] 
presented VIKOR-based methodology for dental restora-
tion material selection. Liu et al. [12] proposed an interval 
2-tuple linguistic VIKOR (ITL-VIKOR) method for solv-
ing the material selection problem under uncertain and 
incomplete information environment. Chan and Tong [13] 
presented a grey relational analysis (GRA)-based model for 

the multi-criteria optimization of material selection problem 
based on the considerations of material characteristics and 
the end-of-life product strategies. Serafini et al. [14] and 
Balci et al. [15] proposed a simple computer aided material 
selection procedures for structurally optimized products.

In the literature, interactive design principles are also 
used in development of selection models. For example, Ken-
nan and Vinay [19] proposed an interactive multi-criteria 
decision making model for selection of CAD/CAM systems. 
Dey et  al. [20] employed an interactive multi-objective 

Fig. 1   Interactive design pro-
cess and relation with PVSEL 
model

Main Interactive Design Knowledge Based Pressure Vessel’s
and Manufacturing Process [33] Component Selection Interactive  Model

Description of Pressure Vessel’s requirements

Understanding the real behaviors and basic components 
of a pressure vessel-Interaction with Data Base

When the user selects ‘SELECTION’ button, pre-
specified values, which are recommended for routine
usage of the selected component appear on the screen. 
The specified values can directly be used without any 
user input. The user may enter his/her specific values by 
selecting ‘USER DEFINED SELECTION’ button (Figure 
3). 

When the user pushes ‘RESULTS’ button, PVSEL 
performs the elimination phase, ranks the feasible ones 
using ELECTRE, TOPSIS and VIKOR methods and 
provide the results on the output screen as shown in 
Figure 4. 

On the PVSEL output screen, if the user pushes 
‘SPEARMAN CORRELATION’ button, PVSEL compares 
ranking results of the ELECTRE, TOPSIS and VIKOR 
methods using Spearman’s rank correlation test and 
provides the comparison results on a new screen. 
Furthermore, the user can see the ranked materials’ 
values by pushing ‘MATERIAL SPECIFICATIONS’
button (Figure 9) for final selection decision.
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particle swarm optimization based on the data collected 
from an experimental study. Four process parameters, 
namely extrusion temperature, density, layer thickness, and 
build orientation were optimized to achieve lower build time 
and higher compressive strength. Cheaitou and Khan [21] 
proposed multiple sourcing models for evaluating and rank-
ing potential suppliers using an interactive MCDM meth-
odology for manufacturing companies. Barajas and Agard 
[22] proposed an interactive model based on measurement 
of the relative indifference between characteristics using 
the Fuzzy Indifference Degree (FID) approach to select the 
most suitable product that is the closest to customer pref-
erences. In another study, Mengoni et al. [23] proposed a 
knowledge-based workflow to dynamically manage human 
interactions in extended enterprises for research and devel-
opment projects.

This study also presents an interactive decision model for 
pressure vessel component selection problem (Fig. 1). In the 
model, MCDM approaches and rules are used together in the 
decision structure to represent the complex behavior of the 
selection decision making process. The authors’ literature 
survey showed that the best way to form material selection 
decision structure in multi-phase is to separate the selec-
tion divide the decision making structure into two separate 
phases. In a typical application of such a two-phase selection 
model, unsuitable materials are eliminated in the first phase 
leaving a feasible set of materials; and the feasible materials 
are then ranked in the second phase [15]. The material selec-
tion system developed in this paper, namely Pressure Vessel 
SELection (PVSEL), uses a similar two-phase approach in 
an interactive and flexible way to fulfill different needs of 
the users.

Fig. 2   Component type selection screen of PVSEL
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In the typical application of PVSEL, PVSEL scans the 
material database based on the requirements entered by the 
user and outputs a feasible set of materials in its first phase. 
PVSEL, then, ranks the feasible materials using ELECTRE, 
TOPSIS, and VIKOR methods in its second phase. The 
detailed explanations and application steps of ELECTRE, 
TOPSIS and VIKOR methods are presented in “Appendix 
A” [16–18]. Usage of PVSEL is provided through various 
examples in the following sections.

2 � Description of PVSEL

In the operation of PVSEL, the window (Fig. 2), in which 
the component’s type and shape complexity selections are 
made, comes to the screen. After entering the selections 

in the window, the user can continue directly by pushing 
‘SELECTION’ or ‘USER DEFINED SELECTION’ buttons. 
When the user selects ‘SELECTION’ button, pre-specified 
values, which are recommended for regular usage of the 
selected component, are directly used without any user 
input. On the other hand, by selecting ‘USER DEFINED 
SELECTION’ button the pre-specified values are displayed 
in a new screen (Fig. 3). The user can alter the pre-specified 
values for the component on the screen, the selection criteria 
and their weights ranging from 1 to 10 also appear. The user 
can also change weights of the selection criteria. Once all 
necessary changes are made by the user, ‘RESULTS’ button 
is pushed. PVSEL performs the elimination phase, ranks the 
feasible ones using ELECTRE, TOPSIS and VIKOR meth-
ods and provide the results on the output screen as shown in 
Fig. 4. In the output screen, the feasible materials are listed 

Fig. 3   User-selection screen of PVSEL



327International Journal on Interactive Design and Manufacturing (IJIDeM) (2020) 14:323–343	

1 3

according to their ranking scores. Each method provides dif-
ferent ranking results. For each method, the highest ranked 
feasible material is listed in the first row and its ranking 
value is considered as ‘1’. The other feasible materials’ rank-
ing scores are simply their row numbers. To obtain a single 
material recommendation, the rankings of feasible materials 
obtained with different methods can be summed to obtain 
a single overall ranking value. The material which has the 
lowest overall ranking sum is recommended by PVSEL.

The reason for using different ranking methods is their 
versatility. For example, ELECTRE method is based on 
multi-attribute utility theory [16]. ELECTRE methodology 

is described as “…it is a procedure that sequentially reduces 
the number of alternatives the decision maker is faced within 
a set of non-dominated alternatives. The objective of this 
outranking method is to find all the alternatives that domi-
nate other alternatives while they themselves cannot be 
dominated by any other alternative. The ELECTRE method 
is used to develop a partial ranking and choose a set of the 
promising alternatives…”. On the other hand, TOPSIS 
method is based on ranking functions of the distances from 
negative-ideal (worst) solution and ideal solution for alterna-
tive solutions and makes its ranking based on the ‘closeness 
to the ideal solution’ and ‘farthest from the negative-ideal 

Fig. 4   An example of output screen of the PVSEL
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Fig. 5   The thermal transfer 
plate
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Fig. 6   Component type selection screen for the illustrative example
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solution’ [24]. Compromise ranking for the VIKOR method 
determines “…a compromise solution, providing a maxi-
mum ‘group utility’ for the ‘majority’ and a minimum of an 
individual regret for the ‘opponent’. VIKOR method uses 
linear normalization and TOPSIS method uses vector nor-
malization to eliminate the units of criterion functions.

It can be summarized that ranking methods differ in their 
application procedure in terms of the type of data normali-
zation and the way of combining the data and the attribute 
weights into the methodology such that they yield different 
ranking results [24–26].

On the PVSEL output screen, if ‘SPEARMAN CORRE-
LATION’ button is pushed, PVSEL compares the ranking 
results of the ELECTRE, TOPSIS and VIKOR methods 
using Spearman’s rank correlation test and provides the 
comparison results on a new screen. Furthermore, the user 
can see the ranked materials’ values by pushing ‘MATE-
RIAL SPECIFICATIONS’ button.

3 � Testing PVSEL and Illustration of Critical 
Issues in its Usage

Among many case studies developed to verify PVSEL in the 
selection of pressure vessel components, thermal transfer 
(heat exchanger) plate material (Fig. 5) selection problem 
is provided below to illustrate the application of PVSEL. In 
this example, the designer provides the following require-
ments for the material based on its working environment:

1.	 Working pressure requirement is 70 psi.
2.	 Working temperature range is between − 195 °C and 

+ 360 °C.
3.	 Resistance to organic solvent and water corrosion should 

be high.
4.	 Welding will be used in the construction of the compo-

nent.
5.	 It is desirable to use light weight material for easy han-

dling of the component.
6.	 The material should have high formability.

Fig. 7   User selection screen for the illustrative example
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Based on the requirements provided by the designer, the 
user enters necessary input data as shown in Figs. 6 and 7.

The output screen, which provides rankings of the feasi-
ble materials, is presented in Fig. 8.

The ranking results of the ELECTRE, TOPSIS and 
VIKOR methods can also be compared statistically by 
PVSEL using Spearman’s rank correlation test. The outputs 
of the steps of the methods are provided in “Appendix B”.

The comparison of the ranking results is presented in 
Fig. 9. The outcome of the spearman rank correlation test, 
the correlation coefficient values of the differences in the 
rankings (Rs) [27] are provided in the first matrix of Fig. 9. 
Since all Rs values are higher than 0.6, it can be stated that 
the ranking provided by ELECTRE, TOPSIS and VIKOR 
methods are statistically similar to each other [27–32].

Although the spearman rank correlation test shows that 
the ranking results given in Fig. 8 are statistically similar, 
there are differences in the ranking results obtained with the 

three methods. For example, there is no obvious selection 
for the most appropriate material. The ranking results in 
Fig. 9 show that S34700 and S30400 materials are deter-
mined as the most appropriate alternative material three 
times each. The ranking results may be combined to obtain 
a single ranking list by adding the rankings obtained with 
the applications of the three methods. The alternative with 
the lowest ranking sum can be recommended as the most 
appropriate material for the component. S30400 material 
whose ranking sum is the lowest with 9 is recommended as 
the most appropriate material for the pressure vessel com-
ponent selection problem.

Two other examples for nitrogen tube and membrane tank 
material selection problems are also provided in “Appendix 
C” for illustrative purposes. The ranking results show that 
S31600 is the most appropriate material in both examples.

Fig. 8   Output screen of the MADM module for the illustrative example
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4 � Conclusion

A knowledge based interactive decision support system 
(PVSEL) is developed in this paper to select the most appro-
priate material for a described pressure vessel component. 
The developed PVSEL uses different ranking approaches 
namely ELECTRE, VIKOR and TOPSIS along with an 
elimination phase. Application of PVSEL brings uniform 
structure and to the complex pressure vessel component 
material selection problem. In addition, PVSEL can eas-
ily be modified by adding new components, material types, 
requirements, criteria and eliminating or modifying existing 
ones.

The study provided in this paper has various limitations 
that may require further research. For example, using fuzzy 
logic techniques, such as hesitant or intuitionistic fuzzy 
approaches recommended for modeling of uncertainties 
and linguistic preferences, in the TOPSIS, VIKOR, and 

ELECTRE applications may provide more realistic ranking 
results.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Appendix A

(a) TOPSIS method [26, 30, 31]
Step 1 Development of the decision matrix (yij; 

i = 1,2,…,number of alternatives (m), j = 1,2,…,number of 
criteria (n) are placed in matrix form as shown in Eq. (1)).

Fig. 9   Spearman’s rank correlation test output screen for the illustrative example
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Step 2 The normalized decision matrix is constructed 
using Eq. (2).

Step 3 The weighted normalized decision matrix is 
obtained:

Step 4 Determine the ideal and negative-ideal solutions:

Step 5 The distance of an alternative i to the ideal solution 
(Si

*), and from the negative ideal solution (Si
–) are calculated 

using Eqs. (10) and (11).

Step 6 The ranking score (Ci
*) is calculated using Eq. (12).

(1)D =

⎡⎢⎢⎢⎣

y11 y12 ⋯ y1n
y21 y22 ⋯ y2n
⋯

ym1 ym2 ⋯ ymn

⎤⎥⎥⎥⎦

(2)
y∗
ij
=

yij�
m∑
i=1

y2
ij

i = 1, 2,… , m, j = 1, 2,… n.

(3)V =
[
Xij

]
mxr

i = 1, 2,… , m, j = 1, 2,… n.

(4)Xij = y∗
ij
wj

(5)W =
[
w1,w2,… ,wn

]

(6)A∗ =
(
X∗
1
,X∗

2
,X∗

3

)

(7)X∗
j
=
{(

max
i

Xij|j ∈ J
)
i = 1,…m

}

(8)A− =
(
X−
1
,X−

2
,X−

3

)

(9)X−
j
=
{(

min
i

Xij|j ∈ J
)
i = 1,…m

}

(10)S∗
i
=

√√√√ n∑
j=1

(Xij − X∗
j
)2 i = 1, 2,… , m, j = 1, 2,… n

(11)

S−
i
=

√√√√ n∑
j=1

(Xij − X−
j
)2 i = 1, 2,… , m, j = 1, 2,… n

(12)C∗
i
= S−

i
∕(S−

i
+ S∗

i
), i = 1, 2,… , m, j = 1, 2,… n

(b) VIKOR Method [24, 26]
VIKOR method focuses on proposing a compromise 

solution. The compromise ranking is developed from the 
LP-metric used in the compromise programming method.

where n is the number of criteria and m is the number of 
alternatives. The yij values (for i = 1,2,…,m; j = 1,2,…,n) 
denote the values of criteria for different alternatives. In the 
VIKOR method, L1,i and L∞,i are used to formulate the rank-
ing measures.

The VIKOR values (Pi) are computed in the following 
steps:

Step 1 Development of the decision matrix, determine the 
best, (yij)max and the worst, (yij)min values for all the criteria.

Step 2 Calculate Ei and Fi values

where wj is the weight for the jth response, assigned by the 
decision maker, and

Equation (14) is only applicable to benefit criteria. In 
the classical application of VIKOR method for cost crite-
ria, the term [(yij)max − yij] in Eq. (14), is to be replaced by 
[yij − (yij)min]. For cost criteria, Eq. (14) can be rewritten as;

Step 3 Calculate Pi values as follows

(13)

Lp,i = L1,i =

{
n∑
j=1

(
wj

[
(yij)max − yij

]
∕
[
(yij)max − (yij)min

])p
}1∕p

1 ≤ p ≤ ∞; i = 1, 2,… ,m.

(14)

Ei = L1,i =

n∑
j=1

wj

[
(yij)max − yij

]
∕
[
(yij)max − (yij)min

]

(15)

Fi = L∞,i =
y

max of
{
wj

[
(yij)max − yij

]
∕
[
(yij)max − (yij)min

]}

j = 1, 2,… , n

(16)w =

n∑
j=1

wj = 1

(17)

Ei = L1,i =

n∑
j=1

wj

[
(yij) − (yij)min

]
∕
[
(yij)max − (yij)min

]

(18)
Pi = v[(Ei) − (Ei)min]∕[(Ei)max − (Ei)min]

+ (1 − v)[(Fi) − (Fi)min]∕[(Fi)max − (Fi)min]



333International Journal on Interactive Design and Manufacturing (IJIDeM) (2020) 14:323–343	

1 3

where (Ei) max and (Ei)min are the maximum and minimum 
values of Ei, respectively, and (Fi)max and (Fi)min are the max-
imum and minimum values of Fi, respectively. The value of 
v changes from 0 to 1. The compromise can be selected with 
‘voting by majority’ (v > 0.5), with ‘consensus’ (v ≈ 0.5) or 
with ‘veto’ (v < 0.5).

Step 4 Rank the alternatives in ascending order, according 
to the Pi values. The best alternative is the one having the 
minimum Pi value.

(c) ELECTRE (The ELimination and Et Choice Translat-
ing REality) Method) [32]

Step 1 Development of the decision matrix (yij; i = 1, 2,…, 
number of alternatives (m), j = 1, 2, …, number of criteria 
(n) are placed in matrix form as shown in Eq. (1)).

Step 2 The weighted normalized decision (WNDM) 
matrix is obtained as follows:

Step 3 Evaluate randomly different row k and row l in the 
WNDM V to make sure of the concordance and discordance 
set. If value v of row k is higher than value v of row l, the 
element j can be clustered as the concordance set Ckl, or the 
discordance set Dkl. The concordance set Ckl, or the discord-
ance set Dkl is shown as Eqs. (20) and (21).

Step 4 The sum of each element’s weight forms a con-
cordance matrix C, as shown in (22).

(19)Vij =

⎡⎢⎢⎢⎢⎢⎢⎣

w1y11 w2y12 ⋯ wny1n
w1y21 w2y22 ⋯ wny2n

. .

. .

. .

w1ym1 w2ym2 ⋯ wnymn

⎤⎥⎥⎥⎥⎥⎥⎦

w =

n�
j=1

wj = 1

(20)Ckl =
{
j, vkj ≥ vlj

}

(21)Dkl =
{
j, vkj < vlj

}

(22)ckl =

∑
j∈Ckl

wj

n∑
k∈1

wj

, and C =

⎡⎢⎢⎢⎢⎢⎢⎣

− c12 c13 ⋯ c1m
c21 − c23 ⋯ c2m
. .

. .

. .

cm1 cm2 cm3 ⋯ −

⎤⎥⎥⎥⎥⎥⎥⎦

Step 5 We use a formula to get the discordance matrix as 
shown in (23).

Therefore, a discordance matrix can be presented as 
D = [dkl]m×m.

Step 6 To indicate the large element value of the alterna-
tive solution, when the expected value is larger, we combine 
each element Ckl of the concordance set with the discordance 
matrix to get the modified global matrix A as shown in (25).

Step 7 Determination of the modified superiority matrix:

To obtain an appropriate solution, we have to rank ak 
from smallest to largest: a1, a2,…, am. The threshold ā is set 
behind the smallest value a′

1
 . If the value akl is smaller than 

threshold ā , it is replaced as 0, or 1:

Step 8 We obtain e�
kl
= 1 from the matrix E. It indicates 

that solution k is better than solution l.

(23)dkl =

max
|||vkj − vlj

|||
j∈Dkl

max
|||vkj − vlj

|||
j

(24)D =

⎡⎢⎢⎢⎢⎢⎢⎣

− d12 d13 ⋯ d1m
d21 − d23 ⋯ d2m
. .

. .

. .

dm1 dm2 dm3 ⋯ −

⎤⎥⎥⎥⎥⎥⎥⎦

(25)A = [akl]m×m, akl = ckl◦d
�
kl
.

(26)Ak = max{akl|k = 1, 2,… ,m}, l = 1, 2,… , m.

(27)E =
[
e�
kl

]
,

{
e�
kl
= 1, akl ≥ ā

e�
kl
= 0, akl < ā
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