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Abstract 
Improvement of efficiency and environmental friendliness of transport is one of the main directions of the transition to a 
low-carbon economy. In turn, the transfer of vehicles to gas engine fuel will reduce harmful emissions into the 
atmosphere. "Industry 4.0" involves the rational use of natural and technical resources, the most efficient energy 
conservation, the recycling of all waste and the receipt of new goods, raw materials or energy from them. The fact that 
the transition to Industry 4.0 implies the effectiveness of a system for maintaining vehicles in a technically sound condition 
is equally important. The technical condition of gas-fueled vehicles shall meet the requirements of the technical conditions 
and instructions of the manufacturers. The article proposes the use of the FMEA analysis method for planning measures 
to improve the quality and safety of technical maintenance of gas equipment for truck vehicles. Using the FMEA analysis 
method, we obtained the factors that affect the process of maintenance of gas vehicles. Thus, the practical application of 
the FMEA analysis method allows reducing, eliminating and preventing failures in the power supply system of gas 
equipment, and, consequently, increasing the reliability and safety of gas vehicle operation.  
 
Keywords 
Safety, Gas Vehicles, Environmental Friendliness, Service 
 
Introduction 
Industry 4.0 involves the rational use of natural and technical resources, the most efficient energy saving. The transport 
sector is one of the most energy-intensive sectors with the highest emissions. Through the use of alternative fuels, it is 
possible to reduce the dependence of the economy on hydrocarbons, which is especially important for the transport sector; 
negative pressure on the environment by fulfilling the UNECE environmental requirements. 
The fleet of gas engine machines is constantly growing. It is observed the occurrence of both abnormal emergencies and 
an increase in the danger of operation, including during road traffic accidents, during the operation of gas engine 
equipment with its direct participation. According to statistics, a significant number of accidents with severe consequences 
are associated with the unsatisfactory technical condition of vehicles. The observance of the maintenance regulations for 
vehicles and gas equipment is of great importance. 
 
Methods 
1. Transition Terms to Environmental Friendly Transport 
Climate change issues force the government around the world to develop and define policy to address greenhouse gas 
emissions when transport is recognized as one of the main sources of air pollution [1]. Environmental reasons are the 
main motives for using natural gas vehicles in Europe [2, 3]. The studies [4] showed lower specific emissions of nitrogen 
oxides (NOx) from natural gas engines equipped with a catalyst compared to diesel engines equipped with particulate 
filters and SCR system. 
Examining the contributions to the air pollution of gasoline vehicles (GV) and diesel vehicles (DV), heavy duty diesel 
vehicles (HDDV) and non-HDDV, the authors of article [5] conclude that the HDDV contribution to fleet emissions 
calculated by EFs from the Chinese Road Emission Inventory Guide, were underestimated. The authors of article [6] 
argue that the main cause of high emissions of passenger light duty gasoline vehicles (LDGV) are catalytic converter 
malfunctions. 
Nevertheless, the transition from the current situation, in which a gasoline vehicle is dominant, shows a high cost 
compared to a compressed natural gas vehicle [7]. 
Vehicle manufacturers are increasingly recognizing their role in helping to achieve the goal of a carbon-free economy 
and reduce oil dependence. Today, Russian manufacturers offer more than 220 gas-powered car models. 
Let us consider the structure of sales volumes of KAMAZ gas-powered vehicles in Russia by body type according to the 
results of 2018 (Fig. 1). 62% of sales are accounted for special equipment: garbage trucks, shift buses, vacuum cars, truck 
cranes, flatbed trucks with a crane, mobile laboratories. 
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Figure 1: The Structure of Sales Volumes of KAMAZ Gas Vehicles by Body Type 

One of the most common vehicles used in the public utilities sector is garbage trucks. In small towns, garbage trucks with 
side loading of the Arzamas, Mtsensky or Ryazhsky municipal engineering plants are popular, as they are affordable 
products on the market. [8]. As for the sales of gas-diesel vehicles, they are represented by truck tractors. In 2018, sales 
of the gas-diesel version of KAMAZ vehicles grew 7.5 times compared to 2017, from 270 to 2010 units. [9]. 
Organizational and managerial measures as a way to improve the environmental friendliness of vehicles can be divided 
into those that are taken during transportation planning, the second category of measures is related to the human factor 
affecting the quality of driving. A number of works [10, 11] are devoted to studying the influence of eco-driving on 
emissions. In the course of research [12, 13], the author found that the economic and environmental behavior in the field 
of eco-driving shows a significant reduction in energy consumption due to a better choice of speed and acceleration speed. 
 
Results and Discussion 
1. Measures to Ensure Safe Operation of Natural Gas Vehicles 
Vehicle safety has been the subject of a large number of scientific developments. They address the issues of constructive 
and operational safety of vehicles, such as: 

 development and improvement of systems providing the driver with an information about the state of vehicle, 
hazard warning systems; 

 use of computer technology to ensure safety in the system "driver - vehicle - road - environment"; 
 development and implementation of modern vehicle safety systems; 
 implementation of solutions to minimize the effects of road traffic accidents; 
 development and implementation of solutions to improve the environmental safety of vehicles. 

Currently, the main documents that determine the safety requirements for gas-powered vehicles are: technical regulations 
of the Customs Union TR/TS [14]; UNECE Regulations No. 110 [15]; UNECE Regulations No. 115 [16]. 
The main directions of improving the safety of a gas engine vehicle are as follows: 

 improvement of the quality of parts, components of gas equipment for vehicles, including engine power 
systems; 

 development of components of gas equipment, provision of automatic shutdown at a mechanical level, with the 
leakage of gaseous fuel; 

 development of algorithms and diagnostic tools to determine gas leakage or malfunction of components of the 
engine power system at the level of the electronic control unit. 

2. Maintenance of Compressed Natural Gas Vehicles 
When drawing up a maintenance program (MT), operating conditions and environmental influences shall be taken into 
account. For example, when working in mountainous or hilly areas, brake shoe linings wear out faster, tire cord can be 
damaged in extreme heat, and garbage trucks that call on a garbage dump station and solid domestic waste landfills often 
suffer damage typical for off-road driving.  
To plan measures to improve the maintenance quality of gas equipment for trucks, it is proposed to apply the FEA (failure 
modes and effects analysis) analisys method. In the process of FMEA analysis, the causes of problems are divided into 
key categories. These categories are people, technology, equipment, materials and environment.  
The use of the FMEA tool in risk management of new projects in the automotive industry was considered in the studies 
[17, 18, 19]. As regards the automotive industry, research examines the results of work to assess the impact of potential 
defects on the operation of automobiles or the manufacturing process of automotive components from the perspective of 
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the FMEA methodology. The article [20] considers the use of the PFMEA risk management tool in the supply chain of 
spare parts. 
The article [19] analyzed production failures on the assembly line, which were determined by the GRA approach and 
minimized using the FMEA method. In a study [21], FMEA analysis was used to analyze the failure of an internal 
combustion engine. The application of data mining methods and FMEA methods [22] was analyzed in the equipment 
maintenance system.  
All factors for the FMEA analysis were analyzed and ranked by the degree of influence of gas vehicles on the maintenance 
process. The result of ranking the consequences and reasons for the insufficiently high quality of technical maintenance 
is presented in Table 1. 
 

Potential discrepancy  Aftermath S Causes of potential violation О D RPN 

Insufficient GBE 
maintenance quality 

threat to consumer 
safety 

10 

Non-compliance with maintenance 
technology 

3 3 90 

Insufficient capacity for a quality 
technology process 

7 3 210 

reduced customer 
satisfaction due to 
financial losses 

7 

Inadequate staff qualifications 2 3 60 
Insufficient staff motivation 3 3 90 
Incomplete staffing 2 1 20 
Insufficient lighting in the workstatios 1 2 20 
Violation of temperature and humidity 
conditions 

2 2 40 

Insufficient cleanliness and order in the 
workstatios 

2 2 40 

Reduction of the 
company's image, 
loss of trust in the 
brand 

7 

Outdated equipment 3 3 90 
Late provision of inventory items 6 3 180 
Low quality of supplied spare parts 5 3 150 

Table 1: Matrix of FMEA Analysis of the Maintenance System for Gas Vehicles 
As can be seen from Table 2, the following factors have the greatest impact on the quality of technical maintenance: 
untimely provision of inventory items (goods and materials); poor quality of supplied parts; inadequate process 
capabilities. 
To identify opportunities for improving the technological process, we studied the potential types of defects in gas 
equipment arising from the vehicle operation car in the range of 25-30 ths. km, as well as their consequences for the safety 
and comfort of the consumer. The data were obtained in the production and technical service of one of the enterprises 
servicing and operating municipal vehicles using gas engine fuel [23]. The results of the FMEA analysis are presented in 
Table 2. Due to numerous complaints regarding the failure of gas dispensers, gas valves and phase sensors (Figure 2) and 
their high priority risk numbers for defects (Table 2), the verification of these elements of the gas power system shall be 
added to the technological process of the first maintenance MT-1 during the main operation period. Gas dispensers and 
phase sensors are recommended to be diagnosed by the Askan-10 tester programmer. 

- GAS BATCHER - GAS BALLOON'S FLAP- PHASE SENSORS

- HIGH PRESSURE REDUCER - OTHERS
 

Figure 2: The Percentage of Complaints on Gas Equipment 
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No. Process Possible defect Consequences S 
Detection 
measures 

D RPN 

1 Checking the 
tightness of gas 
equipment and its 
connections 

Breach impermeability of 
gas equipment and its 
connections 

Fire and explosion 
hazard 

10 Leak detector 1 70 

2 Checking the 
fastening of gas 
cylinders on the 
bracket 

Loose cylinder mounting Axial displacement and 
turning cylinders. Loss 
of cylinders. Tube 
rupture 

9 Visual 
inspection 

1 90 

3 Checking the 
condition of gas 
pipelines 

Damage to gas pipelines Leak of gas 9 Visual 
inspection 

1 90 

4 Check to flaps of 
refueling cross-piece  

Rod rotates with 
jamming 

Gas leakage when 
filling cylinders 

9 Visual 
inspection 

1 90 

5 Check high pressure 
reducer 

Sharp decrease in 
pressure at the exit from 
a reducer 

Insufficient fuel supply. 
Difficult engine start 

7 Tescan 
programmer 
Askan-10 

2 98 

6 Gas meter check Jamming dispenser 
Dispenser's 
Electromagnet Failure 

Significant deviation of 
the composition of the 
air-fuel mixture. 
Insufficient fuel supply. 
Difficult engine start 

7 Not checked 7 343 

7 Phase sensor check No phase sensor signal Minor deterioration of 
power indices. Slight 
increase in fuel 
consumption and 
exhaust emissions 

6 Not checked 7 294 

8 Cylinder valve 
check 

Damage to the valve 
body Worn O-rings 

Leak of gas 9 Not checked 7 441 

Table 2: The FMEA Analysis Matrix Concerning the Maintenance Process of Gas Equipment 
 
The advanced technological process is shown in Figure 3. 

ENTRY TO THE GBE TIGHTNESS CHECK 
STATION

GAS EQUIPMENT TIGHT?

SPECIAL OPERATIONS BEFORE ENTRANCE TO GARBAGE 
TRUCKS' M&R STATION

CHECKING THE GAS EQUIPMENT 
TIGHTNESS AND ITS CONNECTIONS

TIGHTENING CONNECTIONS

REPLACING THE GASKET 
AND COUPLING SPINDLES

CLEANING OF CYLINDER FLAPS

ENTRY TO THE VEHICLE'S WASH

ENTRY TO THE GARBAGE TRUCKS' M&R 
STATION

CLOSING THE WORKING CYLINDER'S FLAP

CHECKING THE GAS CYLINDERS 
FASTENING 

NO EXTERNAL DAMAGE?

CHECKING GAS PIPELINES CONDIITION

CHANGING A 
DAMAGED PIPELINE

CHECK TO FLAPS OF REFUELING CROSS-
PIECE 

ENTRY TO THE M&R CHASSIS' STATION

NOYES

THE 
STOCK ROTATES 

FREELY, WITHOUT 
JAMMING? FLAP'S STOCK 

LUBRICATION

CONTROL OF HIGH PRESSURE REDUCER

IS THE 
OUTLET PRESSURE 0.28 MPA?

HIGH PRESSURE 
REDUCER'S REGULATION

REPLACING THE GAS SYSTEM'S FILTER 
ELEMENTS

CHECK CYLINDERS' FAUCETS

СYLINDERS' FAUCETS 
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O-RING 
REPLACEMENT

GAS BATCHER CHECK

IS THE DOSING 
UNIT WORKING?

BLOWING OUT WITH COMPRESSED 
AIR, REPLACING IF NEEDS

PHASE SENSOR CHECK

GOT A SENSOR SIGNAL?

PHASE SENSOR 
REPLACEMENT

BASIC OPERATIONS

NO

YES

NOYES
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Figure 3: Advanced Technological Process for the Maintenance of Gas Equipment 
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Summary 
To plan activities to improve the maintenance quality, it is proposed to apply the FMEA analysis method, aimed at 
identifying problems in the process of its implementation. The FMEA results served as the basis for adjusting the 
technological process for the maintenance of gas equipment. This allowed reducing the number of failures in the gas 
supply system by improving the quality of processes and preventing sudden failures, which increases the reliability and 
safety of gas communal vehicles. 
 
Conclusions 
Currently, the issues of vehicle safety with natural gas are not only relevant, but become also even more important due to 
the tightening of the requirements of the Technical Regulations of the Customs Union TR/TS and the UNECE 
Regulations. The development of systems ensuring the safety of gas powered vehicles shall be directly related to the 
diagnostics of the electronic components of the engine power system and the electronic engine management system, since 
the latter include a sufficient number of measuring mechanisms for analyzing gas fuel consumption, its temperature, etc.  
To improve the quality of service and safety of gas vehicles, the article proposed using the FMEA analysis method for 
the maintenance system as a whole and the process separately. The analysis revealed the main factors affecting the 
maintenance quality of gas equipment. 
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