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Abstract. Industry 4.0 creates so called “smart factory”, what involves
cyber – physical systems, the Internet of things, cloud computing and
cognitive computing. One of design principles in Industry 4.0 is technical
assistance, understood as the ability of cyber – physical systems to support
humans physically by conducting a range of tasks that are unpleasant, too
exhausting or unsafe for their human co – workers. Such new approach to
production will affect, among others, area of workplace safety and machine
safety – also, at the field of explosion safety for works performed in areas
with potentially explosive atmospheres. At present, this important issue is
regulated in EU by Directive 1999/92/EC (ATEX Worker Directive),
Directive 2014/34/EU (ATEX Directive), harmonized national law and
technical standards. However, one of important challenges in
implementation of idea of Industry 4.0 is lack of regulations, standards and
forms of certification. Presented paper discusses problem if existing
regulations concerning explosion safety are adequate for such new
conditions, sometimes referred to as the fourth industrial revolution.

1 Introduction
Industry 4.0 – the most current trend of automation and data exchange in manufacturing
technologies – originates from the German government high-tech strategy project
promoting the computerization of manufacturing [1]. Among four design principles in
Industry 4.0 one can find technical assistance, which is understood as the ability of cyberphysical systems to physically support humans by conducting a range of tasks that are
unpleasant, too exhausting, or unsafe for their human co-workers [2]. Such idea could be
implemented as unmanned assembly line (Fig. 1 below) or as robots co-operating with
human personnel at certain workplaces (Fig. 2 below). Expected effect of Industry 4.0 in
global economy will be the strong customization of products under the conditions of highly
flexible mass-production. However, possible benefits are related with important socioeconomical challenges, as e.g. insufficient qualifications of employees, loss of many jobs to
automatic processes and IT-controlled processes, especially for lower educated parts of
society [3] (so, probably relations between human workers and collaborative robot will not
be so friendly as illustrated in Fig. 2B). Also, the possible benefits are related to strong
impact of Industry 4.0 on such area (among others) as machine safety and workplace safety,
and the question is if the existing regulations, standards and forms of certification in this
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area are adequate for the new conditions. Below, narrower (but not less important) problem
in the field of safety is discussed: if current regulations concerning explosion safety are
adequate for the new conditions.

Fig. 1. Example of unmanned assembly line [4].

A)

B)

Fig. 2. Assembly operations with support of KUKA’s Light Weight Robot 4+ collaborative robot: A)
[5], B) [6].

2 Prevention of explosion and explosion protection
The basic principles of explosion prevention and explosion protection are as follows:
a) prevention: avoid or reduce explosive atmospheres (what could be achieved by
modifying either the concentration of flammable substance ta a value outside the
explosion range or the concentration of oxygen to a value below the limiting oxygen
concentration), avoid any possible effective ignition source,
b) protection: halting the explosion and/or limiting the range to a sufficient level by
protection methods, e.g. isolation, venting, suppression and containment (in contrast to
the two above preventive measures, here the occurence of an explosion is accepted) [7,
8]
Correct assessment of the explosion hazard in accordance with [9, 10] and the selection
of appropriate (applicable in a given case) preventive and protective measures requires the
determination of the properties of a mixture of a combustible substance with air, informing
about the possibility of starting the explosion and behavior of substances during
combustion. The following indicators inform about these properties:
- combustion properties: flash point [11], explosion limits (LEL, UEL) [12, 13], limiting
oxygen concentration [12, 14],
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ignition properties: minimum ignition energy (MIE) [15, 16], minimum ignition
temperature of an explosive atmosphere [17, 18], minimum ignition temperature of a
dust layer [18], spontaneous ignition behavior of dust accumulations [19],
- explosion behavior: maximum explosion pressure (pmax) [14, 20, 21], maximum rate of
pressure rise ((dp/dt)max) [21- 23], maximum experimental safe gap (MESG) [24].
However, for better understanding and application of standard methods, testing
requirements were combined recently into single documents: for explosive atmospheres
with combustible dusts [25] and explosive atmospheres with gas and vapor [26].

3 Regulations
Avoiding or reduction of explosive atmosphere as preventive method in particular
production process strongly depends on conditions of the process, and can be achieved by
adequate design of the process, equipment used and its working conditions, as well as
proper maintenance of equipment and production room, according to manual instructions or
internal regulations (e.g. housekeeping in case of possible combustible dust release). For
this purpose, crucial is the knowledge and experience of the process designer – supported
by information on combustion properties of particular substance/substances used in the
process, obtained with use of the discussed above standards.
Similarly - avoiding any possible effective ignition source. However, in this case efforts
of process/equipment designer and user are targeted by special regulations [27] - ATEX
Directive. In general, piece of equipment designed for work at hazardous area should not
create an effective ignition source. Particular solutions, fulfilling this condition, could be
suggested by the subsequent groups of standards:
- EN 13463: multipart document on non-electrical equipment for use in potentially
explosive atmospheres,
- EN 60079: multipart document on electrical apparatus for explosive gas atmospheres
and finally
- EN 80079, which is a quality management system for ATEX, connected with an EC
type examination certificate or a conformity assessment according to the category of
the devices.
The above “all – European” regulations could be supplemented by the national: e.g. §35
of Polish ministry of interior regulation on fire protection [28] giving requirements on
maximum admissible temperature of external surfaces of non electro energetic equipment
exploited in areas with combustible gases and vapors or combustible dusts or fibers.

4 Conclusions
Existing regulations in the field of explosion safety at workplace are focused on workers
(human) safety [8]. Demanded level of safety (acceptable level of occupational risk) at
particular working place is achieved by practical application of the system of law
regulations and related technical standards (as discussed above). Of course, this system is
not closed – it develops together with challenges resulting from industrial development. But
at present it looks sufficient : together with knowledge and common sense of equipment
designers and user it can cover all predictable situations connected with work in areas with
potentially explosive atmospheres.
Industry 4.0 includes cyber – physical systems, the Internet of things, cloud computing
and cognitive computing. It creates a modular structured ‘smart factory’, in which cyber –
physical systems monitor physical processes, create a virtual copy of the physical world
and make decentralized decisions. Over the Internet of Things, cyber – physical systems
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communicate and cooperate with each other and with humans in real time, and via cloud
computing, both internal and cross – organizational services are offered and used by
participants of the value chain [2]. For this reason Industry 4.0 is commonly referred to as
the fourth industrial revolution [29].
However, all the features are (or will be) achieved with use of known, existing at
present technical equipment. That equipment, if designed for work in areas with potentially
explosive atmospheres have to fulfill requirements of [27, 8] (e.g. Fig. 3, below).

Fig. 3. Drawbar high lift truck EXI 16 for explosion hazard zones 1 and 21 (performance according to
[30]) [31].

‘Smart factory’ of Industry 4.0 also have to be exlosion safe for its workers – even if
they are autonomous robots. Of course, in case of explosion in unmanned plant there will
be no problem of human losses (probably regulations of [8] will not be so important), but
the problem of material losses remains (and the material losses in such a case could be
more severe than in a ‘typical’ plant). So, the equipment for ‘smart factory’, where
explosion hazard zones are expected or assessed, have to fulfill the same requirements as
for ‘typical’ plant with explosion hazard zones. The system of regulations and standards in
this area of safety exists and works properly, and hopefully there is no need for establishing
new rules or new standards – new equipment (e.g. MOBOT® in Fig. 4, below) have to be
designed, constructed, certificated, and finally – used according to [27].

Fig. 4. Mobile robot MOBOT® AGV CubeRunner (at present: performance for conditions without
explosion hazard) [32].
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