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1. Introduction
In order to reduce the social costs induced by great number of in-
juries caused during work with machinery, a key component of en-
gineering industry, many legal regulations of the European Com-
munity dealing with safety of machines and machinery binding both 
for producers and users continue to come into force. Directives of 
the Council, as a part of the European legislation, are obligatory 
for member countries of the EU and their objective is to harmoni-
ze the national legislations with the EC law. As the current develop-
ment of science and technology is much faster than the legislation 
process, it is not possible to specify quite accurately and concretely 
the legal requirements on safety of individual products. That is why 
the institute of harmonized technical standards has been created 
and their fulfilment is regarded as fulfilment of the legal duty set 
by the technical-legal regulation related to the harmonized stan-
dard. In this environment, the suppliers of machinery must com-
ply with ever-increasing and dynamically changing requirements 
and so continuous monitoring of the relevant legislation and stan-
dards is essential.

2. Duties of machinery manufacturers 
In compliance with the Directive 2006/42/EC [7], the manufactu-
rer of machinery or his authorized representative are obliged to 
provide assessment of risk with the aim to determine the require-
ments on their machinery as regards health protection and safety. 
The machinery must then be designed and constructed with respect 
to the results of risk assessment. 

Through a repeated procedure of risk assessment and reduction, 
the manufacturer [7]: 
• determines the limits of the machinery, including its intended use 

and any foreseeable misuse, 
• identifies the hazards that can be generated by the machinery 

and the associated hazardous situations;
• estimates the risks, taking into consideration the severity of the 

possible injury or damage to health and the probability of its 
occurrence; 

• evaluates the risks with the aim to determine whether it is necessary 
to reduce them in compliance with the objective of this Directive;
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• eliminates the hazards or reduces the risks by applying protective 
measures in this order of priority: 

 – eliminate or minimize the risks;
 – take the necessary protective measures in case of risks that 
      cannot be eliminated; 
 – inform the end user of the residual risks. 

Risk assessment documentation must include:
• a list of the essential requirements on health protection and sa-

fety related to the machinery;
• the description of the protective measures taken to eliminate the 

identified hazards or to reduce risks and, when appropriate, the 
indication of the residual risks associated with the machinery. 

The basic requirements of the 2006/42/EC Directive [7] are sup-
ported by ČSN EN ISO 12100-1/2004 [4]. This standard defines 
the terminology and methodology used to achieve safety of machi-
nery. Technical principles that may help the designers to construct 
safe machinery are defined in ČSN EN ISO 12100-2/2004 [5]. 
General principles of risk assessment procedure in all phases of 
the life of machinery are described in ČSN EN 1050/2001 [6]. 
Information necessary for risk assessment and risk analysis must 
include:
• limit values of machinery;
• requirements for individual phases of the life cycle of machinery; 
• technical drawings or other instruments describing the character 

of machinery;
• information on power supply;
• any known injuries and development of accident occurrence re-

levant to the machinery;
• any available information on damage to health. 

3. Review of occupational accident occurrence
in the Czech Republic
According to statistical data from 2005, trends of overall occupatio-
nal accident occurrence and occupational fatalities in the Czech Re-
public were different. The values of occupational fatalities indicators 
significantly decreased compared to 2004, while the overall occupa-
tional accident occurrence showed slight increase [8]. In 2005, the-
re were 82 042 cases of incapacity to work due to occupational ac-
cidents reported in the Czech Republic. These accidents resulted in 
3,702 mil calendar days of incapacity to work in total. The average 
length of incapacity to work due to occupational accident was 45.13 
calendar days, which means that 10 143 people were absent from 
work each day on average as a result of occupational accidents 

164 fatal occupational accidents were reported in the Czech Republic 
in 2005, of which 48 occurred in the sector of processing industry.

Selected sources of occupational accidents resulting in incapacity 
to work longer than 3 days:
• Material, loads, objects – 38.6% of cases
• Working areas – 28.4% of cases
• Equipment and tools – 9.5% of cases
• Machines – 8.3% of cases

Selected sources of fatal occupational accidents:
• Working area – 18.3% of cases
• Material, load, objects – 17.2% of cases
• Elevators and transporters – 4.1% of cases
• Machines – 3.6% of cases
• Electricity – 3.0% of cases

Selected causes of occupational accidents:
• Incorrectly or insufficiently estimated risk – 57.8% of cases
• Loss of control over machines – 47.2% of cases



5.1 Planning of risk analysis
and assessment 
Risk analysis planning is a task of strategic management of an en-
terprise. The policy of risk perception must be clarified on the level 
of top management. The strategic risk management must provide 
determination and approval of limits of risk levels for evalua- 
tion of their seriousness, categories of probability of risk occurren-
ce and tables of risk significance. Besides, it is necessary to gather 
information on the current state of the art of science and techno-
logy, solutions of safety risks in comparable products, information 
on previous occurrences of risks (i.e. accident occurrence) in similar 
equipment and to prepare the risk estimation graph. 

5.2 System analysis of machinery 
System analysis [1] of machinery is based on creation of its block 
diagram on suitable level of resolution (Fig. 1), which shows all re-
levant interactions between its individual elements (subsystems). In 
the following step, this block diagram together with the ČSN EN 
ISO 12100-1/2400 [4] standard are used for determination of all 
relevant hazards associated with the machine and the main dange-
rous areas of the analyzed machine are marked out. 

5.3 Determination of limit values of machinery 
Limit values represent the limit possibilities of the machine or staff:

Limits of use specify the intended use including various operati-
onal states of the machine, phases of use and various interventi-
on processes during operation. Any reasonably foreseeable misu-
se should be also taken into consideration. 

Spatial limits include range of movements, space for installation 
and maintenance of the machine, man-machine interface and ma-
chine-power supply interface.

Time limits include the expected service life of the machine, con-
sidering its intended use, and components used (i.e. tools, wear of 
parts, electrical components). 

5.4 Identification of hazards
Identification of hazards in machinery is performed in accordance 
with the Czech technical standards ČSN EN 1050 [6], ČSN EN ISO 
12100-1 [4] and ČSN EN ISO 12100-2 [5] for the whole life cycle 
of the machine, which includes:

Figure 1. Example of a block diagram of machinery

• Insufficient personal qualifications – 31.8% of cases
• Slipping, tripping, fall of persons – 7.6% of cases
• Movement of body under or with physical load – 12.6% of cases
• Breaking, snapping, material destruction – 4.9% of cases
• Overfill, overturn, evaporation, emissions – 3.2% of cases
• Defective or unfavourable state of the source of injury – 1.7% of cases
• Application of dangerous work methods – 1.5% of cases
• Endangering by other persons – 1.9% of cases
(individual causes overlap, therefore the sum is not 100%)

The above listed causes of occupational accidents advert to key 
significance of thorough risk assessment for development of a vir-
tually safe machine. It is mainly the stages of identification and 
analysis of hazards and evaluation of risks associated with the-
se hazards that are crucial for precise risk assessment. The cur-
rent legislation and standardization specify the general procedure 
of the risk assessment process, not describing the method of rea-
lization of its individual stages. Besides, identification and analy-
sis of hazards and estimation of their risk is done subjectively. For 
some types of machinery, manufacturers may use the type C stan-
dard containing a list of serious hazards; however, it usually do-
es not comply with the current requirement on identification of ha-
zards during the whole life cycle of the machinery. Therefore, the 
problem of risk assessment lies in the absence of methodology for 
hazard analysis and risk estimation that would increase the obje-
ctiveness of the results and support the fulfilment of all current le-
gal requirements. 

4. Methods of hazard analysis and risk evaluation 
A number of simple or more complex methods of hazard analysis 
and risk estimation are available (Checklist, Safety Review, Fault 
Tree Analysis, Event Tree Analysis, Failure Mode and Effect Ana-
lysis, Hazard Operation Process, Human Reliability Analysis,  Pre-
liminary Hazard Analysis, What - If Analysis, Meta-Quality Dep-
loyment etc.) [3]. Each of these methods has been developed for 
specific conditions of different cases of their application and the-
refore can not be used universally. The following methods may 
be more or less applied in the process of risk estimation in ma-
chinery:

• Checklist – in hazard analysis, checklist is for example the list of 
serious hazards presented in type C standard of the specific ma-
chinery. 

• Failure Mode and Effect Analysis – a part of this method dealing 
with system analysis may be used during hazard analysis of ma-
chinery.

• What - If Analysis – when analyzing the hazards in machinery, 
we can apply this method for identification of hazards connected 
with the activity of operating personnel. 

• Method Organised for a Systematic Analysis of Risk – when ana-
lyzing the hazards in machinery it is also convenient to see the 
equipment as a set of subsystems with interactive relations.

• Meta-Quality Deployment – when analyzing the hazards in ma-
chinery it is suitable to apply system approach to analysis of po-
tential failures and their causes. 

It turned out that a new methodology is needed for successful re-
alization of risk assessment process in machine tools that would 
integrate the advantages of the above-listed methods and would 
apply system approach to the solution of this fundamental pro-
cess. 

5. System methodology of risk assessment 
The following sections present the newly-developed system metho-
dology for assessment of risks and determination of necessary pre-
ventive measures. 
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• Construction activities
• Transport activities
• Assembly, installation, putting into operation 
• Setting up, staff training/programming and/or change of process
• Operational activities 
• Cleaning and maintenance activities 
• Troubleshooting  
• Taking out of service and dismounting, disposal

 

5.5 Risk estimation
It is convenient to estimate the level of risk with the use of risk esti-
mation graph (Fig.2.) for all identified significant hazards from the 
“List of significant hazards”. If the hazards arise at more places wi-
thin the machinery, it is necessary to perform the estimation of risk 
for all places of their occurrence in separate forms. The first esti-
mation of risks is carried out for the case when no preventive risk-
-reducing measures are applied.

5.6 Proposal of risk-reducing measures
This step is performed in accordance with the requirements of ČSN 
EN ISO 12100-1 (iteration method). First, the built-in design mea-
sures are proposed, followed by safeguard measures reducing the 
risks, and information for users is provided. Each proposal of a me-
asure must include a detailed written description of the risk redu-
ction method. 

5.7 Estimation of residual risk
After every proposal of a risk-reducing measure, the residual risk 
must be estimated (see 6.5). 

5.8 Risk evaluation 
Each of the estimated risks must be evaluated and classified as 
acceptable or unacceptable. It is necessary to bear in mind that 
total elimination of risk is not possible. If the level of risk is not 
acceptable, further risk-reducing measures must be proposed 
(see 6.6). 

5.9 Information on residual risks
The hazards, whose risk can not be totally eliminated through con-
struction and safeguard measures, must be listed in information 
on residual risks. 

6. Documentation of the risk assessment process 
The output of the risk assessment process in accordance with the 
proposed system methodology is the following documentation: 

Figure 2. Example of risk estimation graph

Table 1. Documentation of sources of relevant hazards in machinery 

Table 2. Documentation of analysis of significant hazards

Table 3. Documentation of the list of serious hazards

Table 4. List of measures built in machine design

• Information on limit values of the machinery
• Block diagram of the machinery (Fig. 1)
• List of relevant hazards (Tab. 1)
• List of dangerous areas
• Analysis of significant hazards (Tab. 2)
• List of significant hazards (Tab. 3)
• Estimations of risks of serious hazards (in separate forms – Tab. 5)
• List of measures built in machine design (Tab. 4)
• List of applied safeguards and additional protective measures 

(Tab. 6)
• List of safety warnings on the machine (Tab. 7)
• List of warnings in the instruction manual (Tab. 8)
• List of further measures that were taken (Tab. 9)
• Protocol on risk evaluation 
• Information on residual risks

7. Conclusions
The proposed system methodology of risk assessment objectifies 
to a great extent the identification of hazards and estimation of 
risks. At the same time, it supports realization of risk analysis in all 
phases of life cycle of a machine. Working with the block diagram 
showing interactions between individual subsystems and elements, 
the methodology increases transparency of the whole risk evalua-
tion process, thus enabling even the persons not directly involved 
in the machinery development to perform risk evaluation on high-
ly professional level. 
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