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A MODEL FOR PREDICTING MOTOR VEHICLE
LIFE CYCLE COST AND ITS VERIFICATION

Summary

In the paper there is a draft of a general model to be used for calculating life cycle costs
and determining an optimum period of durability of a motor vehicle. This model is created in
the MATLAB software environment. The paper contains calculations and input data which
are necessary for making a model that would predict motor vehicle life cycle costs and
determine the optimum period of durability. The suggested model might be used for working
out life cycle costs of a new vehicle type for which the costs have not been determined yet.
This model can also be applied when comparing several types of motor land vehicles of the
same category during purchase. It is advisable to use the model mainly during tenders, since
life cycle costs are one of the major criterion when selecting a supplier. The model enables us
to calculate not only life cycle costs, but also vehicle amortization which depends upon
mileage and age of a vehicle. All cumulative values might be transformed into unit values
related to the mileage.

Key words: vehicle life cycle costs, prediction of vehicle life cycle costs, vehicle
purchase costs, operating state costs, preventive maintenance costs,
corrective maintenance costs, amortization costs.

1. Introduction

At present, there is a need for reliable products. It is necessary for products to operate
without doing harm to the environment. What is more, they should be easy to maintain
throughout their technical life cycle [3]. In order to satisfy a customer, by optimizing
acquisition costs, ownership costs, and decommissioning costs the producer is expected to
design the products which are to be reliable and capable of competing in terms of costs.
Ideally, this process of optimizing should start with the creation of a product and take all costs
met throughout the product life into account. All decisions made about product design and
production can affect requirements for the performance, safety, reliability, availability and
maintenance support of a product [13]. These decisions determine the price of the product as
well as ownership costs and decommissioning costs.

In an attempt to improve the design of products and reduce design changes, cost, and
time to market, concurrent engineering or life cycle engineering has emerged as an effective
approach to addressing these issues in today's competitive global market. As over 70% of the
total life cycle cost of a product is committed to the early design stage, designers are in a
position to substantially reduce the life cycle cost of the products they design by giving due
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consideration to life cycle cost implications of their design decisions. Increasing recognition
of cost competition has spurred the development of methodologies such as design for
manufacturability, design for assembly (DFA), design for producibility, design for
maintainability and design for quality in the design for 'X' realm. Although these
methodologies have for the most part proven successful in reducing cost, the design
evaluation criterion in most of these methodologies is not cost. Therefore, methodologies and
tools are needed to directly provide cost information to designers. Life cycle cost (LCC)
analysis provides a framework for specifying the estimated total incremental cost of
developing, producing, using, and retiring a particular item [1].

Prediction of the life cycle cost makes use of statistical and artificial neural network
methods in conceptual product design. During the early design stages, over 70% of the total
life cycle cost (LCC) of a product is committed and there may be competing concepts with
dramatic differences. Additionally, both the lack of detailed information and the overhead in
developing parametric LCC models for a range of concepts make the application of traditional
LCC models impractical. An artificial neural network (ANN) model to predict the product
LCC is developed and compared with a conventional statistical model, i.e. the regression
model. The results show that the ANN model outperforms the traditional regression model
used for predicting the product LCC [9].

Remote condition monitoring (RCM) can help to achieve increases in reliability,
availability, maintainability and safety (RAMS). Nonetheless, the application of a LCC model
to RCM has hitherto been overlooked [6].

A life cycle cost analysis is an economic analysis aimed at assessing overall costs of a
product purchase, ownership and decommission. This analysis provides important input data
in the decision-making process during design, development, usage and disposal phases [3, 4].
The producers can optimize their designs by evaluating alternatives and carrying out a study
on cost and benefit optimisation. In order to optimize life cycle costs they can evaluate
different strategies of operation, maintenance and decommission. The life cycle cost analysis
might be used efficiently when evaluating the costs of specific activities, for example while
evaluating different concepts and approaches to maintenance, solving problems of a specific
part of a product, or dealing with problems connected with only a selected product life cycle
phase or phases [5, 11, 13, 14].

The life cycle cost analysis is used for optimizing a design concept and is most effective
in the early life cycle phases. However, the analysis can be also updated and used during
subsequent life cycle phases in order to discover the areas of significant cost uncertainty and
risk. Selected life cycle costs might be used for calculating life time or setting an optimum
interval of product service maintenance [4].

At present, there is a tendency to predict life cycle costs before a product is in operation.
For this prediction single models [2, 4, 7, 10, 12, 13 and 15] might be used. In this paper, a
possible procedure for predicting life cycle costs of motor vehicles with the use of the
MATLAB software environment is introduced. A mathematical model which enables us to
determine motor vehicle life using selected life cycle cost parameters is also included.

There are five phases of a motor vehicle life cycle [3, 4]:

1. period of concept and requirement determination,

2. design and development period, } - purchase costs,
3. manufacture period,

4. operating state and maintenance period, - proprietary costs,
5. disposal period. - disposal costs.
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2. Calculation of predicted motor vehicle life cycle costs

Generally, the total costs borne during the given periods may be divided into purchase
costs, possession costs, and disposal costs. For the draft model, a division of life cycle costs
into the following five categories is recommended.

LCC =Cp +Copc +Comp + Copmo +Cp (1)

LCC, = Lce

(2)
where LCC - life cycle cost of motor vehicles, LCC; - specific life cycle cost of motor
vehicles, Cp - vehicle purchase cost, Copc - corrective maintenance cost, Coyp - preventive
maintenance cost, Copo - operating state of vehicle cost, Cp - vehicle disposal cost, 7 - time of
vehicle operation |3, 4].

2.1 Costs of motor vehicle maintenance

The total vehicle maintenance costs consist of preventive maintenance costs and
corrective maintenance costs.

Com = Comc + Comp (3)

The maintenance costs comprise generally material costs, labour costs, and workshop
equipment costs [3, 4].

Com = Comermr +Comcr + Comer )+ (Compmr + Compr + Compr) 4)

CO_M (5)

COMs = p

where Cpy, - cumulative maintenance costs, Cou - specific cumulative maintenance costs,
Cowmc - corrective maintenance costs, Coyp - preventive maintenance costs, costs of material
used for corrective maintenance, Copcr - costs of labour force for corrective maintenance,
Comcr - costs of workshop equipment used for corrective maintenance, Coppy - costs of
material used for preventive maintenance, Coypr - costs of labour force for preventive
maintenance, Coypr - costs of workshop equipment used for preventive maintenance, ¢ -
operating time in kilometres.

a) Corrective maintenance cost

The total costs which incur for ensuring repairs during the vehicle operating time
depend on the number of failures which occur in the vehicle during its operation and on costs
incurring for removing these failures. The calculation of the prediction cost of corrective
maintenance is performed by at least one of the following ways, depending on the availability
of information:

a) based on the failure intensity at interval z,
b) based on the mean time between failures @.

Cumulative and specific costs of corrective maintenance may be calculated using
equations (6), (7) and (8):

n=
Comciy = D, %) “icR (6)
n=1

TRANSACTIONS OF FAMENA XL-1 (2016) 17



J. Furch A Model for Predicting Motor Vehicle
Life Cycle Cost and its Verification

Comc = % 't (7
C
Comcs = OtMC (8)
2= lim E[N(t+ A1) - N(1)] )
At—0+ At

where Copc - cumulative corrective maintenance costs during operating time ¢, Coucs -
specific cumulative corrective maintenance costs during operating time ¢, ¢ - operating time in
kilometres, i - determined value of the interval in kilometres, j - number of determined
intervals i, z, - failure intensity at interval ¢, @ - mean time between failures, cz - average cost
of one failure repair consisting of material and labour costs [3].

Based on equations (6) and (7) the corrective maintenance cumulative costs are
calculated for the monitored predicted interval. Calculations of corrective maintenance costs,
which depend on the failure intensity z), include the process of aging and wear (degradation
of the vehicle as a whole). This parameter is usually not available because it is necessary to
perform the monitoring of the vehicle. On the other hand, the calculation based on the mean
time between failures @, determined as an average distance between individual failures, does
not include effects of degradation.

b) Vehicle preventive maintenance costs

These costs include the costs of preventive maintenance which is performed in
compliance with a specified schedule for the maintenance of a given vehicle [10].

The total amount of costs which incur for ensuring the preventive maintenance during the
vehicle operation depends on the number of preventive maintenance actions (maintenance
interval) performed on the vehicle during its operation. The amount of these costs further
depends on price relations of preventive maintenance actions comprising material price and
labour costs. Thus, for the costs of ensuring preventive maintenance it may be written [5, 14, 15]

COMpzt’éM (10)

COMP (1 1)

COMPS = p

where Copp - cumulative costs incurred for ensuring preventive maintenance during
operating time ¢, Coups - specific cumulative costs incurred for ensuring preventive
maintenance during operating time ¢, ¢ - operating time in kilometres, ¢, - average cost
incurred for ensuring preventive maintenance, consisting of material and labour costs
related to an operation time unit.

For predicting the preventive maintenance costs the following values are selected:
a) service maintenance interval (km),

b) frequency of service maintenance during the service maintenance period,

c) types of service maintenance during the service maintenance period.

Considering the values above, the following indicators are calculated [5]:

a) guarantee inspection costs (price),

b) costs of individual types of service maintenance, comprising material price and
labour costs (price),

c¢) costs of the service maintenance period (price),

d) average costs of service maintenance relating to a kilometre of operation (price/km),
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e) cumulative costs of service maintenance during the operation time (price),
f) specific cumulative costs of service maintenance during the operating time
(price/km).

2.2 Operation costs

The period of operation includes fuel costs Cp, costs of service fluids, oils and
lubricants Cp; which are refilled during the operation (not within service maintenance), tyre
costs Cr, battery costs Cyp, costs of the vehicle insurance and a road tax, and other possible
costs resulting from the legislation Cjry, motorway sticker costs Cy, costs of technical
condition control Cr¢, exhaust-emission measurement costs Cz [4]. The individual cost is
calculated by using the following equations:

Como =Cr+Cor +Cr +Cyp+Cirr +Cpyr + Crc +Cg (12)
Cr = Car “Prl, (13)
100
Cor :M'pOL L (14)
100
tO
Cr= “np - py (15)
daT
doap =1 dyp (16)
tO
Cyp = “Nyp - D4p (17)
aAB
Cirr =Cr +Cpyr (18)

where Coyo - operation costs, c,r - average fuel consumption (1/100 km), pr - price per litre of
fuel (price/l), t, - operation time (km), ¢, — annual operation time (km), c,o; - average
consumption of oil and lubricant (/100 km), po; - oil and lubricant price (price/l), dur -
average tyre durability (km), ny - number of tyres per vehicle (pcs), pr - tyre price (price), d4p
- average battery durability (years), d,4p - average battery durability (km), n4p - number of
batteries in the vehicle (pcs), p4s - battery price (price), C; - vehicle insurance price (price),
Crr - road tax price (price) [4].

When predicting operational costs the following data should be available:

a) price per litre of fuel (price),

b) average consumption of the vehicle in litres (1/100 km),

c) battery price (price),

d) battery durability in kilometres (years),

e) tyre price (price),

f) tyre durability (km),

g) price of annual liability insurance (price),

h) price of annual accident insurance (price),

1) price of annual motorway sticker (price),

j) costs of technical inspection and exhaust-emission measurement per year (price).

Based on the specified data and by using equations (12 — 18), the total cumulative operation
costs are calculated.
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2.3 Disposal costs

This category includes costs of putting vehicles out of operation and of vehicle disposal
after the vehicles reach the end of their lifetime. [11].

where Cpp - costs of dismounting and removing engineering parts, Cpg - costs of recycling or
safe disposal.

These disposal costs may be present as a plus or minus value, depending on the disposal
method. The plus value may be achieved if the vehicle is exploited and individual raw
materials are handed over to a refuse collection. The minus values will be achieved if the
vehicle is ecologically disposed of by another company.

A law including a vehicle disposal method as a duty of the manufacturer is being
considered. This price would be included in the vehicle price, as it is for example in electrical
appliances.

For these reasons disposal costs are not included in the calculations of the vehicle life
cycle costs.

3. Prediction of a motor vehicle life based on selected life cycle costs

The prediction of motor vehicle life is based on vehicle amortisation and maintenance
costs. Vehicle amortisation costs consist of vehicle purchase costs and the amortisation itself
based on the expert standard used for motor vehicle valuation [8].

1) Costs of motor vehicle purchase and amortisation

The costs of motor vehicle purchase is calculated according to (20). Then, the real value
of a motor vehicle during its operation is calculated from the purchase costs which are
reduced by the vehicle amortisation costs. These costs are determined from the vehicle
operating time (age) and mileage.

a) Costs of motor vehicle purchase

Motor vehicle purchase costs may be expressed as [3, 7, 11]:

where C¢p - costs of the period of concept and requirement determination, Cpp - costs of the
design and development period, Cys - costs of the period of manufacture, Cs - costs of the
vehicle sales period, Cg - costs of ensuring repairs during a guarantee period.

b) Calculation of motor vehicle residual value (amortisation)

The value of an amortised motor vehicle is determined based on the vehicle operating
time (age) and mileage. For a certain vehicle type, the price is calculated from the
amortisation scales (Table 1 - 4), in which a basic percentage deduction for the operating time
and a basic percentage deduction for mileage are determined. The vehicle value is then
calculated as an arithmetic average of the following values [8]:

Cpa=(Cyr +Cyp)/2, (20)
C
Cpys = % (21)

where Cpy - costs of motor vehicle purchase and amortisation, Cpy, - specific costs of motor
vehicle purchase and amortisation, C4r - amortisation value of the vehicle depending on the
operating time, C4o - amortisation value of the vehicle depending on its mileage.
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When calculating the prediction of motor vehicle life, the values listed below are
selected:

— costs of motor vehicle purchase (price),

— period of durability of a motor vehicle (km),

— period of durability of a motor vehicle (years).

Table 1 Basic percentages deductions in time (C,7) for different types of vehicles [8]

Passenger car and motor vehicles to a total
weight of 3500 kg Lorries and special
Operating time | % deduction in the year of | % deduction in the lorries.
[year] operation starting from year of operation Buses and
951 cm’ to 2000 cm’ starting from 2001 minibuses.
displacement cm’ displacement
1 25 33 20
2 33 40 30
3 40 45 40
4 45 50 50
5 50 55 60
6 55 60 70
7 60 65 75
8 65 70 80
9 70 74 85
10 74 78 90
11 78 82 90
12 82 86 90
13 86 90 90
14 90 90 90
15 and others 90 90 90

Table 2 Basic percentages deductions per mileage (C,0) for passenger cars [8]

Passenger vehicles with D % deduction per each 1000
displacement Range in kilometres
3 km
[cm]
to first 20000 1.00
951 -2000 other 0.50
to first 30000 0.67
2001 - 3000 other 0.33
to first 40000 0.50
over 3000 other 0.25

Table 3 Basic percentages deductions per mileage (C o) for a motor truck [8]

> -
Lorries of the total weight Most frequent way of | % deduction per each 1000

use km

road and city traffic 0.30

el rein

to 5 000 kg - -
construction work (in
the field) 0.75
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> -
Lorries of the total weight Most frequent way of | % deduction per each 1000

use km

road and city traffic 0.20

difficult operation 0.30

5001 - 16 000 kg conditions )
construction work (in

the ficld) 0.50

road and city traffic 0.12

difficult operation 0.30

over 16 001 kg conditions ’
construction work (in
the field) 0.50
Table 4 Basic percentages deductions per mileage (C,0) for buses and minibuses [8]
> -
Vehicles % deduction per each 1000
km

Minibuses 0.30

City buses 0.25

Public service buses and special vehicles based on buses 0.20

Long distance coaches 0.08

2) Costs of motor vehicle maintenance

When calculating the costs of motor vehicle maintenance data from chapter 2.1 are
used.

3) Determination of the period of durability of a motor vehicle based on the selected life cycle
costs

This is one of possible methods for determining a vehicle life cycle [12]. The
determination of the period of durability of a vehile based on the LCC may be performed in
two ways:

a) by deducing optimal life cycle costs directly from the graph.

b) by determining optimal life cycle costs using points of the elaborated graph through

which a suitable regression curve is laid out. This curve is expressed by an equation
of function f{x).
Calculation procedure:
— Finding a local extreme of the function within the [0, 7p] domain, where T} is the
vehicle’s period of durability. The calculation is performed with the first derivation
of function f(x), where the following applies:

f(x0)=0. (22)

The result is a local extreme within interval [0, Tp].
— Finding a strong local minimum of the function within the [0, 7] domain:

[ (x)=0. (23)

After the function minimum within the searched interval [0, 7] is set, it is necessary to
determine the value of the vehicle’s period of durability. It is recommended to determine an
optimal interval in kilometres which is 5 to 10 % higher than the calculated value of the
minimal costs (Fig. 3).
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4. Results of the draft model in MATLAB

Based on the previous relations and the required input data a mathematical model has
been created in the MATLAB software environment. This software seems to be an
appropriate tool for achieving accurate results during a relatively short period of time.
Another advantage of the software is that graphs in different forms can be created (Fig. 1,
Fig. 3). When changing input parameters it is possible to perform the optimisation of a
vehicle life based on the selected vehicle life cycle costs (Fig. 3). The draft of the prediction
of life cycle costs has been verified by observing 56 Land Rover Defender vehicles. The
difference between the predicted and the established life cycle cost was up to 10 per cent
which is by any means a very good result.
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Fig. 2 Estimation of cumulative life cycle costs of Land Rover Defender
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Fig. 4 Estimation of selected cumulative life cycle costs of Land Rover Defender

Life cycle costs of the vehicle UAZ —

469 were calculated and are shown in Figure 5.

This calculation is based on the proposed model for life cycle cost prediction. The UAZ — 469
vehicle is similar to the Land Rover vehicle. According to the graph the vehicle durability is
about 80 000 km which corresponds to the manufacturer's recommendations.
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Fig. 5 Predicted selected cumulative and specific life cycle costs of UAZ - 469 in MATLAB

5. Conclusion

The paper contains a description of a model applied when predicting life cycle cost and
made in the MATLAB software environment. It contains formulae, procedures, and necessary
data for the calculation of individual costs of the vehicle life cycle. The method described
above may be used for a preliminary determination of life cycle costs of a new vehicle and a
comparison of several vehicles of the same category. This comparison may be applied as a
criterion in tenders for the supply of new technical equipment.

Acknowledgement

The presented study has been prepared with the support of the Ministry of Defence of
the Czech Republic, Partial Project for Institutional Development, K-202, Department of
Combat and Special Vehicles of the University of Defence, Brno.

REFERENCES
[1T Y. Asiedu, P. Gu. Product life cycle cost analysis: state of the art review. International Journal of
Production Research 1998; 36(4): 883-908.

[2]  A. Chovanec. Analysing and modelling off-road vehicle availability. Proceedings of the Sixteenth
International Conference on Transport Means 2012; 54-57.

[3]  BS. Dhillon. Life cycle costing for engineers. Boca Raton: CRS Press, 2010.

[4]  J. Furch. Mathematical model for the prediction of life cycle costs of combat vehicles. Proceedings of the

Sixth International Conference on Intelligent Technologies in Logistics and Mechatronics Systems 2011;
48-52.

[ST J. Furch. Design of operational vehicle maintenance programme based on life cycle cost and reliability
centred maintenance. Journal of Advances in Military Technology 2009; 4(2): 37-54.

[6] F.P.Garcia Marquez, R.W. Lewis, A. M. Tobias, C. Roberts. Life cycle costs for railway condition

monitoring. Transportation Research Part E: Logistics and Transportation Review 2008; 44(6): 1175-
1187.

[7]  H.K.Jun, J. H. Kim. Life cycle cost modeling for railway vehicle. Proceedings of International
Conference on Electrical Machines and Systems 2007; 588-593.

[8]  P.Krejéii P, A. Bradaé. Ocenovani motorovych vozidel. Brno: Akademické vydavatelstvi CERM, 2004.

TRANSACTIONS OF FAMENA XL-1 (2016) 25



J. Furch A Model for Predicting Motor Vehicle

[9]

[13]

[14]

[15]

Life Cycle Cost and its Verification

K. S. Kwang, P. Ji-Hyung, J. Dong-Sik, W. Wallace. Prediction of the life cycle cost using statistical and
artificial neural network methods in conceptual product design. International Journal of Computer
Integrated Manufacturing 2002; 15(6): 541-554.

B. Leitner. A new approach to identification and modelling of machines dynamic systems behaviour.
Proceedings of the Fourteenth International Conference on Transport means 2010; 17-20.

Z.Q.Mai, T. T. Xu, L. Sun, X. L. Wang, J. M. Fan, A. Q. Sun. Cost Estimation of Product Life Cycle.
Proceedings of the Second International Conference on Advances in Materials and Manufacturing
Processes 2011; 582-585.

K. K. Seo, J. H. Park, D. S. Jang, D. Wallace. Prediction of the life cycle cost using statistical and
artificial neural network methods in conceptual product design. International Journal of Computer
Integrated Manufacturing 2002; 15(6): 541-554.

A. Thaduri, A. K. Verma, U. Kumar. Comparison of reliability prediction methods using life cycle cost
analysis. Proceedings of the Fifty-ninth Annual Reliability and Maintainability Symposium 2013;

Z. Vintr, D. Vintr. Vehicle maintenance process optimisation using life cycle costs data and reliability-
centred maintenance. Proceedings of the First International Conference on Maintenance Engineering
2006; 180-188.

L. Y. Waghmode, A. D. Sahasrabudhe. On the expected number of failures and maintenance cost
prediction of repairable systems from life cycle cost modeling perspective. Proceedings of the ASME

International Design Engineering Technical Conferences and Computers and Information in Engineering
Conference 2010; 553-560.

Submitted: 06.11.2014 prof. Eng. Jan Furch, Ph.D.

University of Defence Brno

Accepted: 28.01.2016 Faculty of Military Technology

26

Kounicova Str. 65
662 10 Brno, Czech Republic

TRANSACTIONS OF FAMENA XL-1 (2016)





