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ANALYSIS OF THE OPERATIONAL RELIABILITY OF ENGINES AND TRANSMISSIONS FOR VEHICLES WITH ELECTRONIC CONTROL SYSTEMS USING PARETO APPROACH
Article presents results from the research of the reliability of Renault Kangoo and Fiat Doblo engines and gearboxes using the Pareto method. Their most common failures and repairs are identified and present in diagrams.
ANALIZA NIEZAWODNOŚCI EKSPLOATACYJNEJ PRACY SILNIKÓW I SKRZNI BIEGÓW POJAZDÓW Z ELEKTORNICZNYMI SYSTEMAMI STEROWANIA WEDŁUG METODY PARETO.

Artykuł przedstawia wyniki badań niezawodności eksploatacyjnej pracy silnika i skrzyni biegów w pojazdach marki Renault Kangoo oraz Fiat Doblo przy użyciu metody Pareto. Ich najczęściej występujące awarie oraz naprawy systemów zostały zidentyfikowane oraz przedstawione na wykresach.

1. INTRODUCTION

The limitation of the natural resources, increased demands for environmental protection and the complexity of the system design of the modern cars require high reliability during their operation. Successful solution of solving these tasks can be achieved by taking management decisions, based on information obtained from statistical data for the failures occurred, the repair expenses/costs and the unexpected breakdown of the vehicles.

The statistical data can be used to determine the most common failures of the structure, probable causes and ways to minimize them. This kind of tasks can be successfully solved using the Pareto approach, one of the best methods for quality management.

In 1897 Italian economist V. Pareto introduced a formula describing the variability of distributions of wealth. This idea in 1907 was graphically illustrated by a chart from the American economist Max Lorenz. The two scientists showed that most often the largest part of income or wealth does not belong to the large number of people. The famous American expert on quality management Joseph Juran used this method. He applied the Pareto principle to quality issues. This allowed to divide the factors affecting the quality of “the vital few and the useful many”. Generally it turned out that a large number of defects and the associated losses come from a relatively small number of reasons. J. Zhuang named this approach the Pareto Analysis.
2. MATERIALS AND METHODS
Pareto diagram represents a particular form of vertical bar graph that allows to determine what the problems are and how they can be resolved. The construction of this chart is based on processing of statistical information or other form of data collection. Pareto chart focus on actually the most important factors of the study (the highest bars in the graph) and less to those which are insignificant. Pareto charts for analysis of the reliability (Fig. 1) are built on the following algorithm:
1. Classification of failures chosen in accordance to the studied object.
2. Defining the form for registration of the failures.
3. Developing methodology for processing statistical information.

4. Processed data are arranged in descending order.
5. Plot a horizontal and two vertical axes. On the horizontal axis are plotted the considered factors. On the left vertical are plotted the measured values ​​of the analyzed parameters, and on the right - relative values ​​of this parameter as a percentage of total value.

6. Plot a bar chart for different types of failures.
7. Draw a Pareto curve. On the Intervals corresponding to each vertical of the horizontal axis are plotted the accumulated sums (measured in units or in percentages) which are joined by straight lines.
[image: image1.jpg]100

% ‘aoquinu

g0y

2

Cumulative curve

sounpey josaquiny

3

s
Group number of the failures





Fig. 1. Cumulative curve

The aim of the study is to identify and compare the most typical failures in two modern vehicles in terms of the cost for preventing them. The investigated vehicles are Renault Kangoo and Fiat Doblo. Both vehicles models belong to the same class - light type pickup. Renault Kangoo has EPIC-Lucas diesel fuel system with electronic control, and Fiat Doblo - Bosch Common rail fuel system. The vehicles were driven under the same conditions and loads.

Pareto principle was used as a scientific tool. Based on this principle, an analysis of the cost of repairing various types of failures is made. Csp indicator is used to determine the average specific costs (materials and labor) for distance covered per unit of time.
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Where Cij is the cost of removing the i​​th type of failure of the jth vehicle;

L – the mileage of jth vehicle run during the study
3. EXPERIMENTAL RESULTS
The study was conducted based on statistical data obtained from repair expense reports made to eliminate or prevent failures in different systems of engines and transmissions for 55 cars Renault Kangoo and 60 cars Fiat Doblo. The total distance covered [image: image4.png]%L



 is 6586000 km (Renault Kangoo) and 5043000 km (Fiat Doblo), and the average distance is 119700 km and 84000 km respectively. For the engines and transmission of Renault 293 failures were registered and divided in 16 classes (groups), and for Fiat Doblo - 488 failures, divided in 19 classes (groups).

For each group of failures (repairs) of a model Csp costs and thier relative share in percentage C% was determined using formula (1) (Table 1 and Table 2)
Tab. 1 Fiat Doblo
	№
	Type of failure (repair)
	Сsp lv/1000 km
	C %

	1
	Clutch change
	2.34
	25.63

	2
	Engine repair
	0.94
	10.30

	3
	Gearbox repair
	0.92
	10.08

	4
	Camshaft chain replacement
	0.84
	9.20

	5
	Gearbox rubber mounting change
	0.80
	8.76

	6
	Clutch pump replacement
	0.74
	8.11

	7
	Starter motor repair
	0.54
	5.91

	8
	Joint replacement
	0.38
	4.16

	9
	Water pump replacement
	0.35
	3.83

	10
	Engine rubber mounting change
	0.28
	3.07

	11
	Turbocharger repair
	0.25
	2.74

	12
	Change/replace alternator belt
	0.15
	1.64

	13
	Engine head repair
	0.13
	1.42

	14
	Change of the flowmeter
	0.13
	1.42

	15
	High pressure pump repair
	0.09
	0.99

	16
	Replacement of alternator belt
	0.10
	1.10

	17
	Clutch bearing replacement
	0.08
	0.88

	18
	Thermostat replacement
	0.05
	0.55

	19
	EGR valve replacement
	0.02
	0.22


Tab. 2 Renault Kangoo
	№
	Type of failure (repair)
	Сsp lv/1000 km
	C %

	1
	High pressure pump repair
	2.41
	27.54

	2
	Clutch change
	1.32
	15.09

	3
	Starter motor repair
	1.23
	14.06

	4
	Engine rubber mounting change
	0.80
	9.14

	5
	Engine repair
	0.54
	6.17

	6
	Engine head repair
	0.48
	5.49

	7
	Gearbox rubber mounting change
	0.48
	5.49

	8
	Change/replace alternator belt
	0.33
	3.77

	9
	Water pump replacement
	0.29
	3.31

	10
	Drive axle change
	0.25
	2.86

	11
	Thermostat replacement
	0.22
	2.51

	12
	Gearbox repair
	0.15
	1.71

	13
	Alternator repair
	0.11
	1.26

	14
	Joint replacement
	0.07
	0.80

	15
	Clutch cord replacement
	0.05
	0.57

	16
	EGR valve repair
	0.02
	0.23


To analyze the operating reliability of engines and transmissions for the investigated vehicles based on data from Table 1 and Table 2, bar and Pareto charts were built. 
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Fig. 2. Pareto chart for Renault Kangoo engines and gearboxes
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Fig. 3. Pareto chart for Fiat Doblo engines and gearboxes

In order to chose standard for classification of the typical failures for the mentioned vehicles it is required the cumulative growth curve for specific costs C% to be greater than the calculated average for this model. The average value of the specific costs to prevent engine failure for Renault Kangoo is:
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The average value of the specific costs to prevent engine failures for Fiat Ddobio is:
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From the Pareto chart (Fig. 2) can be determined that Renault Kangoo includes the following four typical failures (repairs):
- repair the fuel pump pressure;

- changing the clutch;

- repair of starter;

- changing engine rubber mountings.

More detailed analysis demonstrated that the most frequently observed reason for the repair of injection pump is the occurrence of failures in the rotor sensor. This is a structural problem for fuel-injection pumps EPIC-Lucas, which cannot be eliminated. Common reason for changing the clutch (Lavg = 35000km) is the clutch friction lining. This is most likely due to the fact the cars work mostly in urban environments.

From the Pareto chart (Fig. 3) can be determined that Fiat Ddobio typical failures (repairs) include:
- changing the clutch;

- motor repair;

- gearbox repair;

- camshaft chain replacement;

- change gearbox rubber mountings;

- clutch pump replacement;

- starter repair. 
Further in the research it was noticed that most common reason for the repair of engines is breaking the camshaft chain and the emerging consequences of that failure. The most frequent cause is the low reliability of the timing chain. Therefore, it is recommended to change the timing chain before the schedule time provided in the instructions for maintenance and repair of this model. Repair of gearboxes is often observed, because gear synchronization on third and fourth gear wears out very quickly. Hence these are categorized as the most unreliable and critical elements due to their constructive weakness.
4. CONCLUSION
The results of the survey allow detecting the most unreliable components and systems as well as the reasons for their frequent repairs. This could help management staff to take appropriate decisions that improve reliability and increase the efficiency of maintenance of these cars.
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