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Maintenance Preventive Analysis in Additive Manufacturing 

Equipment using Analytic Hierarchy Process

Pablo Ayala Hernández1, Hugo Francisco López Herrera2

Abstract 

Maintenance preventive (PM) on equipment is a very important issue for an effective manufacturing 

system, since the improper MP might cause many problems affecting productivity, precision, 

flexibility and quality of the products negatively. On the other hand, analysis of MP equipment 

among many alternatives can be a multicriteria decision making (MCDM) problem. In this study, an 

integrated approach which employs analytic hierarchy process (AHP) and preference ranking 

elements, is proposed for the MP equipment of 3D printer machine. The AHP is used to analyze the 

structure of the equipment problems and to determine weights of the criteria, and this method is 

used to obtain final ranking. Proposed approach is applied to a problem of 3D printer machines to 

be established a MP strategy. 

Keywords: MCDM, AHP, EQUIPMENT, PM, CRI, MANUFACTING SYSTEM, DECISION MAKING 

Introduction 

A proper equipment preventive maintenance (PM) is a very important activity for manufacturing 

systems, due to the fact that the lack of PM can negatively affect the overall performance and 

productivity of a manufacturing system. The outputs of manufacturing system (i.e., the rate, quality 

and cost) mostly depend on what kinds of properly PM is used (Ayag and Ozdemir 2006, Alsyouf, 

2004). 

In addition to this, PM has a major effect on the companies’ global competitiveness. Using in proper 

manufacturing equipment PM can enhance the production process, provide effective utilization of 

machines, increase production, and improve system flexibility. However, with the wide range of 

equipment available today, determination of the best equipment alternative for a given production 

scenario is not an easy task (Chan et al. 2001, Pariazar et al. 2008). 

Although PM plays an important role in the design of an effective manufacturing preventive system, 

the publications on this subject are limited (Kulak et al. 2005, Fraser et al. 2015). The studies 

performed could be classified into one group as machine selection. One of the recent studies is by 

Standing et al. (2001) which uses multi-attribute utility theory to quantify the contribution of various 

structural and infrastructural factors for an equipment PM decision. Tabucanon et al. (1994) 

developed a decision support system for multi-criteria machine PM problem for flexible 
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manufacturing systems (FMS), and used the analytic hierarchy process (AHP) technique for the 

machine selection.  

Chen (1999) develops an integer programming model and a heuristic algorithm to solve the problem 

of multiple time periods. 

Machine maintenance preventive from fixed number of available machines is also considered by 

Atmani and Lashkari (1998), who developed a model for machine PM and operation allocation in 

FMS. Lin and Yang (1996) proposed AHP for machine PM problem. Yurdakul (2004) applied AHP and 

ANP (Analytic Network Process) for calculation of the contributions of machine tool alternatives to 

the manufacturing PM strategy of a manufacturing organization. 

In addition, the articles for equipment PM decisions are presented by Oeltjenbruns et al. (1995) and 

Sullivan et al. (2002). In the equipment PM problem, there are a finite number of alternatives which 

have to be ranked considering many different and conflicting criteria. Accordingly, this problem is 

considered as a multi-criteria decision-making (MCDM) problem. Several methods exist for MCDM 

(Zeleny 198, Vincke 1992, Ho et al. 2006). There are no better or worse techniques, but some 

techniques better suit to particular decision problems than others do (Mergias et al. 2007). The 

advantage of these methods is that they can account for both financial and non-financial impacts.  

Among these methods, the most popular ones are scoring models (Nelson 1986), analytic hierarchy 

process (AHP) (Ong et al. 2001).           

The MCDM method choice decision should wait until the analyst and the decision makers 

understand the problem, the feasible alternatives, different outcomes, conflicts between the 

criteria and level of the data uncertainty (Mergias et al. 2007, Shafiee, M. (2015). Multi-criteria 

decision making (MCDM) methods such as AHP and Fuzzy AHP, used for equipment PM problems in 

the literature, make the evaluations using the same evaluation scale and preference functions on 

the criteria basis. 

In this paper, AHP approach for selection of the most suitable PM equipment will be introduced and 

the implementation process will be explained with a theorical example. We shall use the AHP 

method to analyze the structure of the equipment selection problem and determine the weights of 

criteria, In the application, the criteria, which have the greatest effect on the equipment PM are 

determined via a sensitivity analysis, moreover how the ranking changes if the criteria did not have 

weights will be analyzed.  

Being the contribution of this paper, presenting a methodology that allows to predict on additive 

manufacturing equipment PM using a AHP method by Saaty (1980), with the research aims to: (a) 

propose a Multi-Criteria Decision Making (MCDM) methodology to obtain the PM principal 

elements  at 3D machine printer; (b) propose a weighting calculation alternative that incorporates 

the acquired knowledge in the research found in the literature review and experts judgment used 

in AHP; (c) presenting a theorical research model that shows the hierarchical factors, as well as their 

corresponding scoring values, that can be used to establish concrete strategies for each factor.  



The following research questions are addressed:  

1. How can the AHP be used to identify the relevant PM elements in 3D machine printer?  

2. How is it possible to use an equation to calculate the weighting values for each criterion 

incorporating the acquired knowledge and the expert judgment evaluation?  

3. Can the results obtained be considered reliable and aligned to other ways to calculate 

weighting values? 

In this manner, the AHP is using criteria weight methodology proposed in this research will be 

evaluated under the hypothesis: 

 “The weighting values for each criterion based on acquired knowledge of AHP, provides CRI 

coefficient lower than 0.10 used Saaty method.” 

This paper is divided into six sections. 

1.  Introduction, the studied problem is introduced.  

2.  Principles of AHP describes the proposed methodology. 

3.  Proposed AHP approach. 

4.  A theorical application of proposed AHP approach.  

5. Result. 

 6.  Conclusion. 

Relevant literature review 

The section is divided into three sub-sections: review related to equipments, MCDM methods, gap 

identification with respect to additive manufacturing equipment PM.   

Critical Equipments  

The equipments, whose running is very much required for the process to continue, are called critical 

equipments. These are critical not only from operation point of view but from maintenance point of 

view as well. With increased competitive environment and opening of the power sector to the 

private players, cheap and continuous power supply is going to become the catch word of power 

business. To have edge over the others, one has to have a very high plant uptime at low cost. For 

this, proper maintenance activities are the only answer. To achieve this, we need to prioritize the 

maintenance activities as per the criticality of the equipments. A large number of researchers have 

used different approaches to have these equipments identified. Zhaoyang et al. 2011, Bevilacqua, 

M. and Braglia, M. 2000) have used a risk-based inspection methodology to categorized the 

equipments. Srikrishna et al. (1996) have used some criteria like: generation loss, maintenance cost, 

availability, MTBF to carry out criticality analysis of equipments of a power-plant. Pascual et al. 

(2011) have used a technique called System Efficiency Influence Diagram (SEID) for prioritizing 

equipments for maintenance action. Carazas et al. (2010) have used concepts related to risk to 

identify critical equipments. The authors have used a risk-based method for selection of 

maintenance policy for critical equipments. Identification of critical equipments is not an easy task 

as it deals with multiple criteria. Hence, we have to use multi criteria decision making processes to 



arrive at a decision. The next sub-section is devoted to a brief literature review of some MCDM 

methods. 

MCDM Methods  

Decision making was there from the very beginning of evolution of Homo-sapiens. One makes 

decision in day today life. But changing business dynamics has made it imperative on a decision 

maker to have a quantified decision. With increasing complexity of problems, one has to face a 

problem which has many alternatives and the no of criteria are also more than one. In these 

situations, use of MCDM methods is the only answer. In all the MCDM methods, the main goal is to 

select the best alternative or to rank a set of given alternatives (Chatterjee et al., 2012, Peters, M. 

and Zelewski, S.; 2008). Generally, in a MCDM process the main steps: Saaty (1980), Yang et.al. 

(2009), Wu et. al. (2007), De Almeida, A. T., & Bohoris, G. A. (1995).  are: 

1. Establishing system evaluation criteria that relate system capability to goals;  

2. Developing alternative systems for attaining the goals;  

3. Evaluating alternatives in terms of criteria;  

4. Applying a normative multi-criteria analysis method;  

5. Accepting one alternative as optimal or preferred;  

6. If the final solution is not accepted, gather new information and go into the next iteration 

of multi-criteria optimization.

Multiple criteria decision-making (MCDM) methods provide an efficient means of assisting decision-

makers to choose the best alternative under different criteria. Some tools and standard operational 

processes are used to assist the decision-maker to achieve the goal of a systematized solution. Over 

the last few years, a large number of methods have been developed for multi criteria decision 

making. 

AHP (Analytic Hierarchy Process) is one of the very popular and widely used MCDM methods. It 

assumes that a problem can be structured as a hierarchy of an overall goal and a set of conflicting 

information. In this a typical decision problem is structured in three levels. The goal is at the top 

level of the AHP decision hierarchy, while the criteria are placed on the second level. These criteria 

are used to judge the alternatives on the lowest level. These are used to evaluate a predetermined 

number of alternatives. All the elements in a particular cluster of the hierarchy are compared in a 

pair wise sub goals that may require quantitative and qualitative fashion with respect to their 

contribution or importance for the root of the cluster (Saaty, 1990, Petkov et.al.,2007, Peters et al., 

2008). It is being used in a variety of applications. Zhaoyang et al. (2011), Al-Najjar, B. and Alsyouf I. 

(2003), have used this method to select the most practicable maintenance strategy for equipments. 

Caputo et al. (2013), Bertolini, M. and Bevilacqua, M. (2006) have found it useful for selection of 

safety devices for industrial machinery. Molenaers et al. (2012, Salonen, A. (2011) have used AHP 

to solve multi-criteria sub problem at different decision nodes. Goh et al. (2013) have used AHP and 

TOPSIS for load shedding operations of a large pulp mill. They have ranked load according to their 

importance for load shedding purposes. In many applications, AHP is used to find out weight for all 

the criteria and then some other method is used for the final analysis. Chan et al. (2001, Chan et al. 

(2007) have applied AHP to find out weight for different criteria for their analysis by expert system. 

One of the reasons of popularity of AHP is that it is good in dealing with both tangible as well as 

intangible attributes (Chatterjee et al., 2011, Lerace, S. and Cavalieri, S.  (2008). 



Identified Gap from the Literature Reviewed  

A large number of literatures were surveyed, but couldn’t found a lot literature which discusses 

additive manufacturing equipments maintenance preventive using AHP.

The AHP method 

One of the most popular Multi-criteria Decision Analysis (MCDA) methods is the analytic hierarchy 

process (AHP), proposed and developed by Saaty (1980). AHP helps decision-makers by providing 

them with a structure to effectively compare the competing alternatives (Handfield et al., 2002, 

Kutucuoglu et al. (2001). AHP uses a method of pair-wise comparison for decisions with several 

criteria (Huang et al., 2011, Saaty, (1994). AHP compares alternatives based on their performance 

in each criterion as well as decision-makers’ preferences over those criteria (Lee et al. 2011, Kablan 

M. M. (2004). Decision-makers often express their preferences by assigning weights to criteria.  

Analytic Hierarchy Process (AHP) is a method to select one alternative from a given set of 

alternatives, where there are multiple decision criteria involved, and to rank available alternatives 

in a desirability order based on a rational framework of quantitative comparisons (Saaty, 1990). AHP 

is basically built on a solid yet simple theoretical foundation based on three basic principles (Saaty, 

1990):  

1. Decomposition;  

2. Comparative judgments; and  

3. Hierarchy composition. 

AHP builds hierarchies starting from the proposed problem as the base and moving up to criteria 

and alternatives as the upper levels (Saaty, 1980). This hierarchy system simplifies various objectives 

and goals into a single score and chooses the alternative with highest score for the decision-makers. 

The comparison matrix is based on a quantified scale and comparative scores are entered in a 

judgmental matrix that facilitates calculation and aggregation of weights (Kabir et al., 2013, Saaty, 

1980). All weights are then normalized by dividing geometric mean of each criterion by sum of 

geometric means of all criteria (Linkov et al., 2004, Fouladgar et al. 2012). AHP has advantage of 

generating inconsistency number relative to decision-maker’s inconsistency number (Pohekar and 

Ramachandran, 2004, Saaty, 2006). The AHP method is based on three principles: first, structure of 

the model; second, comparative judgment of the alternatives and the criteria; third, synthesis of the 

priorities.  

The first step, a complex decision problem is structured as a hierarchy. AHP initially breaks down a 

complex MCDM problem into a hierarchy of interrelated decision elements (criteria, decision 

alternatives). With the AHP, the objectives, criteria and alternatives are arranged in a hierarchical 

structure similar to a family tree. A hierarchy has at least three levels: overall goal of the problem at 

the top, multiple criteria that define alternatives in the middle, and decision alternatives at the 

bottom (Saaty, 1980). The second step is the comparison of the alternatives and the criteria. Once 



the problem has been decomposed and the hierarchy is constructed, prioritization procedure starts 

in order to determine the relative importance of the criteria within each level. The pairwise 

judgment starts from the second level and finishes in the lowest level, alternatives. In each level the 

criteria are compared pairwise according to their levels of influence and based on the specified 

criteria in the higher level (Saaty, 1980). In AHP multiple pairwise comparisons are based on a 

standardized comparison scale of nine levels (Table 1). 

Table 1. Nine-point intensity of importance scale and its description 

AHP has been applied in many areas of decision making (Caputo et al., 2013). The basic steps of 

the method can be given (Saaty, 1990) as: 

Step 1: Decompose of the entire problem into three levels: goal, judgment criteria and alternatives 

and making a Hierarchy diagram. 

Step 2: Define the Score scale for each criterion.  

Step 3: Based upon the scale defined, formation of a comparison matrix.  

Step 4: The comparison matrix is then converted into a normalized matrix. 

Suppose, X represents the comparison matrix: 

X = [xij]; here i stands for equipments (i = 1………. n) and j stands for criteria (j = 1….m) Then the 

normalized matrix from X can be obtained by:  



Step 5: 

Let C = {Cj| j = 1, 2..., n} be the set of criteria. The result of the pairwise comparison on n criteria 

can be summarized in an (n × n) evaluation matrix A in which every element aij (i, j = 1, 2..., n) is 

the quotient of weights of the criteria, as shown in Equation 1. 

                                                                                                                                                 (1) 

where, aij > 0, aij = 1/aji, aii=1, and aij is the user defined rating of relative importance of criteria i 

with respect to criterion j. In case, i and j are of equal relative importance then aij = aji =1.  

The values of relative rankings aij can be assumed as follows:  

Criterion i and j are equally important: 1.  

Criterion i is slightly more important than criterion j:  

3. Criterion i is significantly more important than criterion j:  

5. Criterion i is strongly more important than criterion j:  

7. Criterion i is extremely more important than criterion j:  

9. values 2, 4, 6, and 8 are used for intermediate numerical values. 



Step 6 and 7: 

At the last steps, the mathematical process commences to normalize and find the relative weights 

for each matrix. The relative weights are given by the right eigenvector (w) corresponding to the 

largest eigenvalue (λmax), as shown in Equation 2.  

 Aw = λmaxw                                                                                                                                         (2) 

If the pairwise comparisons are completely consistent, the matrix A has rank 1 and λmax = n. In this 

case, weights can be obtained by normalizing any of the rows or columns of A (Saaty,1980). 

It should be noted that the quality of the output of the AHP is strictly related to the consistency of 

the pairwise comparison judgments. The consistency is defined by the relation between the entries 

of A: aij × a jk = aik . The consistency index (CI) is shown in Equation 3. 

CI = (λmax − n) / (n − 1).                                                                                                                                 (3) 

Then we calculated the final matrix R to represent the weight of different criteria of alternatives 



The final consistency index ratio (CIR), using which one can conclude whether the evaluations are 

sufficiently consistent, is calculated as the ratio of the CI and the random index (RI), as shown in 

Equation 4. 

CIR = CI/RI                                                                                                                                                        (4) 

where RI (from Table 2) is the Random Index. 

Tabla 2. Random Consistency Indices (Saaty, 1980) 

When the CIR is less than 0.10, we can take the Eigenvectors as the relative weights of the criteria 

for calculation of the weighted values for each of the alternatives. Ultimately, total weighted score 

and the corresponding rank would be found out.

The number 0.1 is the accepted upper limit for CIR. If the final consistency ratio exceeds this value, 

the evaluation procedure has to be repeated to improve consistency. The measurement of 

consistency can be used to evaluate the consistency of decision makers as well as the consistency 

of all the hierarchy (Saaty,1980). 



Proposed AHP approach 

The AHP method, for the equipment PM problem consists of 3 basic stages: (1) Data, (2) AHP 

computations, (3) Decision making. In the first stage, alternative equipments and the criteria which 

will be used in their evaluation are determined and the decision hierarchy is formed. In the last step 

of the first stage, the decision hierarchy is approved by decision making expert. After the approval 

of decision hierarchy, criteria used in equipment PM are assigned weights using AHP in the second 

stage. In this phase, pairwise comparison matrices are formed to determine the criteria weights. 

The experts from decision making team make individual evaluations using the scale, provided in 

Table 1. 

to determine the values of the elements of pairwise comparison matrices. Computing the pairwise 

comparison matrix on which there is a consensus is found. The weights of the criteria are calculated 

based on this final comparison matrix. In the last step of this phase, calculated weights of the criteria 

are approved by decision making experts. 

Equipment PM elements priorities are found by the decision-making experts. After the approval of 

the element’s functions, In the last step of the proposed procedure, the best elements equipment 

is selected according to the rankings of experts. Schematic representation of the proposed approach 

is presented in Figure 1. 

Figure 1. the proposed AHP approach 



A theorical application of proposed approach 

To illustrate the proposed method, a hypothetical example has been presented using a 3D printer 

machine shown Figure 2. Suppose that an additive manufacturing company desires to select the 

most appropriate maintenance strategy that requires different alternatives to be assessed for a 

range of criteria. There is a variety of strategies in maintenance management systems depending 

on the type of applied industry in a company. These strategies can be categorized into two main 

groups of corrective and preventive ones. In corrective maintenance strategy, no maintenance 

activity is carried out until a failure occurs. Small profit margins along with ascending competition 

trend make the maintenance managers apply more reliable maintenance strategies. Conversely, 

preventive maintenance strategy is the strategy which is utilized before system failure to retain the 

system in the expected condition.  

Figure 2. 3D machine printer theorical research proposed 

Methodology 

In this section, the MCDM method being used would be discussed. From the literature, it was found 

that TOPSIS, VIKOR, PROMETHEE, MOORA, ELECTRE, AHP etc. all were very popular in various types 

of multi-criteria decision-making processes. But we found AHP more suitable for our application as 

it is simple in use. Also, for any problem which can be decomposed in a hierarchical form, this is the 

best method. 



The AHP method analysis 

Analytic Hierarchy Process (AHP) is a method to select one alternative from a given set of 

alternatives, where there are multiple decision criteria involved, and to rank available alternatives 

in a desirability order based on a rational framework of quantitative comparisons (Saaty, 1990). AHP 

is basically built on a solid yet simple theoretical foundation based on three basic principles 

(Marquez, 2006, Barba-Romero S. y Pomerol J. C. (1997): 

1. Decomposition;  

2. Comparative judgments; and  

3. Hierarchy composition or synthesis of priorities.  

AHP has been applied in many areas of decision making (Caputo et al., 2013). The basic steps of the 

method can be given (Saaty, 1990) as: 

Step 1: Decompose of the entire problem into three levels: goal, judgment criteria (or simply criteria) 

and alternatives and making a hierarchy of the same. For our problem, Figure 3 gives the required 

information. Also, we have used different nomenclature of equipments in the diagram as given in 

the Table 3: 

Table 3. Nomenclature of Equipments in AHP Diagram 

Name of system/ Alternatives Name of system/Alternatives in the AHP

Hierarchy Diagram 

Motor_X Ele_1

Motor_Y Ele_2

Motor_Z Ele_3

Feeder material Ele_4

Fan_1 Ele_5

Nose feeder Ele_6

Air pressure module Ele_7

Temp_TC Ele_8

Temp_Controller Ele_9

Material Ele_10



Figure 3.  AHP Hierarchy Diagram of critical elements of Equipment. 

Step 2: Define the Score scale for each criterion.  

Step 3: Based upon the scale defined, formation of a comparison matrix.  

Step 4: The comparison matrix is then converted into a normalized matrix.  

Step 5: Define a pair-wise comparison of relative importance between the n rating criteria. 

Step 6: and step 7: The pair-wise comparison matrix is checked for consistency and also the weight 

of different criteria is calculated. 

Description of the problem and analysis 

A lot of 3D printer machines are using in additive manufacturing factory. Some of these are very 

important from manufacturing point of view. In order to deploy the preventive maintenance of the 

critical elements is extremely important. Their criticality can be accessed on the following criteria: 

1. Inconvenience caused to customers upon failure,  

2. Impact on downtime when the equipment fails, and 

3. Maintenance cost of the equipment. 

The paper basically wants to capture all the possible scenarios whenever of the equipment fails. The 

data for PM will be theorical issues. But the analysis of the problem is very important and can’t be 

ignored. Hence, to get this theorical data in a quantitative way. 



Formation of Scale for Scoring of Different Criterion As discussed  

Three criteria for criticality analysis were considered; a 1-9 scale was used for scoring each of these 

from Table 1:  

1. Impact of downtime when the equipment Fails (ID) A scale from 1-9 was used to capture all 

the probable values of the downtime impact. The Table 3 above is the scale table for the 

purpose.  

2. Customer’s Inconvenience Due to Failure (CI) Any failure causes losses. When we have some 

equipment fail hence the customer may not be getting the finished product needed. It will 

cause inconvenience to the customer. We have formulated a scale based upon generation 

loss due to failure of an equipment to map the inconvenience caused to the customer Table 

3 indicates it.  

3. Maintenance Cost of the Equipment (MC) Whenever any equipment fails, it needs to be 

maintained to restore it at the desired level. This maintenance process carries some cost. 

Based upon average maintenance costs of equipment we have formulated a scale to map 

all possible maintenance costs in the scale (table 3). 

The Problem Analysis 

There are many functional parts equipments in 3D printer machine. We identified some important 

elements of equipment which directly impact of fails occurs. Criticality of these elements 

equipments was to be analyzed. Based upon the scoring formulated, the required score table is 

given below in table 4. For the analysis purposes we used AHP ranking shown in Table 1. 

Table 4. Score Table or Comparison Matrix for the Equipments 

Name of system Impact of 

downtime (ID) 

Custumer´s 

Inconvenience 

(CI) 

Maintenance

Cost (MC) 

Motor_X 4 8 4

Motor_Y 5 8 3

Motor_Z 3 8 5

Feeder material 2 4 2

Fan_1 6 4 2

Nose feeder 8 7 9

Air pressure module 5 9 2

Temp_TC 9 7 2

Temp_Controller 3 9 2

Electronic Controller 4 4 2



The method and the related algorithm have already been explained above.  

The analysis is as follows:  

Step 1: Decompose of the entire problem into three levels: goal, judgment criteria (or simply criteria) 

and alternatives and making a hierarchy of the same, 

Step 2: Define the scale for each criterion: This has been defined as in table-6 for the three criteria.  

Step 3: Based upon the scale defined formation of a comparison matrix: Table 3 gives the required 

comparison matrix of the alternatives.  

Step 4: The comparison matrix is then converted into a normalized matrix; 

This is given by Table 5. 

Tabla 5. Normalized Matrix Obtained from Comparison Matrix 

Name of system Impact of 

downtime (ID) 

Custumer´s 

Inconvenience 

(CI) 

Maintenance

Cost (MC) 

Motor_X 0.081 0.117 0.121

Motor_Y 0.102 0.117 0.090

Motor_Z 0.061 0.117 0.151

Feeder material 0.040 0.058 0.060

Fan_1 0.122 0.058 0.060

Nose feeder 0.163 0.102 0.272

Air pressure module 0.102 0.132 0.060

Temp_TC 0.183 0.102 0.060

Temp_Controller 0.061 0.132 0.060

Electronic Controller 0.081 0.058 0.060

Step 5 and Step 6: Defining a pair-wise comparison matrix of the criteria and checking for their 

consistency:  

The steps involved are explained with help of the actual pair-wise comparison matrix:  

Step a: Write down the comparison matrix by Table 6. 

Table 6. Comparison Matrix 

ID CI MC

A= 

ID 1 4 8

CI 1/4 1 5

MC 1/8 1/5 1



Step b: Multiply together the entries in each row of the matrix, and then take nth root of the product, 

where n is order of the matrix. Then the roots thus calculated are summed.  

Now each of the root is normalized with the help of this sum to get a value called Eigenvector by 

Table 7. 

Table 7. Eigenvector 

ID CI MC 3rd. Root Eigenvector

ID 1.000 4.000 8.000 3.175 0.699

CI 0.2500 1.000 5.000 1.077 0.237

MC 0.1250 0.2000 1.000 0.292 0.064

Total 4.544 1.000

Step c: We multiply each row of the comparison matrix by the Eigenvector column, just like matrix 

multiplication. For all the three rows the calculation yields: 2.162, 0.733 and 0.199 respectively.  

Step d: We divide the values in step-c by corresponding Eigenvectors to get the corresponding values 

of λ. The average of the three values of λ gives us λmax. Here λmax=3.094.  

Step e: Consistency Ratio Index (CI) = (λmax-n)/(n-1) = 0.047 for n=3 

Step f: CIR = CI/RI = 0.081. Saaty gave the random index (RI) for different orders of the judgment.  

For n=3, this RI= 0.58 shown Tabla 2. Here a CIR value less than 0.10 says that our judgment is 

consistent. 

Step 7: As the CIR is less than 0.10, we can take the Eigenvectors as the relative weights of the 

criteria for calculation of the weighted values for each of the alternatives to find out total weighted 

score and the corresponding rank. Table 8 gives the required ranks. 

Table 8. Final Rank of PM equipment by AHP method 

Name of system Impact of 

downtime 

(ID) 

Custumer´s 

Inconvenience 

(CI) 

Maintenance

Cost (MC) 

Weighted

score 

Rank

Motor_X 0.081 0.117 0.121 0.092 6

Motor_Y 0.102 0.117 0.090 0.105 4

Motor_Z 0.061 0.117 0.151 0.080 7

Feeder material 0.040 0.058 0.060 0.046 10

Fan_1 0.122 0.058 0.060 0.103 5

Nose feeder 0.163 0.102 0.272 0.155 2

Air pressure module 0.102 0.132 0.060 0.106 3

Temp_TC 0.183 0.102 0.060 0.156 1

Temp_Controller 0.061 0.132 0.060 0.078 8

Electronic Controller 0.081 0.058 0.060 0.074 9



Result  

It was very interesting to look at the result. We all know that Temp_TC is one of the most important 

part of the 3D machine printer system. By AHP as well it was proved to be most critical as its rank 

was 1 with Weighted score is 0.156 from Table 8.  

Conclusion  

The best part in this type of analysis is that multiple criteria give a balanced view of the problem. It 

looks at the problem in totality by incorporating all the relevant criteria. Hence the analysis yields 

much better result. Probably, this type of analysis has been carried out for the first time for any 3D 

machine equipment using AHP method by Saaty. All the identified gaps have all been filled. 
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