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ABSTRACT

From the large number of cars on the roads a number of both problems and benefits are derived. During its use, every car has to be routinely maintained, irrespective of whether there has been any fault or problem. As a rule, motor vehicle maintenance is a predictable process laid down by the principal manufacturer, while occasionally some parts manufacturer will advise on the way to maintain a given part. Since in the motor vehicle maintenance process there are an exceptionally large number of units it can be monitored by statistical methods, that is, via statements of the amount of occurrences on a mass scale, other activities related to motor vehicles can be monitored, the use of cars on the roads, the checking of the technical state of the vehicle and other things to do with cars. This is necessary because with maintenance there are several levels of maintenance, a mass of types of vehicles, various needs for carrying out the maintenance process, various users and groups of users of individual vehicles and groups of vehicles.

1. Introduction

There is a separate and important form of research into the maintenance process that is carried out by automobile manufacturers so that they can make use of the knowledge they acquire in making improvements to particular kinds of vehicles or designing new parts or whole new vehicles.

Monitoring the use and maintenance of cars has given results such that in the construction of cars more attention is paid to facilitating maintenance and repair and that the time in which the replacement of some part or the overhaul of some vehicle can be planned.

Practice has shown that a lot can be achieved in design, and that still more can be achieved with simultaneous planning. The replacement of some part, the overhaul of a vehicle or mere maintenance without the replacement of any parts represent a certain cost, which warrants the presentation of the course of these phenomena in graphic form. 

Discussion of the life curve
When a very complex machine is observed, or a set of complex machines or installations, during the whole of the time of their work, or if a reliability test of such installations is carried out (machines, buildings, products) most frequently an aggregate curve is obtained, combined from the previous simple curves, as shown in Figure 1. 

[image: image1.png]r(t)

hyperexponential regular or Weibull's

negativ exponentlal

/

Area A Area B AreaC





Figure 1: The curve usually called the life curve (because of the shape of the curve it is sometimes referred to as a bathtub curve).

Region A is the time of the early life, or running in. With some products the running in time is carried out in the factory, but this is possible only with very expensive products or with products of which an exceptional degree of adjustment and reliability is expected. In this way the greatest possible amount of reliability for the product is ensured, and a high degree of consumer confidence. For this kind of product, the manufacturer can give better guarantees, and at the same time charge higher prices and sell more. In this period, marked A, faults and shortcomings are most often discovered, and they can be repaired or improved easily. The length of this period depends on the manufacturer, whether it has a serious quality control programme throughout the production process, which in turn depends on the reputation the manufacturer has, how much it wants to keep it up, upon the seriousness of the workers, and how much each worker values the work he/she and others have put in, and on a number of other factors.

Area B is the period of normal work, in which breakdowns are infrequent and occasional with a small degree of frequency. Infrequent and contingent breakdowns are the result of good construction, quality workmanship, good and prompt maintenance, proper, intelligent running, and a few other factors. It is especially important to determine the end of area B since before that period it should not be necessary to give the product a general overhaul, or to replace vital parts or cease using the product.  But right at the end of period B a general overhaul should be considered, with all the necessary parts being replaced, or the whole product being replaced in certain circumstances. A product that is sent for a general overhaul in the early part of area B or even in area A is not being economically used. The close of area B can be called the optimal value for the use of the product.

In area C frequent breakdowns, faults and difficulties in use either occur or are expected, and this is the right time for a general overhaul, which should, however, when well planned, be done at the end of period B. The curve given in Figure 1 and the discussion about this curve is the conclusion with which the producers of motorcars of the so-called middle price range concur. Producers, that is, of cars of this class, produce vehicles and parts in such a way that they will without any problem last for five or six years of intensive use, with high mileages, while careful drivers who do less driving with regular high quality maintenance can get their vehicles to last ten years.  This is possible because such cars are made of quality steel plate, with anti-corrosion galvanising, for which the warranty period is often six years, while with good maintenance the body metal should last much longer. The mechanical parts are planned to take use of up to 200,000 km, and again normally with good and prompt maintenance, during which some parts are replaced.

With this kind of approach, the producer is right to persuade the consumer of the seriousness of his work and the quality of his product, and in this way gains consumer favour and ensures good sales. When a higher number of producers attain this degree of seriousness, inevitably those extremely serious producers will try for a new level of quality, for new kinds of construction that will facilitate increased efficiency with an increase in quality, an easier system of maintenance for the user, and certainly comprehensive care for their products during the whole period of their useful life.

In cases when on the basis of tests, investigations and previous experience the real life curve of a certain product can be drawn then many data will be obtained which will be useful in the determination of the manner of carrying out overhauls to the product.

In the sequel, we shall discuss maintenance and overhaul policy, into which the previous considerations have been built.

1.1 The most favourable time interval between preventative replacements of motor vehicle parts and assemblies, based on experiential knowledge

Motor vehicle users take many of the preventative actions recommended by vehicle manufacturers, and in this way secure their warranty rights, ensure vehicle reliability, long term vehicle life and that their vehicle functions properly. Characteristic actions are: oil changes, done at intervals of 5,000 and 10,000 km, according to manufacturer instructions and conditions of driving; spark plug changes, done about every 20,000 kilometres. Together with these most characteristic of replacements, many other parts and assemblies are replaced, with a lot of checks and adjustments.   These replacements are called preventative, to distinguish them from those unforeseen or contingent changes, when some part has to be changed because it has broken or malfunctioned. However, there are also changes of individual parts and assemblies if any larger operation is being carried out on the car that are more expensive: this happens when the parts are relatively cheap, and the labour required for the replacement is expensive

Contingent breakdowns are a great interference with the usage of a vehicle. Testing and calculating the reliability of all, especially the most important parts, has led to this problem being successfully overcome or reduced to the smallest possible measure. It should certainly be mentioned that the cheapest approach to maintenance and overhaul is that parts that are the least durable and reliable should be preventatively replaced, and the most expensive approach is to replace a part because of some unforeseen and unexpected breakdown, often in the most unfavourable circumstances. The time for preventative replacement, or the mileage until the next preventative replacement, occurs at prescribed and identical intervals, and a contingent replacement happens at the moment of the unexpected breakdown. The optimum interval between preventative replacements has to be found or calculated, with a minimisation of the total estimated costs of replacements with respect to the selected interval of preventative replacement.
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Figure 2: The interval of preventative replacement.

The interval of preventative replacement can also be called a unit of time. The Total estimated expenses per unit of time, designated C(tp) is given by the expression
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in which
Cp
= costs of preventative replacement,

C​s
= estimated costs of contingent replacement

M(tp)
= number of contingent breakdowns in a given period of time (O, tp),

tp
= length of interval.

Of these values, M(tp) has to be calculated by special methods, while all the other values are  obtained from previous monitoring and economic analysis. For a successful estimate of the value M(tp), which is a matter of statistical evaluation, test data have to be used for the calculation of reliability. If an accurate life curve can be drawn on the basis of data gathered, then, for every period of time, the value of M(tp) can  easily be calculated.
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Figure 3: Number of malfunctions

The symbols on Figure 3 designate:


N(t)
number of malfunctions in the interval (0,t),

t1, t2
intervals between malfunctions,

tr
time of the rth malfunction = t1 + t2 + ...tr

r
number of malfunctions.

As earlier stated,  M(t) represents a variable number of breakdowns in the interval (0,t),  statistically expressed as:

M (t) = E(M(t)(
where E(M(t)( is the mathematical expectation.

Since the values 1, 2, 3, ...r and r + 1 are fixed values for the case observed, and N(t) and t are variables, the hypothesis can be made that the probability

P(N(t) = r(
is that probability that says that t lies between the rth and the (r + 1)th breakdown. It can be said that there are three different cases, of which one has been shown, the other two being:

P(N(t) > r(
and
P(N(t) < r(.

Since all the probability cases make up a probability of 100%, this means that their sum is equal to 1, and this can be expressed as follows:

P(N(t) < r( + P(N(t) = r( + P(N(t) > r( = 1

In these calculations P( ( signifies probability, and since

P(N(t) < r( = 1 ( Fr(t)    and    P(N(t) > r( = Fr+1(t)

it follows that:

P(N(t) = r( = Fr(t) ( Fr+1(t).

Now the estimate value comes to:
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or:
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A solution for M(T) (the estimated number of contingent breakdowns in time interval (0,t), according to Laplace transforms follows that for normal distribution, which is quite frequent, with the assumption of a large value for t (t ( ():
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in which 
( = the arithmetical mean,



( = the variance of f(t).

A solution for M(t) (estimated number of contingent breakdowns in time interval (0,T)), according to the gradual approximation method:
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Figure 4: The estimated number of malfunctions in a time interval of 0 to 4.

In connection with the graphic presentation in Figure 4, it can be assumed that M(4) is the estimated number of malfunctions in a time interval of 0 to 4, if one starts off with a new machine. Since time 0 is normally started from, the first malfunction, or several malfunctions, will occur some time after the time of the first, second, third or fourth time units. In this case this is the so-called sum of the probability of events. In the sequel, with assistance from statistical theory, the following expression can be arrived at:

	 M(4) =
	
	The number of estimated breakdowns that occurred in the interval (0,4), when the first breakdown occurs in the first time unit x the probability that the first breakdown will occur in interval (0,1)


	
	+
	The number of estimated breakdowns that happened in the interval (0,4) when the first breakdown happens in the second time unit x the probability that the first breakdown will occur in interval (1,2)


	
	+
	The number of estimated breakdowns that happened in the interval (0,4) when the first breakdown happens in the third time unit x the probability that the first breakdown will occur in interval (2,3)


	
	+
	The number of estimated breakdowns that happened in the interval (0,4) when the first breakdown happens in the fourth time unit x the probability that the first breakdown will occur in interval (3,4)



In this method one malfunction is usually put in one time interval, and the length of the time interval is freely chosen, so that there should be only one malfunction in it. On this assumption the following equation is obtained:

The number of estimated malfunctions that happened in the interval (0,4) when the first malfunction occurs in the first unit of time:

M(4) = 1 + M(3)

The probability that the first malfunction will occur in the first unit of time is 
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with a similar occurrence for the first malfunction in the second, third, or fourth time period. Thus the total number of malfunctions M(4) is equal to the sum of the individual malfunctions:
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With a zero unit of time the estimated number of malfunctions is equal to zero, or M(0)= 0. Taking this into account, we can simplify the previous equation and obtain:
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Further, the previous equation can be written in a general form:
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2. ACKNOWLEDGEMENTS

In the foregoing many problems concerned with the motor vehicle maintenance have been looked at, as have a large number of data that have come into this consideration. In a consideration of these problems it is clear that for a good result all data have to be carefully gathered and carefully and properly processed.

Apart from this it has been seen to be crucial that, for the creation of correct conclusions, some product be followed from conceptual sketches, through design, manufacture and use all the way down to total destruction. 

In this way it is possible to gather all the data that are necessary:

· to the constructor for the improvement of old  and the planning of new constructions,

· to the manufacturer, to reveal any possible mistakes in the manufacturing, and the correction of them,

· to the user, so that he can use the product for as long as possible at lowest costs.

After this it can be concluded that it is necessary, for the design, manufacture and use of a product, so that this should all be done in the best possible way, to unite the persons who take part in the whole of this chain, together with their ideas. In the case of statistical considerations it has to be evaluated to what extent confidence can be placed in the results, that is to what degree the results can be used satisfactorily. 

An equation that gives the dependence on replacement and running costs on time of use, also shown in the curve in the next figure, leads to the following conclusion.

That is, from the figure it can be seen that minor errors in estimating or calculating the time tz, if it is around the most favourable amount, do not have a great effect on the result of the conclusion.
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Figure 5: Minimal cost and optimal value for time interval.

In a case in which there is no certainty about the values of the basic parameters for analysis, when for example there is no certainty about the replacement costs, then the values of the curve for the total costs shown are also not completely reliable.

From the equation it is seen that the effect of a change in costs does not have a great effect on the optimal value tz.
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Figure 6: The effect of variously calculated values of Cz (Replacement costs + running costs).

From the figure it can be seen that with variously estimated values of Cz, a good solution is not highly dependent on the two estimated variants.

If however the value of Cz  were drastically changed, then the replacement costs would have to be studied carefully. Great differences occur often because usually not all the costs that really occur are included, for costs are often included in various ways. Commonly, costs for material, labour are included, but costs for lost working time, increased costs because of abnormal working conditions or overtime are usually left out or taken account of unrealistically.

When there are several variable values that come into the consideration, and an optimum solution is sought, then when the problem is being solved, it is necessary to take into account those estimations that cannot be shown precisely numerically.

At the end, a few observations can be singled out.

· Since there are good sources of data derived from experience available from designers, manufacturers, vehicle safety checkers, users, and data from earlier overhauls, with appropriate statistical treatment they can be used as indispensable sources for the creation of future overhaul policies.

· We see that it is often said, without any great thought, that some or other vehicle is expensive, thinking only of the purchase price. It is sensible to bear in mind, when thinking of the value of a vehicle, or the purchase price, the cost price over the whole of the exploitation period. There could be particular discussion about equipment and about the need to build in certain items of equipment that are not necessary for the vehicle to run normally and qualitatively.

· A correct approach to the problem of maintaining motor vehicles is the one that unites the approaches of vehicle constructors, manufacturers, technical control personnel, infrastructure designers and contractors, users of vehicles and those who are concerned with the problems of the impact of vehicles on the environment.

REFERENCES

Krpan, D.:
Tehnologija motornih vozila, Tehnička knjiga, Zagreb, 1951.

Cox, D.R.:
Renewal Theory, Wiley, 1962.

Pavlić, I.:
Statistička teorija i primjena, Tehnička knjiga, Zagreb, 1970.

Hastings, N.A.:
Equipment replacement and the repair limit method, New York, 1970.

Gnedenko, B.:
The Theory of Probability, Mir Publishers, Moskva, 1982.

Željko Cvirn, Ph.D. M.E.

University of Zagreb

Faculty of Mechanical Engineering and Naval Architecture

I. Lučića 5

CROATIA

Telephone: +385 1 61 68 129

Prof. Josip Stepanić

University of Zagreb

Faculty of Mechanical Engineering and Naval Architecture

I. Lučića 5

CROATIA

Telephone: +385 1 61 68 149, 61 68 154

Dragan Žeželj, B.Sc.

University of Zagreb

Faculty of Mechanical Engineering and Naval Architecture

I. Lučića 5

CROATIA

Telephone: +385 1 61 68 359

E-mail: dzezelj@fsb.hr
















_984484213.unknown

_984458871.unknown

_984459437.unknown

_984459756.unknown

_984459850.unknown

_984459695.unknown

_984459042.unknown

_984458687.unknown

