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Summary: 

In the study, the authors focused on determination of reliability indicators of the 
transport systems, which currently constitute the Polish Armed Forces’ equipment. The 
methods of research of car fleets composed of distinct types of vehicles are presented. 
The algorithms of reliability indicators’ determination addressed in the study can serve 
to analyze other set of transportation means used in rescue, seasonal transport and 
specialized transportation assignments, as well as to determine the security level of any 
mission conducted. The appearance of information technology allowed transferring the 
paper-based registration system of operational occurrences into an integrated infor-
mation system. It enables to follow the history of transportation fleets including single 
pieces of the equipment. The knowledge of reliability of particular types of the vehicles 
allows for proper planning of missions within the framework of possessed transport as-
sets capacity. The study presents the method of achieving the intended objective to in-
crease the effectiveness of management of motor vehicles fleet used intermittently. The 
algorithm for the selection of a vehicle or a group of vehicles for execution of tasks, de-
veloped on the basis of analytical procedures, envisages the assignment of mobile as-
sets, complication and complexity of their structures, the level of modernity, operational 
history and branch regulations. Determined reliability indicators for particular groups of 
vehicles can be implemented into the Multilevel Information System 
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INTRODUCTION 

Each army within its operational activity uses technical devices and military equipment 
that assure execution of tasks received by a state’s military forces. These services in 
turn can be divided into combat, training, logistic and others depending on a current 
situation. At present, the quantity of possessed pieces of equipment does not deter-
mine the benchmark of the equipment efficiency, but it is shaped by appropriate and 
seamless functioning of essential components of a single piece of military equipment.  
A trained military transportation formation equipped with operable vehicles would ac-
complish a task according to the intention developed by a higher echelon simultane-
ously maintaining minimal own losses. 

1. MILITARY TRANSPORTATION SYSTEM 

The motor transportation’s structure of the Polish Armed Forces was developed on the 
eve of joining NATO by Poland. While elaborating the structure, the thorough analysis 
of similar solutions in other leading NATO armies was conducted by an interdisciplinary 
team of military experts headed by specialists of the Military Institute of Armoured 
and Automotive Technology (WITPiS). The structure depicted in Figure 1 represents 
the requirements of the Alliance, which impose the adequate classification of the 
Polish Army vehicles. 

 

Fig. 1.Structure of the motor transportation assets of the Polish Armed Forces amended by the 
Administrator of the armored and automotive equipment [4]  [1] 

Source: Kończak J., Kalwasiński M., „Pozyskiwanie technicznych środków materiałowych w 
procesie odtwarzania sprawności technicznej sprzętu wojskowego” 

Classification of a vehicle to the adequate group according to The Concept of Road 
Transportation Structure of the Polish Armed Forces [4,15], in case of transportation 
assets, plays significant role in the adopted modus operandi while determining the in-
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dicators of stationary or operational readiness. Table 1 supports the above assump-
tions. 

 

Fig. 2.Comparison of annual mileages of military vehicles (marked in black) with a vehicle used 
by a private company 

Source: own elaboration 

Table 1.Features of taxonomy division of vehicles into generic groups [15] 

Taxonomy division criteria 

Group of vehicles according to the concept 

1 2 3 
4 5 

4.1 4.2 4.3 4.4 5.1 5.2 5.3 5.4 5.5 

Level 

tactical • • • • •        

operational and 

central 
   • • • • • • • • • 

Mobility 

high • • •          

extended    •         

no requirements     • • • • • • • • 

Capacity 

low • •        •   

medium   •        •  

large    • • • •     • 

Source: The Concept of Road Transportation Structure of the Polish Armed Forces 

The vehicles from the groups 1, 2 and 3 are characterized by high mobility, are de-
signed to move on heterogeneous miscellaneous surfaces to overcome off-road obsta-
cles. In order to comply with the tactical level specifications these vehicles are charac-
terized by low (from 1 to 4 tones) or medium capacity (up to 7 tones) and are 
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equipped with systems and mechanisms that assure high mobility. Hence it follows the 
complication of those vehicles design. 

Groups 4 and 5 consist of variants of vehicles commonly used by the civil sector, which 
are adopted for military purposes. They are equipped with typical, commercial com-
ponents and functional (including executory) systems enabling transportation of goods 
and additional devices (group 4 vehicles) e.g. mobile cranes, hook systems or flatbed 
trailers. The construction of vehicles’ chassis is characterized by lower number of com-
ponents and systems, which reduces the risk of occurrence of failures. 

2. OPERATIONAL DATA OF TRANSPORTATION VEHICLES 

In the previous period (1960-2010), developed executive logistics with fully manned 
functional divisions i.e. material and technical with branch heads, officers and non-
commissioned officers for operation and supply existed in each military unit. The logis-
ticians were supported by clerks at their work – civilian personnel (PW), whereby re-
cording the operational occurrences posed no difficulty. The reform of logistic struc-
tures motivated by savings from the budget of the Ministry of National Defense for the 
so-called personnel costs (maintaining soldiers and civilian workers) had positive effect 
in terms of significant reduction of financial contributions for maintaining considerably 
decreased personnel of logistic branch. However, the regulations concerning the use of 
military equipment (SpW) were not amended whichdid not facilitate the operational 
management for the new structures in Military Support Units (WOG). 

The time of accumulation the tasks has come for logisticians, where the nature of sup-
ported units (e.g. the Air Forces, the Land Forces, the Navy or other special formations 
such as the Military Police and the Special Forces) is to be taken into account, with 
small-scale structures of branch sections which within 8-hour typical duty time are not 
capable of processing the information coming from supported units, reach proper de-
cisions and generate logistic documentations. It must be stated that the human re-
sources working in logistics are overburden. 

Trip tickets (equipment worksheets) or maintenance worksheets, depicted in Figures             
3 and 4, constitute the basic documents that accompany the operation of transporta-
tion vehicles. 

It is worth noting that pursuant to the regulations in force in the Armed Forces in this 
area, trip tickets are destroyed after two years, whereas maintenance worksheets are 
subjected to destruction after five years. Based on those documents the utilization 
plan of military equipment is kept. However, manual entry of data carries the risk of, 
for example, an erroneous record. It is to be stated that the data related to the utiliza-
tion of transportation vehicles are dispersed and the system-based tool owing to which 
manually recorded operation documentation would serve as a source of data regard-
ing reliability of vehicles does not exist. The access to the information about dates, 
mileages and defects becomes limited or imposable. Thus, the idea of their collection 
in the digital form of a database package arose. 
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Fig. 3.Exemplary trip ticket issued for large capacity Iveco Stralis vehicle 

Source: own elaboration 

 

Fig. 4.Exemplary maintenance worksheet issued for large capacity Jelcz 622 DAL vehicle 

Source: own elaboration 
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3. RELIABILITY OF MILITARY TRANSPORTATION VEHICLES 

The idea describing the adopted method of the database creation together with the 
algorithm (Fig. 5) consists in the application of:  

 a set of military provisions collected in branch manuals of distinct logistical 
services – e.g. armored and automotive or POL, 

 the currently functioning system of operational occurrences recording (more 
than 60 years in service) and human habits (human factor) in this area, 

 innovative technical solutions (telematics) for monitoring technical condi-
tion, logistic condition and location of vehicles, 

 the simplified proxy of ZWSI RON system PM module in the form of an au-
thorial information system for collecting and processing data according to 
proposed algorithms regarding vehicles and registered operational occur-
rences. 

 

Fig.5.Graphical illustration of the method (own study). 
The algorithm can be applied for all the Polish Armed Forces; vehicles (wheeled and tracked) 

The conducted research of transportation assets risk estimation of the use covered:  

 preparation of characteristics: the age structure of tested vehicles and an-
nual consumption of operation limits; 

 preparation of inherent and task reliability characteristics of tested vehicles 
in the function of total vehicle mileage; 

 designation of limiting probabilities of transition between operation stages; 

 Figure 6 presents exemplary age structures for selected sample of 56 gen-
eral-purpose medium capacity vehicles. 
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Fig. 6.Age structures of tested samples of Iveco Eurocargo and Star 200 general-purpose 
medium capacity vehicles 

Source: own elaboration 

The reliability characteristics of the analyzed transportation assets were compiled 
while conducting the research. They take into account a vehicle’s natural tear and 
wear over the time and mileage covered. 

 

Fig. 7.Exemplary reliability characteristics of Iveco Eurocargo general-purpose vehicle 

Source: own elaboration 

Reliability indicators for transportation vehicles were determined after the tests. They 
were summarized in Table 2. 

4. EHICLES’ OPERATION TARGETED AT RELIABILITY 

The Polish Armed Forces possess the specialized mobile military equipment, which 
cannot be sourced from the national economy in case of a crisis or a war outbreak. 
Prototypes of military vehicles are subjected to a cycle of qualification tests [3,14,16].  
During such tests the design errors, described as ‘teething problems’, are eliminated. 
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Thereafter, they come into military service waiting the long-term period for a task. It is 
characteristic for operation of military vehicles in the peacetime conditions. Therefore, 
occurring defects or failures will be associated with natural operational tear and wear, 
escalated by erosion or corrosion factors of structural materials. The application of the 
distribution of the exponential character seems to be legitimate to describe the above-
mentioned phenomenon, where inoperativeness stages are a random variable not 
possible to be precisely determined [12, 13]. For that matter, the orientation ofmilitary 
equipment management towards reliability – RCM method was adopted [7,8, 9, 10, 11]. 

Table 2.Summary of reliability indicators of selected vehicles 

Vehicle 

Indicator’s appellation 

Unit of measure 

Symbol and dependency 

A
ve

ra
ge

 m
ile

ag
e

 

 b
e

tw
e

e
n

 f
ai

lu
re

s 

A
ve

ra
ge

 in
te

n
si

ty
  

o
f 

fa
ilu

re
s 

A
ve

ra
ge

 r
e

co
ve

ry
 

 t
im

e
 (

re
p

ai
rs

) 

A
ve

ra
ge

 in
te

n
si

ty
 

 o
f 

re
co

ve
ry

 

A
ve

ra
ge

 in
te

n
si

ty
 

 o
f 

o
p

e
ra

ti
o

n
 

R
e

ad
in

e
ss

 in
d

ic
at

o
r 

O
p

e
ra

ti
o

n
al

 r
e

ad
in

e
ss

 

in
d

ic
at

o
r 

km 1/km h 

1/day 

or 

1/km 

km/day - - 

Savg 𝜆 =
1

Savg
 tavg 

𝜇 =
1

to
 

or 

𝜇 =
1

𝑡𝑜 ∙ 𝑞
 

q 
𝐾𝑔 = 

𝑆𝑢

𝑆𝑢+𝑡𝑜∙𝑞
 

𝑅(𝜏) 

Star  

200 
1590,1 0,000628 53 

0,0188 

or 

0,00595 

8,27 0,68..0,88 0,59…0,79 

Iveco Eu-
rocargo 

13062 0,000076 14 

0,071 

or 

0,000925 

33,1 0,92..0,99 0,69…0,96 

Star 

266 
1564,6 0,000639 49 

0,020  

or 

0,6517 

13,81 0,66..0,85 0,54…0,73 

Jelcz 
442.32 

7800 0,000128 14 
0,5 

or 
18,36 0,92..0,98 0,83…0,94 



IMPACT OF THE DECISION ON TRANSPORT SYSTEMS’RELIABILITY… 

224 
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Source: own elaboration 

Monitoring of technical conditions in an information system (recording/entering in-
formation regarding operation occurrences) and utilization of the information concern-
ing reliability from a single piece of the military equipment up to a group of the 
equipment enables the possibility of the military technology operation process man-
agement with the application of the RCM method – oriented toward reliability.  

Owing to such the approach, measurable economic effects during preventive mainte-
nance aiming at elimination of corrective maintenances can be achieved. During oper-
ation of transportation systems the reliability of the entire fleet is of the significant im-
portance. An interesting view on that issue was presented in a publication [17] related 
to intermodalrapid transport. 

5. TELEMATICS AND INFORMATION SYSTEMS 

Development of information technology by the end of the 20th century resulted in PC-
class computers appearing in the military since the mid-1990s. Modern computer 
equipment possesses such a powerful computing power that processing information 
collected in databases created e.g. in common programs of commercial MS Office 
packet such as: MS Excel or MAS Access does not pose any issues during their pro-
cessing. It has practical application - in everyday work [3]. A program designated to in-
tegrate the wide-ranging management including quantity/value recording, human re-
sources field and material management into a single information system has been un-
der development in the military. 

The works on creation of the Integrated Multilevel Information System of the Ministry 
of National Defense (ZWSI RON) started from the indexation of the Armed Forces’ 
property. Despite the recording modules, ZWSI RON provides the module called ‘PM’ 
for logisticians – for operational management. The amount of data which will require 
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to be manually entered by ZWSI RON operators is so significant that demands a sub-
stantial labor, extending working hours provided by the legislation [1, 2]. During their 
daily work in WOGs, logisticians are forced to process a significant amount of infor-
mation and answer questions from superiors’ side. A PC with a database application 
developed in the MS Access program can be used for this purpose. The operation 
management package, which is successfully used in 2 RBLog (2 Regional Logistic Base) 
and WITPiS was developed in 14 WOG [2, 4, 5, 6]. The facilitation of tasks execution 
resulting from the provisions regulating the activities of technical services in support 
and military units and the automation of military motor vehicles fleet management 
with confined to minimum manning of armored and automotive sections in WOGs 
constitutes the essence of the suite depicted in Figure 11. 

The software package requires standard accessories in the form of a PC-class computer 
with the Windows system, connected to MILNET-Z network and with Access 2017 or 
2010 database of MS Office. The package allows for creating any number of simplified 
database’s copies used in individual branches of military units and WOGs. The package 
has the qualities of resistance against entering incorrect data by a user, preventing 
their duplication. The work with the package necessitates individual clearing of a single 
trip ticket, a worksheet or a maintenance worksheet in a classical way with the applica-
tion of traditional computing methods, in accordance with the provisions of POL and 
armored and automotive branches. However, as soon as the data are entered on                    
a monthly basis, the summing as per groups of vehicles or a type of fuels is not re-
quired. The data are automatically processed in the technical-economic analysis and 
the operation plan of the military equipment. Additionally, the package supports the 
settlement of the workshop work through generating maintenance worksheets. 

 

 

 

 

 

 

 

 

 

Fig. 8.General view of operation management panel in MS Access application 

Source: WITPiS 
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Performed preventive maintenances and repairs noted in the system are automatically 
transferred to the operation plan. The packet facilitates in a transparent manner the 
management of an equipment fleet on the WOG (equal) or military unit level. The es-
tablishments (tables of equipment) of military units or sub-units being supported in 
accordance with the logistic allotments plan were addressed in the package. The pack-
age allows for the management of equipment groups depending on the allocation to           
a relevant group: equipment in service (group E) or in storage (group K) taking into ac-
count a type of the storage e.g. short-term, long-term or with the application of static 
or dynamic dehumidification.  

Information technologies despite the development of equipment facilitating office 
work are also used in the automotive technology. Contemporary vehicles, mainly due 
to requirements regarding ecology and economy of have been equipped with a whole 
range of sensors, electronically controlled executive systems and, naturally, the heart 
of a vehicle information system - the onboard computer integrating and managing 
other computers e.g. the ABS braking system, filter-ventilation and air-condition sys-
tems, suspension, gear box or computer controlling an engine. The following state-
ment was proposed ‘What if a vehicle was able to communicate with a computer of an 
armored and automotive section head or with a repair bench in a maintenance battalion?’ 

A significant number of the military vehicles branch personnel would answer – ‘Impos-
sible’ However, the answer to the question is reversed despite the fact that require-
ments regarding operational management of the equipment used in the Polish Armed 
Forces divert significantly from the realities of the operation of civilian vehicles (where 
generating a profit for a company constitutes a supreme value). 

5.1. The Polish solution - proposal of Jelcz sp. z o.o. company  

The Jelcz Sp. z o.o. Company manufacturing various versions of trucks for the Polish 
Armed Forces considers maintaining the required reliability indicators of road vehicles 
with the priority. For that reason it sees the correlation between recognition of failures 
and passing the instructions related to periodic maintenances to a crew. Therefore, it 
offers the Vehicles Automatic Service Control System in the new produced vehicles of 
Jelcz brand (Fig. 12), which enables execution of tasks within granted permissions on 
appropriate levels: 

 level 1 - a driver - current information regarding operation of a vehicle and 
repair activities associated with recognized defects which can be fixed with 
the use of an onboard toolset; 

 level 2 - diagnostic - designated for technical services, with the full access to 
the complete diagnostics of electronic systems installed in a vehicle and with 
the access to encrypted data, according to the rights granted by system ad-
ministrators; 

 level 3 - vehicle fleet management - designated for vehicles operation man-
agement (WOG and higher e.g. the Armored and Automotive Department of 
the Inspectorate for the Armed Forces Support) enabling the full access to 
entire data registered in the system. 

https://www.diki.pl/slownik-angielskiego?q=dehumidification
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Retrofitting of the on-board computer with the operation control and preventive 
maintenance management systems pursuant to the military provisions in this area is 
the original solution of Jelcz engineers. 

 

Fig. 9.Functional diagram of the on-board SAKOP system by Jelcz Sp. z o.o. Company [2] 

Source: Inventory of operational occurrences of the armored and automotive equipment in 
peacetime, a look in the future 

 

Fig. 10. Selected functions of SASOT system by Jelcz Sp. z o.o. Company [2] 

Source: Possibilities of perfecting technical support in combat operations, Waplewo 
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In the system the prompts/messages (Fig. 13) for a driver or a serviceman within the 
actions necessary to perform and essential consumables during preventive mainte-
nance or possible repair were transparently implemented. The system registers all op-
erational occurrences (with the accuracy up to a day, an hour, a minute and a driver 
operating the vehicle) that can appear in a vehicle. The system allows for exchanging 
information between a vehicle and a maintenance service as well as an operational 
manager in a military unit, which facilitates the management of the vehicle or the en-
tire fleet on the tactical or operational levels. The communication is executed through 
a widespread standard USB port. Crucial information is transferred in the correct se-
quence in the so-called ‘data packages’ that can be read on a PC-class computer with 
the use of an Internet browser or MS Excel program. The SAKOP system and its newer 
version SASOT (the Vehicles Automatic Maintenance Management System) are charac-
terized by the open architecture. In the near future transferring data for operational 
management in military units/WOGs will be possible in the wireless form [2]. 

A computing and reporting algorithm regarding the status of technical readiness on 
relevant levels of command in the Polish Armed Forces is under development in WIT-
PiS. The algorithm envisages the risk level of a mission execution, set by the system 
operator, which during the decision-making process will allocate transportation tasks 
for individual vehicles. If the level of the operational readiness of the individual vehicle 
is lower than the risk level then the system will not allocate this vehicle to conduct the 
mission. Otherwise, the issued task, with high possibility, will be executed correctly. 

Development of a computer application that collects the data obtained from a single 
vehicle and transfers them into the ZWSI RON PM module becomes necessary. At pre-
sent there is possibility to integrate new trucks, of Jelcz 442.32 type, equipped with 
SASOT with the simpler authorial application developed with the adoption of the MS 
Access environment and in the near future with the ZWSI RON system [2]. 

CONCLUSIONS 

Among the users there is the existing demand for the information system facilitating 
operational management of vehicles in the Polish Armed Forces through the planning 
support of widely understood recording of operational data, analyzing the units and 
consumables as well as generating data inventories and basic documents. 

Further research and implementation of the reliability criterion of the assessment of 
vehicles technical conditions in the Polish Armed Forces ought to be conducted with 
the time of an object staying in various operational stages applied as the primary crite-
rion. Collected data regarding the mileages covered should constitute a complement in 
the management system of military motor vehicles fleet. The information system 
smoothly provided with ‘on-time’ and ‘on-line’ information about the status of di-
rected objects should form a basis for the management 

The commencement of the use of vetronics represented by the Vehicles Automatic 
Maintenance Management System should assure the constant monitoring of technical 
conditions of selected systems of vehicles, which enables the effective management of 
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preventive actions, reducing the probability of a vehicle failure occurrence and the risk 
of a transportation mission success. 

The algorithm, developed and tested on the MS Access database platform, offers a real 
opportunity to be implemented into the ZWSI RON information system as the com-
plement of its operational management PM module. The network accessibility in the 
military structures to the ZWSI RON system constitutes the additional advantage of the 
solution adopted. Only such the approach will guarantee the optimal management of 
the vehicles fleet in the peacetime, crisis and war situations. 
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