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Abstract: The paper deals with reliability allocation regarding military vehicles. The reliability allocation is the process where the reliability 
requirements for subsystems and system components are specified the way so that the resulting reliability level of the system as whole could 
meet the requirements. The first part of the paper describes a proposal of reliability model of a military vehicle, which is used for the 
demonstration of proposed allocation process. The second part of the paper is devoted to methods and procedures of system reliability 
allocation. Two methods (Equal and ARINC) of reliability allocation are described here. The equal approach allocates requirements equally 
to the next lower level of the system design. The ARINC method allocates requirements to the next lower level of the system design taking 
into account an importance of individual subsystems and components. A practical example of reliability allocation in the case of a military 
vehicle is presented at the end of the paper. 
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1. Introduction 
The reliability of individual system components should be of such 
level as to meet the required reliability level of a system as a whole, 
or its individual functions. The process during which an overall 
reliability requirement is apportioned to single system components 
is called reliability allocation. One of the main tasks in the area of 
dependability which is to be dealt with at the design and 
development phase of a military vehicle is the reliability allocation. 
This paper introduces possible approaches to the reliability 
allocation as to military vehicles. Before the actual reliability 
allocation is taken, it is necessary to perform a functional and 
technical system analysis, and to make the relevant reliability 
models of a system (e.g. as a logical reliability diagram) which 
appropriately gets the logic of reliable operation. When allocating 
the reliability, we work with these particular models. As to complex 
systems, it is generally impossible to quantify the reliability level of 
individual components directly, but it is necessary to perform a 
gradual decomposition of a system. The main task is to specify 
single system levels which are characterized by the components 
indivisible at a given level. The decomposition of reliability 
requirements is carried out step by step by individual selected 
system levels. The requirements put on the whole system will be 
apportioned to individual sub-systems, the requirements put on 
individual subsystems will be apportioned to the single subgroups 
of these subsystems, and this will be carried on and on through all 
selected system levels up to indivisible items [2]. 

If the system is formed at a given level by a mixed structure, it is 
necessary to transform this structure into a strictly parallel or series 
one [2].  

2. Design of a military vehicle reliability model 
The term military vehicle refers to a combat vehicle, a support 
vehicle, or a special purpose vehicle, which was developed for 
military purposes or approved for military purposes after conversion 
from a commercial vehicle [6]. 

This paper only deals with military support vehicles. A typical 
example of a military support vehicle is a medium tactical vehicle, 
used for logistics support to combat action, its primary function 
being the transport of persons (soldiers) and materials.     

In order to secure the primary function of a vehicle, the vehicle has 
to be able to move by its own power. Therefore, the vehicle has to 
be able to generate a driving force required for the vehicle 
movement and provide its transfer to its driving wheels. For this 
purpose, the vehicle has a powertrain. The powertrain consists of a 
vehicle engine and a transmission. The engine is the source of the 
driving force and the transmission transfers the force from the 
engine to the vehicle driving wheels.  

Fig. 1 shows a typical arrangement of a medium tactical vehicle 
powertrain. This is a three-axle vehicle with an all-wheel drive.  

 

 
Fig. 1 Powertrain of Medium Tactical Vehicle 

Let us assume that the primary function of the powertrain shown in 
Fig. 1 is to transmit the driving force from the engine to the driving 
axles. Let us further assume that the vehicle is capable of movement 
when the driving force is transmitted to at least one driving axle. 
Then the reliability block diagram of the powertrain used for 
transferring driving force looks like the one in Fig. 2 [5].   

 
Fig. 2 Reliability Block Diagram of Powertrain of Medium Tactical 
Vehicle 

The blocks of the reliability block diagram represent reliability 
operation of each of the main components of the vehicle powertrain. 
Table 1 shows which parts of the powertrain the blocks stand for.  

Table 1: Description of the blocks 
Block 

number 
Powertrain components represented by the 

blocks 
1 engine 
2 clutch 
3 gearbox 
4 transfer gears 
5 propeller shaft of front axle 
6 propeller shaft of front rear axles 
7 propeller shaft of rear rear axles 
8 front axle final drive 
9 front rear axle final drive 
10 rear rear axle final drive 
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The introduced model of military vehicle reliability will be later 
used when stating the methods and procedures of reliability 
allocation. 

3. Approaches to reliability allocation 
Reliability levels can be apportioned in an equal or weighted 
manner to single system components at a specific level.  As for the 
equal allocation the same reliability level is assigned to each system 
component at a specific level. Regarding the weighted allocation a 
certain degree of importance is attached to every component at a 
specific level, and then a reliability level is assigned to the 
components.  A required reliability level might be specified by a 
number of reliability measures [2].  

Next, the attention will be paid only to the reliability, and the failure 
rate. When using a different reliability measure, the procedures are 
analogical. 

3.1. Equal reliability allocation [2] 
The equal allocation of a reliability level is based on the assumption 
that the same reliability level is assigned to each system component 
at a specific level.  The aim is to get the reliability of a solved 
system RS(t) as different from the required reliability of a solved 
system RS

*(t) as possible: 
(1)  )()( * tRtR SS   

In the paragraphs below there are equations which show us how to 
apportion equally the reliability to the single components Ri(t) of a 
series and parallel structure.   

a) A series structure: 

(2)  n
i tRtR )()( *

S  
where n - the number of series structure components. 

b) A parallel structure: 

(3)  n
i tRtR )(11)( *

S   
where n - the number of parallel structure components. 

In practice we do not often experience systems containing the 
components of the same reliability and therefore the equal 
apportionment technique applied to single components is not used 
that much. The procedures introduced before do not take into 
account any other criteria except for a structure type and the number 
of components in this structure. The procedure can be used as an 
indication of the components  ́ reliability. However, when dealing 
with rational allocation tasks, it is necessary to consider the 
differences of single components and a number of other factors. 

3.2. Weighted reliability allocation [1] 

The basic principle of this approach at single system levels is to 
determine how important each component in a system structure is. 
The importance of system components is set by given criteria which 
might be as follows:  

 item complexity; 
 consequences of component failures; 
 ratio of price and reliability level; 
 repair costs, or component maintenance costs, etc.  

There are a few methods and procedures used for the weighted 
allocation of a reliability level applied to single system components.  
One of the most widely used methods is the ARINC.  

The ARINC method is based on the assumption that the information 
on the reliability of the same or similar components in different 
systems is available.  Another assumption contains the fact that the 
distribution of time between single component failures is of 
exponential character.  

 

a) A series structure 
As for a series system structure, when distributing exponentially 
time between failures, the following relation applies:  

(4)  



n

í
i

1
S    

Next step results from the presumption that a characteristic failure 
rate λi determined according to the behaviour of similar components 
in different systems, is assigned to each system component.  When 
applying this failure rate, so-called weighted factor expressed by the 
following formula is assigned to each component:  

(5)  
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Afterwards, the searched values of single component failure rate λi
* 

are specified, and they provide a required system failure rate λS
* 

following the equation: 
(6) *

S  i
*
i  

b) A parallel structure 
As to a parallel structure, the procedure is based on the validity of 
the equation (the exponential distribution of time between failures 
and components  ́failure rate λi << 1 is presumed):   

(7) 
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Next procedure is analogous to the procedure used for the series 
structure. Characteristic failure rates are assigned to system 
components, and weighted factors for single system components are 
determined using the formula below: 

(8) 
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We identify required failure rates following the relation below: 
(9) *

S  i
*
i  

 

In the next chapter the procedures and methods which have been 
introduced above will be put into practice when using the model of 
military vehicle reliability as shown in Chapter 2. 

4. Reliability allocation regarding military vehicle 
The requirement is that a powertrain of a military support vehicle be 
capable of performing its primary function (transfer driving force to 
diving wheels) for the time t with the reliability )(*

PT tR . The task is 
to design such a level of reliability of the powertrain components to 
meet the requirement on the reliability of the entire powertrain. 

The solution will make use of the powertrain reliability block 
diagram proposed in Chapter 2. The solution will employ the 
ARINC technique, and also the equal apportionment technique. 

Prior to the allocation itself, let us first transform the powertrain 
reliability model into a purely serial structure (Fig. 3). Then, let us 
apportion the required reliability level to the blocks representing the 
vehicle powertrain components in a direction opposite to the 
transformation. 

The solution is based on the assumption that the distribution of time 
between powertrain part failures is of exponential character.  That is 
why we can determine the overall required failure rate of a 
powertrain of military vehicle in the following manner [3]: 

(10) 
t

tRetR t )(ln
)(

*
PT*

PT
*
PT

*
PT
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Fig. 3 Transformation of a powertrain reliability block diagram into 
the pure series 

4.1. Reliability allocation - Step 1 

Let us choose the characteristic intensities of failures of the primary 
powertrain components based on the performance of identical or 
similar components in other vehicles. Based on these characteristic 
intensities, let us allocate a weight factor to each powertrain 
component as per formula (5). 

(11)
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Using these weighted factors we determine the searched failure 
rates of powertrain parts applying the formula (6):  

(12) 
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4.2. Reliability allocation of block D - Step 2 

The next step deals with block D. Here, we assume that both the 
propeller shafts and the axle final drives are of an identical design, 
thus at the same reliability level. We can therefore employ formula 
(3) for equal reliability apportionment and write: 

(13) 
 

3
D )(11)()()( tRtRtRtR CBA     

where tetR 
*
D)(D


 
In case the propeller shafts or axle final drives were at different 
reliability levels, we would again employ the ARINC method for 
the allocation. Based on the chosen characteristic failure intensities, 
let us determine the weight factors as per formula (8):  

(14)
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Furthermore, let us determine the desired failure intensities for the 
individual axle drives as per formula (9): 

(15) *
D
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D
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4.3. Reliability allocation of block A - Step 3 
Step 3 deals with blocks A, B and C. Since the blocks have identical 
internal structures, solving one of them suffices. Solution of only 
block A will therefore be outlined below. First of all, let us assign 
weight factors to blocks 5 and 8 as per formula (5): 

(16) 
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Then, let us determine the desired failure intensities for the 
propeller shaft and the front axle final drive as per formula (6):  

(17) *
A8

*
8

*
A5

*
5    

where 
t

tR )(ln A*
A


  

Assuming that all the axle final drives in the vehicle powertrain are 
at the same reliability level, we can write: 
(18) *

10
*
9

*
8    

If even the propeller shafts in the powertrain are at the same 
reliability level, we can write:  
(19) *

7
*
6

*
5    

5. Conclusion 
In the paper there were introduced the possibilities of reliability 
allocation when dealing with military vehicles. In the first part of 
the paper there was designed a powertrain reliability model of 
military support vehicle in the form of a reliability block diagram 
which was later used for presenting the introduced procedures of 
military vehicle reliability allocation. We specified the equal 
reliability allocation and the weighted reliability allocation applying 
the ARINC method. The equal apportion of reliability requirements 
is not very well applicable to military vehicles, because it does not 
reflect the design differences among the military vehicle 
components. This approach can only be used for an approximate 
determination of reliability of the vehicle components or in case the 
requirement is allocated to elements of identical design at the same 
reliability level. On the other hand, the ARINC method takes into 
consideration differences in single vehicle parts, but it is essential to 
have the information on the reliability of the same or similar parts 
of different vehicles, which have been watched in operation on a 
long term basis, available. 
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