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Practical implications: Application of the developed methodology may facilitate the
implementation of works related to the assessment of machine safety.

Social implications: The implementation of solutions focused on ensuring work safety is
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1. Introduction

Providing employees with safe and healthy working conditions is one of the basic duties of
every employer. Therefore, they should take all possible actions aimed at providing broadly
understood security in the place where the work is performed, including ensuring safety in
machine operation. In accordance with applicable legal regulations, the machinery used in
industrial enterprises should meet the requirements set out in the New Approach Directives,
implemented in national law and defined by the EU (national) legislation. The legal regulations
specify safety requirements that should be meet by machines available for purchase within the
European market, as well as those already in use.

The European Union is involved in activities aimed at improving work safety in the usage
of machinery. This is due to the fact that the engineering industry is one of the main pillars of
the Community economy. The activities undertaken in this area concern the design and
construction of machines so that they meet with European Union standards of safe operation.
The concept adopted in this way is focused on activities contributing to reducing the number of
accidents at work that occur when using industrial plant.

The aim of the article is to develop the methodology of the approach to the assessment of
compliance with the requirements of legal provisions provided for machines operated in
industrial enterprises. The study presents the possibility of adapting to the legal requirements,
a machine used for rolling rubber and plastics. For the analyzed machine, non-conformities in
the scope of legal requirements were identified. Implementation of corrective actions for the
identified non-conformities, based on technical solutions provided for in harmonized standards
with the Machinery Directive, was proposed. The approach presented in the article for the
assessment of compliance can be used to measure a machine’s potential to meet minimum or
essential requirements. It can also be used in implementing preventive solutions to bring it up
to code (the effectiveness of implementation of risk mitigation solutions — risk assessment
before and after putting into practice protective activities).

2. Safety requirements for machines

Ensuring that the machinery which is put on the EU market / used in companies meets the
safety requirements rests with the entities selling it (producer, importer) or using it (employer).
The time limit determining the type of requirements to which the machine is subject to was the
date of the country's accession to the EU structures, (May 1st, 2004). Accordingly, there are
two types of safety requirements for machines, i.e.: essential requirements (concerning new
machines) and minimum requirements (concerning old machines) used before the country's
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accession to the EU structures (Matysa et al., 2015; Labanowski, 2012; Matysa, Pawlak, 2017
Matysa et al., 2013).

New machines constitute a group of products placed on the market or put into use in the
single EU market since the accession of the country to the EU structures. The entities putting it
into service (manufacturer, distributor, importer) became responsible for ensuring that the item
meets the applicable regulations (Dyrektywa, 2006; Rozporzadzenie Ministra Gospodarki,
2008). However, according to the Labor Code (Kodeks pracy, 1974), the employer is
responsible for ensuring safety when his employees use new machine plant. Hence,
the employer is obliged to equip work stands with machines and other technical devices that
meet or exceed the requirements for conformity to specified health and safety regulations.
The conformity assessment applies to the Act on conformity assessment systems and market
surveillance (Ustawa, 2016), in which the system of fines for failure to comply with legal
provisions and the introduction of machines (other products) that do not meet the essential
requirements have been defined. Therefore, the owner is obliged to not only ensure safety when
his or her employees use his/her industrial plant, but also to maintain these machines according
to the above-mentioned legal requirements.

The minimum requirements are addressed to the activity of the entities owning the
machines, i.e. the employers. According to the Tool Directive (Dyrektywa, 2009) and national
law laid down by regulation (Rozporzadzenie Ministra Gospodarki, 2002) regarding minimum
safety requirements for the use of machines by workers, it is the employer’s obligation to take
actions to meet requirements that are also defined by the legislator in the Labour Code.
According to art. 215 of the Labor Code, the employer is obliged to ensure that his employees
work within safe and hygienic conditions, and, in particular, are protected from potential
injuries, hazardous chemicals, electric shock, excessive noise, mechanical vibrations and
radiation, as well as other harmful and dangerous work environment factors. The operated
machines should also take into account the principles of ergonomics. When such machinery
does not meet the requirements described in Article 215 of the Labor Code, the statutory task
of the employer is to undertake actions aimed at equipping the machines with appropriate
safeguards, depending on the working conditions specific to the company.

In Poland, the various technical aspects related to work safety in the use of machinery
described in the regulations (Rozporzadzenie Ministra Gospodarki, 2002; 2008) also include
regulations on general health and safety set out in Rozporzadzenie Ministra Pracy i Polityki
Socjalnej (1997). The third chapter of the regulation deals with the operation and use of
machinery, tools and technical equipment and is consistent with the regulation regarding
minimum (Rozporzadzenie Ministra Gospodarki, 2002) and essential (Rozporzadzenie
Ministra Gospodarki, 2008) requirements. Of note, such legislation state that all industrial plant
must meet safety requirements for the entire period of their operation.
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3. The methodology for assessment of compliance witch legal requirements

The assessment of compliance with legal requirements of the machinery operated in
manufacturing enterprises requires a methodical approach to the stated problem, which is
meeting the legal requirements for the machinery. The legislator has divided the security
requirements into minimal and essential. However, often in the industrial practice, both used
and new machines do not meet the requirements described in the legal provisions. The solution
to this problem may be a methodical approach to the assessment of the compliance of the
machines with the minimum or essential safety requirements (which requires determining the
type of requirements that apply to the analyzed machine) before putting them into service.
Fig. 1 presents the methodology of the approach to the assessment of the compliance of
industrial plant with the requirements of the legislator, which highlights:

e identification of facilities, determining the date of their production — within this stage,
the machines used in the company should be identified, the date of their production
should be able to be read from the nameplate, and the existing technical documentation
should be assigned to them. Determining the date of production will allow to determine
the type of requirements (essential/minimum) to be met, in the scope of which they
should be maintained, in order to provide the user with the level of occupational health
and safety and ergonomics required by law. Basing on the established type of
requirements, it is necessary to draw up legal acts concerning safety requirements that
should be considered in the aspect of the analyzed machine, i.e. directives and
transferring them to the national law regulations of competent ministers or regulations
dedicated to a given group of machines — e.g. woodworking machines;

e a list of security-related areas and assessment of compliance with legal requirements —
all areas relating to technical aspects related to the machine being used should be listed,
e.g. control elements, control systems, covers or protective devices, machine stability
etc. This stage assesses whether legal requirements are met for a given safety area or
not. Omitting this area may result in the lack of implementation of solutions intended to
reduce the risk of accident. At this stage, it is necessary to pay attention to the validity
of the applicable legal acts;

¢ identification of hazards and risk assessment — at this stage, the hazards occurring in the
analyzed areas of safety, e.g. related to the control elements, machine stability etc.
should be identified. Hazard identification is an important step in the methodology and
subsequently in risk reduction. The risk assessment may be performed based on the
PN-EN I1SO 12100:2012 standard (Standard PN-EN 1SO 12100:2012). A detailed risk
assessment should be carried out for both old machines (minimum requirements) and
new ones (essential requirements);
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determination of existing discrepancies according to existing legislation, selected
standards — analysis of the areas for which non-compliance was registered — failed to
comply with legal requirements. For these areas, actions to meet the legislator's
requirements are defined. At this stage, the costs of work adjustment can be estimated,
elimination, reduction of occurring discrepancies — to eliminate the identified
discrepancies, the solutions provided in European standards can be used.
The harmonized standards are one of the ways to meet the requirements of the legislator
(the presumption of conformity principle). At this stage, the solutions are enacted to
eliminate or limit the non-compliances. The elimination of existing discrepancies is
possible thanks to the implementation of solutions, most often a combination of
technical and organizational measures;

risk assessment — assessment of the effectiveness of implementing risk mitigation
solutions — the stage at which the effectiveness of implemented solutions limiting the
accident risk is assessed. The risk assessment process should be carried out again,
and the answer should be given whether the solutions applied have not contributed to
the occurrence of new threats. In case of such occurrence, the process of its reduction
should be started again;

the introduction of implemented changes to the technical documentation -
the implemented changes require their introduction into the technical documentation of
the analyzed machine. At this stage, the relevant documents resulting from the
application of the Machinery Directive, such as the declaration of conformity and the
CE marking (in the case of machines subject to the essential requirements) should be
worked out.

A methodical approach to the assessment of compliance with the requirements of the
legislator may be an effective tool, the use of which may support the implementation of work
aimed at improving safety and maintenance of industrial plant in the scope of legal requirements
(minimum or essential).
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Figure 1. Methodology of approach to the assessment of meeting legal requirements (minimum and
essential). Source: own elaboration.
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4. The adaptation of the developer methodology in industrial conditions

The study presents the adaptation of the developed methodology of approach to the
assessment of industrial machine compliance with legal requirements. The analysis meets the
legislator's requirements for a machine for rolling rubber and plastics. The machine was
produced in the seventies of the last century. It is used for plastification of natural and synthetic
rubber, as well as mixing and heating of un-vulcanized rubber mixtures.

Following the assumptions of the adopted methodology (fig. 1), the object was identified
and the date of production was determined. On this basis, the requirements for the machine are
identified. The machine was produced in the seventies and therefore should meet the minimum
requirements, and in the scope of these requirements, be maintained throughout its lifetime.
In connection with the above, legal acts that specify legal requirements for old machines used
in enterprises have been compiled. These legal acts include:

e Directive 2009/104/WE of the European Parliament and of the Council of 16 September
2009 concering the minimum safety and health requirements for the use of work
equipment by workers at work (DN).

e Regulation of the Minister of Economy of 30 October 2002 on minimum safety and
hygiene requirements for the use of machines by workers at work (RMG).

e Regulation of the Minister of Labor and Social Policy of 26 September 1997 on general
health and safety at work regulations (RMPIiPS).

On the basis of the compiled legal acts, the areas for which attention should be paid in the
process of assessing the fulfilment of legal requirements have been identified. The study
presents the sample areas related to:

e equipment control devices — § 9.1-9.2 (RMG), p. 2.1 (DN); § 52.3-52.4 (RMPIPS);

e completely and safely stopping — § 13.1 (RMG), p. 2.3 (DN), § 52.1 (RMPIPS);

e emergency stop — § 14.1 (RMG), p. 2.4 (DN), § 52.2 (RMPIPS);

e thrown objects, falling objects — § 14.2 (RMG), p. 2.5 (DN);

e guards and protection devices — § 15.3 (RMG), p. 2.8 (DN), § 55.1 (RMPIPS);

e stability of the machinery — § 15.1 (RMG), p. 2.6 (DN);

e warnings and markings necessary to ensure the safety of employees — § 18.1.2. (RMG),

p. 2.15 (DN).

For the specified areas related to safety, the threats have been identified for which the
source, effect and estimated risk of possible negative health effects was determined.
The risk assessment was based on the method of preliminary hazard analysis (PHA method).
It is a qualitative, indicative method in which the risk is estimated as the product of two
parameters, i.e. the probability of "P" and the severity of the consequences of "S"
(Lis, Nowacki, 2005; Malysa, Pawlak, 2017; Szlazak, Szlazak, 2012). The characteristics of
individual parameters are summarized in Table 1. Owing to the fact that this is a preliminary
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risk analysis method, used at the beginning of activities related to risk reduction for the analyzed
machine, the employer should, after completing all work, carry out a risk assessment once
again.

Table 1.
The scale of assessments of risk parameters
Scale of
parameter Consequences ,,S” Probability ,,P”
evaluations
1 Minor injuries Very unlikely
2 Light injuries, measurable damage Unlikely, occurring once every 10 years
3 Serious injuries An event that can occur once a year
4 Fatal accidents, severe injuries Events that happen once a month
Collective fatal accidents, damages on a very
5 | | Frequent, regular event (once a week)
arge scale at the workplace
6 Collecltive fatal accid{ents, damages on a very A high probability of an event occurring
arge scale outside the workplace
Risk ,,R” Acceptability of risk
1-3 Acceptable risk
4-9 Acceptable risk acceptance after risk assessment
10-36 Unacceptable risk, necessary is risk reduction

Source: own elaboration based on Lis, Nowacki, 2005.

Hazards related to the use of the rubber and plastic rolling machine (Table 2) were defined
by indicators (P, S) and the risk was estimated. For hazards: physical load - static, perceptual
load, emotional load, risk at the acceptable level was estimated (R = 6). In case of hazards
related to the moving parts of the machine, ejected material, lack of stability, the estimated risk
level requires the employer to take immediate actions to reduce its occurrence. The risk for
these hazards is unacceptable (R = 18, R = 18 and R = 24, respectively). According to the
adopted method of risk analysis and assessment, the proper measures should be applied to
reduce the risk and ensure that the legal requirements are met.

The occurrence of hazards in the use of machinery requires employers to put in place
preventive solutions to reduce the risk. In connection with the assessment of areas related to the
safety and risk analysis, discrepancies in legal requirements have been uncovered.
Table 2 identifies the area related to the safety and non-conformities (deficiencies in meeting
the requirements) which have been referred to in the harmonized standards. The use of
standards allows for the implementation of solutions limiting the risks associated with the use
of a machine for rolling rubber and plastics.

The study analyzed the selected areas related to ensuring the safety of the machine
(Table 2). For these areas, the actions that allow for the elimination or reduction of existing
threats have been identified — a proposal for risk limitation measures.

One of the analyzed areas were control elements for which the same colour of the buttons
was originally used, their function (purpose) was not described. Moreover, they were placed so
that their use required the operator to take a forced position (physical, static, perceptual and
emotional load). In order to eliminate the nuisance related to the performed work, harmonized
standards were used.
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Table 2
The adaptation of the methodology of the approach to the assessment of compliance with legal
requirements for an analyzed machine

Identification of facilities, determining the date of their production
Machine: Rolling-mill for rubber and plastics
Production year: 1970
Type of legal requirements Minimum requirements
Legal requirements:
1. Directive 2009/104/WE of the European Parliament and of the Council of 16 September 2009 concerning
the minimum safety and health requirements for the use of work equipment by workers at work (DN).
2. Regulation of the Minister of Economy of 30 October 2002 on minimum safety and hygiene requirements
for the use of machines by workers at work (RMG).
3. Regulation of the Minister of Labor and Social Policy of 26 September 1997 on general health and safety at
work regulations (RMPiPS).

A list of security-related areas

- equipment control devices
- completely and safely stopping
- emergency stop
- falling and thrown objects
- guards and protection devices
- stability of the machinery (work equipment)
- warnings and markings necessary to ensure the safety of employees
Assessment of compliance with legal requirements (for juxtaposed areas)
The fulfilment of

Legal requirements Legal basis legal requirements
No.
Yes | No
Area: Equipment control devices
Work equipment control devices which affect safety must be § 9.1 (RMG)
1 | clearly visible and identifiable and appropriately marked | § 52.3 (RMPiPS) X

where necessary. p. 2.1. (DN)
Except where necessary for certain control devices, control
devices must be located outside danger zones and in such a § 9.2 (RMG)
2 | way that their operation cannot pose any additional hazard. | § 52.4 (RMPiPS) X
They must not give rise to any hazard as a result of any p. 2.1 (DN)
unintentional operation.

Area: Completely and safely stopping

. i . .| §13.1 (RMG)
3 g#]\évlczzrtlélflqaur:g?;fr;tlymust be fitted with a control to stop it §52.1 (RMPiPS) X
' p. 2.3. (DN)
Area: Emergency stop
Where appropriate, and depending on the hazards the | § 14.1 (RMG)
4 | equipment presents and its normal stopping time, work | § 52.2 (RMPiPS) X

equipment must be fitted with an emergency stop device. p. 2.4 (DN)
Area: Thrown objects, falling objects

Work equipment presenting risk due to falling objects or § 14.2 (RMG)

5 | projections must be fitted with appropriate safety devices 0 2'5 (DN)

corresponding to the risk.
Area: Guards and protection devices
Where there is a risk of mechanical contact with moving
parts of work equipment that could lead to accidents, those | § 15.3 (RMG)
6 | parts must be provided with guards or devices to prevent p. 2.8 (DN) X
access to danger zones or to halt movements of dangerous | § 55.1 (RMPiPS)
parts before the danger zones are reached.
Area: Stability of the machinery
Work equipment and parts of such equipment must, where
7 | necessary for the safety and health of workers, be stabilised
by clamping or some other means.

§ 15.1 (RMG)
p. 2.6 (DN)
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Cont. table 2.
Area: Warnings and markings necessary to ensure the safety of employees
8 Work equipment must bear the warnings and markings | § 18.1.2 (RMG) X
essential to ensure the safety of workers. p. 2.15 (DN)
Identification of hazards and risk assessment
No. Hazard Source of risk Arising from potential
risk P1S|R
1 physical load — static location of the control panel tiredness, back pain 6
2 perceptual load markln_g of control elem_e nts, tiredness 6 | 1|6
markings on the machine
3 emotional load (stress) markln_g of control elem_e nts, overstrung 6 | 1|6
markings on the machine
4 moving parts of the movable rollers crushing upper limbs 6 | 3 |18
machine
5 ejected material material loss of vision 6 | 3 |18
6 lack of stability lack of fixing the machine to crushing of lower limbs, 6| 4|24
the ground death

Determination of existing discrepancies. Elimination, reduction of occurring discrepancies

Analysed area

Inconsistencies

Reference to non-compliance to
harmonized standards

equipment control
devices

unmarked control elements, uniform
colour of control elements, no
ergonomic arrangement of control
elements

PN-EN 61310-1:2009 —p. 4.1.

PN-EN 61310-2:2010 —p. 5.1 and p. 7.
PN-EN 61310-3:2010 —p. 4.

PN-EN 13850:2012 — p. 4.4.5

PN-EN ISO 12100:2012 — p. 6.2.8

the risk

Proposal of measures to limit

- mark the control elements legibly (Start, Stop)

- use the correct colours of the controls (green - start, red — stop, red button
on a yellow background — emergency stop switch)

- position the controls in the normal range and operator's field of vision

ejected material,
substances, objects/
guards or protective
devices

no guard protecting the employee from
the material being thrown away

PN-EN 1417:2015:04 —p. 5.2.
PN-EN ISO 12100:2012 — p. 6.3.2.
PN-EN ISO 14120:2016 — p. 5.

the risk

Proposal of measures to limit

touch the moving rollers

- install guard to limit access to the danger zone, so that the operator cannot

machine stability

no attachment of the machine to the
ground to ensure its stability

PN-EN ISO 12100:2012 — p. 6.3.2.6.

the risk

Proposal of measures to limit

- fix the machine to the ground

with anchor bolts

signs and marking
used to improve
safety

no marking informing about residual
risk

PN-EN ISO 12100:2012 — p. 6.4.4.
PN-EN 61310-1-2009 — p. 4.2.
PN-EN 60204-1:2010 — p. 16.2.

the risk

Proposal of measures to limit

hazards)

- on the machine, apply pictograms informing about residual risk (use of
personal protective equipment, information about hot surfaces, electrical

Risk assessment - assessment of the effectiveness of implementing risk mitigation solutions

No. Hazard Implemented solutions to reduce the risk P|S|R
1 phys;(izltilcoad | positioning of control elements in normal ergonometric range 1 1
- legibly labelling of control elements (Start, Stop, Emergency Stop)
- use colours to identify control elements that are in accordance with
2 perceptual load | the requirements of the standards (green - start, red - stop, red button | 1 111
on a yellow background - emergency stop switch)
- control elements to be relocated into the operator's field of vision
emotional load | - marking_of control_eleme_nts_ _
3 - information on residual risk in the form of pictograms 1 111
(stress) . .
- equipment controls to be relocated in a place that allows easy use
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Cont. table 2.
4 moving parts of | - installation of guards that prevent access to the danger zone 1 3|3
the machine - information about residual risks in the form of pictograms
5 ejected material | - use of gu_ards that prevent access to the danger zone 1 3|3
- information about residual risks in the form of pictograms
6 lack of stability | - fixing the machine to the ground with anchor bolts 1 4 | 4

The introduction of implemented changes to the technical documentation
Avre the actions provided as part of the risk mitigation work implemented in the technical documentation of the
machine?

Yes No

Comments: -

Source: own elaboration.

In the described case, the implementation of prophylactic solutions based on standards
allowed the plant to meet the requirements of the legislator, and, at the same time, to improve
the safety, as the applied solutions coded the best practices in the analyzed field. Based on the
harmonized standards, appropriate actions have been taken (PN-EN 1417:2015-04,
PN-EN 61310-1:2009, PN-EN 61310-2:2010, PN-EN 61310-3:2010, PN-EN 13850:2012,
PN-EN ISO 12100:2012). These included:

e positioning of the control elements within the range of manipulation of upper limbs

(normal range) — which allowed to meet the requirements of the legislator set out in
§ 9.2 (RMG) and § 52.4 (RMPiPS);

e modifying control elements so that correct colour coding is used (green — start,
red — stop, red button on a yellow background — emergency stop switch) — which
allowed to meet the requirements of the legislator set out in § 9.1 (RMG) and § 52.3
(RMPiPS), § 14.1 (RMG) and § 52.2 (RMPiPS);

e describing the functions of the control elements: start, stop, emergency stop — which
allowed to meet the requirements of the legislator set out in § 13.1 (RMG) and § 52.1
(RMPiPS), § 14.1 (RMG) and § 52.2 (RMPiPS).

The implementation of the above solutions allowed to limit the associated risk with the use
of a rolling mill for rubber and plastics (table 2), and thus had a significant impact on improving
work safety (R = 6 before correction, R = 1 after correction).

Another area analyzed were the problems related to the ejection of materials, substances,
objects and the lack of safety shields to reduce the risk of accident. The existing threat was
limited by using the solutions specified in the harmonized standards (PN-EN 1417:2015-04,
PN-EN 14120:2016, PN-EN I1SO 13857:2010, PN-EN 1SO 12100:2012), allowing the selection
of shields and determining their proper distance from the dangerous zone. The addition of
shields and informing the user about the remaining residual risk (information in the form of
pictograms) made it possible to meet the requirements of § 14.2 and § 15.3 (RMG) and § 55.1
(RMPIPS).
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The limitation of the threat related risk — the lack of machine stability (R = 24 to R = 4) was
obtained thanks to ensuring the permanent connection of the machine to the ground by means
of anchoring bolts. The usage of one of the solutions provided in the PN-EN 1SO 12100:2012
standard allowed for meeting the requirements of the legislator set out in § 15.1. (RMGQG),
thereby reducing the risk of the machine overturning.

Summary

The subject of the evaluation was a machine for rolling rubber and plastics for which the
process of implementing the methodology in the area of reducing inconsistencies and
improving work safety was presented. The process of assessing the compliance with legal
requirements and risk assessment was carried out for selected areas. The hazards related to the
lack of machine stability (R = 24), ejected material (R = 18), moving parts of the machine
(R = 18) were estimated as unacceptable. However, for the psychophysical risks,
the acceptability of risk was registered, with the probability value P = 6 — in accordance with
the adopted risk analysis and assessment method (the occurrence of acceptable risk requires the
employer to maintain it at such a level).

Determining the existing discrepancies in the scope of legal requirements, the unacceptable
risk required taking actions aimed at improving work safety. The solution to this problem was
possible thanks to the provisions described in the harmonized standards. The application of the
solutions provided in the standards allowed for meeting the requirements of the legislator and
limiting the risks associated with the use of the machine.

The methodical approach to the process of limiting and managing risk plays an important
role in shaping health and safety standards at work in companies. The development of
a methodical behaviour in the field of assessing legal requirements (minimum, essential) may
be a useful tool for people who evaluate work safety levels for operating machines or the for
the safety of machines put on the EU market.
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