aPPLICATION OF multicriteria analysis IN DETERMINING 


THE ORGANIZATION STRUCTURE OF MAINTENANCE


Ivica VEŽA, Zoran BABIĆ





�
Keywords:


- Maintenance organization


- Organization structure


- Multicriteria methods


- Promethee method


- Cement plant














ABSTRACT:


The adequate organization structure of maintenance is usually very complex to provide, since it is determined by a number of factors. In this paper aim was to determine which organization structures would be most convenient in a cement plant, i.e. in six departments of the plant. The choice of organization structure (at the plant level, at the department level or the level of a group of machines) was made by means of seven most relevant criteria using the Promethee method.


�
1. introduction





Orientation to market, or, in other words, production for already known customer has become the most important factor in the process of supporting the existence of an enterprise. In order to survive on turbulent global market, enterprises should be continuously adapted to global trends: high quality of products and services, reduced delivery time, lower prices and improved complexity of products and production. Demands for speed and flexibility concerning changes in structure of market, society, location, processes and product, are growing constantly, with the motto "only changes are constant", Figure 1. [1].





Drastic shortening of life cycle of product, increase of its complexity and number of variations and transition from mass to serial and even individual production occur. While in mass production for unknown buyer production resources define the product that leads to marketing plan and final buyer, in contemporary, agile production process is quite opposite. In modern competition buyer and corresponding team work together, common resources are used and solution that satisfies needs of buyer is achieved. Switch from product oriented market to market oriented to the satisfaction of buyers needs is every day more present [2].





In order to fulfil the above requirements contemporary production systems install more sophisticated equipment and software. Therebly, the needs for a continuous equipment work, without faults, and for the continuity of production process grow. Therefore, the securing of efficient maintenance is becoming a decisiuve element in providing the efficincy of production system. The high mantenence level enables the greatest possible usefulness of the installed capacity of production equipment, which maximizes the usefulness of capital invested in production. Thus, the maintenance level influences directly the extent of the economic effect of production system.
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Figure 1. New terms set demands for production [1]





Maintenence efficiency  depends upon:





a man, who possesses the knowledge required for a particular task, motivation and the possibility of continuous improvement, 


equipment at disposal,


maintenence organization.





This paper is to be restricted to the area of maintenence organization.





2. Organization structure of maintenance





Maintenance structure is formed with regard to the dependence between aims and strategies as well as the structure and organization characteristics. Therefore the organization structure of maintenence is determined with reference to the inevitable need for communication, coordination, decision making and maintaining. 





In principle, the organization structure of maintenance can take a centralized (in function or object) or decentralized form. Both concepts are frequently used in practice as well as the shifting of maintenence activities to another production department. With regard to expenses and overcapacity as well as to the lack of professional staff the fuction of maintenence can be given to cooperation [3].





2.1. Centralized structure of maintenance





It is characteristic of the centralized structure of maintenence that the functions of planning, management and supervision are performed in a central plant. This simplifies the performance of activities in small and medium-sized enterprizes with short information and communication ways and leads to the high extent of usefulness of disposable machine and human capacities. However, in the enterprizes with long distances between particular production plants long time hold-ups may occur.





2.2. Decentralized structure of maintenance





The decentralized concept of maintenance service in the near vicinity of particular production plants is efficient just with long distances between paticular production plants. This way of maintenence organization enables short ways and time needed for communication as well as the concentration for specific purposes with reference to know-how. Besides decentralized maintenance services in the particular production plants there may exist centralized maintenance which contains experts, special tools and which, if necessary, provides help to the plants.





2.3. Integration of maintenance in production





The separation of responsibility with reference to products quality, obtained quality and technical disposal of units with centralized and decentralized structures, is the main motif for the establishment of integrated maintenance concept. The integration of workers in indirect plants, such as maintenance, quality assurance or production planning and control, into the production process can be done by means of functional or personnel integration. Functional integration refers to the partial transfer of activities and responsibility to the plant level. On the other hand, with personnel integration indirect maintenence plants are partly disciplinary subject to production while maintenence workers are directly integrated into production process. Therebly, by means od education and instruction giving, workers by the machines are also introduced into maintenance process, first by means of simple maintenenace activities. Introducing workers by the machines into maintenance process increases the flexibility wuthin the group. The increase of identification and knowledge of maintenance workers and production workers enables shorter information flows and decision making is quicker when disturbances and faults ossur. Integarted maintenance contains a Service Center the task of which is enginnering and preventive maintenance (maintenance planning i.e. carrying out technical analyses). Such combination of advantage of decentralized, indipendent agile production units with the central carrier of know how presents the organizational concept of decentralized responsibility for the plant and process [4].





3. determination of organization structure of maintennance





The optimal organizational structure is usually very complex to provide, since it is determined by a number of factors. It is therefore considered quite common to define the organization structure by taking into account all or only the most relevant factors. 





In this paper, the choice of an appropriate organization structure was made by means of a multicriterila analysis method. The Promethee method� [5] was applied which is used to rank all alternatives and shows, in a relatively identifable way, how much one alternative is more important in relation to other alternatives.





In relation to other multicriterial methods, the Promethee method has a set of advantages out of which the most prominent are:





extreme simplicity,


parameters in use have their economic explanation and significance,


the scaling effects should be completely eliminated.





The PROMETHEE methods are particularly appropriate to treat the multicriterial problem of the following type:





� EMBED Equation.2  ���	(1)





for which A is a finite set of possible alternatives and fj(a), j=1,2,...,n a set of n evaluation criteria.  





It was the aim to determine which maintenance structure would be most convenient in a cement production plant, i.e. in some parts of the plant. It took into account the following potential concept of maintenance organization�:





a1 – maintenance organization at plant level,


a2 – maintenance organization at department level


a3 – maintenance organization at level of a group of machines.





The choice of the relevant criteria for determination of the organization structure of maintenance presents a very difficult problem. The reason for this is the fact that the majority of factors cannot be measured qualitatively altough they may sometimes have a dominant influence. The project team chose the following the most relevant criteria:





f1 - distance between locations,


f2 - failure frequency,


f3- integration level of the parts of technological process,


f4 - analogy with parts of technological processes at other locations,


f5 - personnel specialisation level,


f6 - equipment specialisation level,


f7 - maintenance conception.





To determine the importance of a particular criterion the so-called bipolar scales approach is used, with the range from 1 to 10 with respect to the following degrees:





1 – very low level


3 – low level


5 – medium level


7 – high level


9 – very high level.





The analysed cement plant is divided into six departments:





Department I: Cement mill "Humboldt", transport to new cement silos


Department II: Transport ways of an old mill and old cement silos


Department III: Cement mills


Department IV: Packing and cement loading


Department V: Dry-kiln of coal alloys and a coal mill


Department VI: Compressor plant





The paper presents the choice of organization structure on the example of Department I.





The analysis starts with the comparassion of organization structures (a1, a2, a3)  and we must be able to express the result of this comparisons in terms of preference. We therefore consider a performance function Pj(ai,as); i,s = 1,2,3; j=1,...,7; i� EMBED Equation.2  ���s giving intensity of preference of organization structure ai over organization structure as in function of the deviation d (d = f(ai) - f(as)). This function monotonically increasing and is suppose intensity defined between 0 and 1:





� EMBED Equation.2  ���	(2)





P(ai,as) = 0  if  d� EMBED Equation.2  ���0 (f(ai)� EMBED Equation.2  ���f(as))		No preference, indifference


P(ai,as)� EMBED Equation.2  ���0  if  d >0 (f(ai) > f(as))		Weak preference			         (3)


P(ai,as)� EMBED Equation.2  ���1  if  d >>0 (f(ai) >>f(as))		Strong preference


P(ai,as) = 1  if  d>>>0 (f(ai) >>>f(as)) 	Strict preference





Six possible types (details in [6]) of this preference function are proposed to the decision maker. The effective choice is made interactively by decision maker and the analyst according to their feeling of the intensities of performance. In each case zero, one or two parameters have to be fixed:





q is a threshold defining an indifference area,


p is a threshold defining a strict preference area,


m is a parameter the value of which lies between p and q.





For the department I the basic data are given in the upper side of table 1. For each criteria it is mentioned if it is to be maximised or to be minimised and odabrani su tip of generalised criteria (s odgovarajućim parameters and weights).





Table 1. Matrix of decision


Max/Min�
Min�
Min�
Max�
Min�
Max�
Max�
Min�
�
Criteria�
f1�
f2�
f3�
f4�
f5�
f6�
f7�
�
a1�
4�
6�
6�
3�
4�
3�
8�
�
a2�
5�
7�
5�
4�
5�
6�
6�
�
a3�
9�
4�
7�
6�
6�
6�
4�
�
Type of generalised criteria�
III�
I�
V�
IV�
II�
II�
I�
�
q�
�
�
1�
1�
1�
2�
�
�
p�
3�
�
2�
3�
�
�
�
�
wj�
0,05�
0,2�
0,3�
0,3�
0,05�
0,05�
0,05�
�



For the purposes of ranking, with the application of the Promethee method, it is necessary to determine a preference index p(ai,as) of ai over as over all the criteria, such that:





� EMBED Equation.2  ���	(4)


where wj are weights associated with each criteria. Based on the equation (4) and the requirements for minimazation and maximization of criteria (table 1) values of performance index are calculated, as predented in table 2. 





Table 2. Value of preference index


�
a1�
a2�
a3�
�
a1�
-�
0,100�
0,400�
�
a2�
0,300�
-�
0,325�
�
a3�
0,350�
0,400�
-�
�



Finally, for every � EMBED Equation.2  ���, let us consider the two following outranking flows (table 3):





The positive outranking flow:





� EMBED Equation.2  ���	(5)





The negative outranking flow: 





� EMBED Equation.2  ���	(6)





The positive outranking flow � EMBED Equation.2  ���(a) expresses how each alternative is outranking all the others. The higher � EMBED Equation.2  ���(a), the better the alternative. � EMBED Equation.2  ���(a) represents the power of a, it gives its outranking character. 





The negative outranking flow � EMBED Equation.2  ���(a) expresses how each alternative is outranking all the others. The smaller � EMBED Equation.2  ���(a), the better the alternative. � EMBED Equation.2  ���(a) represents the weakness of a, it gives its outranked character. 





Table 3. Positive and negative outranking flow 


�
a1�
a2�
a3�
�
� EMBED Equation.2  ���(a)�
0,50�
0,65�
0,75�
�
� EMBED Equation.2  ���(a)�
0,65�
0,50�
0,75�
�



The Promethee I gives a partial preorder of the set of alternatives in which some alternatives are comparable and some others are not. When the decision maker is requesting a complete ranking, the net outranking flow may be considered:





� EMBED Equation.2  ���	(7)





and the higher net flow the better is the alternative. Net outranking flow, thet is the final order of compared alternatives, is shown in table 4., i.e. in figure 2.





Table 4. Net outranking flow


�
� EMBED Equation.2  ���(a)�
Rank�
�
a2�
0,15�
1�
�
a3�
0�
2�
�
a1�
-0,15�
3�
�
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Slika 2. Higher rank graph by the Promethee II method





The organization structures for the other departments of the cement plant are determined by the use of the use of the same metodology.





Based on the analysis carried out the centralized maintenance organization for depatments II, V and VI is proposed, while decentralized maintenance at the depatment level is more suitable for departments  I and IV. For cerment mills (depatment III) decentralized maintenance at level of the group of machines is proposed, that is to say that each mill should be organized as a separate unit.





Table 5. Maintenance organization results obtained by Promethee II


Department�
Alternatives�
� EMBED Equation.2  ���(a)�
� EMBED Equation.2  ���(a)�
� EMBED Equation.2  ���(a)�
Rank�
�



Department I�
a1


a2


a3�
0,500


0,650


0,750�
0,650


0,500


0,750�
-0,150


0,150


0,000�
3


1


2�
�



Department II�
a1


a2


a3�
0,465


0,485


0,150�
0,200


0,265


0,635�
0,265


0,220


-0,485�
1


2


3�
�



Department III�
a1


a2


a3�
0,275


0,230


0,500�
0,450


0,280


0,275�
-0,175


-0,050


0,225�
3


2


1�
�



Department IV�
a1


a2


a3�
0,413


0,325


0,150�
0,275


0,075


0,538�
0,138


0,250


-0,388�
2


1


3�
�



Department V�
a1


a2


a3�
0,465


0,485


0,150�
0,200


0,265


0,635�
0,265


0,220


-0,485�
1


2


3�
�



Department VI�
a1


a2


a3�
0,688


0,294


0,000�
0,019


0,200


0,763�
0,669


0,094


-0,763�
1


2


3�
�



conclusion





The exploatation efficiency of production system depends upon the application of appropriate maintenance.


Efikasnost eksploatacije proizvodnog sustava ovisi o primjeni odgovarajućeg održavanja. U cilju postizanja učinkovitijeg održavanja potrebno je pored uvođenja suvremenih tehnika i tehnologija (posebno informcijsko-komunikacijskih) uspostaviti sustav kontinuiranog poboljšanja i educiranja osoblja kroz adekvatnu organizaciju (npr. TQM – Total Quality Management, TPM – Total Productive Maintenance). Organizacija održavanja predstavlja područje za provođenje racionalizacije, te se s malim uloženim sredstvima mogu postići veoma veliki učinci. 





Za određivanje adekvatne organizacije održavanja mogu se koristiti metode višekriterijskog odlučivanja, s kojima se vrši analiza rangiranjem pojedinih alternativa s obzirom na usvojene kriterije. Navedeni problem može se razmatrati i šire, uvođenjem dodatnih kriterija i dodatnom segmentacijom unutar usvojenih kriterija. Provođenje analize zahtjeva timski rad stručnjaka različitih specijalnosti, posebno u fazi definiranja kriterija i određivanja njihovih težinskih odnosa. 
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