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Abgtract: The purpose of risk assessment is to provide irdition for decision-making. It compares the resgltisk
obtained from the analysis with the risk critergsed on the legislation. If the level of risk iglasirable, the organization
must take measures under the legislation to redueéiminate the risk. There are also cases whergisk assessment
leads the company to a repeated analysis and tisateto terminate the investigation due to nebley resulting risk.
The paper focuses on using simulation as a suppdidl to minimize the risk in the workplace ofeiction moulding
plants. It was eliminated bottlenecks and designéthble injection moulding arrangements to ensheesafety and
health of workers at work.

interruption of the process due to a danger that is
incompatible with the damage they may cause,

take immediate corrective action to eliminate or
reduce hazards arising from the hazard;

termination of the analysis, due to negligible lidga
continuing to identify the risk.

1 Introduction .
The basic goal of the proper functioning of every
company is to ensure safety and health at workhén t °
system-man - machine — environment [1]. Despite
implementing all available measures to increasetgaf e
health protection, and awareness of compliance thigh
organization's safety and health policy at worklaés not
rule out the occurrence of an undesirable situatit
leads to accidents at work. If such an undesirsibl@tion situation. It represents a danger that causes imegat
occurs, it is necessary to follow the applicablgidiation phenomena such as injury or damage in a specificesp
[2]. Occupational health and safety can be defemedhe and time in the machine—human-environment systgm [3
state of the workplace, which gives assurance ithat The stage of hazard identification is followed by t
compliance with rules such as technological propesju identification of the threat and at the same tite@nalysis.
safety regulations, etc., no situation would endangThis process determines the hazards that arise fhem
workers' health [1]. To create safe work, whicheiguired hazards and lead to an accident, damage, or another
to develop and implement a system of measures asich negative phenomenon, so it is important to deciué¢he
legislative, economic, social, organizational, teéchl, event and manner of the probable negative hazatikin
medical, and educational [2]. machine-man-environment system [4]. This section is
important to realize that one hazard can causeiptault
1.1 Themain concepts by risk assessment threats. A risk is a situation in which a negative
The term danger, translated from the English worghenomenon occurs. At the same time, when a negativ
"hazard", represents a source or situation thatthas phenomenon occurs, the consequences of this ph&oome
potential to harm: the health of the worker, idamage, occur. It is a quantitative and qualitative expi@s®f the
injury, or occupational disease, to the work envinent degree of threat. The likelihood of an adverse eleading

A threat is any activity that leads to a dangerous

and property, or combinations thereof [2]. Propsrtor
capabilities of the machine, workers, material,,eftay
cause damage or a negative phenomenon. It is aesofir
threat. Hazard identification is the process ohtifging
whether a hazard exists. This process also detesmhat
the danger may be. The identified risk is then ssesd and
one of the following options is selected [3]:

to injury, damage to health, or harm is assessé@uidlves
identifying, recognizing, and assessing existirgeptial,
and emerging risks that are likely to lead to aatieg
phenomenon [1,4].

The risk identification process must consider ibkes;
regardless of whether the given source of riskoden the
control of the organization, but also if the indival
sources of risks and their causes are not obvigus If
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must include an assessment of the effects and
consequences. Itis important to consider the vadge of

consequences, even if the individual sources &6rasd
their causes are obvious. It is also necessarptgider

what may happen while considering possible adverse
causes and circumstances that point to the consegsie .
they could have [4,5]. All-important causes and,

Disconnect the regulator used for heating and ogoli
the mould.

Securing the mould against falling by crane or
forklift.

Disconnect the ejector.

Mould release - release of clamps.

consequences should be taken into account. Risksima
is an important step in determining whether risgschto
be addressed in a given system and what methaskttou
determine risk [1,2]. It provides information ordividual
sources of risk and the positive or negative comseces
and probabilities that may occur. Its task is tenidfy the
factors that affect the consequences and theiliHibed
[5]. A combination of consequences and probalslittest
often expresses the risk. In terms of the purpdsthe
analysis, available resources, information, and,ddte
analysis can be qualitative, semi-quantitative,
guantitative [6]. The main essence of risk assestiise
determining the degree of risk of the analysedsriskthe
machine-human-environment system [5]. The
assessment includes an analysis of the occurresrcadp
hazard identification, analysis of the probabiliand
consequences of existing adverse events [6]. Therpa
aims to identify the risk in the workplace of irfien
moulding machines using a pre-simulated process.

2 Methodology

The point method was chosen as a linear function
identify the risks at the injection moulding woripé. The
chosen method is also based on the insufficiebbeddion
of the analysis by safety technicians and the dgweént
of a written document on risk assessment at th&place.

2.1 Work activities of employees at the workplace
of injection moulding machines
The workers at this plant are divided into two greia

sorter and a press [7].
The main activities of the sorter are [1,3]:

e Setting up machines.

e Starting machines.

» Visual inspection of machines.

» Production process control.

* Inserting and selecting a mould from the machine.
* Relocation of moulds and materials.

» High lift truck control.

ol

Mould selection from the injection moulding
machine.

The main activities of the press worker are [1,5]:

* Removal of mouldings.

» Visual inspection of mouldings.

» Packing and storage.

* Filling of dryers.

* Filling the tanks with granules.

» Auxiliary training for the sorter.

Ensuring cleanliness and order in the workplace.

Figure 1 Current state at the injection moulding plant

At certain intervals, the press selects a contaimer
which the finished mouldings from the injection rftbng
machine fall and then inserts an empty containeatoh
other mouldings [3]. This activity is followed bywsual
inspection of the finished mouldings. It is impaitao
check the correctness of the finished mouldingetail

2.2 Simulation software solution

Simulation is an experimental method in which we
replace an entire system with a computer modell{4%
possible to perform several experiments on suclodein
to evaluate them. Optimize and apply the resultswiole
system. No other method or theory allows you to
experiment with a complex system before it is puo i
operation [5]. No different algorithm would enalyleu to
"play" in a few minutes of complex computer proesss
that last weeks or months. It is a perfect decisiapport

The insertion and selection of the mould from theyo| for various levels in the enterprise [4]. Tieason for
machine are performed using a gantry crane ongB&2) sing the simulation is that analytical methodsi¢ctive
S and 920 S and a forklift on other injection mandd service theory, service networks, linear prograngétc.)
machines. The replacement is performed by a satBch  paye limited use in solving practical problems [1Mew
must perform when selecting a mould [3]: requirements emerge for flexibility throughout the
*  Ensure the connection of the moving and immovablgorporate organizational structure, new decentd)iz
part of the mould. modular organizational units, and new work orgaioze
» Attach a locking panel with a holder for the(teamwork, simultaneous engineering). One of therot
permanent link of the mould. reasons for using the simulation is the humaninatib
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workplaces [7]. The environment in production and To reduce the risk of load falling, a proposal wesde
assembly workplaces is often unsatisfactory mamedi for the application of a bridge crane (Figure 3)thAthe
beyond the tolerance of the law (working overhaad, help of this crane, all activities related to thensfer of
cramped conditions, huge time stress, in unnegessdwads can be performed, i.e., the forklift and doerent
noise, and at high temperatures). gantry crane will be taken out of service.

211 Tecnomatix Plant Simulation
Tecnomatix is a product line from Siemens PLMN
Software that includes several software tools ftfeknt |
production areas that can be interconnected [Aitid tools \
in the Tecnomatix series enable industrial compsatteise
the concept of digital enterprise in practice, pkan and
design production, design, verify and optimize psses
and production resources in a digital environmen
Accurate digital modelling, simulation, and 3D sphat
visualization allow professionals working togethtr
develop, visualize and analyse future productiac@sses.
Such an evaluation will allow key design decisitmbe

implemented and approved on time and on a broader workplace
understanding [4]. This will reduce errors that Wou
otherwise occur at the start of production. Digitian Removing unused equipment creates space for further

allows processes to be prepared faster and mouesdely, storage of moulds and materials (Figure 4).
while simulation and optimization in the developrhen

phase ensure that a significant product is prodtieefirst
time, without the need for additional costly anthei
consuming changes in a real factory [8]. Plant Stiwn

is amodule for dynamic simulation-creation ofractured
hierarchical model of production plants, lines,qarsses,
transport, etc. [9]. Thanks to the dynamic desiyiaw,
we can identify bottlenecks, define the workload o
individual workplaces/operators, determine the esp&t
throughput, etc.

3 Resultsand discussion Figure 4 A view of the operation of injection moulding machines

The riskiest situations in injection moulding maws with proposed solutions
are the fall of a load and slipping - the fall gferson [10]. ) . o ) _
They penetrate especially when using a forklift filidg Using simulation in operation, where the simulated

dryers and injection moulding tanks. These situmatican Model of the injection moulding machine is simuthti

seriously harm the health of workers. Figure 2 shaw €ssentially represents a certain simplificationredlity
critical point in the placement of the presses. [11]. Therefore, the created model mustn't be sfrap|

distorted, or even completely abstracted from tstem
properties we want to examine using computer sitiauia
(Figure 5).

Figure 2 Demonstration of critical placesin the area of
injection moulding machines
Legend to Figure 2: 1. Gantry crane 2. Moulds aadgles
outside storage areas.
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4 Conclusions Tecnologia, Vol. 7, No. 1, pp. 35-39, 2021.

The simulation model serves as a template for https://doi.org/10.22306/atec.v7i1.101
designing and developing the actual state andtsegul [71BUN, P., TROJANOWSKA, J., IVANOV, V.,

faster and error-free commissioning. The connedaifdhe PAVLENKO, 1.: The Use of Virtual Reality Training
central control computer with the simulation modél Application to Increase the Effectiveness of Workshops
enable its commissioning before the device is daglo N the Field of Lean Manufacturing, In: Proc. of the %

[12]. Behaviour during the start-up can be played o International Conference of the Virtual and Augneent

according to different scenarios. This is importesien Reality in Education, VARE 2018, pp. 65-71, 2018.
you are putting in during normal operation, andrmath  [8] TREBUNA, P., PETRIKOVA, A., PEKARIKOVA,

transition to the new equipment is required. Wité help M.: Influence of physical factors of working
of the model, the company's service personnel @an b environment on worker's performance from the
trained for the new system and specifically pregéie ergonomic point of viewActa Smulatio, Vol. 3, No. 3,
specific equipment conditions. pp. 1-9, 2017. https://doi.org/10555/asim/article

The preliminary test of the daily deployment pldthe  [9] GRAJEWSKI, D., GORSKI, F., HAMROL, A,
facility will draw attention to the needs of thediness of ~ ZAWADZKI, P.: Immersive and haptic educational
personnel and operating resources due to theatiliz of simulations of assembly workplace conditions,
the facility. The paper aimed to use simulatiorivgafe to Procedia Computer Science, Vol. 75, pp. 359-368,

increase the risk assessment in injection moulding 2015. https:/doi.org/10.1016/j.procs.2015.12.258
machines, where, based on simulated conditionsgjate [10] STRAKA, M., BINDZAR, P., KADUKOVA, A.

p|an can be adjusted and re-tested in time if IBBCYS Utilization of the multicriteria decision-making
After testing the model, experiments were perforrired methods for the needs of mining industActa
which various options for system improvement aregst, Montanistica Sovaca, Vol. 19, No. 4, pp. 199-206.
and their impact on the modelled system is verified 2014.

[11] MESAROS, P., MANDCAK, T.: Information
systems for material flow management in
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