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Abstract

Dynamic development of various technologies replacing existing, difficult or in various ways arduous,
is the reason for replacing equipment with modern ones. New equipment may be associated with a dif-
ferent power supply, a different way that the construction materials are processed or the tools used,
than the previous one. Then arises a need to re-examine whether the working conditions at a workplace
are safe, what onerous and hazardous factors are associated with the work. An example of such a tech-
nological change could be a laser processing, when equipment using a concentrated energy stream,
properly controlled, produces a specific effect on materials. However, along with the benefits of the
new technology, come also many risks, such as the effects of radiation on matter and the human body,
electricity, fire hazards, the problem of toxic emissions and others. This paper presents the problem of
ensuring work safety at a newly commissioned CO: laser station. Technique of brainstorming was
used to identify and analyze the working conditions and types of hazards. These may be different from
what was previously known, partially known, or even unconscious. Ishikawa diagram was developed
and shown to be an effective tool for detailing and structuring problems in relation to safety. In the
case of a technical problem, a poka-yoke solution to eliminate the hazard was proposed. Problems
occurring at the workstation during machining and related to its operation were assigned, using the
affinity diagram, to specific departments of the company, according to its work organization, which
can significantly facilitate the management of the work and employees of the different departments in
the future, in order to ensure safe and hygienic working conditions.

DOI: 10.30657/pea.2023.29.44

1. Introduction

Additional one, the so-called guiding laser, is a Class 2 laser.
Laser of this class is defined as safe during momentary expo-

According to the current legislation, the employer is obliged
to provide employees with premises that meet the require-
ments for safe and hygienic working conditions, as well as
workstations that are properly prepared for the work to be per-
formed (Badri, 2018; Salguero-Caparrés, 2022). Workplaces
and entire facilities should be equipped with equipment pre-
venting pollution or contamination to a degree, which would
not be harmful to health, air, land and water, caused by chem-
ical, radioactive or biologically infectious agents in connec-
tion with the production carried out (da Silva, 2019; Seiiova,
2023). CO; laser under analysis, belongs to Class 4 lasers,
which are defined as dangerous to the eyes and skin, also while
interacting with diffuse radiation. Laser radiation can be visi-
ble or invisible. Class 4 lasers are those with a power of more
than 0.5 watts and are also a fire hazard (EN 60825-1:2014).

© 2023 Author(s). This is an open access article licensed

— under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

sure, looking into the beam is a danger to the eye. It is a low-
power laser (up to ImW) (Henderson, 2004). Analysis of the
class of lasers instruct the employer to provide guards, safety
devices for bystanders in the vicinity of the laser workstation,
to install signaling that informs of the laser's operation, as well
as to equip the employee with safety glasses and to ensure that
the workstation and its surroundings are safe due to the laser
in operation. These specific requirements, in conjunction with
the fire risk, are additionally related to the need to demonstrate
care for the materials that are in the immediate vicinity of the
device, such as carpets, window coverings, and desktops. Ad-
ditional aspect of safety is the analysis of windows so that they
are not permeable and analysis of lighting, which should be as
bright as possible for maximum constriction of the lens of the
human eye (protective reflex against radiation), as well as the
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provision of firefighting equipment and appropriate clothing
(gloves, blouses) (Barat, 2006). All of the aforementioned as-
pects of safety are the focus of health and safety services and
sometimes laser safety officers that represent the employer in
health and safety matters (Barat, 2009; Calis, 2019).

Analysis of the risk of injury or other accidental event is
most often referred to the equipment used in production
(Matysa, 2023). Indeed, in case of lasers, the direct cause of
accidents or occupational diseases is the laser beam. This
beam is coherent, monochromatic, and operates on a pulsed or
continuous mode. It is characterized by a certain wavelength
of radiation and energy. Looking into the laser beam, the im-
pact of the beam reflected from reflective surfaces (counter-
tops, walls, sheet metal, etc.) can contribute to thermal hazards
(for the eye - burns, the formation of furrows on the retina,
coagulation of the retina or cornea, charring of the cornea; for
the skin - tissue burns, charring, coagulation or the occurrence
of an electromechanical effect, i.e., tissue disruption due to the
shock wave). Second type of hazards are photochemical haz-
ards (redness and swelling of eyes and skin, cataracts, eye and
skin tumours, retinal damage, keratitis or retinitis, photoaging,
burns) (Edwards, 2002; Regulation, 2010; EN, 2017).

Somewhat neglected area when performing production
work with lasers is the occurrence of other factors, called sec-
ondary or indirect factors, resulting from the effects of the
concentrated energy beam on matter. This problem, especially
with regard to polymer processing and the occurrence of in-
tensive toxic emissions, was discussed in (Ciecinska, 2022).
Obtaining structured results from the analysis of the causes of
hazards occurring at the workplace requires the use of tools to
collect the available data and assign them in an appropriate
manner (Luca, 2017). Various tools and methods are used in
companies to manage quality, safety and other problems (llie,
2010; Priede, 2012, Haddouch, 2022). Article’s goal is to in-
dicate that various solutions of the problems are possible and
needed, even if they are not directly related with occupational
safety and health. They can be a way to identify causes of
other, nonobvious and not easy problems. Presented work pro-
poses the Ishikawa diagram and affinity diagram as effective
tools for designing and managing safe laser workstations. Ishi-
kawa Diagram is a simple graphical instrument to understand
the causes of different defects is used to analyse the relation
between a problem and all possible causes (Chadzynska,
2017; Luca, 2016; Stefanovic, 2014; Ghatorga, 2020). Affin-
ity diagram, on the other hand, is a way to actively work as a
team and enables the logical ordering of the many different
reasons why one situation occurs and not another. Thanks to
the affinity diagram, it is possible to systematically improve
the state of safety, to show the necessary work to be done, to
use the individual qualities of the people in the team, such as
creative thinking, foresight, planning skills, and to delegate
work to the right departments of the company, etc. (Mizuno,
2020; Wozny, 2017).
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2. ldentification and analysis of hazards in work-
ing with CO2 lasers

2.1. Characteristics of the workstation and per-
formed activities

Problem was considered under simulated production condi-
tions in a company when a new station for CO, laser pro-
cessing of plastic parts was commissioned. People in the vi-
cinity of the laser began to complain of headaches or
dizziness, sometimes indicating malaise, nausea and a ten-
dency to vomit. Some said they found the odor wafting
through the room "irritating", "difficult to tolerate" or "suffo-
cating". Initially, the problem was downplayed and no action
was taken, as the stand had not been used much before, oper-
ating as a test (pilot) stand. Room was ventilated intensively.
It was only after an incident during the making of a component
that more attention was drawn to the problem. At that time,
while cutting out polycarbonate parts, a sheet lying on the ta-
ble of the laser machine caught fire, and the employee, want-
ing to save the machine from destruction, threw the burning
sheet onto the floor, which in turn caused the carpet to catch
fire. Fortunately, there was no fire at the time. Additional stim-
ulus to analyse the working conditions at this station was the
urgent need to increase the technological capacity with a pro-
duction line of not one, but five such stations. It was then con-
sidered that tools known from quality management would be
helpful.

Basic information about the laser station and the activities:
e the equipment - a Class 4 CO- laser, 10600 nm, 30W

power, with an additional Class 2 laser remote control,
with galvo head, equipped with a work desk; the laser is
controlled using a computer and intuitive software (SPI,
2014); laser is built from a radiation source manufactured
by SPI - Trumpf, and a galvo head, a support, a working
table ordered or manufactured and assembled in-house
from separate commercially available components (galvo
head, profiles, fasteners, controllers, electronic compo-
nents, etc.). Control software is developed by the compa-
ny's own IT programmers. Device has no enclosure sepa-
rating the environment from the working area and
protecting it from the effects of radiation.

e type of processing - currently cutting, planned engraving
and marking;

e materials - polymers, leather, wood and glass;

e location - at the test bench stage, the machine is in a small
room, possible placement in a larger hall, as well as in-
creasing the number of workstations;

o work method - the employee picks up the material, places
it with both hands on the small desktop of the device, then
starts the laser, checks the focus of the beam, starts the
program and supervises cutting, marking or engraving. If
necessary, the material is supported by the hands. Worker
should wear safety goggles and gloves while working.
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2.2. ldentifying factors affecting quality of work and
sense of safety

There are two types of hazards in the literature: beam haz-
ards and non-beam hazards. The first group includes accidents
resulting from the direct impact of the beam on the skin or
eyes. In the Fig. 1 the diagram of these problems and risk is
shown.

[ Factor | | Problem ) [ Danger |
e
*[ Looking at the beam ]-\ a h
Laser Basi
radiation asic
a{ Reflected radiation ] hazards for
h /
humans:
*[ High frequency ] - eye
Accom- damage
panying —»[ X-rays ] - skin burns
radiation
_ )[ Electric ] g J
(" )[ Gases: oxygen, }
Additional nitrogen, argon Other human
substances )[ Sparking, ignition of } problems:
N materials >_ - cardiological
s o Inappropriate - Tespiratory
materials for deskiops : pmsoplng,
_ - allergies,
Worksta- || Windows that let the - cancer
tion radiation out
equipment > Poor lighting ]
s Glossy, not matte, /—\
o walls
. Material and
Threat disregarded, financial
Safety sensors, interlocks losses
features disabled, no guards
or markings ./

Fig. 1. Risk and impact diagram

In the case of CO; lasers, the beam is invisible, but the emit-
ted infrared radiation can lead to damage to the retina, cornea
of the eye, cause glaucoma, cataracts and lead to blindness.
Exposure to radiation can also be harmful to the skin, causing
burns and hard-to-heal wounds. Energy beam can also be
glanced off smooth and shiny metal surfaces, glass or mirrors.
These reflections, which are also invisible, can be a danger not
only to the laser operator, but also to bystanders. For this rea-
son, care must be taken to ensure that employees are equipped
with adequate glasses and clothing. Non-beam hazards in-
clude hazards resulting from the laser operations. Electrical
hazard should be distinguished here, as a CO; laser requires a
high-voltage electrical system to generate the laser beam. Haz-
ard is related to the possibility of an electric shock and short
circuit in the installation. It can lead to a fire hazard as a con-
sequence. Fire at a CO- laser station can also occur due to ther-
mal phenomena during processing. The heat can ignite work-
pieces, other flammable items of equipment, or nearby items
on desktops or floors. CO; laser cutting, engraving or marking
produces fumes and particles. Vapours may contain harmful
chemicals and should not be inhaled by workers. Particles ac-
cumulating in the working area can be a fire hazard. The in-
teraction of the laser beam with the material being processed

can vary depending on the type of material. Some materials
may release toxic vapours, cause unexpected chemical reac-
tions or produce contaminants that cause both health problems
and damage to equipment (e.g. release gases that cause lens
tarnishing, corrosion). It follows that the workplace should be
adequately and intensively ventilated, as inadequate ventila-
tion leads to health damage, equipment damage and fire haz-
ards. In addition, attention must be paid to keeping the work-
station in working order. Maintenance, set-up, service work
can expose to laser radiation, electrical hazards, fire hazards.
It is essential that such work is carried out by trained people
who are aware of the dangers. Service technicians sometimes
take the temporary option of disabling interlocks and safety
features. When handing over the laser to operators, care
should be taken to ensure that all technical safety measures are
operational and active (no missing markings, stops). The laser
workstation in the described production conditions is not iso-
lated. The CO; laser can generate electromagnetic radiation
(so-called associated radiation), which can disrupt electronic
equipment or communication systems in the vicinity of the
station. These must therefore be adequately shielded. Finally,
the human factor stands out as a non-beam hazard. Routine,
haste, lack of knowledge, mess, leaving flammable substances
in the vicinity of the laser, lack of screens, glasses, clothing,
masks, filters resulting from human negligence can cause
damage to health, accidents or destruction of property.
Brainstorming technique was used to discuss the issues and
identify the risks. Question posed was "Why did the fire emer-
gency occur and was it unique (in terms of the type of hazard)
to the CO laser station?". Team was composed of a plant pres-
ident, laser operators and IT specialists, an electronics engi-
neer and a provider and a quality controller (10 people in to-
tal), the leader of the group was the laser operator with the
longest experience. Team members formulated a number of
observations, doubts and potential or observed causes of the
hazard, all were listed in the order of report on the board:

o worker's little experience in the job,

o lack of skill on the part of the worker in the selection of
machining parameters,

e lack of skill when starting the machine,

e worker does not know which parts of the machine to
switch on and in what order, especially - whether to
switch on the fan/exhaustor,

e some forget to switch on the exhaustor,

e  parts were cut without knowing the effect of concentrated
energy on plastics - maybe the process was too intensive?

o if there had been no carpet on the floor, there would not
have been a fire,

e processing of some plastics causes extreme discomfort,
but the workers do not know which ones (plastics),

o if the plastic started to burn while lying on the machine
table and the worker did not throw it on the floor, the laser
head would have been damaged and biting and poisonous
black smoke would have escaped from the burning plastic
in quantities exceeding the efficiency of the fume hood,

e cutting inahurry, e.g. in the presence of a customer, could
take place without the fume hood being switched on,
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some people work the night shift and think that no one
can smells bad scents at night,
some are convinced that by working fast they are working
better and nothing will happen anyway,
it's not clear, whether fire hazards are the only danger
when working with lasers;
perhaps too little space at the workstation causes various
materials to be deposited on the desktop and these too can
catch fire?
does anyone check that employees always wear glasses?
what else could happen?
why has workplace training not been very effective?
what would happen if there were more workstations like
this on the shop floor?
Leader then suggested a discussion on the reported prob-
lems to group them and try to find the root cause of the situa-
tion. The diagram in Fig. 1 was used as a visual aid. As areas
for improvement started to recur, the quality controller sug-
gested an Ishikawa diagram to sort out the facts (Fig. 2).

[ Material | [ Machine ] [ Method |
of poor laser wrong
quality laser A
exhauster
—_—
incorrectly incorrect
selected software parameters
Toxrc
emissions
sets parameters and fire
"by eye" superwsmn hazard
does not no equipment
check the poor work
material organization poor place of work
[ Man N Management ] { Environment }

Fig. 2. Global Ishikawa diagram for the problem under analysis

Main areas were typical: Material, Machine, Method, Man,
Management, Environment (Fig. 2). However, the individual
'bones’ of the diagram were analyzed in detail and it was
shown that the hazard problem appeared to be multifaceted.

3. Results and discussion

In the context of 'Material' — for materials accepted for pro-
cessing, the pre-qualification of the customer order is essen-
tial. It is possible to have a situation where the order contains
material that is not suitable for laser processing and it can gen-
erate toxic fumes or cause ignition. In such case, it is possible
to propose replacing it with another grade of material. How-
ever, this requires an employee to be aware of the effects of
the laser on the construction materials and any possible dan-
gers (Fig. 3). Training the employee in this area and develop-
ing a procedure for the future is essential. When an order is
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accepted with materials approved for laser processing, the
quality of the semi-finished products becomes important. It is
then necessary to verify the suppliers and, if necessary, change
them if the deliveries are damaged, materials uneven or heter-
ogeneous in structure. This aspect should be dealt with by the
procurement department. Separate issue is the use of plastics
with different additives, such as talc. These can affect the pro-
cess, which the technologist should be aware of and alter the
machining parameters accordingly (Cienka A.E., 2021). The
issue of material heterogeneity or additives will be relevant if
they amplify the risk of emissions and fire.

Material

of poor quality

>

with addxives that | non-homogenous unreliable
make processing structure supplier
difficult

uneven
cheap

incorrectly selected

not suitable for
laser processing
(emissions of toxic
gases, e.g.
hydrogen chloride)

too thick (intensive
fume emissions,
melting, but no
processing effects)

too thin (fires at
maximum power
and minimum
speed)

Fig. 3. Material 'bone'

Machine's components are placed on the Machine bone’
(Fig. 4, Appendix). The most important component is the la-
ser, i.e. the set-up consisting of the radiation source, galvo
head and lens, and the controller. Basic feature, which deter-
mines safe operation with properly selected parameters, is the
efficiency of the equipment and its specific quality (e.g. lens,
power supply, beam power control stability, etc.). Therefore,
the requirement for correct handling, correct installation, work
culture and knowledge of the device is repeated in the dia-
gram. These aspects apply to various people in the company,
from the personnel receiving the components for assembly, to
the worker-assembler, and the bench attendant. Furthermore,
in the context of potential defects, the workstation environ-
ment must also be taken into account, whether defects can oc-
cur due to, for example, insufficient space to work freely, lack
of transport routes and human traffic, storage of excess objects
in the vicinity of the workstation, etc. In such a situation, more
people should be involved in solving the problem, their task
would be to segregate, organize and store the items in the right
place. In addition, an extra team should be responsible for
keeping the equipment in a working order, especially if the
plant is planning to expand production and purchase new
equipment. The area described as 'Machine' is important in the
situation under investigation (emission of toxins), when faults
in the components of the unit cause, for example, ineffective
ventilation or an electrical short and fire. However, the effi-
ciency of the appliance is an overriding requirement and the
performance of the components should be respected.

'Method' bone indicates the crucial importance of the correct
choice of laser for the material to be machined, as well as the
knowledge and professional competence of the laser operator
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(Fig. 5). In addition, poor time management and working un-
der stress or in a hurry can result in a deliberate change to
shorter processing parameters over time. However, as the in-
tensity of the laser processing increases, the risk of vapor
emission rises. If it is found that such practices are taking place
at the plant, managers should rethink their existing manage-
ment strategy. It will probably be necessary to change behav-
ior and rationalize production planning using other organiza-
tional methods (e.g. scheduling, chronometric).

Wrong laser

savings damaged

I% lack of knowledge
| ACK OT knowledge

laser for other laser too
materials powerful
Incorrect parameters
T lack of training T 1‘
< - not this rushed when
program entering data into
the manual was lost the software

no one has developed a technology guide

lack of knowledge of the correct parameters

Fig. 5. Method 'bone’

Human beings play an important role in the entire produc-
tion process. Two key issues are highlighted on the bone of
'Man' as a result of the personal characteristics of the operator
(Fig. 6). Employee may be knowledgeable, competent, but
may show reluctance, negligence, lack of responsibility for the
work being done, may be distracted, tired, stressed. Work may
be monotonous, tiring e.g. by standing for long periods of
time, one may lack motivation to work.

Improvement in this area depends on management and the
right approach to the employee's problems: job rotation, en-
suring task variety, limiting non-strenuous tasks in accordance
with work ergonomics. Additional incentives should include
bonuses, rewards or other forms of recognition of the employ-
ee's contribution to product quality and occupational safety.

sets parameters "by eye”

! ! } ! !

haste nosleep  health family lack of
problems problems  motivation

does not check the material

someone distracted error  monotony  lack of

disturbs desire

Man

Fig. 6. Man 'bone’

In the area of 'Management', the problems already synthe-
sised are basically shown, especially concerning the organisa-
tion of work, the work culture, the exertion of pressure on em-
ployees, the management style and the lack of possible

supervision. This bone should be an incentive to review man-
ager behavior, especially in the future when more activity is
planned and there may be more orders and stressful situations.
The behaviors indicated in the diagram should be treated as a
warning not to do so (Fig. 7).

no supervision

time
pressure

lack of
money

no work
culture

lack of
abilities

too much
tasks

poor work organization

-
-

lack of
desire Management

Fig. 7. Management 'bone’

friendly fear of no
leadership style disapproval time

Attention was also drawn to the impact of the 'Environment'
of the job (Fig. 8). Deterioration of the quality of the work
performed is significantly affected by the lack of equipment
or its excess. Also negligence in the provision of protective
clothing, forgetfulness, negligence on the part of support staff
should be assessed negatively. In addition, attention was
drawn to the principles of safe work and the associated risks,
shiny walls, unsecured windows, flammable carpeting. These
aspects should be brought to the attention of the management,
due to the legal responsibility for workplace safety in the es-
tablishment.

./

no equipment

financial
savings

unaware that
it is necessary

forgot to
buy

it was considered
unnecessary

poor work orgahnization

oo A f I

confined time lack of wrong routine

space pressure training equipment Environment

Fig. 8. Environment 'bone’

Due to the problem of toxin emission defined in the Ishi-
kawa diagram, filtering devices should be purchased and
launched as a matter of urgency, and employees should be
trained in the rules of their use and obliged to properly operate
the device. Due to the significant fire risk, the station should
be immediately moved to a room free of flammable carpets
and equipped with screens, locks and laser signaling. If there
is no such room, the plant should stop production at this sta-
tion, renovate the target site and ensure that health and safety
requirements, including protective clothing, are met.

4. Improvement activities and conclusions

Brainstorming discussion revealed that the obvious require-
ment for treatment fume filtration was not met. It has been
found possible for the laser to operate while the filter device
is turned off. Simple 'poka-yoke' solution was developed to
eliminate the risk of toxic substances accumulating in the air.
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In the case in question, changes were proposed to the unit's
software so that the laser could not be operated without the fan
and fume extractor running. Programmer, together with the
electrician, physically and functionally connected the com-
puter with the software and the fan with the fume hood. Se-
quence of switching the station on and off was recorded in the
sequences shown in the Fig. 9.

Order of commands
on the device

Turning Turning
ON OFF
I. Exhauster I. Laser
Il.Laser Il.Exhauster

Fig. 9. Order of commands in the controller

Order in which the commands are executed is dependent on
each other (Fig. 10).

Action dependency

The laser cannot be turned on if
the exhauster is not running.

The exhauster cannot be turned
off if the laser is running.

Fig. 10. Switching on/off relationship

Additionally, in order to ensure the removal of exhaust
fumes after processing was completed, it was programmed to
be possible to switch off the fan 5 minutes after the laser was
switched off (it is not possible to switch off the ventilation be-
fore this time). In this way, risky practices were eliminated
when workers unknowingly or deliberately worked on the
bench without air filtration. Situations where vapours accumu-
lated in the room putting workers at risk of health damage
were avoided.

Finally, using the areas defined in the Ishikawa diagram,
these were transformed into specific tasks to improve working
conditions at the workplace. At the current stage of the analy-
sis, it was considered that the risk of inhalation of hazardous
substances should be removed first. Tasks in this context are
scheduled as immediate. Tasks requiring the preparation and
implementation of certain practices, such as training, software
update, are scheduled for the next 1-2 weeks. Then, works that
should be improved and a more favourable solution should be
maintained in the long term were called "ongoing". These ac-
tivities, such as supervision, hiring, testing, planning, should
be permanent. However, in line with continuous improve-
ment, they should also be reviewed, verified and, if necessary,
corrected or updated over time.

Tasks were presented using an affinity diagram, supple-
mented by the assignment of responsibility for topic
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completion and deadlines (Table 1). In this approach, it also

became a schedule for improvement work.

Table 1. Affinity diagram and schedule for improvement work

Affinity diagram and schedule

Implemen-
Task ISersorl t tation
epartmen deadline
Area: Technology
1. Development of machining
instruction sheets or pro- Technologist Next month
cess guides for the materi-
als to be cut.
Z'Jvr;zal(l\zti'tﬁnpgf(g?%ig;.t- IT specialist Next 1 week
3. Implement the practice of
testing the machining of
new materials (on a proto- Production Onaoin
type basis) under the super-  manager going
vision of an experienced
worker.
Area: Training
1. Training on polymeric ma- Next 2
terials and their laser pro- Technologist weeks
cessing possibilities.
2. Training on the principles Health and
of safe operation of the ma-  safety depart-  Immediately
chine. ment
3. Training on customer ser-
vice - selection of accepted Technologist Next 2
orders made of safe materi- g weeks
als.
4. Training on assembly and .
maintenance of the ma- Production Next 2
chine. manager weeks
Area: Work organisation
1. Implementation of a proce- .
dure for handling equip- rnr;)::célron \’;‘Ig:tkf
ment on the workplace. g
2. Development of a work- Health and
place manual and health safety depart-  Immediately
and safety rules. ment
3. Planning of working time .

S LY . Production :
(elimination of time pres- Ongoing
sure). manager

4. Refurbishment of the room
and removal of inappropri-
ate items of equipment. In- Employed re-
stallation of guards, ventila- - Next month
tion, control buttons, etc. pair company
Designation of storage and
transport areas.
Health and
5.pP011;cmh2§e08tft;‘r?;e masks for safety depart-  Immediately
' ment
6. Implementation of job su- Production Ongoing
pervision. manager
7. Employing competent Human re- .
staff. sources de- Ongoing
partment
Purchase or-
8. verification of deliveries. der depart- Ongoing
ment
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Area: Customer relationship
1. Organisation of the cus-
tomer service room (elimi-

Customer ser-

nation of the presence of vice depart- Immediately
customers in the processing  ment
area).
2. Development of commer-
o - Customer ser-
cial information on the vice depart- Next 2
treatment of selected mate- P weeks
- ment
rials.
3. Updating the website. IT specialist Next 2
weeks

5. Summary

Obligation to ensure safe working conditions is regulated by
the relevant legal acts and standards. In the analyzed plant, the
overriding issue is respecting these requirements. However, a
number of difficulties were encountered during the prepara-
tion and testing of the workstation. Known qualitative tools
have been proposed to solve them. In this case, “quality”
meant “quality of work”, without the need for both employees
and customers to inhale toxic laser processing products. Pro-
posed tools were assessed as effective. Employees admitted
that some issues were unknowingly omitted or underesti-
mated. Brainstorming was carried out in a small group, but
people with different qualifications were selected, so that it
was possible to analyze the issue from different points of view.
This is the first time, when this method of problem solving has
been used at the plant. Team was new, but the atmosphere of
understanding the common good unleashed creativity and
willingness to cooperate. As the company grew, it was de-
clared that the team would be enlarged.

Using teamwork methods, a number of goals were devel-
oped and many effects were achieved in a short time, and in
particular the health risk was reduced to an acceptable state.
These were e.g. training to reduce ignorance in the field of la-
ser operation, technology and materials used, indication of
correct work procedures, education on risks related to the used
technology. In the context of the technology, processing in-
structions have been implemented to facilitate the selection of
materials, verification of the correctness of the type of mate-
rial and the decision process in the case of the wrong material.
These goals were achieved as a result of the commitment and
decisions of the management, the assignment of improvement
tasks to various employees, thanks to which no one was bur-
dened with work beyond their strength, and at the same time
everyone had a sense of mission, that their contribution is im-
portant for the entire crew. Involvement of non-production
staff translated into the acceleration and timeliness of deliver-
ies, both of materials for customers and additional equipment.
Personnel policy has been changed: now employees do not
deal with everything, but everyone deals with specific tasks.
Multifaceted nature of the analysis also allowed us to take a
critical look at the production hall, the rooms were renovated,
equipped with appropriate protections: ventilation, filters,
markings, screens, lighting, wall and floor surface finish, win-
dows were secured, appropriate glasses and clothing were ver-
ified, changed and purchased.

Management of the plant is aware of the imperfections of
the changes, as it started with a qualitative analysis. In the near
future, it is planned to implement quantitative methods, espe-
cially for determining the concentration of toxic substances in
the air, identifying the size and quantity of solid particles,
types of gases, etc. depending on current needs. In the context
of workers' exposure to laser radiation, it will also be neces-
sary to determine exposure indicators, as well as exposure to
reflected radiation.
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