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THE QUALITY OF MOTOR CARS AND ITS VARIATION IN TIME
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Abstract. The paper considers the quality of motor cars and its changes during the vehicle service life. The
process is analysed in terms of the theory of reliability. The emphasis is placed on the analysis of the work without
breakdown and such issues as probabilities of breakdowns and breakdown-free operation, breakdown frequency,
intensity and the average time of the vehicle run till failure.

Based on the statistical data breakdown probabilities of the particular systems, mechanisms and units, depending

on the service life of a vehicle are determined.

Keywords: quality of motor cars, reliability, probabilities of breakdown and breakdown-free operation, frequency

and intensity of breakdowns.

1. Introduction

The performance of motor cars depends on many
factors. The first one is the quality of technical and
technological documentation of maintenance and re-
pair. The second factor is the quality of technological
equipment. The third factor is the quality of raw ma-
terials used in car manufacture. The fourth and the
main factor is the quality of work of executors includ-
ing not only designers and manufacturers, but users
as well. New laws and directives are more stringent
with respect to car performance [1-3].

During the operation cars deteriorate, causing
the change of their technical characteristics, which
may lead to breakdowns. In addition to the above fail-
ures caused by long service life, some accidental break-
downs may occur due to manufacturing defects, over-
load, poor maintenance, bad weather, etc. [4-6].

The analysis of the changes in the operational
state of a car will enable us to determine the reliabil-
ity of particular systems, units and mechanisms.

2. Major reliability criteria

The reliability of motor cars and their components
may be determined according to the following charac-
teristics: work without breakdowns, longevity, repair-
ability and durability. Various reliability criteria are used
to define each of the above characteristics.

The moment of breakdown appearance as well
as duration of the breakdown removal are random

quantities, so the reliability indications will be estimated
by the help of methods of probability theory and math-
ematical statistics.

The breakdown - free operation of motor car
parts can be expressed by the following equation:

P=P(,T,SV,F), 1)

here P - breakdown —free operation; t — time in which
the calculation of breakdown — free operation is
performed; T — length of the working time to the first
fault of the given part; S —load character; '— character
of load variation in time; F — level of car workability
support.

In many cases S, VV and F are independent vari-
ables and they can be converted to constants. In such
case breakdown — free operation will depend on the
working time only:

P=P(tT). )

We are primarily concerned with the criteria re-
lated to breakdown-free operation. These are prob-
ability of breakdown-free operation P(t), breakdown
frequency f(¢), breakdown intensity A(¢) and average
time of operation before a breakdown ¢ occurs [5].

The probability of breakdown-free operation may
be described by the following relationship:

Py - g f ()t =1-F (1), 3)

here f(t) — breakdown density; F(¢#) — breakdown
probability.
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For given statistical data on the breakdowns the
probability of breakdown—free operation can be
found from the following equation:

P+ ()= NON‘O”(t), @

here P* (t)— statistical evaluation of the breakdown—
free operation probability; N, — number of parts at
the beginning of testing; n(f) — the number of broken
parts in time ¢.

In practice it is more suitable to rely on break-
down probability F(¢) which is a probability of at least
one breakdown during a certain period of operation:

_ N(t)
Fx()= N, (5)
or to use breakdown frequency:
f(t) = (At | ©)
NoAt

here F*(¢) and f*(¢) — statistical breakdown probability
and statistical breakdown frequency; n(f) — the number
of broken parts in time #; n(4r) —Atpe numb&{ of broken

parts in time interval from t——- to t+—-; N —the

number of parts at the beginning of testinzg.

Frequency of breakdowns or density of
breakdown distribution is a relationship between the
number of broken parts during the operational period
and the time of operation and the initial number of
parts when the broken parts are not replaced by new
or repaired parts.

Breakdown intensity is conditional density of
parts breakdown determined for a particular moment
of time under the condition that no breakdown oc-
curred till that time. A statistical expression of break-
down intensity is the number of broken parts per unit
of time or an operational period with respect to one
working part at the moment #:

n(t + At) — n(t)
NOL Q)

here n(t +At),n(t) - the number of broken parts at
the moments t + At and ¢; N(¢) — the number of
working parts at the moment ¢.

Breakdown intensity A(¢) is a function of time or
an operation period, therefore, it changes in time.
Breakdown intensity may also be calculated from this
formula:

A*(t) =

n(At)
N, At

A*(t) = ®)

Al
here n(A¢) — the number of broken parts from t - ?t until

At N. + N
t+?; Nvid: : 2 ol

unbroken parts in a particular time interval;

an average number of

N, — the number of unbroken parts at the
beginning of time interval Ar;
N, — the number of unbroken parts at the end
of time interval Az.

The mean working time to breakdown is named
as average working time to breakdown. The average
working time to breakdown of a part can be calculated

in accordance with the following formula:

No
tig = _thi , 9)
i=

here ¢, — the working time to breakdown of i—th not
repairable part.

When the parts are wearing and getting obsolete,
the intensity of motor cars breakdowns increases [4, 7].

3. The analysis of breakdown intensity

In Figs 1-4 the data of changes in the operational
state of particular systems, units or mechanisms of all
motor vehicles in Lithuanian car fleet depending on
vehicle service life are given.
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Fig 1. Breakdown probability of an engine and exhaust
system parts depending on their service life
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Fig 2. Breakdown probability of a car body and suspension
depending on its service life
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Fig 3. Probability of losing braking efficiency and brake
system failure depending on their service life
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Fig 4. Breakdown probability of steering, lighting and horn
system elements depending on their service life

As it is seen from the presented data, the age of
motor cars has direct influence on their reliability. The
minimal reliability is a characteristic feature of light-
ing and signaling system, as well as suspension and
transmission. Such tendency is observed not only for
aged cars, but also for cars of 5-7 years old.

4. Conclusions

1. Reliability of all systems, mechanisms and parts
of motor cars decreases in time, while breakdown
probability increases at a various rate.

2. Lighting and horn systems were found to be
most unreliable: breakdown probability of cars of 5-7
years of service is about 28 %, while for cars of 16-18
years of service it is over 40 %.

3. Service life of a motor car is the most impor-
tant for its suspension and transmission: breakdown
probability of cars belonging to a service life group of
5-7 years is about 12 %, while for those with 16-18
service life it reaches about 30 %.
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