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The aim of this paper is to identify a critical link in the man - machine - environment system
in the case of an adverse event, such as a hay baling fire, based on a comprehensive risk
assessment method. The rate of spread of fires in agriculture depends on meteorological
conditions, with large areas affected and potentially endangering the surrounding
buildings, facilities. Access to fires is difficult and can extend to forests. Water is often
lacking at the scene of a fire, which should be extinguished, and water sources are usually
located over long distances. The paper addressed a specific example using a comprehensive
method. The process of risk assessment in the work process was determined by the following
steps: assessment of the overall risk of the work equipment, assessment of environmental
impact, assessment of the person's ability to manage risk, calculation of the resulting risk
value, comparison of calculated risk value and acceptability of risk value, proposal of
measures. The result of the analysis was the finding that the primary cause of the fire is the
environment, i.e. high ambient temperature. The critical element in hay baling work system
is the work environment. The risk ratio was estimated at 5.78. The level of risk was low due
to the rapid intervention of the human factor. Based on the results, the technical measures
mentioned in the paper were proposed to the operator. The paper found that maintenance
of the machine is important for protection against agricultural fires, where the human
factor plays an important role in the man - machine - environment system.

1. Introduction

e maintenance of electrical installations,

Agriculture is one of the most dangerous sectors in terms of
accidents at work. There is an accident rate for employees in
agriculture without fatalities 1.7 times higher than the average and
accident rate with fatalities is three times higher than the average

[1].

Fires pose a risk of destroying the environment and human
lives [2]. The causes of fire in agricultural machinery are various.
The literature [3] lists several possibilities in which a fire may
occur: e.g. in the engine, in the bearings, brakes. Maintenance of
these machines is an important fire protection.

Maintenance activities in agriculture are very diverse,
including the following activities:
e maintenance and repair of machinery, equipment and
vehicles,
maintenance of farmyards and buildings,
maintenance of silos, tanks, manure tanks and grain tanks,
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¢ maintenance of drainage and irrigation systems,
e maintenance of paved and unpaved roads.

The following hazards can be identified during these

maintenance activities:

e mechanical hazards when working with maintenance
machinery, for example crushing, connecting and high-
pressure injection means,

e celectrical risks,

e thermal risks,

e chemical risks associated with the use of hazardous
substances during maintenance or maintenance of
equipment containing hazardous substances,

o risk of explosion or fire or during maintenance,

e Dbiological risks in the maintenance of contaminated
equipment,

e ergonomic risks, e.g. incorrect construction of tools,
work activities in enclosed spaces.
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Wheeled machines, mostly agricultural, are responsible for up
to 50% of fatal accidents worldwide. Work safety, work activities
and these machines are very important.

For the detection of fires in agriculture, there are almost no
studies aimed at identifying the causes in harvesters, respectively.
tractors with accessories. Studies to date [4] in which the authors
investigated more than 4,000 fires in combines and tractors. They

gained access to machines to conduct a detailed study for 265 cases.

The authors concluded that 74% of fires occurred in the engine
area (e.g. surface heating, flue gas outlet and electrical
components). They found that the material that began to burn was
crop residues, followed by fuel and oil residues [5].

The tractor is used as a means of accessing hard-to-reach areas,
driving and towing connected equipment. For carrying out various
agricultural activities, such as harvesting, plowing, fertilizing.
Although there are innovative machines and processing methods,
there are still risks, such as machine fires, due to low investment
in maintenance or machine replacement [6].

To reduce the occurrence of fire, it is possible to apply various
systems, e.g. FOGMAKER TM system, which is highly innovative
but not available for small businesses. The contribution of the
presented paper is to evaluate the risk of hay baling by a complex
method in which the bearing was damaged. The press is one of the
most risky machines in agriculture. Fires and malfunctions are
caused by bearing failure or overheated machine parts.

2. Material and Methods
2.1. Fire safety measures for machines from the Baler company

During harvesting season, fires on agricultural machinery or
buildings occur more frequently than in the off-season.

The task of the balers is to continuously pick up the wilted or
more often dry material (hay, straw) from the summarized rows,
press it and tie it into bales [1,6].

In most cases, presses with variable chambers pose the greatest
risk of fire. The fault is most often caused by tensioning and
control rollers, which are responsible for the operation of
packaging belts [2-7].

Bearings called seasonal bearings used in such machines must
be replaced each year before the start of the summer season.
Overheated bearings can come into contact with straw, hay and the
right hot surface can initiate a negative phenomenon. Before
starting work with the press in the field, it is recommended to
switch on the press for 5-10 minutes and then check the bearings

[7].

Due to the presence of dry straw or hay in the baling chamber,
which has a flash point of approximately 300°C depending on the
moisture content, as well as rubber bands on the rollers, which are
constantly in contact with the hot surface and can heat up during
normal operation, they create all the conditions for a fire. The
operator of the machine is often able to watch the process only
from a mirror.

With such an amount of dry material (straw, hay) it is difficult
to extinguish the fire in 1-2 minutes so that the fire does not spread
further. In such fires, the greatest chance of rescuing the tractor in
the event of a quick uncoupling of the baler [8].
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Another important parameter is the parallel guidance of the
forming strips at the same distance. If these belts are not lowered
in parallel, sooner or later their friction will lead to a fire. Gear
bearings also deserve attention even if they are less exposed to
direct contact with straw, but accidental dust and other
contaminants can also cause a flammable substance to ignite when
the bearings are overheated due to wear [9]. There is illustrated in
Fig. 1 the baler machine KRONE Big Pack and the same kind of
machine damaged after a fire accident is in Fig. 2.

Figure 1: KRONE Big Pack 1290XCHDP

Figure 2: Damaged Big Pack 750 after the fire accident [10]

2.2. Risk analysis of the selected equipment

A comprehensive workplace risk assessment method was used
to assess the risks of the selected press [8-10].

The risk assessment at work was performed using a
comprehensive method of risk assessment at the workplace [11].
Common practice in small and medium-sized enterprises requires
time-saving methods, which, however, presuppose knowledge of
the actual state of the monitored technology. The method
developed by the international team of the Security Section
(represented by France, Germany, Italy and the Czech Republic)
can be satisfactory in this respect. The method is based on the
knowledge that an injury occurs in most cases for several reasons.
The work is performed in the system man (P) - machine (M) -
environment (U) and the level of safety depends on all three
elements - parameters. These elements are assessed individually
by this method, by appropriately assigning a point method and
defining an acceptable risk. The method is mainly suitable for
immediate risk assessment in order to apply immediate, non-
complex measures. The record is kept in the form of a
questionnaire [12]. The values in the risk assessment were
determined by direct consultation with the tractor driver.
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Profession: tractor driver
Equipment under assessment: baler

Description of job: The damaged bearing got stuck and the
action of frictional force led to the accumulation of heat, which
passes into the chamber of the press and subsequently a
machine fire occurred.

Description of the work procedure: After observing the fire,
the tractor driver stopped the tractor and the press brake,
switched off the drives and exits the tractor, then extinguishes
the fire with the help of fire extinguishers. Table 1 shows the
risk assessment of machinery, namely the baler.

Table 1: Risk assessment of the equipment

Risk element - M
Equipment (baler) risk Rating | Label | Range
assessment
Identification Severe
of possible S 7 1-10
damages consequences
(Burns)
Danger Frequently
exposure repeated Ex 1.5 1-2
exposure
Probability
ofa Central Wa 1.5 0.5-
dangerous 1.5
situation
Possibility of | =y g Ve | 05 | 051
prevention
M=SxExxWaxVe €))]
M=35.25

The resulting risk level of machinery from the range (0.25-30) is
5.25.
Table 2 shows the risk assessment of the working environment.

Table 2: Environmental impact

Env1r0nme1[1]tal impact - Result | Label | Range
Work On one
organization Ua 0.6 0.5-1
level
area
Work Dust, heat Ub 0.6 0.3-
environment 0.6
Other loads | * M&TOW 0.2-
space Uc 0.4
0.4
U=Ua+ Ub+ Uc (2)
U=16

The resulting risk level of the working environment from the
range (1-2) is 1.6. Here it can be seen that the risk of the working
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environment is higher. Table 3 shows the risk assessment of the
human factor.

The resulting risk factor for human factor from the range (15 -
0) is 15. Here it can be seen that the risk of human factor failure is
low.

Table 3: Operator competence manage the risk

Ability of the operator to .
handle the risk-P Rating | Label | Range
An
Person ducated
classification | "0 | Q| 10 |10-0
person with
experience
. Appropriate
Psychological mental 0 3 3.0
factors -
ability
The
Work prescribed
organization | workflow is O 2 5-0
not always
used
P=Q0+¢p+0 3)
P=15

The resulting degree of risk of the human-machine-
environment work system is determined by the following relation

(4).

R=MxU-Px (M/30) (4)
R=3525x16-15x(525/30)
R=5.78

The resulting level of risk when baling straw using a tractor
with an attachment is low, but the method found that the cause of
the fire was the working environment, i.e. high ambient
temperature.

Based on the risk assessment, the following measures have
been proposed to the operator. The first place of protection against
agricultural fires is the maintenance of the machine.

2.3. Proposal of risk minimization measures

This phenomenon can be prevented by inserting a bearing
temperature measuring device into a combine or press, thus
reducing the risk of fire. Bearing-mounted temperature sensors
transmit data to the device, where they are displayed. On the screen
it is possible to monitor the bearing temperatures during operation
can avoid the risk. It is possible to set the temperature limit, if a
bearing with a red circle is signalled, then the temperature has
exceeded the value that is set [13].

These bearing thermometers are also designed to detect the
temperature of the bearing housing. The tip of the sensor is
designed to make the best contact with the measured surface. The
sensor should be placed directly in the hole. The clamping ring
together with the spring ensures clamping on the surface so that
information about the condition of the bearing is available. In the
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event of overheating by the sensor signal, the machine can be
stopped to prevent damage.

Parameters of the given sensor are:

e maximum ring diameter: 8 mm,
e measuring range: from -25°C to + 250°C,
e wire length: 2 m.

The innovative baler process already has this system built in,
but older types are only cleaned mechanically. The hydraulically
driven turbo fan, Fig. 3 and Fig. 4, system protects the knotters
from pollution and reduces the risk of dust explosion [14].

Figure 3: The hydraulically driven turbo fan system protects the knotters
from pollution, a strong air flow with speed 140 kmv/h. [14]

g
Figure 4: Two oil pumps supply the input gearbox and the TURBO FAN
knot cleaning system with hydraulic oil. [14]

Fires arising from agricultural machinery occur mainly in the
engine compartment. The consequence, especially on the damaged
construction of the machine, often exceeds the value of the
machine. Increased requirements to reduce noise and exhaust
emissions are the main reasons for greater insulation and enclosure
of the engine compartment, increased fuel pressure and thus an
increase in engine compartment temperature.

The fire in the engine compartment spreads often and very
quickly and intensively, so it cannot be extinguished with a fire
extinguisher. Vehicles and equipment in agriculture, such as
harvesters, tractors, loaders, etc. are high power machines that
work at a constant load. An increasing number of more powerful
electrical and hydraulic equipment pose an increased risk, and it is
therefore possible to speak of these machines as potentially
dangerous sources. [15-16]

If the engine fire start, the whole machine will burn during 20
minutes. Due to the nature of the work area, it can quickly fall
victim to a fire, completely isolating the burning vehicle and its
operator.

WWww.astesj.com

The FOGMAKER system ™ is an automated closed system
that can be operated by direct human intervention and without
power supply. On the principle of water mist, the fire in the engine
compartment of the machine is extinguished. FOGMAKER ™
may consist of one, two or three fire extinguishing bottles. The
construction allows full use of the content of the extinguishing
mixture and thus emptying of the entire extinguishing cylinder.
This is a positive advantage because the extinguishing roller can
be placed vertically or horizontally in confined spaces. [17-18]

Figure 5: Hydro-pneumatic detection and activation [18]

Detection and activation of the system is performed hydro-
pneumatically.

When a fire occurs, the detection hoses expand / burst with
pressure and pressure drop, activating the valve on the
extinguishing pressure cylinder. The pressure gauge, which is
located on the detection cylinder, then alerts you with light and
sound signals.

This power-independent system has an extraordinary cooling
effect of - 500 ° C in less than 3 seconds. Water high-pressure mist
with a pressure of 100 bar and special nozzles turn water into
microdroplets with a diameter of 50 um. The volume of 1 drop
with a diameter of 1 mm is sufficient to create 8,000 drops of water
mist. Water with a volume of 1 liter absorbs 540,000 calories
during evaporation, which gives the extinguishing a completely
unique effect. Cooling contributes to rapid extinguishing and thus
reduces the risk of re-ignition [19-20].

3. Discussion

The result of the analysis was a finding that the cause of the
fire is the environment, i.e. the high ambient temperature. The
critical element in hay baling processing system is the working
environment. Although the primary cause of the fire was a
damaged bearing, the high ambient temperature and the presence
of hay in the working environment caused an adverse event, i.e.
fire. The risk level of the working environment was estimated at
the value 1.6 from the interval < 1; 2 >. The resulting risk level
5.78 was low due to rapid human intervention. The acceptance
limit in this method is set at the value 15. Based on the results, the
technical measures were proposed to the operator. There was
determined in this article that the maintenance of the machine is
important for protection against the agricultural fires, where the
human factor plays an important role in the man - machine -
environment system. As a damaged bearing or electrical
installation contributes significantly to a fire in agriculture,
maintenance is absolutely necessary in preventing of fires.
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4. Conclusion

It can be stated that a damaged bearing, as stated for presses,
plays a major role in the fires of agricultural machinery. For
tractors, trucks, the main initiator is an electrical short or faults in
the electrical installation. In the case of machines intended for
harvesting such as a combine harvester or forage harvester, a
damaged bearing or electrical installation contributes significantly
to a fire. After the risk analysis with a comprehensive method,
satisfactory results were obtained, but this does not mean that there
is no danger. The proposed measures to improve the situation are
feasible, but nowadays smaller companies cannot afford it.
Companies with better financial possibilities hire a special service
for machines [21-22].

After the service period, maintenance is performed in-house.
Today's companies try to have as little as possible, there are 1
maintenance person on about 10 machines [23-24]. Under the
pressure of time, maintenance workers carry out repairs to such an
extent that the machine is functional-mobile, but safety is
significantly neglected. Today's generation of tractor drivers and
engineers also neglects the basic maintenance of machines such as
bearing lubrication or engine oil change. Some companies
motivate their employees by being paid for maintenance. Machines
and systems can be improved from a safety point of view, but the
human factor plays the biggest role. Fighting fires in agriculture
are liquidated according to the methodological sheets of the Fire
and Rescue Service.
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