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possibilities determination of the optimal strategy  for preventive maintenance of the cardan shift vehicle using polycriterion optimization
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Abstract: This work presents a possibility to find the optimum solution in the maintenance cardan shift when the criteria functions are maximal avalability and minimal costs maintenance. These two criterions lead to several solutions of the maintenance of cardan shift therefore it was necessary to seek for a trade off solution.
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1. INTRODUCTION
In this paper are presented results of determination the reliability parameters of the cardan shift vehicles, based on which the optimal value of the cardan shift vehicles maintenance periodicity was determined, for the criteria of the maximal availability and the minimal maintenance costs. By correct forming of the maintenance model it is possible to perform the optimization, namely to select the most favorable maintenance system. Such a problem can be solved if all the important requirements and restrictions are precisely determined. As the optimal periodicity of the preventive maintenance procedure of the analyzed technical system, determined according to the criterion of the maximal availability differs from the optimal periodicity determined according to the criterion of the minimal costs, it is necessary to apply the multicriteria analysis methods and to determine the value of the required optimal periodicity, taking into account both mentioned optimization criteria. This actually is the basic goal of this work.

By the method of the compromise selection, the limits are determined of the optimal periodi​city for the preventive maintenance procedure conducting, which correspond to extreme values of the adopted criterion functions. By applying the method of the multicriteria analysis, one determines the discrete value of this periodicity, whose exactness depends on selection of the discretization step of the analyzed time interval. Generally considering, the presented methodology of the multicriteria decision-making can be applied for obtaining the reliable value of the preventive maintenance procedure conducting periodicity of the technical systems. There one needs to know the availability of data, which are acquired by analysis of the technical systems during their operation and maintenance, based on which one can determine the indicators of their reliability, as well as the characteristics of their maintenance.
2. DETERMINATION OF PARAMETERS OF THE VEHICLE’S cardan shift RELIABILITY 

The reliability parameters of the analyzed cardan shift vehicles need to be determined for the planning of measures for its maintenance, prediction of the working life and estimates of its quality.
Table 1. Possed road before appearance of middle bearing of the cardan shaft of vehicle

	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)
	Working time till failure (h)

	16,60
	107,00
	165,00
	178,00
	198,00
	231,00
	310,00
	401,0
	431,0

	19,65
	107,50
	165,10
	178,90
	198,90
	231,50
	320,00
	401,5
	431,5

	31,45
	100,10
	165,70
	179,00
	199,00
	232,00
	329,00
	402,0
	432,0

	49,50
	110,00
	165,90
	180,00
	200,00
	245,00
	330,00
	410,0
	433,0

	51,00
	119,00
	166,00
	181,00
	201,00
	250,00
	340,00
	415,0
	435,0

	53,90
	119,50
	168,0
	182,00
	202,00
	260,00
	350,00
	416,0
	438,0

	80,60
	120,00
	169,50
	182,10
	203,00
	265,00
	360,00
	418,0
	438,5

	80,70
	125,00
	169,90
	182,30
	204,00
	267,00
	370,00
	420,0
	439,0

	92,00
	126,00
	170,00
	182,40
	204,50
	270,00
	380,00
	425,0
	439,8

	93,00
	129,00
	171,00
	182,70
	205,00
	280,00
	386,00
	426,0
	439,9

	94,00
	130,00
	172,40
	183,00
	206,00
	290,00
	389,00
	428,0
	440,0

	96,10
	134,00
	172,80
	185,00
	206,50
	299,00
	389,90
	429,0
	440,5

	96,50
	140,00
	173,20
	186,00
	207,90
	301,00
	390,00
	431,0
	441,0

	97,50
	145,00
	173,50
	188,00
	208,00
	302,00
	390,80
	431,5
	441,5

	98,50
	150,00
	174,00
	189,00
	209,00
	303,00
	391,00
	432,4
	442,0

	98,70
	161,00
	174,50
	189,30
	209,90
	304,00
	392,00
	432,5
	442,5

	99,00
	161,50
	175,00
	189,90
	210,00
	305,00
	393,50
	433,0
	442,7

	99,50
	161,60
	175,50
	189,95
	211,50
	306,00
	394,00
	434,0
	442,8

	99,70
	162,00
	176,09
	191,00
	212,00
	306,50
	395,00
	434,5
	442,9

	102,0
	162,50
	176,10
	191,50
	212,30
	307,00
	396,00
	435,0
	443,0

	104,0
	163,00
	176,70
	192,00
	213,00
	308,00
	397,00
	438,0
	443,5

	106,0
	164,00
	177,00
	193,00
	220,00
	309,00
	398,00
	439,6
	443,6

	106,5
	164,50
	177,10
	194,00
	230,00
	309,90
	398,80
	439,9
	443,9


Determination of the cardan shift vehicles reliability distribution law represents the Basis for evaluation of its state, as well as for decision-making on when, i.e., after how many working hours, one should conduct procedures of the preventive maintenance. Determination of the most acceptable model of the reliability distribution, based on data on its behavior, from the aspect of irregularities appearance, is a complex task and it is solved by application of the corresponding algorithm1, with application of the probability theory, mathematical statistics and the reliability theory2.

Based on voluminous research of the cardan shift vehicles behavior, in the real exploitation conditions, for a longer period of operation, in Table 1 are presented the working times until occurrence of failure and between the two consecutive failures.

Estimated values of the cardan shift vehicles reliability indicators, based on data from Table 1, are determined using the known methodology1 and presented in the table 2.
Based values of deviation of the reliability theoretical values, obtained by testing the corresponding hypotheses by application of the known methodology2, from results of the estimated values, obtained from the exploitation data (Table 1), one came up to the conclusion that the Weibull’s two-parameter distribution, with the shape parameter 1,7 and scale parameter 144, was the most acceptable for the analyzed vehicle sample.

Adopting this reliability distribution law for the cardan shift vehicles of the analyzed technical system, expressions for determination of the reliability function R(t), the density function f(t) and failure intensity λ(t), can be written in the following forms:
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Based on the previous expressions, the optimal periodicity of the working time can be determined, after which either of the following should be performed: preventive inspections, preventive substitutions, repairs or general revisions, as well as providing the optimal values of spare parts stocks3.

3. DETERMINATION OF THE MOTOR VEHICLE  cardan shift  PREVENTIVE MAINTENANCE PERIODICITY BASED ON CRITERION OF THE MINIMAL MAINTENANCE COSTS

Providing for the required availability and reliability of the cardan shift vehicles, with minimal maintenance costs, is possible if one correctly determines the periodicity interval of that maintenance3. 
The total cardan shift vehicles maintenance costs can be expressed in the form
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                  (4)
where: C(t) are the total specific maintenance costs; Ck are the corrective maintenance costs and Cp are the preventive maintenance costs. By application of expression (4) for various periodicities of the starter vehicles maintenance, the values for the maintenance costs are obtained shown in Table 2 and in Figure 1.
Based on results shown in Table 2 and Figure 1, one can conclude that the lowest maintenance costs of the analyzed technical system chardan shift vehicles are obtained for the maintenance periodicity of 350 working hours. Table 2. Maintenance expenses of chardan shift for different of the preventive maintenance
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Figure 1. Graphical representation of the dependence of the costs on periodicity of chardan shift vehicles maintenance

Table 2. Maintenance expenses of chardan shift for different of the preventive maintenance

	Maintenance frequency  (h)
	550
	1100
	1150
	2200
	2250
	3300
	3350
	4400
	4450
	5500

	Costs of corrective maintenance Ck 
	1400
	1400
	1400
	1400
	1400
	1400
	1400
	1400
	1400
	1400

	Costs of preventive maintenance Cp 
	3100
	3100
	3100
	3100
	3100
	3100
	3100
	3100
	3100
	3100

	Reliability R(t)
	0,95
	00,88
	00,79
	0,7010
	0,6054
	0,5138
	0,4293
	0,3534
	0,2870
	00,2300
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	50
	96,36
	138,4
	175,82
	208,43
	236,34
	259,84
	279,30
	295,27
	308,12

	Total specific costs C(t)    
	60,97
	40,93
	30,91
	30,85
	30,88
	30,80
	30,79
	30,85
	30,91
	30,97

	fi,,2
	60,97
	40,93
	30,91
	30,85
	30,88
	30,80
	30,79
	30,85
	30,91
	30,97


4. DETERMINATION OF THE MOTOR VEHICLE’S chardan shift PREVENTIVE MAINTENANCE PERIODICITY BASED ON CRITERION OF MAXIMAL AVAILABILITY

Since the most acceptable model of reliability, distribution is determined and since the time picture of the chardan shift of the analyzed technical system is completely known (time in operation, time spent on waiting to operate while in order, time spent while out of order), it is possible to apply the maintenance model based on 
Table3.Motor vehicle availability as a function of its chardan shift vehicles preventive maintenance periodicity

	Maintenance periodicity (h)
	50
	100
	150
	200
	250
	300
	350
	400
	450

	Preventive maintenance time tp (h)
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Unreliability F(t)
	0.04
	0.132
	0.15
	0.208
	0.280
	0.29
	0.310
	0.316
	0.31

	Reliability R(t)
	0.95
	0.868
	0.84
	0.792
	0.720
	0.71
	0.690
	0.684
	0.68

	Number of corrective maintenances between the two preventive ones
	0.01
	0.019
	0.38
	0.824
	0.165
	0.28
	0.450
	0.698
	1.07

	Time of corrective maintenance tk (h)
	0.11
	0.71
	2.18
	4.89
	9.35
	16.1
	26.45
	41.63
	64.3

	Time spent on waiting while in order tčr (h)  
	10
	20
	25
	59
	74
	89
	103
	121
	133

	Availability G(t)
	0.96
	0.988
	0.99
	0.981
	0.978
	0.973
	0.962
	0.958
	0.953

	fI,,2
	0.96
	0.988
	0.99
	0.981
	0.978
	0.97
	0.962
	0.958
	0.953


G(t)

     150




t(h)
Figure 2. Graphical representation of the motor vehicle availability dependence on starter vehicles maintenance periodicity

availability3. By application of this model, the exploitational reliability of the technical system, from the aspect of the chardan shift vehicles, can be determined by using the expression:


[image: image7.wmf]+

=

+++×

pcr

pcrok

tt

G(t)

F(t)

tttt

R(t)


          




     (5)

where: t - is the periodicity of maintenance; tcr - is the time spent to operate while in order; tp - is the time of preventive maintenance; tk - is the time of corrective maintenance.

By varying the periodicity of preventive maintenance, one obtains the functional dependence based on which the optimal value of the preventive maintenance periodicity can be determined, based on the maximal availability criterion. Results of determination of availability, for various maintenance periodicities of the chardan shift vehicles of the considered technical system, are shown in Table 3 and in Figure 2.
Based on results shown in Table 3 and in Figure 2 it can be concluded that the highest availability of the analyzed technical system, from the aspect of its chardan shift vehicles, is obtained for the maintenance periodicity of 150 working hours.
5. DETERMINATION OF THE OPTIMAL PERIODICITY OF THE PREVENTIVE MAINTENANCE OF THE MOTOR VEHICLE'S chardan shift BY APPLICATION  OF THE MULTICRITERIA OPTIMIZATION
The value of the preventive maintenance periodicity of the analyzed technical system chardan shift vehicles lies between the times that correspond to maximal availability and to minimal costs. This period can be discretized. Each discrete value can be associated with considered concept of the preventive maintenance. In that way, one obtains the corresponding number of preventive maintenance variations, which differ from each other only in working time lengths after which the procedures of preventive maintenance are being conducted. Since the values of optimal periodicities of the considered chardan shift vehicles preventive maintenance, obtained by criterion of maximal availability and criterion of minimal costs differ from each other (parts 3 and 4 of this paper), in this part are presented results of determination of the periodicity by application of the multicriteria optimization method, which is known in literature as the MCDM (Multi Criteria Decision making) problem5. The basic characteristic of the 
Table 4. Availability of the motor vehicle from the aspect of its chardan shift vehicles
	Alternative number

(i)
	Chardan shift maintenance periodicity

(h)
	Vehicle's availability (G)

from the chardan shift vehicles aspect
	fi,1
	(fi,,1)n
	Total specific maintenance costs

(C)
	fi,,2
	(fi,,2)n
	ai

	1
	150
	0,997
	0,997
	0,447
	39,4
	39,4
	39,4
	0,4432

	2
	200
	0,981
	0,981
	0,437
	34,22
	34,22
	36,22
	0,4372

	3
	250
	0,978
	0,978
	0,446
	23,63
	23,63
	35,63
	0,4465

	4
	300
	0,973
	0,973
	0,435
	22,30
	22,30
	22,30
	0,4331

	5
	350
	0,962
	0,962
	0,426
	19,43
	19,43
	19,43
	0,4311


MCDM problem, thus accordingly of the problem considered in this work, is that the best alternative is found in the sense of several attributes, simultaneously, or in the limited set of available alternatives.

In literature can be found a large number of multicriteria optimization methods5. One of the most frequently used methods is the Analytical Hierarchy Process (AHP)4. The AHP method was developed based on the principle of decision making, human knowledge, as well as on data that are available to experts in the process of decision making. That process is a creative one, which is based on three main concepts: analytics, hierarchy and process3.

The nature of the optimality criterion can be benefit wise and coastwise5. When the bene​fits optimality criterion is used, the higher its value is the better and vice versa. When the costs optimality criterion is used, the less their values are the better and vice versa.

The set of alternatives i is being represented by the set of alternative indices i = (1, … i, … I) where I is the total number of the considered alternatives. The problem is represented by matrix F = [fik],1(K. Here fik denotes the optimality criterion k for alternative i. In the general case, the optimality criteria are of various natures; they have different values and different units. This means that the optimality criteria values, for alternative are not comparable. From that rea​son it is necessary to perform the normalization procedure by which all the values of fik are being mapped within interval [0, 1]. At present, a large number of the normalization types are being used7: simple, linear, vectorial, etc. regardless of which type of normalization is being used, different expressions are used for benefit wise and coastwise optimality criteria. When the vectorial normalization is applied, the decision making process can be represented by matrix F = [fik],1(K, where (fik),n is the normalized value of the optimality criterion k for alternative i. To each considered alternative, certain value is being associated4.

Normalization of values fi,1 is being done by application of the expression for vectorial normalization and by application of the benefit wise optimality criterion. For solving the concrete task the following expressions can be used:
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The value of the factor based on which the best alternative of the maintenance periodicity ai is being determined by application of the assumption that validities of the adopted optimization criteria (maximal availability and minimal maintenance costs) are equal and that they are set as normalized, what is the case in this concrete task, by application of the following expression7:
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The optimal value of the periodicity of conducting the preventive maintenance of the motor vehicle's chardan shift is within interval of 150 to 350 working hours, because the limits of that interval were obtained based on criterion of the chardan shift maintenance minimal costs and criteri​on of the maximal availability in that interval. The interval is being divided into 5 equal parts (Table 4).

Elements of matrix F are being obtained in such a way that they are being made equal to values of the analyzed technical system availability, from the aspect of its chardan shift vehicles, for various periods of the preventive maintenance that correspond to individual alternatives (fi,1) and by making them equal to values of the total clutch maintenance costs for different periods of preventive maintenance that correspond to individual alternatives (fi,2).

Based on data obtained by monitoring the analyzed technical system, from the aspect of its chardan shift vehicles, in real exploitation conditions, by application of expression (5) for determination of availability, obtained were the values of elements fi, 1 (namely the availabilities) of matrix F, while by application of expression (4) for determination of the maintenance costs obtained were the values of elements fi,2 (namely the maintenance costs) of matrix F (Table 4).

The best alternative is one for which the value of factor ai has the highest value. The values of this factor, calculated by application of expression (8) are given in table 4. based on those values and by recognizing the aforementioned, it can be concluded that the optimal value of periodicity of conducting the preventive maintenance procedures of the analyzed technical system, from the aspect of its chardan shift vehicles, is after every 250 working hours.

6. CONCLUSION

Results of voluminous investigations of the motor vehicle’s chardan shift reliability parameters, which were obtained by monitoring the behavior of the analyzed motor vehicle in the real exploitation conditions, from the aspect of failure occurrence of its chardan shift, and with application of the corresponding scientific knowledge from the area of probability., mathematical statistics, systems theory and reliability theory, have served as a basis for finding the optimal periodicity of the chardan shift vehicles maintenance, taking into account the criteria of maximal availability and minimal costs of its maintenance.

Since the optimal periodicities of conducting the chardan shift vehicles preventive maintenance, determined by criteria of maximal availability and minimal maintenance costs differ from each other, it was necessary to apply one of the multicriteria analysis methods and to determine the value of the required optimal periodicity of conducting the preventive maintenance procedures, taking into account both optimization criteria.

The value of optimal periodicity of conducting the preventive maintenance procedures of a chardan shift vehicles was determined according to maximal availability criterion to be 150 working hours, while according to criterion of minimal maintenance costs that value was 350 working hours.

By application of the multicriteria analysis the value of the required optimal periodicity of conducting the preventive maintenance procedures of a chardan shift vehicles, with taking into account both optimization criteria, was 250 working hours.

The presented methodology of the multicriteria decision-making can be applied for obtaining the reliable value of optimal periodicity of conducting the preventive maintenance procedures also of other parts of the analyzed technical system. There one needs available data, which can be obtained by analysis and monitoring of the considered technical system, thus the reliability indicators of the system can be determined, as well as the characteristics of its maintenance.
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