B el Journal of KONBIN 2023

Volume 53, Issue 1

St DOI 10.5604/01.3001.0016.3234

SSI,

S

Q>

2,

Artur KOZEOWSKI! ORCID 0000-0003-1195-5198

Jarostaw SMYLA! ORCID 0000-0001-5283 -2464

Michat BEMBENEK"? ORCID 0000-0002-7665-8058

Piotr WOJTAS?

Leszek KASPRZYCZAK* ORCID 0000-0003-2413-7610

! Lukasiewicz Research Network — Institute of Innovative Technologies EMAG (Sie¢
Badawcza tukasiewicz — Instytut Technik Innowacyjnych EMAG)

2 AGH University of Science and Technology (Akademia Gorniczo-Hutnicza)

3 Science and Industry Centre EMAG JSC (Centrum Naukowo-Przemystowe EMAG S.A.)

* Silesian University of Technology (Politechnika Slgska)

THE ROLE AND IMPORTANCE OF RISK
ASSESSMENT IN MACHINERY DESIGN
AND CONTROL SYSTEMS ON THE EXAMPLE
OF A MODEL RESEARCH LINE DESIGNED FOR THE
PRODUCTION OF LOW-EMISSION COMPOSITE FUEL

Rola i znaczenie oceny ryzyka w konstrukcji maszyn
i systemach sterowania na przykladzie modelowej linii
badawczej przeznaczonej do wytwarzania niskoemisyjnego
paliwa kompozytowego

Abstract: The article discusses the construction and functionality of a modular line for the
production of low-emission composite fiel, which was developed as part of a project co-
financed by European Funds, the aim of which was to develop an ecological, composite
solid fuel intended for low and medium power boilers. The designed and built innovative
production line has been tested in terms of safety requirements in accordance with the
Machinery Directive 2006/42/EC. Based on the harmonized standards, the risk estimation
algorithm was selected. The assessment covered, inter alia, mechanical, electrical and
thermal hazards, hazards related to noise and processed material, and those related to
control systems that perform safety functions. In order to eliminate non-conformities,
technical and organizational measures increasing the safety of service were proposed.

>



Artur Koztowski, Jarostaw Smyta, Michat Bembenek, Piotr Wojtas, Leszek Kasprzyczak

Keywords: low-emission composite fuel production line, risk assessment, safety analysis,
safety-related control systems

Streszczenie: W artykule omowiono budowe i funkcjonalnos¢ modutowej linii do wytwa-
rzania niskoemisyjnego paliwa kompozytowego, ktora zostata opracowana w ramach
projektu dofinansowanego z Funduszy Europejskich, ktorego celem bylo opracowanie
ekologicznego, kompozytowego paliwa statego przeznaczonego do kottow malej i Sredniej
mocy. Zaprojektowana i zbudowana innowacyjna linia produkcyjna zostata sprawdzona
pod kqtem wymagan bezpieczenstwa wedtug Dyrektywy Maszynowej 2006/42/WE. Na
podstawie norm zharmonizowanych dokonano wyboru algorytmu szacowania ryzyka.
Ocenie podlegaly m.in. zagrozenia mechaniczne, elektryczne, termiczne, zagrozenia zwig-
zane z halasem i przetwarzanym materiatem oraz dotyczqce systemow sterowania
realizujqcych funkcje bezpieczenstwa. W celu eliminacji niezgodnosci zaproponowane
zostaly techniczne i organizacyjne Srodki podnoszgce bezpieczenstwo obstugi.

Stowa Kkluczowe: linia do produkcji niskoemisyjnych paliw kompozytowych, ocena
ryzyka, analiza bezpieczenstwa, systemy sterowania zwigzane z bezpieczenstwem

1. Introduction

Due to the high demand of highly developed societies for energy and the
accompanying limitations in meeting the demand for fuels, while meeting the
requirements for environmental protection, the development of new low-emission fuels,
and technological lines is an extremely important task for scientists, technologists, and
engineers [11, 24, 34]. This problem is thus widely discussed in scientific research works
[1,23,27,29]. Possibilities for the production of environmentally friendly solid fuels are
provided, among others, by pelleting [26, 28]. This process was initially applied mainly
to plant biomass [25]. However, nowadays, various types of waste are increasingly used
[11], e.g. vegetables or fruit [2], fungi [12], or even seeds [14]. An unquestionable
disadvantage of pellet production is usually the high humidity of the input raw materials
forcing them to be dried [32], obtaining the proper grinding before consolidation, and
also the low calorific value of the finished pellets [20]. An alternative to this process can
be briquetting [33, 40]. However, due to the operating characteristics of the devices, first
of all, the ratio of energy inputs to efficiency, the most advantageous is the use of roller
briquetting machines [4, 7]. Therefore, the issue of producing environmentally friendly
composite fuels in roller presses is currently being developed [3, 6, 8, 22]. Additionally,
as shown based on the tests carried out on lump coal and briquettes made of the same
type of coal, briquetting in roller presses changes the internal structure of the fuel and,
thanks to the created pore network, enables easier extraction of volatile parts from the
inside of the fuel. The change in structure changes the reactivity of the fuel [5].
Additionally, briquetting at the stage of material preparation enables the catalyst and/or
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sorbent to be evenly distributed throughout the entire volume of the fuel, not only on its
outer surface [5, 35].

In order to meet the energy and environmental challenges, a scientific and industrial
consortium was established, composed of:

— Science and Industry Centre EMAG JSC,

— Lukasiewicz Research Network - Institute of Innovative Technologies EMAG,
designed to develop an innovative, modular line for the production of low-emission
composite fuel as part of the project entitled "Development of a technology for the
production of low-emission, qualified composite fuel based on hard coal and a research
technological line for checking product quality".

The project developed technology for the production of environmentally friendly
composite solid fuel for small and medium-sized boilers. A fine fraction of hard coal is used
to prepare the fuel. Depending on the parameters of the input raw material, various binders,
sorbents and water are added in specific proportions. The mixture, thus prepared and
averaged, is compressed in a roller press to the form of microbriquettes of 1 to 3 g and a
unit volume of 1 to 2.5 cm?®. The briquettes are then dried to an air-dry moisture content,
cooled and packaged. In addition to meeting the requirements for production efficiency and
low electricity consumption, it is also necessary to ensure the safety of the operators of the
production line. According to the legal regulations in force in the European Union in the
form of the Machinery Directive 2006/42/EC [13], machines should be safe for users and
bystanders. To achieve this, machines are designed to meet the technical safety
requirements for safe operation (the aforementioned Machinery Directive), explosion-
proofing (ATEX Directive 2014/34/EU) and electromagnetic compatibility (EMC
2014/30/EU). An example of a machine that meets all relevant requirements is the mobile
mining robot described in the paper [9].

2. Materials and Methods

However, before discussing the risk assessment process and risk estimation
algorithm, the construction and functionality of the composite fuel production line will
be presented.

2.1. Construction and functionality of a composite fuel production line

The production line was designed so that it could be easily transported and set up at
the final production site. The mobility of the line was ensured by the use of standardised
transport containers equipped with machines and equipment implementing the techno-
logical process (Fig. 1).
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Fig. 1. Construction of the composite fuel production line
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The line consists of the following assemblies listed below and highlighted in Fig. 1:
coal hopper (1.1), conveyor below the hopper (1.2), feeder conveyor to crusher (1.3),
crusher (1.4), conveyor below the crusher (1.5), binder charging hopper (1.6), testing scale
(1.7), ascending conveyor (2.1), reversing conveyor (2.2), planetary mixers (2.3), conveyor
receiving the feed from the mixers (2.4), ascending conveyor (2.5), screw conveyor 2 (2.6),
belt conveyor for feeding to the press (3.1), roller press (3.2), vibrating sifter 3 (3.3),
receiving conveyor belt (3.4), screw conveyor 1 (3.5), drying device (3.6), conveyor belt
(4.1), dryer (4.2), cooling unit (4.3), conveyor belt (4.4), hopper (5.1), conveyor belt (5.2),
vibrating sifter (5.3), weighing and bagging machine (5.4), conveyor with 1 m length (5.5),
conveyor with 2 m length (5.6), bag sealer (5.7), and bag ejector (5.8).

Assemblies 1.1 to 3.6 are housed in containers. The sides of the containers are covered
with covers made of tarpaulin and opened with a tool. The remaining assemblies (from 4.1
onwards) are free-standing machines.

The line is equipped with a central control cabinet that serves as the operator's panel.
The machine is powered by 3-phase 400 V, compressed air and water. It is designed for use
in an industrial environment and should be operated by trained operators.

Knowing the construction and functionality of the production line defining the
limitations of the machine. To discuss the process of risk assessment and risk estimation,
which have been adopted from international standards to ensure full objectivity.

2.2. Risk assessment

The standardisation of the risk assessment process is intended to reduce the subjectivity
of assessments made by different auditors with different professional backgrounds.

In order to ensure an adequate level of safety and to apply appropriate technical
measures, such as mechanical guards that are unmonitored or monitored with sensors to
detect their opening, light curtains and laser scanners to detect intrusion of the danger zone,
etc., it is first necessary to carry out a risk assessment of the individual parts and areas of
the machine. The trouble is that the assessment should not be subjective and dependent on
the individual views of the auditors.

To this end, international standardisation technical committees, e.g. ISO and IEC, have
developed standards harmonised with directives, which allow a systematic and algorithmic
approach to the risk assessment process. The standard for risk assessment is the
international standard EN ISO 12100 [17], while the technical report ISO/TR 14121-2:2012
[19] proposes specific methods for risk estimation.

According to EN ISO 12100, a risk assessment consists of a risk analysis and a risk
evaluation. The risk analysis itself consists of three steps:

o identifying the limits of the machine (e.g. industrial or domestic use, technical

parameters, capacity, type of material processed, etc.),

o identifying the hazards (e.g. mechanical - crushing, electrical - shock, thermal -

burn, noise-related hearing loss, etc.),

o and the aforementioned risk estimation.
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There are many qualitative and quantitative methods for estimating risk. Based on the
technical report [19], it was decided to use a qualitative approach based on the risk graph
shown in Fig. 2, which consists of four parameters: S, F, O, A.

The individual parameters of this graph can be defined as follows:

1. Severity of injury (S)
S1 - slight and reversible injuries, e.g. cuts, bruises, mild burns, minor fractures
e.g. of a finger
S2 - severe and irreversible injuries, e.g. an arm or leg fractures, amputations, loss
of sight or hearing, life-threatening and fatality
2. Frequency or duration of exposure (F)

F1 - rarely, e.g. less than 24 minutes accumulated per shift (1/20th of shift time),

once a day, once a week/month/year

F2 - more than 24 minutes accumulated during one shift of 8 hours

3. Probability of occurrence of a hazardous event (O)

O1 - Low - almost impossible

02 - Medium - likely to occur at some time

03 - High - will occur frequently

4. Possibility of avoidance of the harm (A)

Al - possible under certain conditions, e.g. hazard is foreseeable, visible to the
naked eye, operator is aware of it, movement speed is limited, movement is
repetitive cyclically

A2 - impossible, e.g. shrinkage from electric current, hazard not visible to the
naked eye (accumulation of explosive gases), unpredictable and fast
movements, e.g. of a robot.

S1 F1, F2 O1 02 - A1, A2 . ’

Start /
> 3
) >/ 4
/ 5

V
o

Fig. 2. Risk graph for risk estimation

This results in 6 risk levels (1,...,6). Naturally, the higher the level of estimated risk,
the more demanding the preventive measures to be implemented and the faster this should
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be done (see Table 1). On the other hand, at low risks, one can limit oneself to warnings
presented in the form of texts and pictograms or recommend personal protective equipment
or the training of workers. It is at this point that the risk evaluation is carried out, as the last
step in the risk assessment.

If there are hazardous areas on the machine, they must be separated from direct human
access. This can be achieved by means of mechanical guards on the machine itself or by
means of fences (distance guards) fixed with anchor bolts, for example. If such a guard had
to be removed frequently, e.g. once a week, it might not be reinstalled due to negligence. It
should therefore be fitted with a sensor to detect its presence. Such a sensor should be
connected to a logical subsystem, e.g. a controller or safety relay, and this should control
an output subsystem in the form of a contactor or converter shutting off an electric motor
or an electro-hydraulic or electro-pneumatic valve shutting off fluid systems.

Table 1
Actions required depending on the level of risk (own elaboration)
Risk . . . .
level Risk name Interpretation and required actions
.. . The risk is negligible from a health and safety point of
1 Negligible risk .  CEE . yP
view; preventive measures are not required.
Significant preventive measures are not necessary.
. The use of personal protective equipment and/or training
2 Very 1 k . .
ety fowris of workers should be considered, and risks should be
minimised with pictograms and warnings.
Preventive measures should be implemented if a
3 Low risk worker has frequent access to the danger zone or a

pictogram with a warning if only a qualified worker can
be exposed infrequently.

The implementation of preventive measures is
necessary at the earliest opportunity.

Implementation of preventive measures is urgent —
they should be provided as soon as possible.

The machine should be isolated from energy sources,
followed by the implementation of preventive measures.

Significant risk
High risk

Very high risk

This brings us to the realisation of the safety function implemented in the machine
control system.

2.3. Safety functions performed by the machine control system

The requirement specification for a safety function consists of functional require-
ments and safety integrity requirements. Functional requirements are usually specified as a
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natural language formulation, e.g. "Stopping the hazardous drive in zone X when safety
guard Y is opened and preventing it from starting until the guard is closed".
Typically, the safety function is performed from three subsystems (Fig. 3):
e a sensor that detects the hazardous situation (electromechanical switch limit, light
curtain, laser scanner),
e alogic unit analysing the signals from the sensor, and
e an actuator (e.g. a contactor that shuts down a dangerous drive or solenoid valve).

INPUT SENSQORS LOGIC UNIT OUTPUT DRIVE MOTOR

[

® oz

]
e

—CEw
2

Fig. 3. Typical implementation of the safety function of stopping the dangerous drive after opening
the guard monitored by limit switches (based on [36-39])

These subsystems form a safety-related control system. At the same time, the signal
flow can be 2-way due to the diagnosis by the logic of the other subsystems. Two safety-
related system standards can be used in the field of machinery safety: EN IEC 62061 [16]
and EN ISO 13849-1 [18]. We use the requirements from EN ISO 13849-1.

How should the safety function be implemented? Should it be implemented in a two-
channel form (with redundancy) or is a single-channel architecture sufficient? What
diagnostics should be provided? The answers to these questions will depend on the amount
of estimated risk, which, according to EN ISO 13849-1, must then be translated into the
required Performance Level (PLr). The diagram in Fig. 4 of EN ISO 13849-1 can be used
to determine the required PLr level of a given safety function of the control system.

In the graph, a path is to be selected consisting of:

e severity of injury (S),

e frequency and/or exposure times to hazard (F), and

e possibility of avoiding the hazardous event (P) and probability of occurrence.

The individual coefficients are described in the graph and coincide with the expla-
nations in the section on the risk estimation graph (Fig. 2) with the difference that the
probability of occurrence O is taken as certain and therefore has a value of 1. However, the
standard ISO 13849-1 allows for a reduction of the required PLr by one level if a low
probability of occurrence of the hazardous event O can be justified.
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Severity of |Frequency and/or Possibility of Required
injury exposure to avoiding the PLr
hazard hazardous event
S1 slight F1 seldom P1 possible
Sz serious F: frequently P2 not possible
Py v
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Fig. 4. Graph for determining the required PLr (own elaboration)

A given safety function is performed using hardware components and safety software.
The individual subsystems are most commonly characterised by the manufacturer with
safety parameters (PFHd, PL, categories) required by EN ISO 13849-1.

On the basis of appropriate formulas or simplified methods, the probability (frequency)
of a dangerous failure per hour PFHd of the entire safety chain (safety function) consisting
of the individual subsystems is to be determined and the achieved PL level of the safety
function under consideration is derived from this (Table 2).

Table 2
Determination of the Performance Level of a given safety function on the basis of PFHq

PFHaq PL
10+ 10" a
310+ 103 b
106+ 3-10¢ c
107+ 10 d
10+ 107 e
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The achieved PL must then be compared with the required PLr. The PL achieved must
be equal to or greater than the required PLr; otherwise the safety function must be
redesigned. In case the PL/PFHy is not known for all subsystems, the safety level of such a
subsystem must first be determined independently. The determination of the PL and PFHy
value for the subsystem is obtained from:

o the structure/architecture of the system (category B, 1, 2, 3, 4, describing single or

dual channel systems, with different levels of diagnostic coverage),

e the mean time to dangerous failure (MTTFd, which may be low, medium, high),

e diagnostic coverage (DC, which may be low, medium or high),

e immunity to common cause failure (CCF>65).

We will not discuss the selection or calculations of all the individual factors mentioned
above here due to the limited volume of the article, and we refer the interested reader to the
article [21] or directly to EN ISO 13849-1. It is also worth mentioning that there is software
available on the market to assist in the determination of the required and achieved
Performance Level, e.g. SISTEMA [31] or PAScal [30], to which manufacturers of safety
components attach their libraries.

2.4. Selected non-conformities of the composite fuel production line

For the purpose of this risk assessment, the method and the interpretation of the risk
estimation parameters were selected. The research composite fuel production line was
checked. The risks of the following hazards were listed, analysed and estimated:

e Mechanical

— Instability of machinery
— Crushing/impact during transport of machinery
— Entanglement and crushed by moving parts in the machinery
— Crushing by moving parts in mixers
— Failure of the emergency stop function
— Falling from a height
— Possible head impact by protruding constructional elements
— Eye contact with bulk materials
e Electrical hazard
— Direct contact to live parts
— Indirect contact with exposed conductive parts
Thermal - Contact with hot surfaces and air
caused by noise
caused by materials and substances
caused by failure to observe ergonomic rules
caused by the environment in which the machine is used
caused by unexpected start-up
caused by incorrect labelling
caused by incorrect documentation.
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3. Results and Discussion

We will not be discussing all the hazards but will present the approach based on the
sheet entitled Mechanical hazard - Entanglement and crushing by moving parts of
machinery (Table 3).

As can be seen from the risk card shown, the hazard areas are first located, the ex-
posed body parts are listed, the mode of operation and the handling activities during which
the hazard occurs are given. Next, the current technical state is analysed, after which the
level of risk is estimated based on the risk graph from Fig. 2 and the name of the risk and
its interpretation is determined based on Table 1.

The above risk assessment and estimation is complete from the point of view of formal
requirements, but the user may not know what to do next. Therefore, the rest of the sheet
contains recommended measures in the form of technical protective measures (additional
guards, additional safety sensors incorporated in the machine control system, etc.) and
organisational measures (instructions, warnings, training, PPE, etc.). Details of the specific
requirements can be found in the international standards quoted.

Particularly noteworthy is the fact that after the hypothetical implementation of the
recommended countermeasures, a reassessment of the risk is carried out, verifying that the
risk will be properly reduced to an acceptable risk level.

Table 3

Description of the selected hazard, risk estimation before and after implementation
of protective measures, current state and recommended protective measures

Hazard Mechanical hazard - Entanglement and crushing by moving parts of

name machinery

Location Conveyors, crusher, screw of the binder hopper, briquetting press (Figs. 5-12)

Exposed .

oy T Upper limbs

Mode (.)f Normal work

operation

Handled N . . .

activity Minor interventions during production
There are a number of upper limbs catching points along the production line (Figs.
5-12). Such points include the zones between the rollers and the conveyor belt and
between the conveyor belt and the machine frame (Figs. 5, 6), between the belt
and the reversing roller (Fig. 7); also access to the rollers of the crusher (Fig. 11),

Current access to the screw of the hopper (Fig. 8), access to the rollers of the briquetting

state machine (Fig. 9). The crushing zones are extremely dangerous because in the

event of jamming (suspension of the bulk material), an attempt to push the material
by hand may occur, which may result in the hand being caught and crushed. There
is also access to the entanglement and crushing zone in the screw conveyor
(Fig. 10)
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There are no written procedures on how to unblock machine jams and/or material

flow.
Risk estimation in current state

Severity of Probability of occurrence of a
o S2 03
injury: hazardous event:
Frequency or
duration of Fl1 Possibility of avoidance of the harm: A2
exposure:
Risk level: 4 Risk name: Significant risk

Recommended countermeasures

A distance guard (fence) in accordance with EN ISO 14120 must be used around the control
cabinet. If the fence is not monolithic but mesh, the safety distances (through the mesh eye, under
the mesh and over the mesh) resulting from EN ISO 13857 must be ensured (Figs. 12 and 13).
Access to the binder hopper should be prevented by a cover with a hinged sensor that blocks the
movement of the auger when the cover is open (Figs. 8, 14). The sensor should be connected to a
safety relay and this should cut off the auger motor drive. The safety function should meet PLr = ¢
(S2, F1, P1) according to EN ISO 13849-1. If the flap is raised at one end and there will be hinges
at the other end (including the interlocking sensor), care must be taken to ensure that the flap does
not fall by gravity - a folding support should be provided, for example.

To exclude access from the sides of the line, fixed guards complying with EN ISO 14120 should
be used on the sides of all containers. These should be able to be opened with a tool or key (Figs.
12, 15 - green).

Of separate note is the cover that excludes access to the mixers (Fig. 15 - blue colour). The mixer
flaps have locking sensors. According to the designers, there may be a need to access the mixers
once a week. In this case, the container cover must first be opened (blue colour in Fig. 15).
According to EN ISO 14120, it is recommended to use movable guards when the foreseeable
frequency of access is high (e.g. more than once a week) or when the removal or re-attachment of
the fixed guard would be cumbersome. Movable guards should be interlocked or interlocked and
locked according to EN ISO 14119.

It must not be possible to insert a finger between the conveyor belt and the reversable roller. A
solution may be the use of hood covers for the corners of the conveyors. The available gaps
between the conveyor belt and fixed parts, such as the frame, should not exceed 5 mm in
accordance with EN 620. This can be achieved by matching the assemblies with each other or
using an additional filling flat bar.

Prepare written instructions according to EN ISO 20607 on how to unblock machine jams and / or
material flow (necessary tools, PPE, energy isolation measures).

Risk estimation after implementing the recommended countermeasures

Severity of Probability of occurrence of a

o S2 (0]
njury: hazardous event:

Frequency or

duration of F1 Possibility of avoidance of the harm: A2
exposure:

Risk level: 2 Risk name: Very low risk
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Fig. 5. The places of catching under the conveyor (between the belt and rollers and between the belt
and the frame)

Fig. 6. Access to the catching area between the support roller and the belt and between the belt and
the conveyor frame

Fig. 7. Access to the catching area between support roller and belt and between the belt and
reversable roller
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Fig. 8. Access to the entanglement and crushing zone in the binder charging hopper

Fig. 10. Access to the entanglement and crushing zone in the screw conveyor
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Fig. 11. Access to the rollers of the crusher

X,

ANEEL

Fig. 12. Access to hazardous areas from the control cabinet

3

Fig. 13. Exclusion of access to hazardous areas by fencing around the cabinet
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Fig. 14. Exclusion of access to the crushing zone in the charging hopper for the binder by means of
an interlocking cover (flap)

Fig. 15. Exclusion of access to dangerous zones by means of guards around containers (fixed guards
- green; fixed or interlocking guards - blue)

The sheet for just one hazard was presented above. However, as indicated above, more
than a dozen hazards of different origin (electrical, thermal, noise, etc.) have been identified.
Therefore, each of these must be considered separately, as they result in different injuries,
different frequency of exposure due, for example, to different types of mode of operation
(normal operation or repair).

For example, Electrical Hazard - Direct contact to live parts will primarily affect
qualified electricians carrying out repair work on the control cabinet. The frequency of this
type of work will be infrequent, e.g. once a year, but the severity of injury will be very
serious (including fatality). In this case, the requirements of EN 60204-1 [15] for protection
against direct contact are checked, as follows:
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¢ the cabinet’s IP degree of protection is not less than 20 (no holes, unused glands
blanked off)

o the cabinet can be opened with a tool or has a pre-opening disconnection mechanism
or that its apparatuses provides at least [P20 protection

o the cabinet door bears the ISO 7010-W012 symbol (lightning)

¢ the main disconnector is labelled with the power supply area (span of supply)

e the terminals of the main disconnector provide IP at least 20

e the conductors remaining live after switch disconnection are coloured orange and
that appropriate warnings are provided

e all wires are marked according to the diagram to prevent connection errors and
consequent electrocution

o the supply cable is protected against mechanical damage

o there are warnings against stored energy (on drives, UPS).

In the case of protection against indirect contact, the requirements of the EN 60204-1
standard related to the grounding of exposed conductive parts, their correct marking and the
performance of protective measurements have been verified. The protocol of protective
measurements should include the results concerning:

e compliance of electrical equipment with the electrical drawings,

e measurements of the continuity of the PE conductor(s),

o fault loop impedance measurements and proper selection of overcurrent protection,

and

e functional tests.

Contrary to the hazard of direct contact, which is rare, such as once a year when
repairing an electrical cabinet, exposure to hazard from indirect contact with exposed
conductive parts occurs all the time while the machine is being operated.

An important and at the same time very specialised part of the risk assessment process
is the functional safety analysis. For this purpose, safety functions are distinguished, most
often related to stopping or slowing down the machine drives to a reduced speed (specified
in standards) after opening the interlocking guards (monitored with a sensor) or intrusion
of the light curtain or the field supervised by a laser scanner.

Validation of the required PLr levels on the basis of the graph from Fig. 4 or the levels
given directly in the specific standard is subject to detailed analysis, and then the
determination of the achieved PL levels of the considered safety functions.

Determination of the achieved PL level is based, in the first instance, on analysis of
the electrical, pneumatic and hydraulic diagrams.

It is essential to use components designed to work in safety systems with the reliability
and safety parameters specified by the manufacturer. Otherwise, such calculations have to
be made independently, which is often not easy and sometimes not feasible (especially for
electronic devices).

Once all the subsystems of a safety function have been identified, a calculation is made
of the PL achieved for the whole chain starting from the input subsystem through the logic
subsystem and ending with the output subsystem, which most often cuts power to the
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actuator. The safety function is considered to be properly designed if the PL achieved is at
least equal to the PLr required.

A complementary safety function is the emergency stop function, which does not itself
monitor the machine's danger zones, but allows the production line to be stopped in case of
an emergency. It is subject to the same analysis and validation as the safety functions
described above.

4. Conclusions

The search for new, efficient and environmentally friendly energy sources implies the
construction of complex and innovative production lines. In addition to guaranteeing
adequate production efficiency and economic viability, it is also important to ensure safety,
which is a legal requirement in the European Union and in other countries.

A common cause of serious accidents is the intervention of operators during machine
jamming caused by a disruption in the flow of workpieces, raw materials or products. The
operator, unaware of the danger, may attempt to unblock the machine manually, which can
result in parts of the body being caught. This is why it is so important to use the right
technical protective measures to separate the dangerous zones from the operators, to
properly train the operators and to provide instructions, tools and personal protective
equipment for each foreseeable development scenario.

The risk assessment carried out identified existing hazards on the production line.
Based on the risk estimation, risk levels were determined and prioritised for the
implementation of countermeasures. Equipping machines with protective measures will
allow the risks to be reduced as required by legislation. More importantly, both the operator
and the manufacturer can feel more secure in the area of safety.

5. References

1. Agbulut U., Saridemir S.: A general view to converting fossil fuels to cleaner energy
source by adding nanoparticles. International Journal of Ambient Energy, 2021,
42(13), 1569-1574.

2. Arulprakasajothi M., Beemkumar N., Parthipan J.: Investigating the physio-chemical
properties of densified biomass pellet fuels from fruit and vegetable market waste.
Arabian Journal for Science and Engineering, 2020, 45(2), 563-574.

3. Baiul K.: Synthesis of roller press rational design for composite solid fuel production.
Problemele Energeticii Regionale, 2019. 43(2), 103-116.

4. Bembenek M., Buczak M., Baiul K.: Modelling of the Fine-Grained Materials
Briquetting Process in a Roller Press with the Discrete Element Method. Materials,
2022, 15, 4901. https://doi.org/10.3390/mal15144901.

42



The role and importance of risk assessment in machinery design and control...

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bembenek M., Dzik T., Smyta J., Kozlowski A., Wojtas, P.: Analiza pord6wnawcza
spalania kwalifikowanego paliwa kompozytowego dla okresu przej$ciowego
w sektorze komunalno-bytowym w Polsce. VII miedzynarodowa konferencja
naukowo-techniczna Energia, $rodowisko, eksploatacja kopalin — zarzadzanie
i zrownowazony rozwdj, Rybnik 06-09.06.2022.

Bembenek M., Dzik T., Smyta J., Wojtas P.: Badanie mozliwosci wytwarzania
przyjaznego s$rodowisku kwalifikowanego paliwa kompozytowego dla okresu
przejsciowego w sektorze komunalno-bytowym w Polsce. Przemyst Chemiczny, 2022,
101(3), 191-196.

Bembenek M., Zigba A., Kopyscianski M., Krawcezyk J.: Analysis of the Impact of the
Consolidated Material on the Morphology of Briquettes Produced in a Roller Press.
Journal of Materials Engineering and Performance, 2020, 29(6), 3792-3799.
Buravchuk N. I., Guryanova O. V.: Briquetting of Fine Coal Raw Materials with
Binders. Solid Fuel Chemistry, 2021, 55(3), 148-153.

Cader M., Kasprzyczak L.: Inspection Robots in Hard Coal Mines. In: Szewczyk, R.,
Kaliczynska, M. (eds) Recent Advances in Systems, Control and Information
Technology. SCIT 2016. Advances in Intelligent Systems and Computing, 2017,
vol. 543. Springer, Cham. https://doi.org/10.1007/978-3-319-48923-0 37.
Carrillo-Parra A., Rutiaga-Quifiones J. G., Rios-Saucedo J. C., Ruiz-Garcia V. M.,
Ngangyo-Heya M., Nava-Berumen C. A., Nufiez-Retana V. D.: Quality of pellet made
from agricultural and forestry waste in Mexico. BioEnergy Research, 2022, 15(2), 977-
986.

Comi¢ D. R., Glavonji¢ B. D., Aniki¢ N. D., & Avdibegovi¢ M. H.: Comparative
Analysis of Wood Fuels Consumption in Households in the Federation of Bosnia and
Herzegovina. South-east European forestry: SEEFOR, 2021,12(1), 43-56.

da Silva Alves L., de Almeida Moreira B. R., da Silva Viana R., Pardo-Gimenez A.,
Dias E. S., Noble R., Zied D. C.: Recycling spent mushroom substrate into fuel pellets
for low-emission bioenergy producing systems. Journal of Cleaner Production, 2021,
313, 127875.

Directive 2006/42/EC of the European Parliament and of the Council of 17 May 2006
on machinery, and amending Directive 95/16/EC (recast).

Dotzynska M., Obidzinski S., Piekut J., Yildiz G.: The utilization of plum stones for
pellet production and investigation of post-combustion flue gas emissions. Energies,
2020, 13(19), 5107.

EN 60204-1:2018 Safety of machinery. Electrical equipment of machines General
requirements.

EN IEC 62061:2021 Safety of machinery. Functional safety of safety-related control
systems.

EN ISO 12100:2010 Safety of machinery. General principles for design. Risk
assessment and risk reduction.

EN ISO 13849-1:2015 Safety of machinery. Safety-related parts of control systems
General principles for design.

43



Artur Koztowski, Jarostaw Smyta, Michat Bembenek, Piotr Wojtas, Leszek Kasprzyczak

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

ISO/TR 14121-2:2012 Safety of machinery. Risk assessment - Practical guidance and
examples of methods.

Japhet J. A., Tokan A., Kyauta E. E.: A Review of Pellet Production from Biomass
Residues as Domestic Fuel, International Journal of Environment Agriculture and
Biotechnology, 2019, 4 (3), 835-842.

Kasprzyczak L.: Safety of machinery — determination of Performance Level, Journal
of KONBIN 2013, 1(25),75-84.

Kosturkiewicz B., Janewicz A.: The preparation of composite solid fuels in the roll
press. In E3S Web of Conferences, 2019, 108, EDP Sciences.

LiN., Liu H., Cheng Z., Yan B., Chen G., Wang S.: Conversion of plastic waste into
fuels: A critical review. Journal of Hazardous Materials, 2022, 424, 127460.

McLean E. V., Bagchi-Sen S., Atkinson J. D., Schindel A.: Household dependence on
solid cooking fuels in Peru: an analysis of environmental and socioeconomic
conditions. Global Environmental Change, 2019, 58, 101961.

Picchio R., Latterini F., Venanzi R., Stefanoni W., Suardi A., Tocci D., Pari L.: Pellet
Production from Woody and Non-Woody Feedstocks: A Review on Biomass Quality
Evaluation. Energies 2020, 13, 2937. https://doi.org/10.3390/en13112937

Pradhan P.; Mahajani S.M.: Arora, A.: Production and utilization of fuel pellets from
biomass: A review. Fuel Process. Technol. 2018, 181, 215-232.

Rychlewska K., Telenga-Kopyczyfiska J., Bigda R., Zelinski J.: Periodic inspections
of residential heating appliances for solid fuels: Review of legal regulations in selected
European Countries. Journal of Ecological Engineering, 2021, 22(2), 54-62.

Sandroa N., Agis P., Gojmir R., Vlasta Z., Miisliim A.: Using pellet fuels for residential
heating: A field study on its efficiency and the users’ satisfaction. Energy Build. 2019,
184, 193-204.

Stelmach S., Matuszek K.: Niskoemisyjne paliwo weglowe dla ogrzewnictwa
komunalnego. Gaz, Woda i Technika Sanitarna, 2018, 10 354-358.

Strona dostawcy oprogramowania PAScal https://www.pilz.com/

Strona dostawcy oprogramowania SISTEMA https://www.dguv.de/ifa/index.jsp
Ungureanu N., Vladut V., Voicu G., Dinca M. N., Zabava B. S.: Influence of biomass
moisture content on pellet properties—review. Engineering for Rural Development,
2018, 17, 1876-1883.

Vaish S., Sharma N. K., Kaur G.: A review on various types of densification/
briquetting technologies of biomass residues. In IOP Conference Series: Materials
Science and Engineering, 2022, 1228, 1, 012019, IOP Publishing.

Verma P., Kumari T., Raghubanshi A. S.: Energy emissions, consumption and impact
of urban households: A review. Renewable and Sustainable Energy Reviews,
2021,147, 111210.

Wejkowski R., Kalisz S., Tymoszuk M., Ciukaj S., Maj I.: Full-Scale Investigation of
Dry Sorbent Injection for NOx Emission Control and Mercury Retention. Energies,
2021, 14, 7787. https://doi.org/10.3390/en14227787.

44



The role and importance of risk assessment in machinery design and control...

36.

37.

38.

39.
40.

https://www.pilz.com/pl-PL/eshop/Technologia-czujnik%C3%B3w/Czujniki-
bezpiecze%C5%84stwa/PSENcode-bezkontaktowy-kodowany-czujnik-
bezpiecze%C5%84stwa/PSENcode-kompaktowe/PSEN-cs3-1p-1switch/p/541060
(2023.01.16).
https://products.schmersal.com/en_GB/srb206st-230v-227.html?type=product#mz-
expanded-view-608672802263www.danfoss.com (2023.01.16).
https://www.danfoss.com/pl-pl/products/dds/low-voltage-drives/vlt-drives/vlt-
refrigeration-drive-fc-103/#tab-overview (2023.01.16).
https://www.cantonigroup.com/pl/page/silniki/details/1/248 (2023.01.16).

Zhang G., Sun Y., Xu Y.: Review of briquette binders and briquetting mechanism.
Renewable and Sustainable Energy Reviews, 2018. 82, 477-487.

45






	THE ROLE AND IMPORTANCE OF RISK ASSESSMENT IN MACHINERY DESIGN AND CONTROL SYSTEMS ON THE EXAMPLE OF A MODEL RESEARCH LINE DESIGNED FOR THE PRODUCTION OF LOW-EMISSION COMPOSITE FUEL
	Rola i znaczenie oceny ryzyka w konstrukcji maszyn i systemach sterowania na przykładzie modelowej linii badawczej przeznaczonej do wytwarzania niskoemisyjnego paliwa kompozytowego 
	1. Introduction
	2. Materials and Methods
	2.1. Construction and functionality of a composite fuel production line
	2.2. Risk assessment
	2.3. Safety functions performed by the machine control system
	2.4. Selected non-conformities of the composite fuel production line

	3. Results and Discussion
	4. Conclusions
	5. References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



