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Abstract: Preventive methods are important group of methods used in the process of 

design and which are known as quality design methods. The aim of these methods is 

identification of potential failures and cause-and-effect relationships in consistent and 

systematic way, and then taking appropriate preventive or corrective actions. The 

well-known examples of preventive methods also used for modelling and analysis of 

the criticality (risk) factor are FMEA analysis and FTA analysis. A matrix FMEA 

analysis method has been presented and discussed in the work. The basic 

assumptions related to this method were characterized and algorithms for each 

stages of analysis have been presented. It has been presented practical application of 

FMEA method on example of selected components of hydraulic system. 
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1. INTRODUCTION  

During product development, the requirements deals with operation and ensuring 

safety for the users and the natural environment changes. Therefore, methods which 

allow for early identification of defects that may occur are used in order to respond in 

appropriate time and manner. Quality management instruments are more and more 

often used in the field of product quality design methods. It can be distinguished 

preventive methods and methods for designing product/process parameters. In the 

area of preventive methods, matrix FMEA analysis may be used. It allows to identify 

potential defects already at the product design stage and then undertake appropriate 

preventive measures to eliminate or minimize the risks arisen from potential defects 

and failures. 

 

2. FMEA ANALYSIS 

FMEA analysis (Failure Modes and Effects Analysis) - analysis of causes and effects 

of failures in products/processes/services. It is one of the preventive methods used to 
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improve quality by identification of defects in consistent and systematic way and 

eliminating cause of defects/failures by means of appropriate improvement actions. 

Therefore, the FMEA analysis is consistent with the principle of continuous 

improvement of "PDCA" (Plan, Do, Check, Action) developed by W.E. Deming. It 

requires that each product/process has to be documented, supervised, analyzed and 

constantly improved. 

The FMEA method is implemented when defects should be identified as early as 

possible due to the human health and safety as well as environmental protection. This 

can be achieved by using FMEA analysis during preliminary design work what allows 

to obtain information about strengths and weaknesses of the product/process and 

implement appropriate changes (Hamrol and Mantura, 2004). Therefore, the FMEA 

analysis is recognized as one of the main methods of risk management related to 

design and the basic tool used in the automotive industry and formally required by the 

two basic standards for management systems in this sector. This analysis can be 

carried out for the entire product or process, for a single component of the product or 

for single operation. 

There are several types of this method, e.g. medical FMEA, FMEA system, FMEA 

machine or environmental FMEA. However, due to the method of preparing, 

conducting and presenting obtained results, the FMEA method can be divided into a 

sheet analysis (classical) and matrix analysis (Fabis-Domagala, 2017; Filo et al., 

2018). 

 

3. MATRIX FMEA ANALYSIS 

Matrix FMEA analysis, also known as the "Function - Failure Design Method" 

(FFDM), was developed in the United States (Tumer and Stone, 2003). It can be used 

during creating new products and improve existing one. Application of this method at 

the product design stage allows to obtain information on potential defects that may 

occur during its operation. 

 

3.1. Basic principle 

Matrix FMEA analysis to identify element-function-failure uses a matrix of 

dependencies and matrix transformations which allow to determine the similarity 

between the analyzed products based on their functional features and user 

requirements. The customer requirements are assigned to the partial function of the 

product in the form of a vector φ. In order to develop the system components, the 

product function matrix Φ [m x n] is formed (m – the total number of partial functions 

for all systems, n – the number of products). Each element of the matrix φij is the 

cumulative value for i – this function of the product j. The received information is 

stored in the knowledge base. In the situation when the matrix of the product function 

was used from several different sources of information, the phenomenon of deviations 

appears. Therefore, the obtained dependence must be normalized in the entire space 

of the product. 

The normalized matrix N of product function is presented in equation (1): 

 
μη

N φ
η μ

ij ij

j

ij
     (1) 

while 
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where: η – is the average value of customer requirements, ηj – is the customer value 

for j-th product, µj – the function value for j-th product, while µ - is the average value of 

this function. 

The content of the analyzed product can be transformed to define a group of 

products which meet specific customer requirements and perform similar functions. 

Customer requirements may be previously identified using the QFD method, while 

similar functions can be defined during a brainstorming session of entire team which 

conducting the analysis. This makes that existing knowledge base can be constantly 

developed (Tumer and Stone, 2003). 

 

3.2. Algorithms for stages of FMEA analysis 

Matrix FMEA analysis presents the relationships between the analyzed elements, 

their functions and identified defects. The analysis includes three stages: the 

preparation stage, the stage of conducting the analysis and the improvement stage. 

At the stage of preparation (Stage I) information about the analyzed product are 

collected. This can be done by decomposition the product into elements or using the 

data contained in the knowledge base for a similar system. The information may be 

available in the form of drawings, system descriptions or other documents that provide 

information about the operation of the analyzed system and its possible failures. On 

such information, a qualitative analysis is conducted which resulting to selecting 

elements subjected to further research. Next, for each investigated element, a set of 

potential defects and a set of functions performed by individual element are 

developed. Fig. 1 presents a graphical presentation of stage I. 

 

 
Fig. 1. Algorithm of Stage I 

 

In the next step of the analysis (Stage II), three vectors are created on the basis of the 

output from Stage I, i.e. the set of components, set of defects and the set of functions: 

components (C), function (E) and failure (F)). Then the dependencies between the 

analyzed vectors are determined. These dependencies are described as a CF matrix 

(component-defect) and an EC matrix (function-component). Than a quantitative 

analysis is carried out. Dependencies in both matrices (cfnj) and (ecin) are presented 

using a binary system where 0 means that dependence not occurs whereas 1 means 
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that it is. The advantage of this method of evaluation is ease of use and the fast 

identification of possible defects. The developed matrices are used for determining 

the third EF matrix (function-failure). It is the result of matrix transformations described 

by equation (3): 

 EF = EC×CF   (3) 

while Fig. 2. shows graphical representation of Stage II. 

 

 
Fig. 1. Algorithm of Stage II 

 

In the EF matrix, the relations between components function with the potential defect 

is described by means of the values resulting from the evaluation in the CF and EC 

matrices. The EF matrix obtained in this way presents the probability of occurrence of 

a potential defect for a given function performed by a specific component. The final 

stage of the analysis includes undertaking appropriate improvement actions (see 

subchapter 3.1) for the defects (EF matrix) with highest probability of occurrence. At 

this stage, the FMEA matrix analysis can be supported by the quality improvement 

tool in the form of a decision tree (Fabis-Domagala et al., 2018). On the basis of 

improvement actions included in the tree diagram, it is possible to define priority 

actions, which should be implemented in order to eliminate or minimize the risk 

related to the potential defect. The procedure of the third stage of analysis is shown in 

Fig. 3. 

 

 
Fig. 3. Algorithm of Stage III 
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3.3. FMEA matrix analysis for hydraulic cylinder 

The object of the analysis was a typical double-acting hydraulic cylinder. The 

procedure for the preparation and calculation of the EF matrix has been presented in 

Fig. 4. 

 

 
Fig. 4. Graphical presentation of the matrix FMEA analysis for the double acting hydraulic 

cylinder 415/5000 

 

Matrix FMEA analysis covers not only individual components of the cylinder, but also 

the dependencies occurring between them during the operation. A set of cooperating 

components was created as a set of pairs (P). Based on a literature analysis (Kotnis, 

2011; Domagala et al., 2018; Hydraulic Cylinder Troubleshooting, 2018), a set of 

functions and potential defects was defined. An example of an EF matrix for a 

hydraulic cylinder is shown in Table 1. 

 

Table 1 

EF matrix for hydraulic cylinder 

Function 
Potential failure 

wear corrosion seizure fatigue buckling 

set 4 4 2 1 1 

transform 1 1 0 1 0 

prevent 2 2 2 0 0 

protect 6 3 6 2 0 

 

As it arise from Table 1, the value “6” indicates the highest probability of occurrence of 

a defect – wear and seizure for the actuator pairs performing the "protecting" function. 

These are pairs containing a sealing. Therefore, improvement activities should be 

carried out in the area of the applied working fluid, exploitation and cooperating 

elements. 
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4. CONCLUSIONS 

Matrix FMEA analysis used in the product quality design process allows to detect 

potential defects in a quick and easy way and indicate areas where the probability of 

defects occurrence is the highest. This allows to undertake the appropriate changes in 

the design and remove the defects before they occur in the final product. And allows 

to reduce the costs of removing the defect and “bad quality” of the product before it is 

introduced in the market. Matrix FMEA analysis compared to the classical method can 

be used during the functional phase of the project without the need of choosing a real 

solution. Thanks to this the defects can be quickly recognized and included in the final 

model. 

Presented method may be directly used in factories related to hydraulic systems 

(Walczak and Sobczyk, 2014; Krawczyk et al., 2018) or special materials (Wawrzala 

and Korzekwa, 2012; Goroshko et al., 2014) and coatings (Scendo et al., 2014; 

Klimecka-Tatar et al., 2015; Radek et al., 2018). Such approach often requires special 

prediction models (Pietraszek et al., 2014; Pietraszek et al., 2017a) with an 

uncertainty estimated by non-parametric methods (Pietraszek and Gadek-Moszczak, 

2013; Gadek-Moszczak et al., 2015; Dwornicka et al., 2017; Pietraszek et al., 2017b). 

Strong support for this approach is offered by a design of experiments methodology 

(Montgomery, 2008) which is widely used from artificial neural networks (Pietraszek, 

2003) through a biotechnology (Skrzypczak-Pietraszek et al., 2018a), a 

phytochemistry (Skrzypczak-Pietraszek and Pietraszek, 2009; Skrzypczak-Pietraszek 

et al., 2018b), a mechanics (Kozien, 2009; Goroshko et al. 2014) up to a industry 

management (Ulewicz et al., 2013; Ulewicz, 2016; Kozien and Kozien, 2017; Maszke 

et al., 2018). 
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