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Preliminary Note – Prethodno priopćenje

Autonomous maintenance is one of the important solutions used in industrial companies where part of the tasks 
related to the operation of machines is transferred to operators. In the steel sector in Poland, accidents related to the 
operation of technological machines are still reported. Given the above, this article lists the activities of machine 
operators in terms of methods and tools that allow for a reduction of the number of accidents at work. It aims to 
show the significance of the adoption of technical and organizational solutions directed at improving the safety of 
operators within AM in the steel sector in Poland.
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INTRODUCTION
Autonomous maintenance is one of the mail pillars of 

the TPM system (Total Productive Maintenance), which 
is defined as a continuous process of operating machin-
ery and equipment in the enterprise by all operators and 
maintenance workers [1].The main objective of TPM is 
to achieve the level of three zeros: zero breakdowns, zero 
defects and zero accidents. A key role in the process of 
the TPM implementation is played by AM – an increase 
in the efficiency of the machine park requires the engage-
ment of operators who should become more responsible 
for their duties, i.e. they should become more aware of 
their role in ensuring the quality of the manufactured 
products and the smooth running of the operated ma-
chines [2]. AM includes activities aimed at involving op-
erators in maintenance and servicing of the machines 
they operate, regardless of the maintenance services (in-
spections, lubrication, simple repairs, replacement of 
parts, detection of irregularities). AM implies introducing 
trainings for operators, which will allow them to play a 
significant role in preventing irregularities during main-
tenance activities. The AM implementation takes place in 
seven steps (Figure 1), allowing operators to develop 
proper skills and making it possible to define expecta-
tions towards them [1,3].

The activities performed within AM may not only 
minimize the number of breakdowns and improve the 
production process, but they may also be a potential 
source of danger for operators. Therefore, the key ele-
ment is to take actions that will improve work safety in 
the steel sector.

WORK SAFETY AS A PART OF AM

The issue of safety related to the operated machinery 
in Poland, and in other EU states, is defined in new ap-
proach directives, i.e. Machinery Directive 2006/42/EC 
[4] and Tool Directive 2009/104/EC [5]. These direc-
tives are addressed to machine manufacturers and em-
ployers, respectively [6]. As regards the steel industry, it 
is crucial to ensure safety in the workplace, so the ma-
chines provided by producers and used at work should 
not pose a risk to workers’ life and safety.

In autonomous maintenance, an operator is engaged 
in activities connected with machine retooling, minor 
repairs, maintenance, adjustments, lubrication. Conse-
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Figure 1 Stages of AM [1,2]
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quently, it is necessary to implement measures aimed at 
reducing the risk of accidents. They may include: the 
development of an occupational safety and health cul-
ture, activities related to an assessment of occupational 
risk, staff trainings in the area of OSH, providing in-
structions in the workstation. Further, the AM imple-
mentation requires a job training.

The achievement of the objective pursued by this 
work was possible through the development of own 
methodology. The first stage involved compiling a list 
of the most common causes of accidents. The listed 
causes of accidents were then referenced to the activi-
ties of the operator performed within autonomous main-
tenance. Moreover, their significance was also deter-
mined by assigning appropriate ranks (1-3) to them.

The second stage consisted in a prediction of quanti-
tative data, i.e. the causes leading to accidents in the 
steel sector in Poland. The conducted prediction made it 
possible to prepare forecasts (Brown’s double exponen-
tial smoothing model) and to identify a trend (increas-
ing, decreasing, no trend). A qualitative assessment of 
the produced forecasts was made for this study. For this 
purpose, ex post forecast errors were used, i.e. mean 
relative error of expired forecasts ψ (formula 1), adjust-
ed mean relative ex post error in the verification range 
Θ (formula 2), Root Mean Square Error RMSE (for-
mula 3) [7-9].

  (1)

  (2)

  (3)

where:
n  –  number of time series elements;
yt  –  value of the forecasted variable y for a period of 

time t;
yt

* –  forecast of variable y determined for a period of 
time t;

m –  number of initial time periods t.
The forecasts may be regarded as admissible when 

the determined error values meet the following condi-
tions: ψ < 10%, Θ is in the range [0% - 200%], RMSE 
≤ Se (Se – standard deviation of model residuals) [7-10].

The third stage involved defining proposed solu-
tions to reduce occupational accidents in the steel in-
dustry in Poland and ensuring the safety of operators 
within autonomous maintenance.

CAUSES OF ACCIDENT AT WORK  
AND THEIR PREDICTION

With respect to AM, the activities performed by 
workers injured at the time of accident include:

• machinery operation consisting in starting /stop-
ping the machine, supervising its operation, feed-
ing/receiving materials, semi-finished products 
and others falling within this scope,

• work with hand tools, both mechanized and non-
mechanized,

• operation of objects – these activities include, for 
instance, assembling /disassembling of bolted 
connections, bending.

The identified causes of accidents account for ap-
proximately 40% of the causes of accidents reported in 
the steel sector in Poland (Table 1).

In the light of the above, in order to determine their 
significance for the successive years (2020-2022), a 
prediction of statistical data was made [11]. The predic-
tion process was carried out using Brown’s double ex-
ponential smoothing model (k = 2) and Winters’ model 
with a multiplicative trend and multiplicative seasonal-
ity. The determined forecasts are shown in Table 2.

The analysis of the compiled data on the forecasts 
for 2019-2022 leads to the conclusion that the causes of 
accidents related to the operation of objects will prevail. 
The values of the forecasts (Table 2, Column 2-5) were 
determined using Winters’ model with a multiplicative 
trend and multiplicative seasonality, assuming a mini-

Table 2 Forecasts of causes generating accidents in the steel sector in Poland [own research]

Years 2019 2020 2021 2022 Ex post forecast errors Model parameters
Ψ, % Θ, % RMSE / Se α β δ

1 2 3 4 5 6 7 8 9 10 11
Brown’s double exponential smoothing model (k = 2)

Machinery operation 168 169 169 169 7,3 2,0 24,8 / 28,6 0,06 - -
Working with hand tools 184 187 190 193 5,2 1,4 13,5 / 15,6 0,35 - -

Winters’ model with a multiplicative trend and multiplicative seasonality
Operation of objects 241 155 213 203 9,0 2,3 23,3 / 28,5 0,23 0,34 0,01

Table 1  Causes of accidents at work in the steel sector  
in Poland [own research based on Statistic Poland]

Years 2013 2014 2015 2016 2017 2018

RanksTotal number  
of people injured  
in accidents at work

887 889 907 876 995 930

Causes of accidents in the steel sector in Poland
Machinery  
operation 165 167 167 147 182 175 3

Working with hand 
tools 164 154 159 163 192 181 2

Operations  
of objects 187 200 224 194 232 206 1

Share in % causes 
in the number of 
accidents at work

41,8 41,4 39,4 42,5 39,1 39,6 -
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mization of the mean relative error of expired forecasts 
ψ, with parameters α = 0,23, β = 0,34 and δ = 0,01. 
Work with hand tools was the second significant cause, 
displaying an upward trend in the period under analysis 
(2019-2022).The values of the forecasts were obtained 
using Brown’s double exponential smoothing model (k 
= 2) and parameter α = 0,35. In that case, the mean rela-
tive error of expired forecasts was also minimized. As 
regards machinery operation, an increase can be seen in 
2019, then the cause remained stable (Table 2, Column 
3-5). The values of the forecasts of that cause were de-
termined on the basis of Brown model (k = 2) and pa-
rameter α = 0,06. The obtained forecasts may be deemed 
admissible because the values for the errors meet the 
criteria adopted in the own methodology.

Given the above, these causes are still considered 
important and it is proposed that measures aimed at im-
proving work safety in the steel sector should be imple-
mented, namely:

• application of solutions in the field of visual con-
trol (in order to quickly detect and respond to ir-
regularities),

• application of rules connected with the organiza-
tion of the workplace, supporting the process of 
identification of irregularities (5S/6S method),

• trainings in OSH and work methods in order to 
identify irregularities and eliminate dangerous 
behavior during the performance of maintenance 
activities (TWI program– Training Within Indus-
try, OPL – one point lessons),

• standardization of activities within AM (stand-
ards of lubrication, cleaning, inspection of safety 
devices),

• use of technical measures of protection and per-
sonal protective equipment.

Table 3 shows examples of the application of the de-
scribed solutions for the main causes of accidents at 
work in the steel sector.

CONCLUSIONS
The involvement of operators in maintenance activi-

ties within AM has an impact on improving the efficiency 
of machines, but it may also be a potential source of haz-
ard. It is therefore necessary to adopt measures limiting 
the risk of accidents. The exemplary causes presented 
above, i.e. machinery operation, work with hand tools 
and operation of objects, account for approximately 40% 
of the causes of accidents reported in the steel sector in 
Poland. The necessity to take preventive actions in their 
scope is also confirmed by the determined values of ex 
ante forecasts. Due to the significance of the identified 
causes of accidents, it was proposed that organizational 
and technical solutions that can reduce the number of ac-
cidents and improve work safety in the steel industry in 
Poland should be introduced. All activities undertaken 
within AM should be carried out in a safe manner [12].
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Table 3  Examples of solutions for the main causes  
of accidents at work in the steel sector in Poland  
[own research]

Causes  
of accidents

Examples of solutions

Machinery  
operation

−  marking of measuring devices and marking  
of switches on the machines

−  light and sound signaling at work stations
−  use of OPL to provide information to operators  

in a short time in the �eld of health and safety, 
working methods and improvements

−  LOTO safety system - to protect employees 
against unexpected power-up or starting the 
machine during service, adjustment and mainte-
nance works

−  cleaning, lubrication and inspection standards
−  use of Red Tags to identify and eliminate prob-

lems while working on the machine
−  pictograms on the machines informing about  

the dangers
−  use of guards on machines and protective  

measures of upper limbs
Working with 
hand tools,
Operation of 
objects

−  marking storage places for work tools
−  pictograms informing about the dangers
−  visual work instructions in line TWI
−  use of OPL in the �eld of safe working methods
−  use of protective measures of upper limbs


