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ABSTRACT 

In this form the standard functional analysis is extended and the first time used in the concept analysis of the vehicle. 

The matrix form is used to analyse the function of the system by the value matrix, matrix of cost/benefit, matrix of 

repaire time, and matrix of supportability index. An earlier phase of concept vehicle definition allowed to the 

designer-analyst quickly and easily establishing and defining relation between the selection structure and 

performaces, costs and rangs importances of installed components, reliability and cost of repare time, logistic 

supportability,...Extended functional analysis could be the way of defining critical structure that do not be 

impediment project specification of the vehicle. 
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1.  INTRODUCTION  

An extended functional analysis indicates a surpassing implementation of certain researching, concluding or 

evaluating activities aimed at establishing a group of indicators to be able to assess and verify hypotheses or 

presumptions 1, 5,6,8. 

The main instrument in the extended functional analysis (XFA) 1 are simple matrices where the main elements of 

the aggregate structure system – vehicle are registered on one side, and independent functions on the other one. Each 

matrix cell is defined with a section between the structure element and the independent system function.  

The elements of structure and analysed functions or processes have to be arranged in XFA using the hierarchic 

principle 3, 4, 8 whereby the main parts or systems (list of main parts) are entered on the left side, and on the 

top part of matrix there is a list of the most important independent system functions which are defined in regard to 

the aggregate structure. Such arrangement allows a simultaneous analysis and monitoring of the project without the 

need to finish the project prematurely and then subject it to a repeated analysis from the beginning again. 

The beginning with no big accuracy is very important for an extended functional analysis; there is no need for 

accurate data on parts, their properties, prices, reliability, ... this is actually the best tool for the so called "front-end 

analysis” 1, 2,9. 
At the initial level of analysing the concept of vehicle in a systematic designing, several provisions are considered. 

Namely:  

 

1) the basic vehicle is a truck, 

2) the version is a dumper truck which belongs to the category of medium  

    heavy vehicles,  

3) the highest price of vehicle parts is about 100,000 EUR, 

4) vehicle design will be analysed on the basis of eight most important  

    functions:  

 

F1- speed characteristics    

F2- transience,slope  

F3- braking 

F4- steerability   

F5- comfort    

F6- stability 

F7- noise emission   

F8- fuel consumption. 

 

5) The level of function importance will be evaluated from 1 to 10 (where 10 shows the highest level of importance).  

 

2.  BASIS 

The use of an extended functional analysis is based on the minimal information requirement. This can be project data 

obtained from the orderer, data which are a new or older history of development, production and exploitation of a 
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vehicle. When defining the vehicle design, this is the normal way and it is always used independently from the type 

and purpose of a vehicle. The key problem here is the confusion, a lack of system and unreliability of data which 

often has an influence on analyses results and their applicability.  

The applicability of an extended functional analysis in the evalutiation of the vehicle design in a systematic designing 

is tested on a vehicle of the middle-heavy category, with imported motor, transmission gear and cabin.  

                   

Table1.Basic Vehicule Data 

Main vehicle structure Percentage of 

defects by 

structure (%) 

Number of 

defects (n) 

Frequency of 

defects  

 x (10E-6)/h 

Reliability 

(R) 

MTTR  

(h) 

FRAME+ 

SUSPENSION 

10.0 8 1.780 0.857 1.9 

WHEELS 2.0 2 0.399 0.966 1.5 

MOTOR 17.0 14 2.590 0.799 2.6 

CLUTCH+TRANSM. 

GEAR 

13.2 10 2.300 0.819 3.1 

FRONT AXLE 5.0 4 0.826 0.931 2.2 

REAR AXLE 4.0 3 0.609 0.948 2.8 

BRAKES 16.8 13 2.300 0.819 1.4 

STEERING WHEEL + 

SYSTEM 

6.0 5 1.050 0.913 2.1 

CABIN + ELECTR. 20.0 16 2.890 0.799 1.2 

CARDAN SHAFTS 6.0 5 1.050 0.913 2.5 

 100.0 80    

 

Data are selected and processed for a middle-heavy category vehicle for the time T = 10 years, for a group of 

homogeneous vehicles N = 100 and with a total number of accidental defects n = 80. The presumption involves an 

exponent distribution of accidental defects for the main components and systems of vehicles and total vehicle. 

 

Table 1 includes data for the main sub-assemblies and systems of a vehicle, namely, the frequency of defects (), 

reliability (R), and the MTTR- Mean Time to Repair. 

 

3. DEVELOPMENT OF INITIAL MATRIX AND THE VALUE MATRIX 

 

3.1. Basic decisions and value analysis 

The first step in forming the initial matrix is allocation of the number 1 to each main part of the vehicle or system 

which determines a system function. As the matter of fact, system functions are only roughly determined with 

components since a larger accuracy may cause troubles which does not allow us to reach the aim of our analysis. We 

do not write anything in the cell if that part is not of key importance for a certain function.  

The initial matrix guarantees the designer of the system or the logistics specialist to have a clear picture about two 

things at any moment. First, he gets a rough picture of the relative significance of every element in certain functions; 

and this is important as a standard of  criticism for every element in the aggregate structure. Secondly, he gets 

immediate insight into the selection of parts for a certain function and which function demands the largest number of 

parts. 9 
In the matrix of structure, we assess the motor and wheels with the highest level of significance. Therefore, they get 

1. From the structural point of view, the level 5 (indicates slow significance) is allocated to the steering wheel only; 

this, however, does not imply that this part is the least important.
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Matrix 1:  Structure – initial matrix 

 FUNCT. F1 F2 F3 F4 F5 F6 F7 F8  Level 

           of 

VEHICLE 

STRUCTURE 

 Speee

d 

Slopes Braki

ng 

Steeri

ng 

Comf

ort 

Stabil

ity 

Emiss

ion 

Fuel 

cons. 

F impor

tance 

FRAME+ 

SUSPENSION 

  - - - 1 1 1 - - 3 4 

WHEELS   1 1 1 1 1 1 1 1 8 1 

MOTOR   1 1 1 1 1 1 1 1 8 1 

CLUTCH+TRANSM. 

GEAR 

  1 1 - - - - 1 1 4 3 

FRONT AXLE   - - 1 1 - 1 - - 3 4 

REAR AXLE   1 1 1 - - 1 1 1 6 2 

BRAKES   - - 1 - - 1 - 1 3 4 

STEERING WHEEL 

+ SYSTEM 

  - - - 1 - 1 - - 2 5 

CABIN   1 - - - 1 - 1 - 3 4 

CARDAN SHAFTS   1 1 - - 1 - - - 3 4 

  COMPONENTS   6 5 5 5 5 7 4 6   

 

Matrix 1 allows us to simultaneously analyse up to 10 different functions of the vehicle and 10 different elements of 

the structure. Estimation can be made by changing the vehicle structure in a way that we keep adding new or delete 

old parts from the list. Our target is to obtain an acceptable vehicle structure (motor, transmission gear, axles, cabin, 

…) which will guarantee the foreseen functions and properties of the vehicle.  

Applicability of such initial matrix is limited. However, by introducing the index of a relative significance for each 

function from 1 to 10, we get a new possibility to expand the functional analysis in the form of a value matrix. 

The advantage of matrix of relative values lies more in its informative overview in comparison with the one in the 

initial matrix. Such adding of the index of importance by lines shows the index of relative significance of 

components which can help a system engineer or analyst to determine possible sources of project parts (suppliers, 

import, CKD, ..) and to emphasize the most important parts. The levels of significance are no longer equal, however, 

they have not changed in particular for the most important parts.  

The index of function importance or determining the factors of difficulty has the most subjective character as it 

leans on experience and heuristic methods. In such analysis, when a rough estimation and vehicle designing are 

important, the influence of these indeces is not decisive. In the event when all vehicle functions have the same 

indeces of importance, the levels of importance would not change in matrix 2.  

 

Matrix 2: Relative values 

 FUNCT. F1 F2 F3 F4 F5 F6 F7 F8   

 Index 8 8 10 9 6 8 6 8  Level 

VEHICLE 

STRUCTURE 

 Spee

ed 

Slopes Braking Steerin

g 

Comfor

t 

Stabilit

y 

Emissio

n 

Fuel 

cons. 
IP of sign. 

FRAME+ 

SUSPENSION 

 - - - 9 6 8 - - 23 6 

WHEELS  8 8 10 9 6 8 6 8 63 1 

MOTOR  8 8 10 9 6 8 6 8 63 1 

CLUTCH+TRANSM. 

GEAR 

 8 8 - - - - 6 8 30 3 

FRONT AXLE  - - 10 9 - 8 - - 27 4 

REAR AXLE  8 8 10 - - 8 6 8 48 2 

BRAKES  - - 10 - - 8 6 - 24 5 

STEERING WHEEL + 

SYSTEM 

 - - - 9 - 8 - - 17 8 

CABIN  8 - - - 6 - 6 - 20 7 

CARDAN SHAFTS  8 8 - - 6 - - - 20 7 
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3.2 Cost/Benefit Analysis  

Such analysis urgently leads to the next form of matrix, which is matrix 3 where we can compare the index of 

importance for every function with relative costs. This, however, requires more information. In addition to a relative 

importance and/or index of importance for every vehicle function, we determined the price of each main sub-

assembly of the vehicle. 

Matrix 3 shows that we can evaluate the necessary material which should be incorporated  

into vehicle (price of the main vehicle components), and determine roughly the price for each vehicle function – line 

COMPONENTS in matrix 3. In this way, we can find which vehicle function is the most expensive one and find a 

way to optimise vehicle’s functions.  

The ratio between investment (costs) and returned advantages (benefits) is gained when the value of each sub-

assembly is divided with the index of importance, and this is the so called cost/benefit ratio. To the right side (IP), 

there are values of the indeces of importance repeated for each sub-assembly in a certain function while the next 

column represents a cumulative ratio between costs/benefits for each sub-assembly which is defined for all system 

functions. The lowest the number, the highest are benefits from the selected aggregate structure for certain vehicle 

functions.  

With the help of XFA, we can follow changes in the aggregate structure and vehicle functions. Data from matrix 1 

and 2 indicate the large importance of motor and wheels – level of importance 1, rear axle – level of importance 2, 

etc. The decisive role here have only the selected system functions and the associated sub-assemblies. In matrix 3, 

when the price of sub-assemblies and the ratio between costs/benefits are also important, we can see a significant 

change. Wheels have the most favourable ratio between costs/benefits, namely 31,7 and the level of importance 1, 

motor 444 and the level of importance 9, the rear axle 166,6 and the level of importance 4. We get the information 

444 when we divide the price of a motor 28000 DM with the index of importance for vehicle functions and add the 

corresponding line (IP = 63). 

The analysis of functions from F1 to F8 show us actually which among these is the most expensive one. Matrix 3 

indicates that the function of speed characteristic and the function of emission are those that are most expensive.  

When searching for the possibility to reduce costs for ex. for the function emission – F7, in particular of production 

costs and costs in total life duration, we can quickly see that the largest ratio belongs to costs/benefits. This is at the 

same time also the most expensive function. In this way, we get a hint that it is necessary to think about some new 

system solutions and to take adequate measures in order to cut costs in total, and to reduce the ratio costs/benefits. 

 

Matrix 3. : Cost – income analysis 

 FUNC. F1 F2 F3 F4 F5 F6 F7 F8  Cost/ Level  

 Index 8 8 10 9 6 8 6 8 IP Benefit

s 

of 

VEHICLE 

STRUCTURE 

Price 

EUR 

Speeed Slopes Brakin

g 

Steerin

g 

Comfo

rt 

Stabilit

y 

Emissi

on 

Fuel 

cons. 

  import

ance 

FRAME+ 

SUSPENSION 

6000 - - - 667 1000 750 - - 23 260 6 

WHEELS 2000 250 250 200 222 333 250 333 250 63 31.7 1 

MOTOR 28000 3500 3500 2800 3111 4667 3500 4667 3500 63 444 9 

CLUTCH+TRANSM. 

GEAR 

12000 1500 1500 - - - - 2000 1500 30 400 8 

FRONT AXLE 2000 - - 200 222 - 250 - - 27 74 3 

REAR AXLE 8000 1000 1000 800 - - 1000 1333 1000 48 166.6 4 

BRAKES 8000 - - 800 - - 1000 1333 - 24 333 7 

STEERING WHEEL + 

SYSTEM 

3000 - - - 333 - 375 - - 17 176 5 

CABIN 30000 3750 - - - 5000 - 5000 - 20 1500 10 

CARDAN SHAFTS 1000 125 125 - - 167 - - - 20 50 2 

 COMPONENTS 100.000 81000 51000 48000 40995 67002 57000 87996 50000    

Costs/benefits  10125 6375 4800 4555 11167 7125 14666 6250    

Level of importance  6 4 2 1 7 5 8 3    

 

With the help of XFA, we can follow changes in the aggregate structure and vehicle functions. Data from matrix 1 

and 2 indicate the large importance of motor and wheels – level of importance 1, rear axle – level of importance 2, 

etc. The decisive role here have only the selected system functions and the associated sub-assemblies. In matrix 3, 
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when the price of sub-assemblies and the ratio between costs/benefits are also important, we can see a significant 

change. Wheels have the most favourable ratio between costs/benefits, namely 31,7 and the level of importance 1, 

motor 444 and the level of importance 9, the rear axle 166,6 and the level of importance 4. We get the information 

444 when we divide the price of a motor 28000 DM with the index of importance for vehicle functions and add the 

corresponding line (IP = 63). 

The analysis of functions from F1 to F8 show us actually which among these is the most expensive one. Matrix 3 

indicates that the function of speed characteristic and the function of emission are those that are most expensive.  

When searching for the possibility to reduce costs for ex. for the function emission – F7, in particular of production 

costs and costs in total life duration, we can quickly see that the largest ratio belongs to costs/benefits. This is at the 

same time also the most expensive function. In this way, we get a hint that it is necessary to think about some new 

system solutions and to take adequate measures in order to cut costs in total, and to reduce the ratio costs/benefits. 

 

4. EXPANDED FUNCTIONAL ANALYSIS IN LOGISTICS 

We can apply the expanded functional analysis also to evaluate maintenance of the vehicle. This allows us to analyse 

a distribution of MCMH - Mean Corective Maintenance Hours among vehicle components and systems.  

An important information for analysis is the product of defect frequencies () and MCMH and the index of 

importance of vehicle functions. This information should be the measurement of difficulty for vehicle’s maintenance. 

Frequency of defects is expressed as the number of defects per one million hours of work and it also indicates the 

level of difficulty (see Table 1).  

High numbers give the designer or constructer an alarming signal that they have to look for the best solutions in 

regard to suitability of maintenance and reliability of a vehicle and/or vehicle systems. The level of maintenance 

difficulty (R) shows the arrangement of vehicle sub-assemblies on this basis. Motor and the rear axle have about 

the same MCMH, R for motor is 430 and five times higher than R for the rear axle.  

The budgets shows that the level of difficulty in maintenance indicates the level of opportunity for improvement of 

suitability of vehicle’s maintenance and that costs of parts represent the index of costs which are achieved with these 

improvements. About reliability and suitability of maintenance, we first give priority to improvement of those 

vehicle sub-assemblies with the lowest possible R/C. 

 

Matrix 4 : Analysis of repair time 

 FUNKC. F1 F2 F3 F4 F5 F6 F7 F8 Level Level of 

 Index 8 8 10 9 6 8 6 8 Of 

diff.of  

profitab. 

VEHICLE 

STRUCTURE 

 

(MCMH)x 

(10E-6)/h 

Spee

ed 

Slop

es 

Braki

ng 

Steeri

ng 

Comf

ort 

Stabil

ity 

Emiss

ion 

Fuel 

cons. 

maint. 

R 

 

R/C 

FRAME+ 

SUSPENSION 

1.9 x 1.78    - - - 30 20 27 - - 77 0.01283 

WHEELS 1.5 x 0.39 5 5 6 6 4 5 4 5 40 0.02000 

MOTOR 2.6 x 2.59    54 54 67 67 40 54 40 54 430 0.01535 

CLUTCH+TRANS

M. GEAR 

3.1 x 2.30    57 57 - - - - 43 57 214 0.01783 

FRONT AXLE 2.2 x 0.82 - - 18 16 - 14 - - 48 0.02400 

REAR AXLE 2.8 x 0.61 14 14 17 - - 14 10 14 83 0.01037 

BRAKES 1.4 x 2.30    - - 32 - - 26 26 - 84 0.01050 

STEERING WHEEL 

+ SYSTEM 

2.1 x 1.05    - - - 20 - 18 - - 38 0.01260 

CABIN 1.2 x 2.89    28 - - - 21 - 21 - 70 0.00233 

CARDAN SHAFTS 2.5 x 1.05    10 10 - - 8 - - - 28 0.02800 

MTTR  13.7 12.5 10.5 10.3 9.7 14.5 12.6 10   

Reduced level of 

functions after a 

defect 

 109 100 105 92.7 58.2 116 75.6 80   

Level of importance  7 5 6 4 1 8 2 3   
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We can analyse the difficulty of maintenance of functions in a similar way. Maintenance times are estimated 

approximately from Table 1 for each sub-assembly in individual functions which means that we have to be careful 

when using and implementing conclusions. A solution which reduces the value of a function to the smallest scope is 

a good one, for ex. F5 function with class 1.  

 

5.     INDEX OF SUPPORT DURING MAINTENANCE 

The matrix of value is useful and applicable also for the analysis of a distribution of support index among functions. 

The calculation of index is made by multiplying the frequency of defects (time) for each sub-assembly of the vehicle 

with its price. The largest the resulting index, the more expensive is its support.  

If the index of maintenance support is expanded to the required vehicle functions, we can isolate logistic problems in 

designing special functions and demands for vehicle components. Considering also the index of importance for each 

function, we get the characteristic of critical condition for a function in comparison with the set goals.  

Index of support is shown in matrix 5. We get it by multiplying the values from each line. It is evident from data 

available that there will be most reliability and maintenance problems in relation to motor, cabin, clutch, 

transmission gear and brakes. These are also the expected sub-assemblies to encounter such issue. According to 

vehicle’s functions, however, we can expect the largest difficulties in ensuring speed properties, adequate emissions 

of noise and exhaust gas, comfort and braking. 

 

Matrix 5.  Support index 

 

 FUNCTIONS F1 F2 F3 F4 F5 F6 F7 F8  

 Index o.imp. 8 8 10 9 6 8 6 8 Index 

VEHICLE 

STRUCTURE 

Index o.supp. 

( x C) 

Speee

d 

Slopes Braki

ng 

Steeri

ng 

Comf

ort 

Stabili

ty 

Emissi

on 

Fuel 

cons. 

of 

cumulativ

e support 

FRAME+ 

SUSPENSION 

0.01068 - - - 0.096 0.064 0.085 - - 0.245 

WHEELS 0.000798 0.006 0.006 0.008 0.007 0.005 0.006 0.005 0.006 0.049 

MOTOR 0.07252 0.580 0.580 0.720 0.650 0.435 0.580 0.435 0.580 4.560 

CLUTCH+TRANS

M. GEAR 

0.02760 0.220 0.220 - - - - 0.165 0.220 0.825 

FRONT AXLE 0.00165 - - 0.016 0.015 - 0.013 - - 0.044 

REAR AXLE 0.00487 0.039 0.039 0.049 - - 0.039 0.029 0.039 0.234 

BRAKES 0.0184 - - 0.184 - - 0.147 - 0.147 0.478 

STEERING WHEEL 

+ SYSTEM 

0.00315 - - - 0.028 - 0.025 - - 0.053 

CABIN 0.0867 0.694 - - - 0.520 - 0.520 - 1.734 

CARDAN SHAFTS 0.00105 0.008 0.008 - - 0.006 - - - 0.020 

SUPPORT  1.547 0.853 0.977 0.796 1.03 0.895 1.154 0.992  

           

 

 

The result of analysis for the index of support points out most directly to the stock of spare parts and to the 

interaction between the price of a spare part and the cost of defect diagnostics or failure of vehicle’s functions with 

the use of adequate diagnostic methods. 

The value of index could be raised with the introduction of time for a corrective maintenance into the process of 

calculation. We could do this with the use of the measurement of difficulty in maintenance and adequate costs of 

sub-assemblies and not so much with the frequency of defects and costs dealt with in the same way.   



IJRRAS 12 (1) ● July 2012 Meznar ● Matrix Approach to System Designing 

 

 
 

33 

 

6.    CONCLUSIONS 

1. An expanded functional analysis is shown as an auxiliary instrument which allows us in the early phase of 

designing and conceiving a new or modified product to make a positive influence on decisions and conclusions 

according to the criteria for designing, maintaining and costs. Interactions of factors of the analysed functions point 

out to possible problems which have to be avoided, and the same applies also to a selection of the adequate 

aggregate structure or their mutual relations.  

 

2. Conditions for analyses are a general estimation of the necessary aggregate system structure, their possibly 

accurate price, frequency of defects for similar or same systems, approximate exploitation conditions, time necessary 

for corrective maintenance and index of importance for each part in a certain system function.  

 

3. Adequate preparation and use of this analysis can help us adopt reasonable strategic and other decisions: 

marketing analyses, optimization of constructions, cost analysis, … 
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