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SAFETY AND RISK ASSESSMENT AT AUTOMATED WORKPLACE

Urgency of the research. Automated workplaces are growing up in present, especially with implementation of industrial
robots with feasibility of various dispositions, where safety and risk assessment is considered as most important issues.

Target setting. The protection of workers must be at the first place, therefore safety and risk assessment at automated
workplaces is most important problematic, which had presented in this article

Actual scientific researches and issues analysis. Actual research is much more focused at standard workplaces without
industrial robots. So, missing of information from the field of automated workplaces in connection with various dispositions
can be considered as added value of article.

Uninvestigated parts of general matters defining. Despite to lot of general safety instructions in this area, still is missed
clear view only at automated workplace with industrial robots.

The research objective. The aim of article is to provide general instructions directly from the field of automated workplaces

The statement of basic materials. For success realization of automated workplace is good to have a helping hand and
orientation requirements needed for risk assessment at the workplace.

Conclusions. The results published in this article increase the awareness and information of such automated workplac-
es, together with industrial robots. In addition, presented general steps and requirements helps persons for better realization
of these types of workplaces, where major role takes an industrial robot. Our proposed solution can be considered as rele-
vant base for risk assessment such workplaces with safety fences or light barriers.
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Introduction. Automation at Slovakia is basically determined in automotive sector with
massive production and low variability of manufactured model numbers at automated lines.
These characteristics are still the same over the several years without significantly change.
Stereotypical working positions at companies lead to fluctuation of employees. Also this con-
tributes to the implementation of robots into the processes that can be considered as suitable
answer to cost increasing and qualified employers inability [1]. Over the time, classical and
standard working positions are reduced and missing and new highly specified knowledge is
necessary. The example of insufficient safety conditions at workplace can be presented at
Figure 1, where woman during operation at machine has not protected their eyes.
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Fig. 1. Insufficient safety during operation at workplace

The aim of automation in this content consists in sustainability of qualified workers in
companies with representative expert and analytical knowledge with potential for creation of
added value activities at their automated workplaces. Main field of automation is obviously
industrial sphere, but significant space is also in services. As good example, we can remark
software robots that can help people in offices, banks and public with daily boring activities
(like lot of numbers entering, repetitive information, etc...), but people still must be presented
an helped to him. Reasons for robot implementation lay in:

e Decreasing of operational costs (heating of hall, lighting during some operation etc...).

e Better quality of products (stability of their accuracy without distraction, fatigue or mo-
notonous and repeating work).

¢ Quality of working environment (robots take tasks that are unconformity for people, so
they can work on more interesting and complexion tasks in working process).
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e Increasing of manufacturing capacity (robots can work almost always with small human
supervision).

e Increasing of manufacturing flexibility (adoption to new customer requirements are
much faster thanks to offline programming).

e Lower wasting of material (more accuracy = more products = less waste).

e Compliance with safety regulations (robots can take a role that is potential dangerous
for people, less ergonomic or lead to illness).

e Lower fluctuation of workers (automation is connected with qualified of workers and
interesting jobs that are much more preferred).

e Reduction of capital costs for stocks and incomplete production (manufacturing in term
of just in time).

e Better utilization of workspace (robots can be mounted at the walls, roofs and can work
in narrow conditions).

In past, industrial robots have not so that major position at working space as in present. They
are important because of its parameters like speed, accuracy, flexibility. Its position and role for
lean production together with implementation into the automated workplaces that includes specif-
ic customer requirements is a target to continuous increasing of product parameters and company
prosperity. Robot themselves are not lean, but by their integrating into the automation can rapidly
increase to lean concept development [2]. Benefits of robots integration are in:

e Repeatability — robots increase a quality of product, stability for quality level and elimi-
nate a waste.

e Speed —robots can participate at increasing of productivity and decreasing of cycle time.

e Accuracy — robots contribute to decreasing of waste.

¢ Flexibility — robots decrease a time that is necessary for workers training and reduce
time for tools exchange.

Despite to the fact that industrial robot as a whole is considered as relatively safety (regard-
ing to his certification and software control), it does not mean that the same robot is safely dur-
ing its environment implementation. Especially, in industrial applications are for robots devel-
oper impossible to say that any type of robot after his inserting into the application can be safe
without risk assessment. Safely robot can be assumed after a risk evaluation and assessment.

Hazard at automated workplace. A reason for hazard presented at the automated work-
place is much more than could anybody imagine. Between significant sources of this hazard
can be included dangerous work equipment, stress conditions, speed of working, insufficient
training of workers, insufficient supervision or absenting of safety procedures and control,
Fig. 2. In case of young workers (until 18 years) is injury probability more expected than oth-
ers workers [3]. As young people, you can be faced to more hazard because of lower skills,
protection and OSH solutions that can occur.

Hazard Exposure

Vulnerability

Fig. 2. Factors of risk at automated workplace
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Automated workplace can be considered as safely only after risk assessment and repeated-
ly minimising. Working with robot is generally considered as safely (collaborative robot i.e.)
but if the end effectors has sharp shapes, operation is no more safely, at all — despite to the
whole developer certifications and protection parts and surfaces. One of the major factors that
have impact to hazard is vulnerability. Long and periodic factor lead to human diseases at au-
tomated workplace; such is noise and vibration i.e. that is most often from working process.

Types of hazard in general can be seen in table.
Table

Hazard in general form

Unequal and slippery surfaces (can lead to fall, slip etc...). Most often reason because of lot of people at
the workplace, dust or liquids at surfaces cables or damages.

2 Moving equipment and machines (insufficient maintenance, missing security equipment, trying to ma-
chine repairing)

3. | Moving parts of machines (disconnecting of machines from voltage)

4. | Objects and parts with dangerous surface (sharp, rough etc...)

5. | Hot and cold surfaces, materials etc...

6. | Workplaces at high and places with possibility to fall

7

8

9

Handle tools

High pressure

. | Electric installation and equipment

10. | Fire

11. | Explosion

12.| Chemical substances (including dust) in air

13. | Noise (higher and long duration can lead to ear damages)

14.| Vibration of hands

15.| Vibration of whole body

16. | Lighting

17.| UV, infrared, laser and microwave radiation

18. | Electromagnetic fields

19. | Hot and cold climate environment (temperature extreme lead to health problems)

20. | Lifting and manipulation with load (unstable and heavy load, missing of lift at a workplace)
21.| Work in contrary position

22. | Biological hazards (viruses, parasites, bacteria’s etc...)

23. | Stress, violence, mobbing (as a result of bad work organisation, unclearly responsibilities, etc...)
24. | Others (can be specified...)

Prevention at automated workplace. Knowing how to prevent in the automated work-
place is super important, but what’s better than that? Of course, it’s not possible to completely
eliminate accidents, but with a little effort and some foresight, they can be significantly re-
duced. Tips, how to prevent accidents in the first place can be:

¢ No tasks can be realised by new worker, only after his regularly training.

e In case of speedily OSH training, try to repeat information from trainer and slow down.

e For new recruited persons is better to stay at desired space in working area (they have
low knowledge about whole area of company, hall etc...).

e If you are not sure, firstly ask more skilled worker or your supervisor.

e Do not be afraid to ask for further training.

e Wear and use PPE correctly, his place and carrying about them.

¢ Be informed about emergency situations.

¢ Do not ignore early signs of problems, such as headaches, other pains, dizziness, itchy
skin or irritated eyes, nose or throat.

e Follow advice and instructions given to you - this applies also breaks the correct setting
chairs, wearing personal protective equipment.

Convectional industrial robots are strictly isolated from human operators (by mechanical
fences or optical barriers) that serve for immediately stopping of human approaching, Fig. 3.
It helps with difficult and routine tasks, manipulation with products [4].
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Fig. 3. Prevention by mechanical fences at automated workplace

Creation of prevention plan

All automated workplaces should have prevention plan. Generally, it is not possible to
create one universal concept for whole and specific situations [5]. Prevention plan allows to
company consider a necessary implementation questions for relevant and equal situations.
Consists of fourth phases:

e pre-treatment phase - includes creation of working group, evaluation of needs, commit-
ment, social atmosphere and communication,

¢ planning and preparing phase — agreement of objectives and tasks, curriculum planning
and program selection, preparation of program creation, identification of resources, start of
project, key stakeholders,

e sustainable phase — assessing and adapting of program, engaging key stakeholders, as-
sessing of tasks and responsibilities, monitoring of trends and data,

e starting / initiation phase — coordinate of project or project team, regular meeting, agree
of key element, leadership

Minimizing of risk

Minimizing of risk is continuous process together with using of security devices. The pur-
pose of these devices is decreasing of injury level to minimum regarding actual standards, di-
rectives up to acceptable surface [6]. During minimizing of risk is possible to apply an ap-
proach into the followed steps. In first step we try to avoid creation of danger already at
design and production of automation workplace phase. Second step can be characterized as
decreasing of danger through implementation of several protection devices [7]. In last, third
step we try to identify a residual danger. After that, we try to decrease this danger i.e. by in-
forming of employees, additional training etc. It is recommended to minimizing of risk also
via health and security examples see Fig. 4.

N
Specially-designed machines can be used for |

pre-determined collaborative tasks involving direct operator
contact when all required protective measures are active
and all relevant risks have been acceptably reduced. )

Exposure reduction relies on active machine protective
measures. Safeguarding shall prevent operators from
advancing beyond the safeguarded space, and cause
\__hazards to cease if unacceptable conditions are detected.

Awareness means, administrative controls and PPE are
an effective means of reducing risk AFTER machine

L hazards are reduced through engineered means.

Fig. 4. Minimizing of risk at automated workplace

Risk assessment at automated workplace. Risk assessment can be realized by employer;
employees entrusted to employers or by external evaluators or these service providers (if there
is a small number of employees) [8]. Generally, evaluators must have all necessary infor-
mation, training, sources, time and support to realize it. We can follow this procedure:
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1. Parameters defining at automated workplace.

Introductory step for risk assessment is defining of all parameters at automated workplace.
Is possible to help with several questions, like: Where will be place for robot? What kind of
end effector will be used? Which will be the main purpose of the robot? What is the type of
manipulated work piece (in case of manipulation task)? By answering at these questions we
can obtain a lot of necessary data for precise and detailed risk assessment. In this phase is
good to know the type of the robot followed by studying of manufacturer catalogues lists to
determining a maximum speed, acceleration, maximum payload etc. After collecting of these
information is possible to reach a second step — identification of risk sources.

2. Identification of risk sources.

This step is characterized as identification of whole possible risks. Is needed to know that
risk assessment process includes not only operations as manipulations, welding, packaging
etc. but also buying of component (at the beginning), it’s given from providers until the liqui-
dation of workplace (at the end). Already at the incorrect unloading of heavy robotic arm
from car or robot operation starting without qualified persons can be sources for creation of
big injuries. Warning to the creation of possible risks during installation may be insignificant,
but security experts warn and claim that the process of risk sources identifying is often under-
estimated, and many times during the installation of robot itself it has become tragic. After a
thorough identification, the result should be an analysis that is subsequently needed in the
next step to determine level of risk.

3. Determining level of risk.

Exists more and various ways how to monitor and evaluate risk. One of them is under the
ISO 13849-1:2006 method. Risk is evaluated by performance level rating (PLr). This analysis
uses three parameters: severity of injury — S, frequency of exposure to hazard — F and possi-
bility of avoiding hazard P. Basic principle of risk assessment according to the given method
is to gradually move from start to finish to individual parameters and their evaluations, at the
end we will find the level of risk from negligible to very high, Fig. 5.

Elimination

Substitution

Safeguarding

Awareness Means 4

Admin Controls

PPE

Fig. 5. Risk assessment at automated workplace

Conclusions. During robot integration into the automation processes is major requirement a
workers safety, of course. More automated solutions with implementation of industrial robots
require safety fences or light barriers. So, robot works in a closed space and thus protects opera-
tors. Future safety needs are also important during realisation of these solutions, because they
contribute to the increasing of company efficiency and will be grow up together with you. Au-
tomation as a whole is not only about less employees at the workplace, but it is also about inte-
gration of new security devices and technologies with supporting of workers cooperation.

Acknowledgements

This work has been supported by the Slovak Grant Agency KEGA 054TUKE-4/2016 “In-
novation of teaching courses with a focus on automation in response to the demands of indus-
try and services”.

82



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

The paper presents results of researches supported by EU within the project ,,AuToMa -
Automation, Technology transfer and Managerial practices for the growth of SMEs, a better
employability and the promotion of the entrepreneurship”, 2016-1-1IT01-KA202-005599, un-
der the ERASMUS+ Programme. This publication represents only author’s opinion and nei-
ther the European Commission nor the National Agency is responsible for any of the infor-
mation contained in it.

References

1. Increasing of operational safety robotized workplaces by sensor equipment. Marek Vagas. In:
Global management and economics. Vol. 2015, no. 1 (2015), p. 158-162. - ISSN 2411-5215.

2. Safety for Physical Human—Robot Interaction. Antonio Bicchi, Michael A. Peshkin, J. Edward
Colgate. In: Springer Handbook of Robotics (Siciliano, B., Khatib, O.), Springer, Berlin, 2008, ISBN:
978-3-540-23957-4.

3. Safety of instrumented systems. Retrieved from https://www.chemicalprocessing.com/
articles/2018/consider-the-impact-of-industry-4-0-on-safety-instrumented-systems/?start=0.

4. Industrial robot details. Retrieved from https://www.kuka.com/en-de/products/robot-
systems/industrial-robots.

5. Manufacturing systems suitable for globalized market. L. Pachnikova, R. Jano§, L. Sidlovska.
In: Applied Mechanics and Materials. Vol. 282 (2013), p. 230-234. - ISSN 1660-9336.

6. Successfully process of safeguarding. Retrieved from https://www.valin.com/machine-
process-safeguarding.

7. Industrial intelligent robots in Springer handbook of automation. Inaba Y., Sakakibara S.,
2009, Part C, 349-363, ISBN 978-3-540-78831-7.

8. How to optimize safety. Retrieved from http://www.controlengeurope.com/article/133867/
Safety-first--How-Industry-4-0-can-optimise-safety.aspx.

VIIK 331.45:331.103.255
Mapex Bazaw

O YHKIIOHAJIBHA BE3IIEKA TA OIIIHKA PU3UKY
HA ABTOMATHU30BAHOMY POBOYOMY MICII

Axmyanvnicme memu 0ocniddcenns. B danuii yac 3pocmac KinbKicmv asmomamu3o8aHux poooyux mMicyb, ocoonugo 3
8NPOBAOVIHCEHHAM HPOMUCTIOBUX POOOMIB 3 MOJICIUBICIIO 3MIHU IX po3MilyenHs, Oe yHKyionanvha besnexa ma oyiHKa pusuKy
P0O32130a10MbCsl K HAUOLIbW 8AJICIUGT NPOOTIEMU.

Ilocmanogxa npobnemu. 3axucm npayisHukie mac Oymu Ha nepuwiomy micyi, momy oyinka be3nexu ma pusuxy Ha as-
MOMAMU308AHUX POOOYUX MICYAX € HAUOLTbUL BANCTUBUMU NUMAHHAMY, K OYIU npedcmasieHi @ yiti cmammi.

Ananiz ocmannix oocnioycens i nyonikayiii. Akmyanvui docniodicents 6invlu cpoKycosami Ha CMAHOAPMHUX POOOUUX
Micyax 6e3 npomuciosux pobomis. Taxum wunom, giocymuicme inghopmayii ujo0o agmomamu308anux pobouux micysb y 36 a-
3KY 3 PiZHUMU OUCROUYIAMU MODICE PO3TAOAMUCA AK 000AMKOBUL YUHHUK, W0 NIOBUWYYE YIHHICIMb CIAMMI.

Buoinenns nedocnioycenux uacmun 3azanvhnoi npodnemu. Heszsadicaiouu na besniu 3a2anbHux iHCMpyKyitl i3 mexiKu
be3nexu 6 yiii eanysi, 00ci 8i0cYmHitl YimKuil 02150 BUKIIOUHO ABMOMAMUZ0BAHUX POOOYUX MiCYb I3 NPOMUCTOBUMU POOOMAMU.

Ilocmanogka 3ag0anuan. Memoro cmammi € HAOAHHA 3A2aNbHUX THCMPYKYill De3nocepedHbo 8 061acmi agmomamuzo-
8AHUX POOOUUX MiCYb.

Buknao ocnoenozo mamepiany. /[is ycniwnoi peanizayii asmomamuzo8ano2o pobo4o2o Micys KOpucHo mamu 000am-
K08y 00noMo2y ma nepenik umoe, HeoOXioHi Ol OYiHKU PUSUKY HA pOOOHOMY Micyi.

Bucnogxu 6ionogiono oo cmammi. Pe3ynomamu, onybnikogaui 6 yiii cmammi, nioguwytoms 06isnanicmo i ingpopmo-
8aHICMb NPO ABMOMAMU3ayilo pobouux Micyb pazom iz npomuciosumu pobomamu. Kpim mozo, npedcmasneni 3aeanvti kpo-
KU 1l BUMO2U, AKi 0onomazaroms A100AM Kpauje peanizysamu yi munu poboyux micyb, 0e 0OCHOBHY poib 8i0iepac NPOMUCTOBULL
pobom. 3anpononosane piuienHs Modice po32na0aAmUcs aK aKkmyanbHa 6aza Onsl OYiHKu pusuKy makux pobouux micys iz 3a-
XUCHUMU 020POOIICEHHAMU aDO CEIMNo8UMU Dap'cpamu..

Knrouosi cnosa: ghynxyionanvra besnexa; oyinka pusuxy; npomMuciosuti pooom.

Puc.: 5. Tabn.: 1. bién.: 8.
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Darina Hroncova

MULTIBODY SYSTEMS AND SIMULATION IN MATLAB

Urgency of the research. Computer modeling changes the teaching methodology, the way of thinking and the
possibilities of applications. It helps to move from external to internal properties and from individual to related properties.
The development of the product is accelerated by experimenting with a computer model.

Target setting. Kinematic analysis in Matlab and MSC Adams View. The aim is to investigate the rotation of individual
members of the robotic system and to determine the spatial movement of the end effector.

Actual scientific researches and issues analysis. MSC Adams represents dynamic simulators of virtual prototypes of
mechanical systems. Virtual prototypes allow to model, analyze and optimize the future products and to examine their
properties before building a real prototype. This approach is suitable for developing miniature mechatronic elements as well
as complex systems.

Uninvestigated parts of general matters defining. Virtual prototypes represent a suitable resource for testing of control
and regulation procedures.

The research objective. Compilation of a virtual prototype of a mechanical system that has all the decisive features and
is computationally stable.

The statement of basic materials. Virtual model is a mathematical representation of real-world structures, simulating all its
physical properties virtually.

Conclusions. The aim was to determine the kinematic properties and also to evaluate the influence of the parameters of
the mechanism which influence these kinematic properties. The matrix method was used. The process of the solution
consisted of determining the transformation matrices of the coordinate systems, the kinematic analysis of the industrial robot
and the graphical representation of the effector handling space.

Keywords: virtual model; open kinematic chain; robotic system; software simulation; end-effector; transformation
matrices.

Fig.: 11. References: 17.

Introduction. The development of technology and mechanization has led to the
development of the theory of planar and spatial mechanisms. Spatial mechanisms are used in
various production machines, for example, in robots and manipulators. Analytical analysis of
mechanisms describes the movement of driven members or some points of these members
depending on the known or prescribed movement of the driving members. It means the
determination of the position, speed and acceleration of the studied members and points
depending on the movement of the driving member. It is possible to use the vector method for
kinematic solution of spatial mechanisms, which was described by V. A. Zinovev. This
method, however, is quite complicated for scalar notation of vector equations. More suitable
is the usage of the matrix notation. The fourth order matrices were introduced by J.Denavit
and R.S.Hartenberg. Similarly, G.S.Kalicin solved some problems of planar and spherical
mechanisms by the matrix notation. The possibility of using quaternions or biquaternions in
kinematics of the rigid bodies was pointed out by J. Novak. General methods of analytical
analyses were studied by S.G. Kislicin and J. F. Moroshkin. The czech author V. Brat
introduced into practice the usage of a matrix notation in analysis of kinematics of spatial
mechanisms. Individual simultaneous movements can be described by matrix equations.
There are relationships derived for both simple and simultaneous movements. The suitability
and widespread usage of the matrix method is given not only by the possibility to describe the
directly the space of the individual members, but it is also appropriate for use in computers
with advanced methods of numerical solution of systems of equations.

This paper presents the application of the matrix method in the kinematic analysis of a
simple manipulator model. Manipulators are composed of open kinematic chains. Matlab
and MSC Adams -View computer programs were used in their analysis.

Model of manipulator with 2 degrees of freedom of movement R-R.

The mechanical system representing the open kinematic chain consists of two members 2
and 3 and the base 1 (Fig. 1). The member 2 with length L rotates around the axis z; = z» by
the angle ¢2 and the member 3 with length /3 rotates around the axis z3 by the angle @3. We
investigate the absolute motion of the member 3 and its point M, determine the position
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