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Abstract 

The main aim of this paper was to demonstrate the advantages of using a hybrid model consisting of 

PFMEA and DEMATEL analysis, especially in the decision-making part of PFMEA, which results in 

proposal of corrective actions. The evaluation team first created PFMEA analysis, which was oriented 

at selected system. After careful consideration of results obtained from PFMEA, where we observed 

very high RPN values, mainly due to the unusually high significance values, we decided to focus pri-

marily on the significance assessment in terms of assessing the interrelationships of identified failure 

modes. To do this, DEMATEL model was used. After applying DEMATEL, we found that optimization 

(reduction of severity S) is necessary in parts of failure modes FM7 and FM8. Although this did not 

impact change of prioritization in terms of proposal of corrective actions according to RPN (mainly 

because of high detection D value, which we did not assess). In other analyses this change may result 

in a major impact on final PFMEA evaluation. This is because RPN is a product of three criteria, and 

any change in one of the criteria causes a change in RPN itself. 
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INTRODUCTION 

Manufacturers demand that their products are of high quality with little to no defects. Quality is a critical 

evaluation criterion in these manufacturing companies (Markulik et al., 2022). PFMEA (Process Failure 

Mode and Effect Analysis) is one of many quality management tools in use. PFMEA solely focuses on 

the process and assembly and helps the companies save costs associated with solving problems. The end 

goal of PFMEA is to have a perfect and failure-free process (Banduka et al., 2018). 

The use of such a method is often criticised because of its potential shortcomings. These negatively 

affect its operation and limit its overall application potential (Liu, 2016). For this reason, researchers are 

constantly trying to improve the method with respect to its performance or to propose a completely new 

method for risk prioritisation (Bujna et al., 2023). The FMEA method is often combined with other 

models and methods to give organisations better perspectives on the system, especially the risk prioriti-

sation. Combination of these methods results in what is called MCDM - Multiple Criteria Decision 

Making (Bujna et al., 2023).  

In our research, the PFMEA method and DEMATEL (Decision Making Trial and Evaluation Labora-

tory) model, which is one of the most basic methods of MCDM, were combined. This model is used to 

better understand and visualize relationships between factors using specific matrices and graphs (Bar-

retta et al., 2023). This model can convert independent relationships into a set of cause-and-effect results 

using the matrices and finds the critical factors of the system using the influence diagram (Si et al., 

2018). 

The main aim of this paper is to show the advantages of using DEMATEL model due to the uncertain-

ties that PFMEA can provide in the analysis. We hypothesize that DEMATEL model will help to ad-

dress the shortcomings of PFMEA, particularly in terms of efficient proposal of corrective actions.

 

MATERIALS AND METHODS 

The platform, shown in Figure 1, is assembled from theS355JR steel from several parts, which are grad-

ually assembled in the assembly process into sub-assemblies, then groups until final product. This paper 

deals with the assembly process of the support structure of the platform. This is the most important part 

of the whole platform as it ensures its stability, functionality and safety. 

The structure of the platform consists of 4 supporting columns, one of which is formed by two U 160 

profiles. There are longitudinally welded together to form a closed profile. P 10 sheets are then welded 
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to both ends of the column, which allows the load of the structure to be distributed evenly over a larger 

floor area but also facilitates and refines the assembly. The supporting columns are connected by hori-

zontal and transverse struts, which are key components of the structure as they distribute the load, in-

creasing the rigidity, stability and overall safety of the platform. The horizontal struts are made of U 120 

profiles, and the transverse struts are made of L profiles. 

 
Fig. 1 3D model of the platform 

 

As these are stationary platforms, they are mounted at precisely defined locations, on anchor points 

measured by a surveyor. The crane is then used to transport the already welded columns to the required 

points, where they are placed at the defined locations and welded to the anchor points. Horizontal struts 

are then mounted on these for better stability of the structure. In this step, the struts are bent in half and 

welded in place. Subsequently, reinforcements are also welded to the supporting columns to connect the 

horizontal struts and the supporting columns. In addition to the horizontal struts, transverse struts are 

also used in the construction. Other elements of the platform, such as stairs, flooring, railings, etc., are 

subsequently installed after the support structure is assembled. 

Generalised steps to PFMEA analysis according to many authors are as follows (Plinta et al., 2021):  

1. Determining the scope of the analysis. 

2. Assembling the evaluation team. 

3. Planning and preparation of PFMEA. 

4. Analysis of potential failure modes. 

5. Risk analysis – it is important to determine the risk within the PFMEA by evaluating three 

criteria – the severity, occurrence and detection – to determine the necessary priority of correc-

tive actions: 

a. severity (S) – rated on a 10-point scale, it is determined without regard to occurrence or 

detection, 

b. occurrence (O) – rated on a 10-point scale, it is determined without regard to severity or 

detection, 

c. detection (D) - rated on a 10-point scale, it is determined without regard to severity or oc-

currence. 

6. Calculation of RPN – in general, the prioritization of failure modes for corrective action is de-

termined by the Risk Priority Number - RPN, which is obtained by multiplication of S, O and 

D of the failure mode (equation 1): 

RPN = S · O · D                       (1) 

Tsai et al. (2017) defines these generalised steps of DEMATEL: 

1. Creating a team - selecting system evaluation experts. 

railing 

staircase 

support 

structure 

flooring 

bracket 
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2. Determination of the direct-relation matrix X (equation 2) – elected experts will determine the 

strength of relations between individual effects of failure modes and their causes. The individ-

ual relationships are rated on a scale from 0 to 6, where 0 indicates no impact and 6 maximum 

impact. 

𝑋 = [

0 𝑥12      ⋯ 𝑥1𝑛

⋮  0        ⋯ ⋮
⋮ ⋮         ⋱ ⋮

𝑥𝑛1 𝑥𝑛2      ⋯        0   

]                 (2) 

3. Determination of normalised direct-relation matrix N – column vectors and maximum values of 

(equation 3) are used as the basis for the normalisation of the matrix (equation 4). 

𝜆 =  1/𝑚𝑎𝑥1≤𝑖≤𝑛 ∑ 𝑥𝑖𝑗
𝑛
𝑗=1                      (3) 

𝑁 =  𝜆 𝑋                       (4) 

4. Determination of total relation matrix T (equation 5). 

𝑇 =  𝑙𝑖𝑚
𝑛→∞

(𝑁 +  𝑁2+. . + 𝑁𝑘) = 𝑁(𝐼 − 𝑁)                    (5) 

where I is identity matrix. 

5. Calculation of significance and relation for each criterion (equation 6 and 7) 

𝐷𝑖 = ∑ 𝑡𝑖𝑗
𝑛
𝑗=1                        (6) 

𝑅𝑗 = ∑ 𝑡𝑖𝑗
𝑛
𝑖=1                        (7) 

Based on the above equations, the values of each column and row of the total relationship matrix 

T are summed. Di (equation 6) is the sum of the i-th column and Rj (equation 7) is the sum of 

the j-th row. These variables account for both indirect and direct effects. 

6. Construction of DEMATEL digraph – based on the Di + Rj and Di – Rj datasets. 

RESULTS AND DISCUSSION  

In this paper we focused on the analysis of only one part of the whole assembly, namely the support 

structure. An evaluation  team was assembled which consisted of 3 authors of the paper (university) and 

4 workers from the field. The first part of the analysis resulted in FMEA analysis (Table 1).

 

Tab. 1 PFMEA installation of supporting columns 

P
ro

ce
ss

 

Failure mode Effect S 
Possible 

cause 
O Inspection D 

R
P

N
 

Corrective ac-

tion 
P 

In
st

a
ll

a
ti

o
n

 o
f 

su
p

p
o

rt
in

g
 c

o
lu

m
n

s 

FM1 incorrect po-

sition of supporting 

columns 

assembly of fol-

low-up parts 

impossible 

6 worker error 2 
inspection 

and test plan 
2 24 

staff training, 

tech. procedure 
7 

FM2 incorrect ori-

entation of support-

ing columns 

assembly of fol-

low-up parts 

impossible 

6 worker error 3 
inspection 

and test plan 
2 36 

staff training, 

tech. procedure 
5 

FM3 exceeding tol-

erance for vertical 

orientation of the 

columns 

assembly of fol-

low-up parts 

impossible 

6 worker error 2 

inspection 

by a sur-

veyor 

1 12 
staff training, 

tech. procedure 
8 

FM4 columns not 

properly welded to 

the built-in ele-

ments 

structural fail-

ure 
10 welder error 3 visual check 1 30 

staff training, 

tech. procedure 
6 

poor external qual-

ity of welded joints 

structural fail-

ure 

10 
FM5 welder 

error 
5 visual check 2 100 

WPQR, WPS, 

CWJ 
3 

10 

FM6 damaged 

welding ma-

chine 

3 
inspection 

and test plan 
2 60 

calibration and 

control plan 
4 

structural fail-

ure 
10 

FM7 welder 

error 
5 

inspection 

and test plan 
8 400 

WPQR, WPS, 

CWJ 
1 
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poor structural 

quality of welded 

joints 
10 

FM8 damaged 

welding ma-

chine 

3 
inspection 

and test plan 
8 240 

calibration and 

control plan 
2 

where S is severity; O is occurrence, D is detection, RPN is risk priority number and P is prioritization. 

 

The RPN values (Table 1) are very high, especially given the high significance assigned. These errors 

have significant impact on the overall stability and safety of the entire platform. Therefore, in the next 

stage, we focused on this part and verified their significance using the DEMATEL model by assessing 

their mutual influence. Each failure mode was abbreviated to FM. In the case of two causes, we also 

divided the fault itself in terms of causes (FM5 to FM8). 

Table 2 is devoted to the initial direct-relation matrix of each fault occurring within the system. 

 

Tab. 2 Direct-relation matrix X 

X FM1 FM2 FM3 FM4 FM5 FM6 FM7 FM8 

FM1 0 4 4 3 3 0 3 0 

FM2 6 0 1 1 1 0 1 0 

FM3 0 0 0 0 1 0 1 0 

FM4 0 0 0 0 6 0 1 0 

FM5 0 0 4 4 0 4 6 0 

FM6 0 0 4 4 6 0 6 0 

FM7 0 0 0 5 6 3 0 4 

FM8 0 0 0 4 6 0 6 0 

 

 
Fig. 2 DEMATEL digraph 

 

As the digraph in Figure 2 shows, the horizontal vector (D + R) represents the degree of significance 

between the factors of the whole system. This vector indicates the influence of the factors on the whole 

system, but also the influence of other factors of the system on a particular factor. From this perspective, 

the factors FM5, FM7, FM6 and FM4 can be considered as significant factors. Factors FM8, FM1, FM3 

and FM2 can be considered insignificant, with FM2 being the least significant.  

The vertical vector (D – R) represents the degree of influence of the factor on the system, with a positive 

value of D – R representing ta causal variable, or cause, while a negative value of D – R represents the 

effect, or consequence, of the factor on the system. In this regard, the factors FM8, FM1, FM2 and FM6 

can be considered as the influential factors, while FM7, FM3, FM5 and FM4 can be considered as the 

less influential ones. We refer to these less influential factors as effects. 

The digraph itself can be then divided into four quadrants: 

• Q1 – high significance and strong linkage – FM6 is present, which is a major causal factor that 

negatively affects other components of the system; therefore, it can be defined as a trigger factor. 

• Q2 – low significance and strong linkage – FM8, FM1 and FM2 are present, these factors mod-

erately affect other system elements but individually are independent. 
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• Q3 – low significance and weak linkage – FM3 is present, this factor is moderately influenced 

by other system elements but is relatively independent. 

• Q4 – high significance and weak linkage – FM5, FM7 and FM4 are present, these factors are 

defined as direct consequences of other factors, and they cannot be directly influenced by cor-

rective actions. 

Based on the DEMATEL model, we can conclude that FM5 and FM6 have correctly assigned high 

significance in the FMEA analysis because they are significant factors. In addition, FM6 is a factor that 

significantly affects other failure modes, such as FM4, FM5 and FM7 – also significant factors (see 

Table 2). 

For FM7 and FM8, we consider lowering the significance value, since FM7 is indeed a significant factor 

and affects FM5 and FM6, however is also significantly affected by other failure modes. FM8 is a non-

significant failure mode even though it affects significant, but non-causal factors. In this case, these 

modes will remain as the modes with the highest RIPN and will be prioritized for corrective actions. 

This is however due to the low detectability of the fault. For the other systems evaluated, such a change 

would cause more significant changes. 

n real-world conditions, complications associated with the PFMEA method may arise. In some cases, 

the method reaches its limitations if multiple failure modes with the same RPN are identified. Although 

PFMEA is regarded as an objective method and in fact it is the most widely used risk analysis method 

ever, some authors talk about its subjectivity. According to Thurnes et al. (2015), PFMEA is limited to 

common expectations of the occurrence of failures and usually does not consider the interconnections 

between these failures. Other important limitations regarding RPN and its variables S, O and D are 

defined by the authors (Chang, 2016; Lo et al., 2020) as follows, namely that S, O and D are equally 

important; RPN only considers S, O and D; different combinations of S, O and D can generate the same 

RPN results; and the mathematical calculation of RPN is sensitive to changes in S, O and D. 

The DEMATEL model was used in this work in combination with the PFMEA method to address its 

aforementioned shortcomings. This is because PFMEA cannot effectively identify which factors are 

influenced by other factors and vice versa. As a result, the most important issues may not be properly 

evaluated. Chang (2016) used DEMATEL to prioritize the failures within the FMEA analysis. 

Tsai, et al. (2017) suggest using a system rating scale from 0 to 4. In this paper, a rating scale from 0 to 

6 is used because this scale gives more options to evaluate the links between failure modes. According 

to Bujna, et al. (2023), the success of applying the DEMATEL model to a system evaluation is mainly 

dependent on the input data that the evaluation team is working with. It is advisable that the members 

selected for the team are involved in the process to which the model is applied. 

 

CONCLUSIONS 

The aim of this paper was to study failure modes that can occur within the assembly process of a process 

platform, specifically its supporting columns.  

The PFMEA method, which is one of the most widely used methods for risk analysis, was used to 

analyse the different failure modes. Combined with the DEMATEL model, it creates an extended 

method by which risks can be better prioritised, leading to the proposal of corrective actions more 

quickly and efficiently. PFMEA prioritisation is done solely based on the RPN. In the PFMEA analysis, 

failure modes with high significance were identified and consequently the resulting RPNs were also 

very high. Therefore, we verified the correct value assignment by assessing the correlations of the failure 

modes using the DEMATEL model. 

As a result, the significance (S) value for the observed failure modes was optimized. Although it did not 

have a major impact on the RPN in this case (due to high detectability), in other cases, given that the 

RPN is very often sensitive to a change in the value of either S, O, or D, it can have a major impact on 

the prioritisation for efficient design of measures. 
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