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This DGUV Information has been prepared in the Subcommit-
tee Machinery, Systems and Automation of the Expert Commit-
tee Woodworking and Metalworking at the DGUV (Sachgebiet 
Maschinen, Anlagen und Fertigungsautomation des Fachbere-
ichs Holz und Metall der DGUV). It is primarily addressed to the 
users in the company. This DGUV Information indicates the most 
important technical safety features of industrial robots. It also 
mentions the most important requirements of the current laws 
and “translates” them for practice. It is intended to provide fast 
access to all aspects which have to be considered at planning, 
approval, monitoring and operation of industrial robots and in-
dustrial robot systems. 

Concerning the annotation of requirements from legislative texts 
and standards, the binding character of the original sources is 
pointed out. In particular, it may occur that requirements from 
legal provisions and standards change after this Information 
has been printed. Therefore, the current issue should be verified 
with the publisher prior to applying the relevant document.

We would particularly like to thank Mr. Richard Schwarz, Mr. Wie-
land Link and Dr. Matthias Umbreit for preparing the draft ver-
sion of this DGUV Information.

For further information, it is referred to specialist literature as 
well as to the applicable standards series for the safety of indus-
trial robots DIN EN ISO 10218 “Robots and robotic devices - Safe-
ty requirements for industrial robots”.

This publication replaces the BG Information "Industrieroboter" 
(BGI 5123) of June 2008.

Preliminary remark
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1.1 Types of robots

Robots kinematics
The mechanical structure of an industrial robot con-
sists of a spatial layout of axes of motion. Axes 1 – 3 
are called main axes, axes 4 – 6 are called wrist axes or 
hand axes. As a function of the executable axis move-
ment (translatory, rotational) a distinction is made be-
tween different robot types.

Arrangement of main axes
Robots primarily differ in the type of kinematics of the 
main axes.

A distinction is made between axes with translatory 
movement (T) and axes with rotational movement (R).

Serial kinematics
Serial kinematics consist of a number of arm elements 
being connected with joints. The last joint carries the 
tool.

rotatory

RRR

vertical articulated robot

linear

TTT

cantilever, gantry robot

hybrid

TRT, RTT, TRR, RRT

swivel arm, SCARA

Kinematics of  
main axes

Fig. 1 Kinematics of main axes [A]

Fig. 2 Vertical articulated robot RRRRRR_Kinematics [A] 
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Inside the robot hand, further axes of motion for the 
positioning and orientation of the tool/gripper are 
arranged.

Vertical articulated robot
The most common representative type of serial kinemat-
ics is the vertical articulated robot. A classic vertically 
articulated robot has three rotational basic axes and at 
least one but mostly three rotational hand axes. The ad-
vantages of this kinematics are the low space required 
and the universal fields of application (Figure 4).

By assembling two articulated robots on a common  
column, the universality is further extended (Figure 5).

Fig. 4 Vertical articulated robot [A] 

Fig. 3 The most common arrangements of main axes for serial  
kinematics and the resulting coordinates [A]
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The term „SCARA-robot“ stands for „Selective Compli-
ance Assembly Robot Arm“. These robots usually have 
4 axes; the first, second and fourth axes are rotational, 
the third axis is translatory. Because of its kinematics, 
this robot type is capable to carry out very fast move-
ments and is mainly used for Pick-and-Place-applica-
tions (Figure 6).

Gantry robots are applied for the automation of machine 
tools or injection moulding machines. By loading and 
unloading from the top, free accessibility to the machine 
for maintenance and set-up activities is ensured.

Gantry robots are available in many versions. The most 
common type is the linear gantry, which consists of a 
horizontal and a vertical linear axis to which either a 
gripper is mounted directly or additional rotational hand 
axes are mounted in between.

Area gantries dispose of a second horizontal axis which 
results in large workspaces (Figure 7).

Gantry robots and articulated robots are also combined. 
On a horizontal gantry axis, a 6-axes robot is mounted 
laterally or hanging. This creates maximum and flexible 
workspaces even under spatially limited conditions.

Fig. 6 SCARA-robot [A]

Fig. 7 Gantry robot/area gantry [C]
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Parallel kinematics
The arms of the parallel kinematic robot (also called 
Delta-robot or simply parallel robot) rest on a common 
base plate. Variant types of this kinematics with 3 up to 
6 axes are common (Figure 8 and Figure 9). It can either 
be mounted hanging from the ceiling or on the floor.

By the coordinated control of all motors, a three-dimen-
sional movement of the end-effector is achieved. If more 
than 3 independently driven arms are used, the tool can 
even be turned and/or tilted. 

Parallel kinematic robots are applied if simple sequenc-
es of motions with a high repetition accuracy and high 
speed within a limited workspace are required.

Typical applications of Delta-robots are fast Pick-and-
Place applications with partially structured parts place-
ment, also with assembly line tracking for handling, as-
sembly and packing tasks (Figure 8).

Hexapod-robots are particularly suitable for machining 
tasks, e. g. drilling, grinding, cutting, or for assembly 
processes. They are characterized by an extreme rigidity 
along with a high repetition accuracy. The working space 
is very limited (Figure 9).

Fig. 9 Hexapod-robot [E]Fig. 8 Delta-robot (Flex Picker) [D]
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Fig. 11 Walking robot [G]

1.2 Robot applications

Fields of application for industrial robots
Industrial robots can be found in numerous fields in 
industry, e. g. car manufacturers and suppliers, aero-
space, food and beverages, textile, wood and furniture, 
printing and paper, rubber and plastics, chemistry and 
pharmacy, household appliance industry, precision me-
chanics, construction, foundry, pottery and stone, etc. 
In addition, they are already being applied in research 
and education or in agriculture.

Robots are used nowadays in a variety of applications, 
e. g.: 

• Gas-shielded metal-arc welding, spot welding, laser 
welding, soldering

• Palettising, packaging and picking

• Handling on other machinery, loading and unloading 
of machines, varnishing, surface treatment, enam-
eling, adhesive and sealant application, coating

• Laser cutting, plasma cutting, water jet cutting, me-
chanical machining

• Fixing, feeding, loading, assembling, dismantling

• Measuring, testing, inspecting, etc.

The technical safety requirements for industrial robots 
and their applications in robot systems are comprehen-
sively described in the following chapters. For non-in-
dustrial robots, this document only provides a short 
overview in the following.

Non-industrial robot applications
Besides in industrial applications, nowadays robots can 
for example also be found in the entertainment industry, 
in medical engineering, as service robot or in military. 
The pertinent product safety standards for industrial ro-
bots do not apply here. However, as long as no applica-
ble standards for the non-industrial area are provided, 
the requirements stated in the standard for industrial 
robots may be applied to non-industrial applications as 
well. This is explained in EN ISO 10218-1 (see also 2.1.2).

Fig. 10 Plasma cutting [F]
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Entertainment robots
Entertainment robots as fairground rides are excluded 
from the scope of the Machinery Directive. They belong 
to the „ Fairground and amusement park machinery and 
structures” the safety requirements of which are stated 
in the European Standard EN 13814 [4].

Particular requirements are specified for the clearance. 
This is the space around the gondola which must not be 
„intruded“ during operation or in case of malfunction, 
neither by the own mechanics nor by the surrounding 
scene. This clearance is usually kept by means of me-
chanical axis limitations. Control solutions for axis and 
space limiting have the disadvantage that safely repro-
ducable stopping distances can only be implemented 
with great effort.

Medical robots
Medical robots are medical devices and fall within  
the scope of the European Medical Devices Directive 
93/42/EC [12].

The standards listed under this EC Directive cover the 
hazards presented by robots only incompletely. There-
fore, it is reasonable to apply protective measures as 
described in EN ISO 10218-1 (e. g. reduced speed and 
other requirements for collaborative robots).

Service robots
Service robots are intended to carry out e. g. household 
tasks. For individual service robots, special standards 
are already available, e. g. for robot lawn mowers  
(EN 60335-2-107). The requirements, however, cannot 
be transferred to other robots and service robots.

1.3 Accident situation and particular hazards at  
industrial robots

Besides the known hazards, e. g. crushing between sta-
tionary and movable parts and ejection of parts, indus-
trial robots involve hazards which are atypical in com-
parison to other machines. This includes in particular 
the complexity of the production process, the hazards of 
which cannot be estimated solely by observation.

Fig. 12 Entertainment robot [A]

Fig. 13 Medical robot [A]

12

Introduction



Hazards due to the complexity of production are particu-
larly created by:

• a high number of robots and machines being linked to 
each other

• complex sequences of motion

• unforeseeable changes of position and speed

• waiting positions and unexpected start-up

• secondary hazards related to the process, e. g. laser 

Causes of accident are, among others, of technical na-
ture, such as e. g. the failure of components. Other caus-
es such as e. g. falling down or bypassing safeguards 
are, however, also included in the statistics.

Despite economic fluctuations, the accident figures re-
corded by the German Social Accident Insurance (DGUV) 
show a downward trend for industrial robots as well as 
for other branches of industry. This becomes clearer if 
the accident figures are regarded in proportion to the 
systems being installed. Within the period from 2005 to 
2012, the number of robot systems installed in Germany 
increased from 126.000 to 161.988. The so-called “robot 
density”, i. e. the number of robots per 10.000 employ-
ees, amounted to 273 in 2012 in Germany. This is the 
third-highest worldwide [17].

400
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0
2005 2006 2007 2008 2009 2010 2011 2012

Fig. 14 Notifiable occupational accidents1) on/with industrial robot systems3) in Germany [H]

 1) Loss of working hours of more than three days 
2) Payment of accident benefits, e. g. in case of loss of limbs or fatal occupational accident 
3) Besides accidents on robots, accidents on automatic machines with transfer systems are also covered.  
  This includes, e. g., single- and two-axes systems (e. g. gantry) and handling systems, but no machine tools.
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2.1 European rules for industrial robots

2.1.1 European rules
The European Union (EU) has introduced far-reaching 
changes for industry in the field of regulations with ef-
fects for both the technical safety design of machines 
and systems and the industrial companies using them.

The national regulations have been replaced for the 
most part by regulations which are applicable through-
out Europe.

This mainly includes EC-Directives. All member states 
of the EU are obliged to implement the European reg-
ulations into their national law and to withdraw their 
national regulations in that area. This procedure is also 
known under the term harmonization. This measure is 
one of the basic preconditions for the free movement of 
goods within the EU.

All goods/products intended to be placed on the market 
in the EU, shall thus meet the relevant EU-regulations, 
regardless of whether they have been produced in the 
EU or imported into the EU.

2 Legal basis

Fig. 15 European legal framework for machinery [H]

Free movement of goods, manufacturers’ obligations

German law European law

European specification by harmonized European standards

Occupational health and safety, user’s obligations

European law German law

No European specification

Treaty of Lisbon on the 
functioning of the EU
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General Product Safety 
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Low-voltage 
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2006/95/EC

EMC Act EMC Directive  
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ArbSchG 
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2002/44/EC

Noise Directive 2003/10/EC
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Noise Vibration
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PSA BV  

PPE Instructions for Use

Specification by federal technical
rules and accident prevention 
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Art. 153 (prev. 137) Minimum 
requirements on safety and 

health in the company
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Directives under article 153 are the legal basis for occu-
pational safety and health and stipulate basic obliga-
tions of employers and employees.

They only contain minimum requirements so that also 
higher safety requirements may be stated on a national 
level. The national provisions may vary among the mem-
ber states (Figure 15).

Directives under article 114 of the EU treaty establish 
the basic principles for the free movement of goods 
within the member states by stating basic standard 
safety requirements for products. National deviations 
are not admitted during implementation. Visible mark 
on the product is the CE mark (  ).

Each robot cell or robot system has to be provided with 
an EC Declaration of Conformity and a CE mark as soon 
as being placed on the market.

The most important EC Directives for industrial robots 
are:

• Machinery Directive [13]

• Low Voltage Directive [14]

• EMC-Directive [15]

Moreover, industrial robot systems may be covered by 
further EC Directives, e. g. Pressure Equipment Directive 
[16]. The applicable EC Directives have to be cited in the 
EC Declaration of Conformity (see clause 3.1).

The EC Directives under article 114 are addressed to the 
manufacturers of products and have been drafted ac-
cording to the so-called new approach. According to 
that, the technical requirements are not expressed in 
detail in the relevant Directives. Directives according to 
the new approach only contain the mandatory and  
essential safety and health requirements. 

The EC Directives are implemented into national law by 
the German Product Safety Act (ProdSG).

In order to facilitate the verification of conformity with 
these essential requirements for the manufacturers and 
to enable the verification of conformity, standards are 
developed on mandate of the European Commission 
which are intended for “the prevention of risks aris-
ing out of the design and construction of machinery”, 
known as harmonized standards (see clause 2.1.2).

European Standardization Organizations
CEN, CENELEC and ETSI are the three big European 
standardization organizations and exclusively author-
ized to publish the standards mandated under the EC 
Directives. Their headquarters are in Brussels. CENELEC 
is responsible for standardization in the electro-techni-
cal field, ETSI for standardization in the telecommunica-
tion sector and CEN for standarization in all remaining 
technical fields.

CEN =  Comité Européen de Normalisation;

CENELEC =  Comité Européen de Normalisation  
  Électrotechnique

ETSI  =  European Telecommunications Standards  
  Institute

International standardization
ISO, IEC and ITU are the international counterparts to 
the European standardization organisations. Their head-
quarters are in Geneva. IEC is responsible for standard-
ization in the field of electrotechnology, ITU for stand-
ardization in the telecommunication sector and ISO for 
standarization in all remaining technical fields.

ISO   =  International Organization for  
   Standardization

DIN
DIN VDE

DIN EN
DIN ETS

DIN EN ISO
DIN EN

DIN ISO
DIN IEC

Fig. 16 World of standards [G]
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IEC   =  International Electrotechnical  
   Commission

ITU   =  International Telecommunication  
   Union

Cooperation between European and international 
standardization
There are agreements between ISO and CEN (Vienna 
Agreement) as well as between IEC and CENELEC (Dres-
den Agreement), to carry out standardization work if at 
all possible on international level only. The standards 
that have been developed in this way are incorporated 
in the European body of standards. Thus, compliance of 
the requirements of European and international stand-
ards is achieved.

2.1.2 Harmonized standards
Harmonized standards are standards which are devel-
oped by the Europen standardization organizations on 
behalf of the European Commission. They specify the 
basic requirements of EC Directives. Annex ZA of a har-
monized standard indicates which clauses of the rele-
vant standard fulfill the essential requirements of the EC 
Directive.

The Official Journal of the EU publishes the references 
of the harmonized standards besides the date of the 
beginning of the presumption of conformity and, if ap-
plicable, the transition periods. At publication in the 
Journal of the EU, the so-called presumption of conform-
ity applies. This means that, if the standard is applied, 
it can be assumed that the basic requirements of the 
relevant Directive are fulfilled. Despite the resulting high 
significance of harmonized standards, their application 
is voluntary. If the machine manufacturer does not or 
only partially apply harmonized standards, he or she 
has to indicate in the technical documentation both the 
risk assessment and the measures which have been ini-
tiated in order to comply with the essential occupational 
safety and health requirements.

Harmonized standards have to be implemented into 
national standards. The responsible authority in Ger-
many is the Deutsches Institut für Normung (DIN). The 
references to these standards are published in the Joint 
Ministerial Gazette.

Fig. 17 Three different types of standards have to be distinguished: A-type standards, B-type standards and C-type standards [G]

B-type standards

B1-type standards
General safety aspects

B2-type standards
Safeguards

C-type standards
Specific safety characteristics of individual machines and types of machines

A-type standards
Principles for design  

and basic concepts for  
safety of machinery
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A-type standards are called basic standards since they 
basically deal with hazards and risks (catalogue of all 
known hazards) and state how to prepare hazard anal-
yses and risk assessments. Currently, only one A-type 
standard is available: EN ISO 12100.

B-type standards are also called group standards. As 
B1-type standards, they deal with safety aspects such 
as body sizes and speeds of movements of humans, 
their sensitivity to the temperatures of touchable surfac-
es etc.

As B2-type standards, they cover applicable protective 
devices, e. g. two-hand control devices, light barriers, 
light grids, light curtains, laser scanners, pressure sen-
sitive plates, pressure sensitive mats, guards (e. g. fenc-
es, monitored access doors in fences) as well as emer-
gency stop devices.

C-type standards are European product standards which 
fully describe a machine type with regard to its technical 
safety aspects, such as industrial robots, presses, ma-
chine tools etc.

If a C-type standard deviates from one or several spec-
ifications which are dealt with in an A-type or B-type 
standard, the specifications of the C-type standard al-
ways prevail.

C-type standard for industrial robots
For industrial robots, a two-part C-type standard is avail-
able: EN ISO 10218-1 and -2: Industrial robots – Safety 
requirements – Part 1 Robots and Part 2 Robot systems 
and integration. 

EN ISO 10218-1
EN ISO 10218-1 applies to industrial robots, i.e. auto-
matically controlled, freely programmable multi task 
manipulators. They are programmable in three or more 
axes and can be arranged either at a stationary location 
or movable if intended to be used in automation [5]. The 
standard specifies requirements and provides guidance 
for an inherently safe design, protective measures and 
the information for use. It describes basic hazards as-
sociated with robots and how to eliminate or adequat-
ly reduce the associated risks. It does not apply to non 
industrial robots but may be used for them (in the ab-
sence of other relevant standards).

EN ISO 10218-2
This part of ISO 10218 provides guidance on how safety 
can be ensured with the integration and installation  
of robots [6]. It is complementary and an addition to  
ISO 10218-1. 

The standard provides guidance on how to identify and 
respond to unique hazards presented by the integra-
tion, installation and the requirements for use of indus-
trial robots. The standard includes the safety measures 
for robot integration including the risks resulting from 
application, tool and workpiece.

2.2 “Substantial modifications” on robot systems 

The former Equipment and Product Safety Act generally 
stated that machines and machine systems, which have 
been substantially modified after having been placed 
on the market for the first time, have to be adjusted 
again to the regulations which were applicable at the 
time of the changes. This means in clear words: award-
ing a new CE mark in case of a substantial modification. 
This provision is no longer included in the current Prod-
uct Safety Act.

On adaptation of the Product Safety Act to the regu-
lation EC 765/2008, the term “substantially modified 
products” is cancelled. This does, however, not include 
a change of the facts.

The publication of a corresponding interpretation pa-
per by the Federal Ministry of Labour and Social Af-
fairs was imminant at the time of printing of this 
DGUV Information.

Maintenance and repair, a tool change and also the 
improvement of the safety level are generally consid-
ered as “non-substantial modifications”. But when is 
the reconstruction of a robot system considered as a 
“substantial modification”? The statements mentioned 
above naturally leave a broad room for interpretation. 
The current expert opinion on the issue “substantial 
modification of machinery” is particularly based on the 
following question:

Does the reconstruction involve new risks to a consider-
able extent, which are not compatible with the existing 
protection concept?
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If this question can be answered with YES, we deal with 
a substantial modification requiring a new EC conform-
ity assessment. The decision has to be taken by the 
party on whose behalf a robot system is modified with 
utmost care.

In case of a non-substantial modification it is important 
to carry out reconstruction work on an existing system 
in such a way that the modified parts correspond with 
the present/new regulations. This cannot always be 
achieved, e. g. for the calculation of the Performance 
Level for control systems. At least the selected com-
ponents should, however, correspond with the current 
state of safety technology.

„Performance Level” = discrete level which specifies the 
capability of safety-related parts of a control system to 
perform a safety function under foreseeable conditions 
(see also clause 4.3).

This procedure is of importance in so far as each recon-
struction is associated with an improvement of safety 
of the entire system, although, strictly speaking this is 
not required by the Ordinance on Industrial Safety and 
Health. If, however, the modified parts on an existing 
system largely correspond to the current state of the 
art or to the requirements of the Machinery Directive, 
the question whether or not it is a substantial modifi-
cation becomes less important. In practice, experience 
has shown that most cases involve non-substantial 
modifications. 

It is important to note in this context that there is also a 
legal frame for non-substantial modifications, i.e. that 
according to the Ordinance on Industrial Safety and 
Health. Similar to the provisions of the Machinery Di-
rective, it states that the party which initiates the recon-
struction is obliged to carry out and document a risk as-
sessment. Exceptional tests such as visual and function 
tests have to be provided for as well.

The obligation for documentation thus applies to sub-
stantial and non-substantial modifications equally. It in-
cludes e. g. the completion of hazard/risk assessments, 
circuit diagrams, operating instructions, PLC-programs, 
maintenance and inspection instructions and cleaning 
instructions, if needed. In case of substantial modifi-
cations, a new EC Declaration of Conformity has to be 
issued additionally.

Finally, it has to be emphazised that also the extent of a 
reconstruction is of importance. If a reconstruction virtu-
ally results in the assembly of a new system, this is con-
sidered to be similar to the first placing on the market, 
along with the corresponding legal provisions according 
to EC Directives (see also the following examples).

Examples of non-substantial modifications
• In a robot system with manual workpiece loading, 

(e. g. loading of parts in a rotary table), the original 
gripper is provided with additional grippers due to the 
enlargement of the workpiece range (fixed flange 
connection of the different grippers). 
Even the modification of the gripper flange into a 
gripper-changing system would not constitute a sub-
stantial modification since in both cases it does not 
go along with a substantial modification of the hazard 
and risk situation for operating and programming 
personnel according to the above mentioned criteria.

• At a robot system (one or several robots), e. g. for arc 
welding, a customer imposes higher requirements on 
the welding seam quality. The system has been 
planned and built without an option for process ob-
servation under actual production conditions. 
The retrofitting of the process observation function 
within the system does not represent a substantial 
modification since this function does not generate 
new risks to a considerable extent. This additional 
function which is also permitted in the relevant stand-
ards, finally represents an improvement of the sys-
tem’s safety since the incentive for bypassing is elimi-
nated. See also EN ISO 10218-2, clause 5.5.4.

Examples of substantial modifications
• A robot system with vacuum grippers for packing 

parts in a carton box is reconstructed into a welding 
robot system. This completely modified function with 
fundamentally new and significant risks requires a 
fundamentally new system layout. Such a substantial 
modification requires a new risk assessment and 
operating instructions as well as the new issue of an 
EC Declaration of Conformity. 
The technical documentation has to be adapted to the 
state of the art of safety technology.

• A robot system is almost completely dismantled and 
scrapped inside the existing protective fence. Inside 
this protective fence, a new robot system is built 
which, however, involves similar risks as the previous 
system. In this case, the extent of the reconstruction 
plays a role since it is no longer considered to be a 

18

Legal basis



reconstruction but a placing on the market of a new 
system. Despite the inessential change of risk, a new 
EC conformity assessment has to be carried out. This 
includes the provision of a new risk assessment and 
new operating instructions. A new EC Declaration of 
Conformity has to be issued.

Additional information:
In case of a substantial modification, robots and robot 
systems have to comply with the current legal regula-
tions. This includes EN ISO 10218 parts 1 and 2, which 
also includes the standard for control systems  
EN ISO 13849-1 with Performance Level d. The safety- 
related control systems, however, do not yet need to 
be mandatorily adjusted to the protection level of this 
standard in case of a substantial modification. In the 
majority of cases, this is not possible because of the 
missing database for calculating the Perfomance Level. 
Therefore, it is sufficient in this case, if the safety-relat-
ed circuits of a robot system, e. g.:

• emergency-stop

• enabling device

• electro-sensitive protective equipment (e. g. light 
barriers, laser scanners)

• tactile protective devices (e. g. pressure sensitive 
mats, pressure sensitive plates, bumpers)

• remote-hold protection devices (e. g. two-hand control 
devices)

• door monitoring circuits with and without guard 
locking

• safe individual operation of a robot for systems with 
several robots (e. g. for programming purposes or 
readjustment)

comply at least with category 3 according to EN 954-1 
(dual-channel design).

This also applies to non-substantial modifications, if,  
e. g., new robots are used again in existing old systems. 
[18].

See also clause 4

Fig. 18 Press linked to a robot [I]
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Automation of old machinery
In many cases, old machines are automated, e. g. by 
robot loading instead of manual loading on machine 
tools. In such a case, the question arises whether a sep-
arate evaluation is possible:

• Part A: automation, consisting of robot, gripper, feed 
systems, fencing etc. according to the requirements 
for new machinery (Machinery Directive /CE).

• Part B: old machine according to the applicable re-
quirements for old machinery (Ordinance on Industri-
al Safety and Health and DGUV Rules).

Such an approach is suitable if the safety-related in-
terfaces can be clearly defined. The interfaces are e. g. 
those for emergency-stop and protective door circuits. 
They have to be precisely documented by circuit dia-
grams, so that it can be seen at any time how the sig-
nals of machine A are transferred to machine B and vice 
versa. If necessary, the responsible accident insurance 
institution should be contacted for advice.

2.3 Robot systems/Assembly of machinery

According to the EC Machinery Directive, not only ma-
chines which are supplied, mounted and put into ser-
vice as a complete unit are subject to the “CE provi-
sions”, but also machines, which are assembled from 
completed and partly completed machines and func-
tion as an assembly. These assemblies of machinery 
(linked systems) are widespread in the field of robots, 
e. g. press linking or manufacturing lines in automotive 
engineering (Figure 18 and Figure 19). But there are also 
robot systems, each individual station of which can be 
considered to be an individual machine, i.e. without 
linking. But how is the distinction made? Or more pre-
cisely: at what point may an arrangement of machines 
no longer be provided with individual CE marks and De- 
clarations of Conformity, but has to be provided with a 
superior CE mark including a Declaration of Conformity?

Fig. 19 Painting plant [D]
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To answer this question, reference is made to the inter-
pretation paper of the Bundesministerium für Arbeit und 
Soziales [1]. This interpretation paper formulates very 
good introductory questions:

• Can an incident which occurs on a component part of 
the system lead to a hazard at another part of the 
system?

and

• Shall safety measures be taken to prevent this 
hazard?

This is e. g. the case with press linking: The press setter 
cannot set the press without exposure to a hazard if the 
safe state of the loading and unloading robot is not si-
multaneously ensured. Therefore, we deal with a linking 
of press and robot here.

In a manufacturing line in the automotive body shell 
production, linking normally takes place by conveyor 
systems for onward transportation of the automotive 
bodies: When entering a cell area, it shall be ensured 
that also the conveying system in the adjacent cell is 
shut off safely. Thus, here as well we deal with a linked 
system in a technical safety sense.

A purely functional interaction is not sufficient to 
achieve a linking in terms of the Machinery Directive. 
This also becomes obvious in the flow diagram of the 
aforementioned interpretation paper (Figure 20). Like-
wise, a superior emergency-stop device alone is no cri-
terion for a linked system.

If we deal, however, with a linked system, the safety 
functions, such as emergency-stop, protective door in-
terlocking circuits and enabling circuits normally need 
to be adjusted. An explanation of overlapping effective 
areas of safety functions is also included in EN ISO 11161 
[7].

The specific steps to be followed, i. e. which protective 
door circuit covers which adjacent circuit, has to be the 
result of a risk assessment of the entire system. This risk 
assessment may be based on existing risk assessments 
for the individual machines, so that only the interfaces 
need to be considered.

Minimum requirement: Machines which are intended to 
be linked to each other but which are also ready for use 
as individual machines, have to be provided with the 
usual accompanying documents (EC Declaration of Con-
formity, CE mark, instructions for use). For partly com-
pleted machinery, the declaration of incorporation and 
the assembly instructions are required. The following 
should be additionally taken into account when order-
ing individual machines and partly completed machin-
ery intended to be assembled to a linked system. The 
list goes beyond the legal minimum requirements:

• Get a confirmation of compliance with specific  
technical standards , e. g. EN ISO 10218-1 for robots, 
EN 12417 for machining centres

Fig. 20 Flow diagram according to the interpretation paper of the  
Bundesministerium für Arbeit und Soziales BMAS [1]
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• For partly completed machinery, supply of operating 
instructions, if e. g. actuators are available

• Provision of programming instructions, if e. g. operat-
ing personnel has to carry out occasional program 
changes

• Provision of a technical documentation as far as 
required 

• Provision of a risk assessment

• Precise interface descriptions, i. e. electric plans for 
emergency-stop interfaces, protective door circuits 
etc., drawings of mechanical interfaces, written 
documentation

The party who carries out the linking has to prepare the 
following documents:

• EC Declaration of Conformity for the entire system/ 
CE mark

• Operating instructions for the entire system

• Risk assessment and description of protective meas-
ures at least for hazards relating to interfaces. The 
provision of the risk assessment to the future user 
may be agreed on e. g. in the specifications sheet 
(important for subsequent reconstructions)

• Documentation by using the documentation of the 
linked systems, partly completed machinery and 
components

In case of large systems, the linking may spread over 
complete production halls, in some cases even through-
out different buildings. Those cases require the creation 
of reasonable interfaces. Suitable interfaces may e. g. be 
rework stations or buffer stores.

Fig. 21 Linking of machines – safety-related connection [H]

total CE
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3.1 Technical documentation for machinery

The technical documentation for machinery is com-
posed of the technical documents and the operating 
instructions.

3.1.1 Technical documents for machinery
The technical documents include all documents which 
are required to assess the conformity of the machine 
with the requirements of the Machinery Directive. They 
have to be presented to the competent authorities on 
reasoned request and have to be available for at least 10 
years following the date of completion of the machine. 
For series manufacture, this period starts after comple-
tion of the last unit of the series produced.

3.1.2 Operating instructions
The operating instructions have to be provided in the 
official language or languages of the country in which 
the machine is placed on the market for the first time 
and in the original version. Information has to be un-
ambiguously assigned to the machine type. It should 
be drafted as simple and concise as possible. Terms 
should be used consistently and specific terms should 
be explained.

If the operating instructions are provided electronically, 
at least the safety-related information has to be provid-
ed in addition as hard copy.

The provision of circuit diagrams, apart from the already 
mentioned plans for the interfaces which are required 
for setting and installation, is not necessary.

The information for use provided by the robot manu-
facturer or by other manufacturers of partly completed 
machines, are used by the system integrator for drafting 
the operating instructions or will directly become a part 
of it.

3.1.3 Technical documentation for partly completed 
machinery 
Industrial robots are considered to be partly completed 
machines or partial machines since they are mostly sup-
plied without external safeguards.

The Machinery Directive 98/37/EC which was effective 
until the end of 2009 did not require a documentation 
for such partly completed machines; the obligation to 
supply an information for use only resulted if compli-
ance with standards requiring such an information  
was confirmed in the manufacturer’s declaration. The 
Directive 2006/42/EC which is applicable since Decem-
ber 30, 2009 has corrected this shortcoming and adapt-
ed the requirements for partly completed machinery to 
those for completed machinery.

The procedure for partly completed machinery is al-
most as comprehensive as the conformity assessment 
for machines and requires a series of documents be-
sides a risk assessment from the manufacturer or the 
distributor.

The verification documentation, which is called “techni-
cal file“ in the Machinery Directive represents the most 
extensive part. This technical file need not be forwarded 
to the customer. It remains with the manufactuer unless 
the supply of these documents is subject to a contractu-
al agreement.

3.1.4 Relevant technical documentation for partly completed 
machinery
The Machinery Directive specifies which documents 
are required for the assessment of conformity with the 
essential health and safety requirements applied. The 
extent covers the design, construction and functioning 
of the partly completed machinery.

A list of the documents required for the verification doc-
umentation can be found in Annex 3: Checklist Technical 
Documentation (verification documentation).

3 Operating instructions and technical 
documentation
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ANNEX VII
B. Relevant technical documentation for partly complet-
ed machinery

The relevant technical documentation must be available 
for at least 10 years following the date of manufacture of 
the partly completed machinery or, in the case of series 
manufacture, of the last unit produced, and on request 
presented to the competent authorities of the Member 
States. It does not have to be located in the territory of 
the Community, nor does it have to be permanently avail-
able in material form. It must be capable of being assem-
bled and presented to the relevant authority by the per-
son designated in the declaration for incorporation. 

Failure to present the relevant technical documentation 
in response to a duly reasoned request by the competent 
national authorities may constitute sufficient grounds for 
doubting the conformity of the partly completed machin-
ery with the essential health and safety requirements 
applied and attested.

Extract from Directive 2006/42/EC:

3.1.5 Assembly instructions
The manufacturer or the distributor of the partly com-
pleted machine is obliged to supply assembly instruc-
tions in addition to the declaration of incorporation. The 
assembly instructions remain with the party who incor-
porates the partly completed machine into a machine 
or who assembles it with other parts to a machine. They 
become part of the technical file of the machine.

ANNEX VI
Assembly instructions for partly completed machinery

The assembly instructions for partly completed machin-
ery must contain a description of the conditions which 
must be met with a view to correct incorporation in the 
final machinery, so as not to compromise safety and 
health.

The assembly instructions must be written in an official 
Community language acceptable to the manufacturer of 
the machinery in which the partly completed machinery 
will be assembled, or to his authorised representative.

The Machinery Directive does not require further infor-
mation for use for partly completed machinery in addi-
tion to the assembly instructions, i. e. the obligation to 
supply operating instructions as it is required for com-
pleted machines does not apply to partly completed 
machinery.

Extract from Directive 2006/42/EC:

3.1.6 Information for use
An obligation for the robot manufacturer to provide ad-
ditional information which go beyond the contents of 
the assembly instructions results from the application 
of EN ISO 10218-1.

A listing of minimum information for this „Information 
for use“ can be found in Annex 2.: Check list Information 
for use. The information for use is mostly used by the 
system integrator for preparing the operating instruc-
tions or is a direct part of it.

3.1.7 Stopping time and overtravel
EN ISO 10218-1 requires in Annex B information from 
the robot manufacturer as to the stopping time and 
overtravel. This information is particularly needed for 
calculating the safety distance for the application of 
safeguards. Even for specifying the restricted space, the 
actual stopping position has to be determined taking 
into account the overtravel. 

The stopping time is understood to be the total time 
from the initiation of a stop until standstill of the robot 
axes. The same applies in the figurative sense to the 
overtravel.
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The stopping time consists of the reaction time and the 
braking time. The reaction time is dependent on the 
transmission time, the processing time within the con-
trol system and the switching times of relays, contactors 
and brake lifting devices. It is almost constant and has 
only a low tolerance. The braking distance is depen- 
dent on the factors load, speed and extension. For „stop 
category 0“, the temperature of the brakes, the wear 
and the degree of pollution have to be added. In case 
of „stop-category 1“, the brake is used as holding brake 
only and thererefore has no influence on the braking 
time. For explanations to stop category 1 and stop cate-
gory 0, see clause 4.1.9.

Extension 100 % Extension 66 % Extension 33 %

axis 1

38°

63°

28°
20°

axis 2

22°

40°
18° 18°

axis 3
17°

30°

 = overtravel at stop 0

 
= overtravel at stop 1

Fig. 23 Example of stopping distances of the three main axes of an articulated robot at maximum load and maximum speed [G]

Fig. 22 Stopping time [G]
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The specifications to be indicated by the manufactur-
er in his/her user documentation according to EN ISO 
10218-1 are limited to the stopping distance and the 
stopping time after a stop for the three axes with the 
largest extension. Depending on the practicability, the 
distance may be indicated in linear or angular units. 
For stop category 0, these values have to be indicated 
for the maximum load, maximum speed and maximum 
extension. If a robot has a stop category 1 function, 
the braking distances at 100 %, 66 % and 33 % of load, 
speed and extension have to be indicated.

The values provided by the manufacturer in the user 
documentation can only be standard values. They need 
to be validated under real conditions. The manufactur-
er has to indicate how the integrator can measure the 
stopping distances and stopping times on the real robot 
system.

For measuring the stopping distances and stopping 
times, the individual robot manufacturers indicate dif-
ferent methods, e. g.:

• an integrated trace-function which, on initiation of a 
stop, records and displays the stopping distance and 
the stopping time on the display of the teach pendant

• a tool which has been specifically developed for de-
termining the stopping distance and the stopping 
time and which supplies the requested data numeri-
cally or graphically on the display of the teach pen-
dant or as a hard copy

• external measuring devices, such as e. g. a thread 
speedometer or a laser measuring device

• light barrier and measuring tape

Fig. 24 Example of specifications in the information for use according to EN ISO 10218-1, Annex B [G]
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4.1 Hierarchy of protective measures

Similar to other systems, the totality of protective meas-
ures on a robot system is often a combination of meas-
ures being applied by the system designer in the design 
stage, e. g. protective devices, and measures which 
have to be taken by the user, e. g. behavioral require-
ments and personal protective equipment. But, as a 
matter of principle, measures which can be considered 
already during the design stage have priority over all 
measures which have to be taken by the user.

Explanations as to a systematic procedure for specifying 
protective measures by the designer are described in  
EN ISO 12100. One of the main contents is the hierar-
chy of the measures to be taken (Figure 25). The 3-step 
method describes that hazards are to be eliminated by 
design first (safety by design). If this is not entirely pos-
sible, safeguards have to be provided. Only if neither 
design measures nor safeguards can completely elimi-
nate the hazards, indicative measures may be applied.

4.1.1 Modes of operation of robots (without periphery)
Generally, it is unavoidable that setting work with robots 
cannot be exclusively done from outside the safeguard-
ed space but has to be carried out inside the safeguard-
ed space as well. Therefore, operation modes for setting 
and programming have already been provided for each 
“bare” industrial robot which can then be installed by 
the system designer.

According to EN ISO 10218-1, industrial robots have to 
be equipped with the modes of operation shown in ta-
ble 1. For the modes of operation T1 and T2 as well as for 
special operation modes, skilled personnel have to be 
deployed.

For selecting the modes of operation, a lockable mode 
selection switch has to be provided which can be re-
moved in each position (Figure 26). Alternative selection 
devices such as e. g. access codes are also permissible, 
if they provide an equal level of safety. Attention should 
be paid to the control safety (category and PL) and the 
possibility of defeating protective measures (foresee- 
able misuse).

Selecting the high operating speed in operation mode 
T2 requires an additionl pressing of the button, e. g. 
on the teach pendant, and the measures mentioned in 
Table 1. The option to use the high operating speed ex-
pires as soon as the enabling switch remains non-acti-
vated over a period of more than 5 minutes. If a return to 
high operating speed is intended, it has to be preselect-
ed again by a rotary switch or by a push button. The de-
manded time monitoring of 5 min is no safety function.

Another feature of operation mode T2 is that with paral-
lel use of this operation mode on several robots in one 
cell, the overlapping of ranges of motion represents 
a high risk. A safe stand has to be ensured for each 
operator. 

The reduced speed of 250 mm/s during setting and pro-
graming which is indicated in Table 1 refers to the move-
ment, measured at the robot’s tool holder. Generally, 
only a bumping hazard exists.

4 Protective measures for industrial robots and 
robot systems

Fig. 25 Three-step-method for specifying protective measures

1 Safety by design
(inherent safety)

Eliminate hazards or limit the risk as 
far as possible

e. g. increase distances to hazardous 
points or modified design

Install safeguards – guards and protec-
tive devices – against remaining risks 
e. g. provide light curtains or protective 

doors which are interlocked with the 
hazardous movements

Inform and warn user on residual risks
e. g. operating instructions,  

signs, optical/acoustical 
warning devices

2
Safety by  
additional  
measures

3 Indicative safety
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Tab. 1 Modes of operation [F]

Mode of operation Protective measure

Manually reduced speed (T1)
e. g. for setting and 
programming

Safeguards may be open or ineffective
• separate position of mode selection switch 

and
• reduced speed*) (≤ 250 mm/s) in conjunc-

tion with enabling switch and hold-to-run 
control

Manual high speed (T2)
e. g. for testing with operating 
speed 

Safeguards may be open or ineffective
• separate position of mode selection switch 

or additional mode selection switch and
• travel speed up to full operating speed and
• hold-to-run control in conjunction with ena-

bling device and
• protected position for the machine setter,  

i. e. at least a distance of 0,5 m between 
fence and robot, e. g. by restricted range of 
motion (see also clause 4.2.1.3)

Automatic Safeguards have to be closed or effective
• separate position of mode selection switch 

*) Reduced speed in operation mode T1 should be provided wherever possible according to the current state of the art (clause 4.1.3).
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In case of crushing or shearing hazards, e. g. when posi-
tioning a device, this speed should be further reduced 
according to the risk assessment.

The speed value of the reduced speed (250 mm/s) 
should be monitored by a safe control system (see 
clause 4.1.3). EN ISO 10218-1, however, also permits the 
possibility that the speed is not safely monitored and 
that the safety of persons is solely ensured by the safe 
enabling switch. Whether or not this option is applied 
results from the risk assessment, in particular with re-
gard to the stopping distances.

In collaborative operation, the reduced speed shall al-
ways be safely monitored (clause 5).

4.1.2 Enabling device
An enabling device (enabling switch) is an additional 
manually operated control device which is used in con-
junction with a start control and which, if being contin-
uously actuated, permits a machine function. An actu-
ation of the enabling device alone must not initiate a 
movement. The enabling device has to be designed in a 
way to allow machine movements only in a specific posi-
tion. In older systems, two-position versions of enabling 
devices can still be found. (Table 2).

For industrial robots which have been produced af-
ter EN ISO 10218-1 came into effect (Feb. 2007), only 
three-position enabling switches may be applied. For 
old machine stocks and possible retrofitting, no Euro-
pean regulations are available. But there may be inter-
nal company provisions. Due to the accident history or 
the consistency of the equipment, they may stipulate a 
particular type of design. If nothing comparable exists, 
the decision should be taken by considering the exist-
ing risks. Three-position enabling devices switch off 
safely even in case of “seizing“. Two-position enabling 

Fig. 26 Mode selection switch at machine control desk [H] Fig. 27 Mode selection switch on a teach pendant [A]

Tab. 2 Types of enabling devices

2-position
permitted for old stock 
only

3-position
for new and old systems 

Position 1 
neutral position

Off-function (control  
element is not actuated)

Off-function (control  
element is not actuated)

Position 2  
release position

Enabling function (con-
trol element is actuated)

Enabling function (con-
trol element is actuated 
in its center enabled 
position)

Position 3 
panic position –

Off-function (control 
element is actuated be-
yond its center enabled 
position)
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switches may offer ergonomic advantages when being 
continuously actuated for a longer time since no pres-
sure point has to be kept. In case of very confined spac-
es, the selection of a three-postion design should be 
preferred (reaction time, seizing).

The functions indicated in Table 2 solely refer to the 
switching device. The further processing of the signals 
has to proceed in safe technology, e. g. not via standard 
bus systems. If switching back from the third into the 
second position on actuation of the three-position type, 
the enabling function must not generate an enabling 
signal. No movements must be initiated by the enabling 
device alone. An additional control device, e. g. hold-to 
run control, is required.

The signals of this additional hold-to-run control do 
not need to be processed in “failsafe technology”. This 
also means that just pressing the enabling switch in the 
enabling position can enable a start of the robot move-
ments even if the actual hold-to-run control key has not 
yet been actuated.

Although this must not be planned as intended pur-
pose, it may result from the low safety requirements for 
the hold-to-run control, e. g. due to a control error that 
occurred over time. This fact should be mentioned in 
training courses for employees.

If not specified by the risk assessment, enabling devices 
and hold-to-run control keys for axis travel do not need 
to be designed as two-hand control devices.

It can be assumed that only the programmer is present 
in the hazard zone during setting/programming. Accord-
ingly, the protective measures mentioned in Table 1  
can be considered as protection for the programmer. If 
further persons have to stay in the hazard zone due to 
technological reasons, additional protective measures 
have to be provided, e. g. additional enabling switches.

An interface for the connection of further enabling 
switches should be provided by the machine manufac-
turer from the very start in order to allow subsequent 
expansions.

4.1.3 Functional safety of the control system
For safety-related parts of control systems, the product 
standards for industrial robots EN ISO 10218-1 and EN 
ISO 10218-2 require single-fault safety with partial fault 
identification. At the same time, information is given 
that these requirements are met by measures according 
to EN ISO 13849-1 or EN 62061. The following safety-re-
lated control system performance is indicated:

• PLd (Performance Level d) associated with structure 
category 3 or

• SIL 2 (Safety Integrity Level 2) associated with hard- 
ware fault tolerance 1.

In most cases, these requirements necessitate a  
dual-channel control structure according to Figure 29. 
Thus, the free selection of the category or PL or SIL by 
means of a risk graph (Figure 30) is limited.

In a justified individual case, it is allowed to deviate 
from these provisions as a result of a comprehensive 
risk assessment for the robot system and its applica-
tion. For selecting an alternative control category, /PL/
SIL, the risk graphs according to EN ISO 13849-1 can be 
used as an aid (Figure 30).

Fig. 28 Actuation of the enabling switch during programming [F]
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The safety-related parts of control systems include e. g.:

• electric interlockings of protective devices

• enabling switches

• limits or monitoring of the range of motion of robots

• limit or monitoring of speed

• limit or monitoring of force for collaborative robots 

• signals from light curtains

• emergency-stop

• safety stop

• mode selection switch

Examples of determining the Performance Levels, see 
clause 4.3

4.1.4 Safely monitored robot control system 
A safe electronic protection system on a microprocessor 
basis offers a number of advantages in comparison with 
contact-based electro-mechanical technology, e. g.:

• no wear out of limit switches 

• enhanced diagnostic options

• shorter reaction times possible

The electronic program control (task program) designed 
for production tasks does, however, normally not fulfill 
the safety requirements (see clause 4.1.3). This requires 
an independent superior dual channel protection sys-
tem. The required technical effort has been considered 
to be unjustifiable for a long time. New powerful micro-
processors, however, also enable the safe monitoring of 
industrial robots.

Fig. 29 Redundant control system structure with cross data comparison 
in accordance with control category 3 [H]
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Fig. 30 Risk graph according to EN ISO 13849-1 with example of PLd  
selection. [8]
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The following safety functions are provided by most ro-
bot manufacturers:

• Safely reduced speed, e. g. monitoring of tool mount-
ing flange when setting with 250 mm/s or in collabo-
rative operation.

• Safe cartesian restriction of range of motion, e. g. for 
safely limiting the range of motion or for determining 
a restricted space (see clause 4.2.1.3).

• Safe axis-specific restriction of range of motion, e. g. 
for safely limiting the range of motion or for determin-
ing a restricted space (see clause 4.2.1.3).

• Safely monitored stop, e. g. by actuating protective 
devices (see clause 4.1.5).

• Safe deceleration ramps, e. g. for emergency stop, 
enabling devices

For collaborative robots in the function Power and Force 
Limiting, a safely monitored force limitation is addition-
ally required.

4.1.5 Protective stop
Each industrial robot shall have an option for the con-
nection of external protective devices, e. g. for the con-
nection of light curtains and and protective door switch-
es. This interface is called protective stop input. It has 
to be physically available in addition to the emergency 
stop input, e. g. by additional terminals.

The stop reaction of the robot in case of a protective 
stop has to take place according to EN 60204-1 in stop 
category 0 or 1 [9]. Stop category 2 may be applied in ad-
dition if the standstill is safely monitored.

a

b

c

d

e

PL

 Cat. B Cat. 1  Cat. 2  Cat. 2  Cat. 3 Cat. 3 Cat. 4
DCavg none DCavg none DCavg low DCavg medium DCavg low DCavg medium DCavg high

Key

PL = Performance Level
1 = MTTFd of each channel = low
2 = MTTFd of each channel = medium
3 = MTTFd of each channel = high

 1

 2

 3

Fig. 31 Relation between control category and Performance Level according to EN ISO 13849-1 [8]
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4.1.6 Emergency-stop
Industrial robots have to be equipped with one or more 
emergency-stop devices. At the same time, an option for 
the connection of the external emergency-stop devices 
has to be provided, e. g. a terminal.

The term „Emergency-Off“ as used e. g. in the former 
German DIN EN 775 must not be applied for new sys-
tems anymore. Emergency-Off is reserved for electric 
(galvanic) isolation from the energy supply.

The emergency-stop circuits have to be designed with 
failsafe technology according to EN 60204-1. The func-
tional safety of the emergency-stop circuit has to be de-
signed according to EN ISO 10218-1 in single-fault safety 
(see clause 4.1.3). Emergency-stop devices have to be 
clearly visible and easily accessible. They have to be 
provided at least at each place of operation.

After unlocking the emergency-stop control device, the 
system shall not immediately restart. Restart may only 
take place after actuation of an additional start device.

4.1.7 System-Emergency-Stop
Normally, the emergency-stop circuit has to be designed 
in such a way that on actuation of the emergency-stop, 
the hazardous movements and the hazardous process 
functions of the entire system are stopped. In case of 
very spacious robot systems, it is permissible to divide 
the emergency-stop devices into defined sections (see 
EN ISO 11161). The precondition is that they are identi-
fiable as partial sections by the constructual layout of 
the system. In addition, signs have to be fixed at the 
emergency-stop devices. The personnel has to be famil-
iarized with the effects of operation of these emergen-
cy-stop devices by appropriate training.

Particular attention has to be given to the interfaces of 
adjoining system parts. If necessary, emergency-stop 
circuits need to be effective at the interfaces on adjoin-
ing system parts, if their further operation represents a 
hazard (e. g. material handling). See clause 2.3.

4.1.8 Teach pendant (TP)
Each teach pendant has to be provided with an emer-
gency-stop device. The safety-related lines which are 
inside the flexible supply line of the teach pendant, e. g. 
emergency-stop and enabling device, have to be pro-
tected against short and cross circuit, e. g. by redundan-
cy and monitoring.

Fig. 32 Emergency-stop control device at a robot system [H]

Fig. 33 Teach pendant with emergency-stop button [H]
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In practice, occasionally teach pendants with grey emer-
gency-stop actuators can be encountered, which are not 
permitted according to EN ISO 10218-1. Emergency-stop 
devices shall be marked in red on a yellow background. 
Even wireless-operated teach pendants shall have a 
fully effective emergency-stop device which shall be 
marked in red/yellow as well.

Inactive plug-in teach pendants have to be stored in 
such a way that inadvertent actuation of the emergency- 
stop control device on the pendant which is inactive at 
that time is prevented. The system supplier has to pro-
vide relevant information in the operating instructions. 
The user of the system has to instruct the employees 
accordingly.

For linked systems comprising several robots, it may be 
necessary to disconnect the teach pendant during the 
running operation if it is needed at a different station or 
for a different robot.

Without additional control measures, the removal of the 
plug would lead to an immediate standstill of the entire 
system. The reason is the emergency stop device on the 
teach pendant which is designed as closed circuit. In 
this case, a circuit for the temporary by-passing of the 
relevant emergency-stop circuit is required. The relevant 
standards do not include provisions on how such a cir-
cuit has to be designed. In the course of the risk assess-
ment, however, the sticking of pushbuttons which are 
used for bypass should be taken into account as well as 
the deliberate locking for reasons of convenience.

A monitoring of time is thus reasonable in any case. 
Figure 34 shows an example circuit with a dummy plug 
(short-circuiting plug). Since the time monitoring has no 
direct influence on the safety function, an off-delay relay 
or an electronic component (e. g. PLC) can be applied. 
Isolation has to be considered. The time setting should 
provide additional time for replugging (e. g. several min-
utes), so that no unintended shutdowns occur.

4.1.9 Stop as quickly as possible 
The Machinery Directive and EN 60204-1 unanimously 
require a stop as quickly as possible for applying the 
stop function for emergency-stop. The term “as quickly 
as possible“, however, is extensible and requires addi-
tional consideration.

The interconnection of the emergency-stop signals or 
protective door signals with the immediate isolation of 
energy (stop category 0) and the simultaneously acting 
mechanical brakes may cause a fast braking process 
but leads to wear of the brakes. This impairs the safety 
of the system. A controlled stop on which the energy to 
the machine actuators is maintained in order to achieve 
a stop spares the machine. Energy is only interrupted 
when the standstill has been achieved (stop category 
1). The electronic drive units required for braking are, 
however, normally not suited for safety functions. The 
case of failure, where the electronics fail at the moment 
of emergency-stop or on opening the protective door, 
is rather unlikely but cannot be excluded. As a conse-
quence, this may lead to an uncontrolled running down 
or further acceleration of the drives.

Fig. 34 Example of temporary by-pass of the emergency-stop cirucit  
during replugging the teach pendant [H]
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Since the drive control electronics are also used during 
normal operation, it is assumed that such faults become 
already apparent during production by malfunctions. For 
the time being, safe time monitoring of the deceleration 
ramps is still sufficient. More recent control systems, 
however, already dispose of so-called deceleration 
ramp monitoring which can also monitor the course of 
the deceleration ramp.

Applicable standards do no specify, which time function 
is to be selected for the electronically controlled stop. 
A stop on a geometrical path is just as admissible as a 
stop at the current limit. The decision is left to the manu- 
facturer's risk assessment. Isolation of energy after the 
time scheduled has to be ensured. This necessitates 
safe time elements.

For enabling switches, stop category 0 or stop category 1 
with monitored deceleration ramp should be selected.

4.1.10 Axes limiting
According to EN ISO 10218-1, at least the main axis, i. e. 
the axis with the largest extension, has to be provided 
with the option to mount mechanical fixed stops. For 
axes two and three (axes with second and third largest 
extension) there has to be the option to provide me-
chanical, electromechanical or electronic axes limiting.

Where and to which radius axis limiting for the safety of 
persons has to be provided, depends on the risk as-
sessment of the system. This requires the specification 
of the so-called restricted space according to EN ISO 
10218-1.

Maximum space: space which can be swept by the mov-
ing parts of the robot, as defined by the manufacturer 
plus the space which can be swept by the end-effector 
and the workpiece.

Restricted space: portion of the maximum space restrict-
ed by limiting devices that establish limits which will not 
be exceeded.

Limiting devices by means of the control system have to 
be designed in failsafe technology (see clause 4.1.3).

In new systems, axis limiting as shown in Figure 35 is 
rarely used today. Most of the time, safely monitored ro-
bot control systems are used (see clause 4.2.1.3).

Stop function Description Suitability for safety functions

Stop category 0 Stopping by immediate removal of power to the machine actuators Yes

Stop category 1 A controlled stop with power available to the machine actuators to 
achieve the stop and then removal of power when the stop is achieved. Yes

Stop category 2 A controlled stop with power left available to the machine actuators Yes, but with additional measures

Tab. 3 Stop functions according to EN 60204-1

Fig. 35 Limitation of three ranges of motion at the main axis by safe 
electro-magnetic switches [H]
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4.2 Protective devices for robot cells and systems

On industrial robots and robot systems, a variety of 
hazardous points with mechanical hazards exist ,e. g. 
by crushing and shearing. In order to ensure protection 
against manual intervention and access, robot systems 
have to be enclosed by protective devices. An excep-
tion are workplaces with collaborative robots which are 
specifically designed for the collaboration human/robot 
(clause 5). In most cases, protective fences as well as 
fixed enclosures in association with light curtains, roller 
shutters and similar are suitable.

There are additional harzards as a result of the technical 
process (welding, laser), which may require additional 
protective devices. e. g. glare protection, extraction sys-
tem, personal protective equipment (PPE).

4.2.1 Guards
4.2.1.1 Safety distances

With regard to safety distances, EN ISO 10218-2 refers to 
EN ISO 13857. As protection against climbing over, the 
minimum height of guards is 1400 mm, if points of haz-
ard cannot be reached when reaching over. For manual 
loading places, a lower height can be chosen for ergo-
nomic reasons. (see clause 4.2.1.4). The distance of the 
lower edge of the guard to the floor must not exceed 
180 mm at maximum (creep zone).

If hazardous points can be reached upon reaching over, 
the safety distances have to be determined according to 
EN ISO 13857 (Figure 36). Table 4 shows the safety dis-
tances for „high“ risks which can ususually be expect-
ed for robots, e. g. crushing, shearing. Table 5 for „low“ 
risks needs to be considered for robot systems only 
rarely, e. g. on touching or bumping.

Fig. 36  Safety distances according to EN ISO 13857 [H]
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Height of hazard 
zone a

Height of protective structure b

1000 1200 1400 1600 1800 2000 2200 2400 2500 2700

2700 0 0 0 0 0 0 0 0 0 0

2600 900 800 700 600 600 500 400 300 100 0

2400 1100 1000 900 800 700 600 400 300 100 0

2200 1300 1200 1000 900 800 600 400 300 0 0

2000 1400 1300 1100 900 800 600 400 0 0 0

1800 1500 1400 1100 900 800 600 0 0 0 0

1600 1500 1400 1100 900 800 500 0 0 0 0

1400 1500 1400 1100 900 800 0 0 0 0 0

1200 1500 1400 1100 900 700 0 0 0 0 0

1000 1500 1400 1000 800 0 0 0 0 0 0

800 1500 1300 900 600 0 0 0 0 0 0

600 1400 1300 800 0 0 0 0 0 0 0

400 1400 1200 400 0 0 0 0 0 0 0

200 1200 900 0 0 0 0 0 0 0 0

0 1100 500 0 0 0 0 0 0 0 0

Height of hazard 
zone a 

Height of protective structure b

1000 1200 1400 1600 1800 2000 2200 2400 2500 2700

2500 0 0 0 0 0 0 0 0 0 0

2400 100 100 100 100 100 100 100 100 0 0

2200 600 600 500 500 400 350 250 0 0 0

2000 1100 900 700 600 500 350 0 0 0 0

1800 1100 1000 900 900 600 0 0 0 0 0

1600 1300 1000 900 900 500 0 0 0 0 0

1400 1300 1000 900 800 100 0 0 0 0 0

1200 1400 1000 900 500 0 0 0 0 0 0

1000 1000 1000 900 300 0 0 0 0 0 0

800 1300 900 0 0 0 0 0 0 0 0

600 1200 500 0 0 0 0 0 0 0 0

400 1200 300 0 0 0 0 0 0 0 0

200 1100 200 0 0 0 0 0 0 0 0

0 1100 200 0 0 0 0 0 0 0 0

Tab. 4 Safety distances c with regard to reaching over according to EN ISO 13857 for high risk [10]

Tab. 5 Safety distances c with regard to reaching over according to EN ISO 13857 for low risk [10]
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4.2.1.2 Fixed guards
Fixed guards have to be inseparably linked with the ma-
chine or the environment (by welding, riveting etc.) or 
they may only be able to be removed or opened by use 
of tools. For systems, which were placed on the market 
for the first time as from 29-12-2009, so-called perma-
nent fasteners have to be provided in addtion. After the 
guards have been removed, the fasteners shall remain 
linked to the guards or to the machine. However, this 
does only apply if it is foreseeable that e. g. specific 
sections of the fence or covers have to be removed for 
regular cleaning and maintenance work. For systems 
providing a sufficient number of access doors, it can be 
assumed that cleaning spots can be accessed through 
the protective doors.

Professional suppliers of protective machine fences 
usually offer fence systems from the outset which com-
ply with the aforementioned criteria (Figure 37).

The impact resistance of guards towards mechanical 
influences is not generally specified. If it can be expect-
ed that ejected parts, e. g. fragments of machining tools, 
penetrate or inadmissibly deform the guards, measures 
have to be taken as part of the risk assessment.

The relevant European standards for turning, milling and 
drilling processes include Tables with values for design-
ing guards consisting of steel and polycarbonate. The 
dimensioning of guards with regard to other mechanical 
influences has to be done as a result of relevant calcula-
tions or tests.

Guards should have basic stability properties, inde-
pendent of additional requirements. A person who is 
falling down or who rests against the guard should be 
safely held by it.

Fig. 37 Fixtures remain connected to the protective devices or to the machine after removing the protective devices (example). [H]
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4.2.1.3 Restricted range of motion
A restricted space (see also clause 4.1.10) has to be 
arranged at least at those locations where persons are 
frequently present. Even outside the fence, people have 
to be protected against incorrect movements of the ro-
bot by additional protective measures. These measures 
have to be selected in accordance with the local condi-
tions and the risk to be reduced. Suitable measures are:

• sufficient distance of the robot to the fence

• mechanical stops (buffers)

• sufficient strength of the fence

• a safely monitored robot control system

• safe contact-based or safe electronic axis cams 

• inside light barriers or curtains

According to EN ISO 10218-2, the perimeter safeguards 
shall not be installed closer to the hazard than the re-
stricted space unless the perimeter safeguards are de-
signed to be the limiting devices in accordance with EN 
ISO 10218-2, 5.4.3, or the risk assessment indicates that 
other technical measures are suitable. 

The following distinction between a low and a high ex-
posure level for persons provides information on the 
execution of such a risk assessment.

Within the scope of the risk assessment of the system 
manufacturer in cooperation with the user, companies 
of the automotive or automotive supply industry pres-
ently indicate a guide value of 1-2 hours/day as a high 
personal exposure. If this exposure time is lower, it can 
be considered as a short time exposure.

The safe restriction of the range of motion with new 
systems is increasingly implemented by means of safe-
ly monitored robot control systems (4.1.4). Within the 
scope of the risk assessment, the system manufacturer 
should define a system safety layout together with the 
future user. The areas which have to be protected by a 
monitored safety robot control system or by equivalent 
measures have to be marked therein (Figure 39).

Arbeitsplatz

Examples of high and low exposure of 
persons are:
High exposure of persons
•  permanent workplaces
• parts loading and unloading areas
• break and meeting areas
• soft drink machines 
• visiting points for visitor groups
Low exposure of persons
• traffic routes
• storage surfaces 
• pallet changing places
• workpiece buffers

Fig. 38 Example of a selection of the areas to be protected [H]

protective space

High exposure of persons: to be protected 
by additional measures

Low exposure of persons: to be protected 
by the user program

turning machine

light curtain

workplace
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On retrofitting existing systems, usually contact-based 
or electronic axes cams are applied. Although mechan-
ical stops are easy to mount, they usually restrict the 
range of motion to such an extent that even the produc-
tion of the system is impaired.

When positioning the cams and switching devices, the 
robot’s overtravel has to be taken into account, i. e. the 
switching signal for stopping the axes has already to be 
given prior to moving into the hazard zone. Slight defor-
mations of the protective fences in the case of fault can 
be accepted provided that no parts or fragments may be 
ejected in a hazardous manner.

If the operation mode „manual high speed“ (T2) is ap-
plied at the system, a safe location offering a clearance 
of at least 500 mm between the calculated stopping 
point of the hazard and e. g. buildings, structures, pe-
rimeter safeguarding, utilities or other machines shall 
be maintained. If this safety distance is implemented by 
means of control measures, these measures represent 
a safety function according to EN ISO 13849-1 and have 
to fulfill PLd category 3 (clause 4.3). The position of the 
machine setter during operation mode T2 which has 

been determined in the risk assessment has to be indi-
cated in the operating instructions.

4.2.1.4 Stations for manual loading and unloading
For protective devices at stations for manual loading 
and unloading, basically the same requirements as for 
other protective devices apply. Access to the hazard 
zone shall be safeguarded primarily by technical meas-
ures. Operators must not be exposed to process-relat-
ed hazards, e. g. by ejected parts, welding sparks, etc., 
either.

For manual loading and unloading stations with alter-
nating intervention by robot and operator (e. g. clamp-
ing stations), no further protective devices are required 
in accordance with EN ISO 10218-2, if the barrier be-
tween the human and the robot has a height of at least 
1400 mm. This barrier only serves as protection against 
climbing through the hazard zone of the system. In-
dependent of that, hazardous movement which can 
be directly reached by the operator at the station (e. g. 
clamping device, robot arm, tool) shall always be safe-
guarded, e. g. by a laser scanner (Figure 40).

For ergonomic reasons, the above mentioned barrier 
height of 1400 mm is usually not acceptable. EN ISO 
10218-2 therefore admits in a Note that heights between 
1400 and 1000 mm are also acceptable, depending on 
the protective effect by the shape of the barrier and the 
results of the risk assessment.

The standard committee in charge of industrial robots 
(NAM) of DIN has discussed this matter several times 
and considered a height of at least 1000 mm as suffi-
cient in accordance with the state of the art, provided 
this has been determined by the risk assessment. This 
corresponds with the requirements in EN ISO 11161.

In case of barrier heights of less than 1000 mm, fur-
ther protective measures have to be provided. Suitable 
measures are e. g. optical protective devices which de-
tect a person entering the hazardous area of a system 
and stop the hazardous movements.

Due to the shape of tools and components, the barrier 
is not always of a consistent height. The barrier height 
should be larger than 1000 mm, if ergonomically possi-
ble. Due to e. g. the part geometry, there may be empty 
spaces which fall below 1000 mm. By means of the risk 
assessment it has to be evaluated if this creates an in-
creased risk. In particular, it has to be checked whether 

 = High exposure of persons

 = Low exposure of persons

 = Independent of presence, no hazard 

Fig. 39 Example of a system safety layout [J]
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those empty spaces can be used as ascent due to their 
size and geometry.

Besides the provision of the aforementioned technical 
protective measures, the requirements concerning the 
manufacturer’s operating instructions and the resulting 
instructions by the user of the system apply.

4.2.2 Movable guards
Movable guards have to be interlocked with the haz-
ardous movements. This means, the hazardous move-
ments have to be stopped as soon as a protective de-
vice is opened. The hazardous movements shall come 
to a standstill before they can be reached by persons. 
According to EN ISO 13855, a walking/gripping speed of 
1,6 m/s is taken as a basis.

The control systems of interlocking devices shall be de-
signed in failsafe technology (clause 4.1.3).

4.2.2.1 Protective doors
Where access of persons to the system is required, pro-
tective doors have to be provided. For larger systems, 
normally several protective doors have to be provided in 
order to reduce the risk of bypassing protective devices 
to a minimum.

If the risk of persons being trapped inside the system 
and not being able to free themselves on their own ex-
ists, it shall be possible to open protective doors from 
the inside (escape release, Figure 41). 

Guard locking shall be provided if hazardous points can 
be reached before the hazardous machine functions 
have come to a standstill. Guard locking shall only be 
released from the machine control system for opening if 

Fig. 40 Manual loading station [B]
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the hazardous points cannot be reached anymore taking 
into account the access speed. Release may take place 
in a timed manner or as a function of a process signal, 
e. g. zero speed signal. Normally, the guard locking also 
provides protection of the production process. The re-
lease only takes place if enabled by the process flow.

Guard locking is not obligatory. The necessity results 
from the aforementioned considerations.

For electromagnetic guard locking, two different sys-
tems (types) are available:

• De-energized opening: in the event of electric power 
failure, the guard locking is released. Not recom-
mended if frequent power failures with simultaneous 
long running hazardous movements are to be 
expected.

• De-energized locking: guard locking is released by 
applying a switching signal. In the event of power 

failure, the locking is maintained. Disadvantage: On 
failure of the mains supply, access is only possible by 
means of an emergency release.

A selection of the above mentioned types of guard lock-
ing is done in accordance with the risk assessment 
of the machine manufacturer. A general preference of 
a particular type does not exist. The electrical signal 
which activates and deactivates the lock is normally not 
safety-related since the monitoring contacts of the pro-
tective door are effective even in case of an incorrect 
locking signal.

4.2.2.2 Roller shutters
In comparison to electro-sensitive protective equip-
ment, roller shutters have the advantage that they can 
be positioned nearer to the hazardous points since, due 
to the hand-arm speed, a safety distance as for light 
barriers does not need to be considered. This may be 
of advantage at loading places and clamping stations 
since long distances for operators are avoided. Roller 

Fig. 41 Escape release [H]
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shutters shall be of sufficient stability in order to absorb 
forces due to the falling or resting of the operator. Pro-
vided that the robot’s range of motion reaches into the 
roller shutter, the robot has to be protected separately 
against moving in this area, if frequent presence of the 
operator at the roller shutter has to be assumed. (see 
also clause 4.2.1.3). If this is not possible, the distance 
has to be designed sufficiently.

The safeguarding of the closing edges of roller shutters 
has to be considered. According to EN 12453, the stat-
ic forces which occur when arms and hands are being 
trapped between closing edge and opposite closing 
edge shall not exceed 150 N. For a short time (0,75 s at 
maximum), up to 400 N may occur. If higher forces oc-
cur, pressure sensitive edges have to be used which 
safely interrupt the roller shutter movement upon con-
tact with an obstacle. But even on the use of pressure 
sensitive edges, the maximum forces indicated for the 
closing edges must not be exceeded. In addition, a 
large-area contacting is assumed, i. e. no sharp edges.

Since roller shutters often consist of plastic material, 
the resistance against process-related loads, e. g. dur-
ing welding, has to be ensured.

4.2.2.3 Defeating by simple means (bypassing)
The protective devices as well as the interlocking devic-
es have to be designed in such a way that they cannot 
be bypassed, i. e. defeated by simple means. The de-
feating by simple means has to be already prevented by 
the machine design. According to EN ISO 14119, a typical 
„defeating in a reasonably foreseeable manner“ may be 
an intentional attempt to bypass an interlocking device 
either manually or by using an easily available object.

If the risk assessment shows a motivation for defeat-
ing protective devices already at the design stage, e. g. 
due to inadquate operability, the protection against 
defeating shall be increased according to EN ISO 14119. 
The use of a separate control actuator (tongue) by the 
user has to be made more difficult, e. g. by a concealed 
installation.

However, it is much more reasonable to design the 

Fig. 42 Electro-sensitive protective equipment with muting function – 
detection of a person entering [K]

Fig. 43 Electro-sensitive protective equipment with muting function – 
Material passing through [K]
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operability of the machine from the very beginning in 
such a way that a motive for defeating the protective de-
vices is prevented.

4.2.3 Electro-sensitive protective equipment (ESPE)
Electro-sensitive protective equipment includes light 
barriers and curtains, laser scanners, camera systems, 
passive infra-red systems, ultrasonic systems etc. In the 
robotics sector, mainly multiple infra-red beam barriers 
and light curtains as well as laser scanners are applied. 
According to EN ISO 10218-2, the safety distances for 
electro-sensitive protective equipment have to be de-
signed according to EN ISO 13855.

Due to the unavoidable overtravel of the robot axes or 
the devices when entering into the hazard zone, a safety 
distance has to be provided according to EN ISO 13855. 
For a vertically arranged light curtain, the necessary 
safety distance to the hazardous point is defined by the 
detection capability (resolution or distance of the light 
beams from each other). Due to the overtravel of the 
hazardous movements, the distance of the light curtain 
with low resolution to the hazardous point needs to be 
larger than for a light curtain with a high resolution. The 
overtravel can be determined by calculation or test.

4.2.4 Step-behind protective devices, reset 
Usually, robot systems are walkable. Measures have to 
be provided which prevent a start of hazardous move-
ments as long as persons are present in the hazardous 
space. This equally applies to access paths through 
electro-sensitive protective equipment (e. g. light cur-
tains) and movable guards (e. g. protective doors). Two 
cases can be distinguished:

Hazardous space observable:
If the operator can view the workspace, a reset button is 
sufficient to reset signals from protective devices such 
as protective doors and light curtains and to enable the 
start of the hazardous movements (Figure 44). For reset 
buttons, generally the following applies:
• A reset button shall be placed at a location outside 

the protective devices.

• It must not be accessible from inside.

• The location of the reset button shall provide a good 
view on the hazardous movements.

• The signal processing shall ensure that sticking of the 
button or the deliberate fixation of the buttons are 
detected, e. g. by signal ramp detection. 

• The instruction manual of the system has to include 
the information that the person who actuates the 
reset button shall make sure that no person stays in 
the hazardous space anymore.

If obstacles impair the view, several reset buttons which 
have to be actuated successively may be required or 
vision panels have to be provided to allow view into the 

Fig. 45 Vision panel on a laser welding unit [H]Fig. 44 Reset button [H]
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hazardous space on reset, e. g. for robot welding sys-
tems (Figure 45). 

Hazardous space not observable:
In this case, the use of reset buttons as only measure is 
not sufficient since persons may be present in the work-
space. They may not be seen from the point of actua-
tion since they are covered, e. g. by equipment. In these 
areas, the installation of design elements can prevent 
the presence of persons, e. g. by tilted metal sheets 
(prevention of presence). Visibility can also be improved 
by mirrors. Furthermore, partially person-detecting pro-
tective devices can be provided, e. g. horizontal light 
curtains, scanners, pressure sensitive mats, pressure 
sensitive plates.

In case of large-scale systems, a complete detection by 
such equipment is not feasible both in technical and 
economical respect due to the constructional obstacles, 
e. g. in the automotive body construction. In this case, 
reset buttons have to be placed at least at the individu-
al access doors which provide maximum view into the 
system. Additional protective measures have to be pro-
vided in accordance with EN ISO 10218-2, e. g. start-up 

warnings and so-called Lock Out. Audible and optical 
start-up warnings, however, cannot not be recommend-
ed since they are perceived as annoying by the employ-
ees. Sooner or later they are not perceived anymore, 
dismantled or made inneffective. In automotive engi-
neering, the so-called Lock-Out has proven its worth. For 
this purpose, protective door switches are provided at 
the accesses which offer the option to insert locks (Lock 
Out) or equivalent person-dependent securing means 
(Figure 46).

4.2.5 Non-step-behind protective devices
If the workspace is sufficiently small so that an unde-
tected presence of persons can be excluded, reset de-
vices can be dispensed with (see EN 692). The relevant 
succeeding operating cycle can then be initiated im-
mediately on closure of the protective door contacts or 
upon release of the electro-sensitive protective equip-
ment. The size of the hazardous space or the work-
space should not exceed the dimensions specified for 
presses:

• workspace height: max 600 mm

• workspace depth: max 1000 mm

Fig. 46 Lock-Out [H]
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Possible gaps between ESPD and the hazardous space 
(e. g. table) must not exceed 75 mm in width so that 
no person can be present in the gap. If the hazardous 
space exceeds the aforementioned dimensions, a reset 
device is indispensible, unless the workspace is entirely 
monitored, e. g. by laser scanners.

4.2.6 Two-hand control devices
Clamping processes normally have to be inititated with 
the protective device open since the proper positioning 
of the part to be clamped has to be controlled by the op-
erator. Since all hazardous movements have to be safely 
disconnected by the electrical interlocking of the protec-
tive device, an additional switching device is required 
which makes the clamping commands effective.

If the clamping strokes exceed 4 mm and injuries have 
to be expected due to the clamping forces, measures  
for hand and finger protection have to be provided,  
e. g. two-hand control devices. According to the manu-
facturer’s risk assessment, two-hand control devices  
of type I, II or III in compliance with EN 547 (in future  
EN ISO 13851) can be applied. Two-hand control devic-
es of type III offer the highest level of safety. It has to be 
ensured that the switching commands of the two-hand 
control device are safely processed in the control sys-
tem of the machine. The processing of the signals solely 
through the functional PLC or through standard bus sys-
tems is not sufficient.

For the distance of the two-hand control device from the 
hazardous area, the overtravel of the hazardous move-
ment is decisive. According to EN ISO 13855, a gripping 
speed of 2 m/s has to be assumed.

4.2.7 Compensating measures for defective protective 
devices 
Just like production equipment on machines, protective 
devices are subject to normal wear. Depending on the 
environmental conditions, a failure of protective devic-
es even has to be expected. The requirements, in par-
ticular for the safety-related control technology of robot 
systems cause a ”failsafe“ state in the majority of cases. 
Failure of electronic or electromechanic components of 
the protection system does not lead to a hazardous situ-
ation but to the standstill of the machine.

The future user of the system should contact the sup-
plier in due time to find possible solutions. If the failure 
of protective devices – and thus a standstill of the ma-
chine – cannot not be coped with for economical rea-
sons, precautionary measures have to be taken already 
at the design stage. In practice, the following proce-
dures have proven their worth depending on the hazard 
and the urgency of repair measures:

• Precautionary installation of redundant protective 
devices: e. g. roller shutters which frequently fail due 
to mechanical wear are combined with optical protec-
tion systems. On failure of the roller shutter, e. g. a 
light curtain becomes active. This normally results in 
a larger safety distance, which however can be han-
dled for a certain period of time.

• Spare-parts stocking of critical protective devices and 
components: e. g. door interlocking switch, light cur-
tains, laser scanners.

• Temporary replacement of complex protective devices 
by more simple protective devices: e. g. laser scan-
ners are not immediately ready to operate due to their 
missing programming. Alternatively, universal light 
curtains may be installed vertically or horizontally. 
Not fully designed protective fields can be temporarily 
compensated by instructions given to the personnel.

On no account protective devices shall be deactivated 
without alternative protective measures!

4.3 Calculation example of Performance Levels for the safe-
ty functions of a robot cell

4.3.1 Calculation of the Performance Levels for the safety 
functions for new systems
A robot cell with a loading station and a maintenance 
door is considered. The loading station is safeguarded 
by a safety mat and a working space monitoring. Access 
to the workspace is provided through a maintenance 
door which is equipped with a door safety switch.

For the connection with other machines or machine 
parts which are not considered here, external signals 
are connected through a safety PLC. The functional logic 
connection of the maintenance door function with the 
automatic operation mode is already implemented in 
the robot control system.
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All robot axes are stopped simultaneously by power 
supply interruption of the intermediate circuit. 

The assessment is done in 4 steps:

1. specifying the safety functions 

2. determining the required Performance Level for the 
relevant safety function

3. identifying the safety components involved

4. calculating the Performance Level achieved

Step 1: Specifying the safety functions

Fig. 48 Specifying the safety functions [G]

Safety function 1: emergency stop

stopping the robot on actuation of the emergency stop  
push button 

Safety function 2: maintenance door 

stopping the robot on opening the maintenance door 
in automatic mode 

Safety function 3: safety mat

stopping the robot on stepping onto the safety mat with robot in 
the loading area

Fig. 47 Example of a robot cell with loading station, emergency stop and maintenance door [G]

working space 
monitoring

maintenance door

door switch

maximum
working space

safety mat

emergency stop 
button

loading device

loading area
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Step 2: Determining the required normative Perfor-
mance Level for the relevant safety function 
As a C-type standard for industrial robots, EN ISO 10218-1 
states requirements on the safety-related control system 
performance and stipulates their level: 

• A single fault shall not lead to the loss of the safety 
function.

• Whenever reasonably practicable, the single fault 
shall be detected at or before the next demand upon 
the safety function.

• When the single fault occurs, the safety function shall 
always be performed and a safe state shall be main-
tained until the detected fault is corrected

• All reasonably foreseeable faults shall be detected.

This requirement is considered to be equivalent to 
Performance Level d with category 3 according to ISO 
13849-1 and Safety Integrity Level 2 (SIL 2) with hard-
ware fault tolerance 1 (HFT1) according to EN 62061. 
“Performance Level” describes die safety performance 
capabilities of a safety function (see clause 4.1.3). The 
5 steps a to e are specified with defined sections of the 
probability of dangerous failure per hour (PFHD).

Performance 
Level 

Average probability of dangerous failure  
per hour 1/h (PFHD)

a ≥ 10-5  bis  < 10-4

b ≥ 3 . 10-6  bis  < 10-5

c ≥ 10-6  bis  < 3 . 10-6

d ≥ 10-7  bis  < 10-6

e ≥ 10-8  bis  < 10-7

In North America, the following 4 requirement classes 
for safety functions are known:

• SIMPLE

• SINGLE CHANNEL

• SINGLE CHANNEL, MONITORED

• CONTROL RELIABLE

The requirements stated in EN ISO 10218-1 correspond 
to the highest class – control reliable.

EN ISO 10218-1 permits that a different level may be 
admissible as a result of a comprehensive risk assess-
ment which may deviate from the specified performance 
requirements.

Step 3: Identifying the safety components involved
Safety components involved at safety function 1 (emer-
gency stop)

Emergency stop 
push button contacts 
2-channel 

Fault exclusion 6500 switching 
cycles

Safety PLC  
(manufacturer’s 
specifications)

SIL 3, HFT 1 PFHD = 1x10-8

Robot function  
emergency stop 
(manufacturer’s 
specifications)

PLd, category 3 PFHD = 1x10-7

Since the mechanism of the emergency stop push  
button is only single-channel, the application of a cate-
gory 3 control system is only possible if a fault exclusion 
can be assumed. According to EN ISO 13849-1 Table C.1, 
the mechanical lifetime which is at least required for an 
emergency stop push button amounts to 6500 switch-
ing cycles. Under these conditions, a fault exclusion can 
be assumed for the mechanically positive operation.

For an expected lifetime of at least 20 years which  
can also be assumed according to EN ISO 13849-1,  
325 switching cycles may result, i.e. approx. one oper-
ation per day. If this complies with the practice of the 
planned system, the fault exclusion is admissible. Since 
the electric contacts of emergency stop push buttons 
are positively driven, the fault exclusion is permissible 
for both the mechanical rod and the electrical contacts.

6500 switching cycles
 = 325 switching cycles/year

20 years

Tab. 6 Performance Levels according to EN ISO 13849-1
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Safety components involved at safety function 2 (main-
tenance door)

Door interlocking 
switch

Fault exclusion for 
actuator,
2-channel contact

PFHD = 1,01 x 10-7

Safety-PLC  
(manufacturer’s 
specification)

SIL 3, HFT 1 PFHD = 1 x 10-8

Robot function 
protective stop 
(manufacturer's 
specification)

PLd, category 3 PFHD = 1 x 10-7

A door interlocking switch type 2 with a separate actu-
ator (tongue) is applied. Since the tongue exists only 
once, it has to be checked again whether a fault exclu-
sion with regard to breakage is permissible. This fault 
exclusion is permissible for the majority of switches of 
type 2 in a normal industrial environment. No fault ex-
clusion is   possible in case of extreme environmental 
conditions, e. g. ingress of adhesives, which may cause 
the tongue to tear off while in the inserted position.

The value for the lifetime of the door interlocking switch 
is indicated by the manufacturer in B10 d. B10 d indicates 
the medium number of switching cycles up to which 
10 % of the components may fail to danger.

In order to achieve a MTTFd- and subsequently a PFHd- 
value from this B10 d-value, the medium number of 
switching cycles per year (nop) is required. Based on a 
6-days week and a 2-shift operation, the calculation is 
as follows:

B10 d
Accord. to manufacturer’s 
specification = 3 x 106

dop
The mean operating time in days 
per year = 300

hop
The mean operating time in hours 
per day = 16

tcycle
The mean time between two consec-
utive cycles

= 3600 sec  
(access 1 x per hour)

   dop x hop 3600 
s
h   300 x 16 x 3600   1

nop =  =  = 4800 =  
   tcycle   3600     year

   B10 d 3 x 106

MTTFd =  =  = 6250 years 
   0,1 x nop   0,1 x 4800

The PFHd-value can be taken from EN ISO 13849-1  
Table K.1 under the following preconditions:

• MTTFd is generally capped to 100 years for values 
exceeding 100 years (6250 years -> 100 years).

• The control structure is category 3.

• Monitoring of the contacts of the door interlocking 
switch takes place by means of the subsequent safety 
PLC. Since access through the maintenance door and 
thus the possibility for fault detection is not frequent, 
only a low fault detection rate DCavg is assumed.

Thus, the average probability of a hazardous failure per 
hour is as follows
    1
PFHd = 1,01 x 10-7 
    hour

Safety components involved at safety function 3  
(safety mat)

Safety mat  
(manufacturer’s 
specification)

PLd, category 3 PFHD = 3,25 x 10-8

Safety-PLC  
(manufacturer's 
specification)

SIL 3, HFT 1 PFHD = 1 x 10-8

Robot function  
working space  
monitoring  
(manufacturer's 
specification)

PLd, category 3 PFHD = 1 x 10-7

49

Protective measures for industrial robots and robot systems



Fig. 49 System layout with new and used robots [G]
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sub system 6

used robot according to EN 954-1

robot system 3robot system 2robot system 1

Calculation of safety function 1 (emergency stop)

Component 2  
safety PLC 
SIL 3, HFT 1 

PFHD = 1 x 10-8

Component 3 
robot function  

emergency stop  
PFHD = 1 x 10-7

Component 1 emergency 
stop push button

Fault exclusion PFHD Comp. 2  +  PFHD Comp. 3 = 1,1 x 10-7

Component 2
safety PLC 
SIL 3, HFT 1 

PFHD = 1 x 10-8

Component 3
robot function  
protective stop
PFHD = 1 x 10-7

Component 1
door interlocking switch

PFHD =1,01 x 10-7

PFHD Comp. 1 PFHD Comp. 2  +  PFHD Comp. 3 = 2,11 x 10-7

Component 2
safety-PLC
SIL 3, HFT 1 

PFHD = 1 x 10-8

Component 3
robot function 

working space monitoring 
PFHD = 1 x 10-7

Component 1
safety mat

PLd, category 3 
PFHD = 3,25 x 10-8

PFHD Comp. 1 PFHD Comp. 2  +  PFHD Comp. 3 = 1,42 x 10-7

Calculation of safety function 2 (maintenance door)

Calculation of safety function 3 (safety mat)

Cat. 3
PLd

Cat. 3
PLd

Cat. 3
PLd

Step 4: Calculating the Performance Level achieved
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4.3.2 Calculation of the Performance Level for safety func-
tions on the reuse of used robots in new systems
If the data acqusition for determining the Performance 
Levels for safety functions of used industrial robots is 
not possible, the partial functions, which are not evalu-
ated according to EN ISO 13849-1, can be indicated with 
their category only (see also [19]).

The present example deals with a robot cell with 2 new 
industrial robots and 1 used industrial robot. For the 
evaluation, the subsystems “new” and “old” are sepa-
rated and the safety functions are considered individu-
ally (Figure 49).

Evaluation of safety function maintenance door

a. For the new system part 

Cat. 3
PLd

Sub system 3  
safety-PLC 
SIL 3, HFT 1 

PFHD = 1 x 10-8

Sub system 4 or 5 
robot function 
protective stop 
PFHD = 1 x 10-7

Subsystem 1 
door interlocking switch, 

2- channel
PFHD = 6 x 10-8

PFHD T 1 PFHD T 2 +  PFHD T 3 = 1,7 x 10-7

b. For the system part with used robot

Sub system 3  
safety-PLC 
SIL 3, HFT 1 

Sub system 6  
robot function  
protective stop  

category 3

Subsystem 1 
door interlocking switch, 

2-channel
Cat. 3
without PL

Evaluation of safety function emergency stop 

c. For the new system part

Sub system 3  
safety-PLC 
SIL 3, HFT 1 

PFHD = 1 x 10-8

Sub system 4 or 5 
robot function 
protective stop 
PFHD = 1 x 10-7

Sub system 2  
emergency stop  

push button 
2-channel

Fault exclusion PFHD T 2 +  PFHD T 3 = 1,1 x 10-7

Cat. 3
PLd

d. For the system part with used robot

Sub system 3  
safety-PLC 
SIL 3, HFT 1 

Sub system 6  
robot function  

emergency stop  
category 3

Sub system 1  
emergency stop push button 

2-channel
fault exclusion

Cat. 3
without PL
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Traditional industrial robot systems can only automate pro-
cesses which can completely do without human intervention. 
So far, it has in particular often not been possible to automate 
assembly work since individual tasks cannot be done without 
the motor skills of a human. A human can work without data 
transmitters and sensors. Even the assembly of elastic parts is 
no problem for him/her. It is the aim of collaborative robots to 
combine these capabilities: the human with his/her capabilities 
for the imprecisive and the robot with its advantages in force, 
endurance and speed. Workplaces with collaborative robots are 
intended to be managed completely or partially without protec-
tive fences. 

According to the definition of EN ISO 10218-1, the collaborative 
operation is a state in which purposely designed robots work in 
direct cooperation with a human within a defined workspace, 
i. e. they share one workspace. Collaborative robots are often 
called assisting robots as well.

Service robots or robots in the rehabilitation sector (medical ro-
bots) are not dealt with here.

Only collaborative industrial robots according to EN ISO 10218-1 
and EN ISO 10218-2 are considered. The technical safety require-
ments largely depend on the application and spread over both 
parts of the standard. The requirements with respect to the pre-
ferred applications in practice are shown hereafter.

The collaborative operation should not be confused with setting 
/teaching. The collaborative operation is applied in production, 
i. e. it is normally a special case of automatic operation.

5.1 General minimum requirements

EN ISO 10218-1 states requirements for collaborative op-
eration. Since this standard applies to the “bare” robot 
without periphery, it is often assumed that a safe robot 
can be designed and certified if solely these require-
ments are met. This is not true since even a collabora-
tive robot with grippers and devices which are required 
for the task constitutes a machine according to the Ma-
chinery Directive. The system integrator has to draw up 
an EC Declaration of Conformity as for any other robot 
application and fix a CE mark on the application.

The certification of collaborative robots should also in-
clude one or more typical applications to enable a relia-
ble assessment.

The requirements of EN ISO 10218-1 and EN ISO 10218-2 
apply to collaborative robots as well.

The additional requirements for collaborative ro-
bots were still very rudimentary at the time when this 
DGUV Information was ready to be printed. An applica-
ble requirement is an optical indication for robots which 
can change over from a non-collaborative (conventional) 
to a collaborative operation. Provisions about the quali-
ty of this indication do not exist. Therefore, an indication 
on the control panel can be sufficient.

In addition, EN ISO 10218-2 includes further require-
ments for collaborative operation. These requirements 
refer to possible applications. In the following, selected 
requirements are described in more detail.

When this DGUV Information was ready to be printed, 
the international technical specification ISO TS 15066 
was in preparation. This technical specification is in-
tended to specify further requirementens during the  
development of new types of collaborative robot  
systems in order to include them in the standard series 
EN ISO 10218 later on.

5.2 Hand guiding 

If the robot is intended for hand guiding, the hand  
guiding equipment shall be located close to the end- 
effector. This may e. g. be a force/moment sensor which 
enables the robot to be guided manually, similar to a 
manipulator. The robot has to be operated with safely 
reduced speed. The safely reduced speed shall fulfill the 
requirements set out in clause 4.1.3.

The speed level is not stipulated. It results from the risk 
assessment. 

In addition, an easily accessible enabling device as well 
as an emergency stop device have to be provided. Ena-
bling device and emergency stop device shall also be of 
safety-related design.

Similar devices can be found among lifting equipment, 
which, however, are covered by other standards. For 
industrial robots which are intended for hand guiding, 
the requirements of EN ISO 10218-1 and EN ISO 10218-2 
shall always be complied with even if lifting processes 
are concerned.

5 Collaborative robot systems
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5.3 Force and/or power limiting

5.3.1 Principle
Generally, it has to be ensured that on contact between 
a robot or tool and a person, particular load characteris-
tics are not exceeded.

Reliable limit values for these medical and biome-
chanical requirements were in preparation when this 
DGUV Information was ready to be printed. As to  
current limit values, please refer to the Deutsche  
Gesetzliche Unfallversicherung (German Social Accident 
Insurance) or to your responsible Social Accident Insur-
ance Institution.

An earlier edition of EN ISO 10218-1 from 2006 indicated 
a maximum power of 80 W or a maximum force of 150 N 
at the tool holder. These general values were deleted in 
the follow-up edition of the aforementioned standard. It 
had been found that biomechanical limit values have to 
be regarded on a differentiated basis dependent on the 
body regions.

In order to reduce the pressure on the body regions, 
generally all edges of the robot system including tools 
should be rounded.

One possibility to limit contact forces is the application 
of protective devices directly on the robot and, if neces-
sary, on the tool. Tactile protective devices are particu-
larly suitable for this purpose. They initiate a stop on 

contact with a person. A combination of tactile protec-
tive devices with capacitive or inductive protective de-
vices is also possible (Figure 51).

5.3.2 Measurement of force and pressure
Within the scope of the risk assessment of the applica-
tion it has to be specified which positions of the robot 
including the tool have to be selected for measuring 
purposes. For the corresponding body regions, typically 
the following has to be assumed:

• operator’s intervention in the tool area

• observation of the work process

• observation of disorders

• bumping of robot arms on the body

• bumping of tool and workpiece on the body

The force or pressure effects depend on the shaping of 
the robot, the tool, the workpiece and all other devic-
es involved in the work process (see EN ISO 10218-2). 
Large, angular and heavy workpieces are not suited for 
this kind of callaboration taking into account the current 
state of the art. Merely the inertia of these workpieces 
normally leads to exceeding the force or pressure limits.

The deposit of parts in devices has also proven to be 
very critical. Industry demands upmost precision, so 
that e. g. at the gripper centering devices are used. The 
resulting shearing edges cannot be controlled due to 
the occurring pressures. Shearing edges are to be gener-
ally prevented.

Fig. 50 Robot with hand guiding [H] Fig. 51 Robot with tactile protective devices [L]
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Furthermore, the admissible positions of the robot are 
decisive for the collaborative operation. Normally, the 
robot’s transverse paths need to be limited by the func-
tion „safe position“ in order to to exclude e. g. sensitive 
parts of the body such as head or neck from the working 
space.

5.3.3 Safety functions
The requirements according to EN ISO 10218-1 and  
EN ISO 10218-2 also apply to collaborative robots.  
Besides the obligatory safety functions specified therein 
such as emergency stop, protective stop and enabling 
device, a robot in the function Power and Force Limiting 
normally has to be provided with at least the following 
additional safety functions:

Safe monitoring of torque and force 
Taking into account the edge geometries of all robot 
system surfaces being involved in the work process, the 
monitoring of pressure inside the robot system also  
results from the robot force or torque monitoring.

Safe speed monitoring 
In order to ensure that the speed does not change to 
incorrect values on an occuring or impending contact, 
the speed also needs to be safely monitored in order to 
maintain the force to be ensured in case of contact.

Safe position monitoring
In order to define and separate working spaces accord-
ing to the load limits which are assigned to the body re-
gions, the robot shall have a safely monitored position.

The safety functions shall comply with category 3/PLd 
i. e the safety functions shall be provided even under 
fault conditions. It is e. g. not sufficient to measure and 
document the force in the normal condition only. Even in 
case of failure of components or hardware and software 
faults, the force must not be exceeded. The same ap-
plies to all other safety functions (see clause 4.1.3).

Alternatively, a safe force limiting may e. g. be imple-
mented by inherently safe design.

5.4  Speed and separation monitoring

In case of speed and separation monitoring, protective 
devices are applied in such a way that persons can ac-
cess the robot at any time without being exposed to a 
hazard.

Suitable safeguards are e. g. optical laser scanners or 
3D cameras. They have to detect the approach of per-
sons safely and decelerate or stop the robot motion 
accordingly. When the distance is increasing, the robot 
continues its motion without reset. The speed shall be 
safely monitored.

Fig. 52 Pressure distribution on an angular contour (example)

Fig. 53 Force-time diagram at contact (example)
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Like the other safety-related control system of the robot 
system, these optical safeguards shall also fulfill the 
requirements of EN ISO 13849-1 PLd in association with 
category 3 (see clause 4.1.3).

The safety distances shall be in compliance with EN ISO 
13855. Therefore, the speed and separation monitoring 
is normally only applicable where sufficient space is 
available. In addition, it has to be considered that not 
only can a person approach the hazardous point, but 
that also the hazardous point (robot system) can ap-
proach the person.

5.5 Safety-related stop

A safety-related stop constitutes a special case in terms 
of speed and separation monitoring. On access to the 
collaborative workspace, the drives are immediately 
stopped and transferred to a safe operational stop  
according to EN 61800-5-2 (Safe Operating Stop/SOS). 
On leaving the collaborative workspace, the robot con-
tinues its motion without reset. The speed rate is speci-
fied according to the risk assessment.
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VR =  Speed of robot
VH =  Speed of human 
TB =  Reaction time of control  

system
TR =  Stopping time of robot 
B =  Stopping distance of  

robot
S = Minimum distance
D (t) =  Distance at time t 
tD =  Time when stop is  

initiated

Fig. 54 Speed and separation monitoring – approach robot/person [D]

Minimum safety distance
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6.1 Trouble-shooting – process observation with enabling 
switch

For trouble-shooting it may be necessary to provide one 
or several modes of operation in addition to the norma-
tive modes of operation T1, T2 (see clause 4.1.1). This 
should already be included in the risk assessment and 
the design during the system planning in order to ena-
ble the maintenance personnel to work safely. Even by-
passing of safeguards can thus be prevented.

Trouble-shooting has to be carried out initially from 
outside the hazardous areas. Furthermore, it has to be 
checked whether the robot modes of operation T1 and 
T2 which are intended by the manufacturer of the robot 
or the machine can be applied. If this is not possible, a 
special mode of operation can be provided as follows:

• Selection with key switch only

• Enabling switch and hold-to run operation, if possible 
with reduced speed. The enabling switch releases 
(enables) the process to be observed and stops it 
immediately upon release.

• All other hazardous movements remain safely 
stopped. 

• Specify safe position for observation in the system 
layout 

• Particular work instructions, e. g. access by one per-
son only, observation from outside the safeguards by 
another person

• Authorization by executives 

6.2 Process observation without enabling switch

The special mode of operation “process observation” 
without enabling device is dealt with in EN ISO 10218-2 
in the informative annex G. More detailed information is 
included in standard EN ISO 11161 which is also harmo-
nized in the EU.

This special mode of operation allows the temporary ob-
servation of processes within a workspace in exception-
al cases without requiring the continuous actuation of a 
swtiching device, e. g. an enabling device. This mode of 
operation should only be applied if the analysis of the 
planned manufacturing conditions shows that a produc-
tion under the normatively intended modes of operation 
is impossible (automatic, T1, T2). This is e. g. the case, 

if specific process operations require temporary visual 
observation which cannot be implemented by the nor-
matively intended modes of operation and safeguards 
(e. g. enabling switch) due to the duration of actuation. 
The probably high economic damage in case of inad-
vertent release of the enabling switch has also to be 
taken into account.

The decision-making basis for a special mode of oper-
ation „process observation“ is the risk assessment of 
the machine manufacturer (integrator). The manufactur-
er has to work in close cooperation with the future user 
during the preparation of the risk assessment, in order 
to include his or her experience in the risk assessment, 
e. g. ergonomic problems to be expected, disturbances, 
material damages.

As a result of the risk assessment, an individual pack-
age of measures composed of technical and organisa-
tional protective measures has to be specified for the 
present particular case in question (Figure 56). The spe-
cial mode of operation “process observation” is there-
fore no mode of operation for the ordinary process flow.

6 Special modes of operation for process 
observation

Fig. 55 Enabling switch during trouble-shooting [H]
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Has the future user convin-
cingly explained that a 

special mode of operation is 
absolutely necessary?

yes

Special mode of operation 
may be provided

Special mode of operation 
must not be provided

Has a sufficient risk  
reduction been achieved?

Reduce risks by technical safety measures
• provide additional mode selection switch 
• positive initiation of operation to the required min-

imum that is necessary for the special mode of 
operation 

• provide further technical safety measures, as far as 
possible 

Record handling of special 
mode of operation in the 

operation manual

Specify instructions for the 
user in the operation manual

Flow chart  
Special mode of operation  
Process observation

Do the requirements for the 
operation of the machine 

exceed the specification of 
a C-type standard?

Start

yes

yes

yes

no

no

Are the technical  
measures exhausted?

no

Is the user able to make the 
necessary contribution for a 

risk reduction by  
additional measures?

no

yes

yes

Carry out hazard analysis and 
risk assessment for the spe-

cial mode of operation accor-
ding to EN ISO 12100 

1

2

3

4

5

9

6

7

8

Fig. 56 Special mode of operation “process observation” [6]

no
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General information on maintenance in industrial companies is 
contained in DGUV Information 209-015 „Instandhalter“ (up to 
now BGI 577). Therefore, the present document only deals with 
some robot specific requirements.

7.1 Information provided in the operating instructions

The operating instructions of the robot system manu-
facturer shall include information on maintance. If this 
information is missing, it is recommended to push on 
the preparation and handing over of the corresponding 
documents prior to the commissioning of the system. 
The manufacturer is obliged to do so (EN ISO 10218-2, 
Machinery Directive Annex I).

Attention: It is not legally stipulated to which extent 
such documents have to be provided. 
This also includes circuit diagrams, CLP programs and 
similar. Therefore, it is always recommended to stipu-
late the scope of supply in this regard by contract, e. g. 
in the requirements specifications.

7.2 Technical protective measures

Maintenance work have to be carried out if at all possi-
ble with the robot system in the OFF position. Measures 
have to be provided which prevent a restart by unau-
thorized persons, e. g. locking of the energy isolating 
devices, signs (Figure 58). Energy stores have to be 
relieved, e. g. by mechanical springs. Pressure accu-
mulators (see DGUV Information 209-070; up to now 
BGI/GUV-I 5100). Paticular attention should be paid to 
parts on the robots, e. g. axes, which may sink or fall 
down due to gravity. If the operator sometimes has to 
stay under the axis, additional technical measures have 
to be already taken during the design stage in order to 
prevent a sudden failure of the holding brakes, e. g. cy-
clic brake test, redundant brakes, automatic mechanical 
locks. For maintenance work, axes have to be addition-
ally secured, e. g. by supports or by locks.

If it is not possible to carry out maintenance and servic-
ing tasks with the system totally shut off, supplementary 
safety measures have to be provided as far as possible. 
This includes enabling switches, hold-to run operation, 
reduced speed or mechanical auxiliary devices, such as 
magnetic grippers and devices. Maintenance and ser-
vicing tasks, especially when safeguards are suspend-
ed, shall only be carried out by qualified personnel. 

7 Maintenance

Fig. 57 Gravity loaded axis [H]

Fig. 58 Electrical energy isolating device [H]
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The personnel shall be informed on all hazards it deals 
with, and in particular on hazards which are difficult to 
identify.

Regular instructions have to be carried out. It is recom-
mended that persons who have been instructed confirm 
the instruction received by their signature.

If access by unauthorized persons has to be expected, 
additional signs and caution tapes have to be provid-
ed. For this purpose, standardized signs according to 
DIN 4844-2 should be used.

Hazards which are difficult to identify even for instruct-
ed personnel include particularly the automatic pro-
cesses of robot systms which seem to be in a safe state 
when the system is at a standstill. In order to continue 
the production as fast as possible, there might be the 
temptation to get into the system by suspending the 
interlocking devices. The accidential attenuation of one 
of the numerous electro-magnetic switches which are 
provided within the system, e. g. by means of a tool or 
by parts of the workpiece, may start the next operation 
command of the robot, or inititate a clamping move-
ment or similar.

Provisions by design for a failure scenario of electro-sen-
sitive protective equipment are described in clause 
4.2.7.

7.3 Remote diagnosis

Modern robot systems are provided with interfaces for 
remote diagnosis. They can be connected to the inter-
net or the public telephone network. This enables the 
robot manufacturer to diagnose specific faults of the 
robot without the presence of service personnel at the 
manufacturer’s premises. By means of these devices, 
the robot control system programs can be partially or 
completely modified. Furthermore, it is possible to is-
sue operation commands to the robot without requiring 
the actuation of the relevant local actuators. This shows 
that the use of remote diagnosis systems requires par-
ticuluar caution. Protection is only given by the meas-
ures described under 4, i. e. enabling switch or equal 
superior safety measures, which are independent from 
the remote control and comprehensive instructions on 
the hazards given to employees.

The instructions should also point out the hazards due 
to tying or clamping the enabling switches. In case of 
some robot types, the speed reduction is done solely 
by the software. Uncontrolled robot movements even 
with higher speeds cannot be excluded. Only an effec-
tive enabling switch offers adequate protection in such 
situations.

7.4 Maintenance requirements for design

The specific maintenance requirements should already 
be queried in good time and be included in the design 
of the system in the scope of the risk assessment. This 
includes e. g. control devices which possibly should 
be positioned completely outside the safeguards, e. g. 
electric, pneumatic and hydraulic display devices, termi-
nal boxes and control cabinets. Thus, it can be prevent-
ed that employees are forced to suspend safeguards for 
trouble-shooting. 

This also includes the planning of passages and as-
cents. This is particularly important if e. g. control cab-
inets are relocated to an elevated position due to the 
confined space conditions which frequently can be 
found at the place of installation (Figure 59).

Note: All switching cabinets, displays, panels and sim-
ilar which require regular access, e. g. for operation, 
maintenance or cleaning, shall be provided with fixed 
means of access, e. g. platforms, ladders. Mobile lad-
ders are not sufficient.

Fig. 59 Fixed access to the control cabinet with ladder and 
platform [H]
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7.5 Periodic tests

The most important periodic tests for robot systems are 
summarized in Table 7. Further tests may be required in 
additon if, due to additional hazards, further accident 
prevention regulations or other rules and regulations 
apply.

 Robot systems in operation fall within the scope of the 
accident prevention regulation „Principles of Preven-
tion“ (DGUV Regulation 1; up to now BGV/GUV-V A1)  
and the Ordinance on Industrial Safety and Health  
(BetrSichV). Both regulations require periodic tests. The 
technical rule TRBS 1201 to the Ordinance on Industrial 
safety and health applies as well. Test intervals have to 
be derived from the risk assessment of the individual 
workplaces. They have to be specified such that 

the robot system can be safely used between two tests 
according to generally available sources of experience 
and company internal experience. They depend on the 
following criteria:

• Manufacturer’s information

• Wear of safety-related components 

• Accident occurrence and near accidents

• Company internal experience

Testing object Testing principle Testing interval Testing scope Tester

Protective devices e. g.: 
• protective doors including their 

control interlocking 
• pressure sensitive mats
• enabling switches
• light curtains
• overtravel measurements of 

protective devices (as far as as 
relevant for safety)

DGUV regulation 1;  
up to now BGV/GUV-V A1,

annually1) Visual check and functional test Qualified person2)

Emergency-stop DGUV regulation 1;  
up to now BGV/GUV A1

annually1) Visual check and functional test Qualified person2)

Electrical equipment DGUV regulation 3;  
up to now BGV/GUV A3, 
VDE 0105-100

4 years1) • Visual check and function-
al test 

• Measurement of protective 
earth conductor resistance 

• Measurement of the isolation 
resistance

Electrically skilled person

Pressure equipment, e. g. hydraulic 
accumulators

BetrSichV 2, 5 and 10 years Outer, inner and strength test Approved inspection 
authority

1) recommended, as far as not otherwise specified by the risk assessment at the workplace 
2) corresponds to the current qualification of experts or electrically skilled person

Tab. 7 Periodic tests
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The business name and full address of the manufacturer and of his/her authorised representatives

The designation of the machinery as marked on the machinery itself, except for the serial number

The EC Declaration of Conformity, or a document setting out the contents of the EC Declaration of Conformity,
showing the particulars of the machinery, not necessarily including the serial number and the signature

A general description of the machinery

A description of the workstation(s) likely to be occupied by operators

A description of the intended use of the machinery

Warnings concerning ways in which the machinery must not be used that experience has shown might occur 

Assembly, installation and connection instructions, including drawings, diagrams and the means of attachment and the designation 
of the chassis or installation on which the machinery is to be mounted

Instructions relating to installation and assembly for reducing noise or vibration

Instructions for the putting into service and use of the machinery and, if necessary, instructions for the training of operators 

Information about the residual risks that remain despite the inherent safe design measures, safeguarding and complementary protec-
tive measures adopted

Instructions on the protective measures to be taken by the user, including, where appropriate, the personal protective equipment to 
be provided

The essential characteristics of tools which may be fitted to the machinery

The conditions in which the machinery meets the requirement of stability during use, transportation, assembly, dismantling, when 
out of service, during testing or foreseeable breakdown

Instructions with a view to ensuring that transport, handling and storage operations can be made safely, giving the mass of the ma-
chinery and of its various parts where these are regularly to be transported separately

The operating method to be followed in the event of accident or breakdown; if a blockage is likely to occur, the operating method to 
be followed so as to enable the equipment to be safely unblocked

The description of the adjustment and maintenance operations that should be carried out by the user and the preventive mainte-
nance measures that should be observed

Instructions designed to enable adjustment and maintenance to be carried out safely, including the protective measures that should 
be taken during these operations

The specifications of the spare parts to be used, when these affect the health and safety of operators

The following information on airborne noise emissions:
• the A-weighted emission sound pressure level at workstations, where this exceeds 70 dB(A); where this level does not exceed 

70 dB(A), this fact must be indicated,
• the peak C-weighted instantaneous sound pressure value at workstations, where this exceeds 63 Pa (130 dB in relation to 20 μPa),
• the A-weighted sound power level emitted by the machinery, where the A-weighted emission sound pressure level at workstations 

exceeds 80 dB(A).

Annex 1
Checklist: Operating instructions for machinery 
Minimum requirements according to MD 2006/42/EC
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The business name, full address, and necessary contact information of the manufacturer or supplier

Information on relevant standards the robot meets, including any that have been certified by a third party

Instructions for commissioning, restarting and programming 

Installation requirements such as e. g. environmental conditions, utility needs, floor loading, etc.

Instructions for how the initial test and examination of the robot and its protective measures are to be carried out before first use and 
being placed into production, including functional testing of reduced speed control

Instructions for any test or examination necessary after change or replacement of component parts or addition of optional equipment
which can affect the safety-related functions, including associated outputs

Instructions for safe operation, setting and maintenance

Instructions for safe working practices

Instructions to avoid errors of fitting during maintenance of the machine

Hazardous energy control procedures

Instructions for the training of operators

Instructions on the location and the function of all control system components

Diagrams of the interface of electrical, hydraulic, and pneumatic systems necessary for setup and installation

Instructions on the manual high speed mode of operation including safe working practices

Instructions that the manual operating modes should be performed with all persons outside the safeguarded space

Information on the use of enabling devices

Instructions for the installation of additional enabling devices

Capability of safety-related circuits (category and Performance Level or SIL) if necessary, with all restrictions and additional conditions

Description of the installation of limiting devices

Number, location, implementation, range of adjustment and degree of adjustment of any mechanical and non-mechanical limiting 
devices

Information on the stopping time and distance or angle from initiation of the stop signal of the three axes with the greatest extension 
and motion 

The specification for any lubricants, fluids and other process-unique expendables internal to the robot, including guidance on correct 
selection, preparation, application and maintenance

Guidance on the means for the release of persons trapped in or by the robot

Annex 2
Checklist: User information 
Minimum requirements according to EN ISO 10218-1
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Warnings that gravity and the release of braking devices can create additional hazards 

Instructions for responding to emergency or abnormal situations

Information defining the limits for the range of motion and load capacity, including position of the centre of gravity of the tool

All informationen required for the installation or attachment of additional sets

In addition, if axis and space limiting is implemented by safety-rated software:

A detailed description of the function with indication of capabilities (PL or SIL)

The Worst-Case-stopping time at maximum speed, including monitoring time and distance travelled and the actual stopping position 
to be expected 

In addition for cableless or detachable teach pendants:

The maximum response times for data communication (including error correction)

The maximum response times for data loss

Instructions to the user on how to prevent confusing of activated and deactivated emergency-stop devices 
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„Relevant technical documentation“ (for partly completed machinery)

„Technical file“ (for completed machinery)

General description of the machinery

Overall drawing of the (partly completed) machinery

Drawings of the control circuits

Pertinent descriptions and explanations necessary for understanding the operation of the machinery

Fully detailed drawings with calculation notes, test results, certificates, etc., required to check the conformity of the (part-
ly completed) machinery with the essential health and safety requirements 

The documentation on risk assessment demonstrating the procedure followed

A list of the essential health and safety requirements which apply to the machinery 

A list of the essential health and safety requirements applied and fulfilled

Description of the protective measures implemented

Indication of the residual risks

The standards and other technical specifications used 

The essential health and safety requirements covered by these standards

Any technical report giving the results of the tests carried out at the (partly completed) machinery

Results of tests and research which have been carried out to determine whether the (partly completed) machinery is  
capable of being assembled and safely used due to its design or construction

Operating instructions for the machinery 

A copy of the assembly instructions for the partly completed machinery 

Where appropriate, the declaration of incorporation and the assembly instructions of the partly completed machinery 
applied

Copy of the EC Declaration of Conformity of machinery or other products incorporated into the machinery

Copy of the EC Declaration of Conformity

For series manufacture, the internal measures that will be implemented to ensure that the partly completed machinery  
remains in conformity with the provisions of this Directive. 

For series manufacture, the internal measures that will be implemented to ensure that the partly completed machinery 
remains in conformity with the essential health and safety requirements applied.

Annex 3
Checklist: Technical documentation (verifying documentation)
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Declaration of Incorporation 
according to Machinery Directive 2006/42/EC, Annex II B

The manufacturer/distributor

Industrieroboter GmbH
Industriestraße 1
D-10101 Musterhausen

hereby declares that the following product:

Product designation: 6-axes industrial robot
Model: Herkules 500
Commercial name: H 500-6
Serial number: 20100001

meets the requirements listed in Annex I of Directive 2006/42/EC and complies in addition with the following applicable 
Directives:

Directive 2004/108/EC (EMC Directive) 

Directive 2014/29/EC (Simple Pressure Vessels Directive)

Furthermore, we declare that the relevant technical documentation for this partly completed machine has been compiled in ac-
cordance with Annex VII Part B. We undertake to transmit in response to a reasoned request this relevant technical documenta-
tion to the market surveillance authorities by our documentation department.

Authorized representative for the compilation of the technical documentation: 

Industrieroboter GmbH
Egon Sample, Technical Documentation Dept.
Industriestraße 1
D-10101 Musterhausen

The putting into service of the partly completed machinery is prohibited until the partly completed machinery is incorportated 
into a machine. Prior to putting into service it has to be checked, where appropriate, if the machine complies with the provisions 
of the EC Machinery Directive.

Place, Date  
Musterhausen, 4 January 2015

 CEO
 (signature)

Annex 1: List of the essential requirements complied with according to Annex I, Directive 2006/42/EC 

Annex 2: Assembly instructions according to Annex VI, Directive 2006/42/EC

Annex 4
Example: Declaration of Incorporation
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Product designation: 6-axes industrial robot 
Model: Herkules 500
Commercial name: H 500-6

Not relevant
To be accomplished by the system integrator for the entire machine 

Fulfilled for the scope of the partial machine (robot) 

Chapter Requirements

1 Essential safety and health requirements 

1.1 General

1.1.1 Definitions

1.1.2 Principles of safety integration 4 4

1.1.3 Materials and products 4 4

1.1.4 Lighting 4 4

1.1.5 Design of machinery to facilitate its handling 4 4

1.1.6 Ergonomics 4 4

1.1.7 Operating positions 4

1.1.8 Seating 4

1.2 Control systems

1.2.1 Safety and reliability of control systems 4 4

1.2.2 Control devices 4 4

1.2.3 Starting 4 4

1.2.4 Stopping 4 4

1.2.4.1 Normal stop 4

1.2.4.2 Operational stop 4

1.2.4.3 Emergency stop 4

1.2.5 Selection of control or operating modes 4

1.2.6 Failure of the power supply 4

1.3 Protection against mechanical hazards

1.3.1 Risk of loss of stability 4

1.3.2 Risk of break-up during operation 4

1.3.3 Risks due to falling or ejected objects 4

1.3.4 Risks due to surfaces, edges or angles 4

1.3.5 Risik related to combined machinery 4

1.3.6 Risks related to variations in operating conditions 4

1.3.7 Risks related to moving parts 4 4

Example
List of essential requirements complied with according to Annex I  
Directive 2006/42/EC
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Not relevant
To be accomplished by the system integrator for the entire machine 

Fulfilled for the scope of the partial machine (robot) 

Chapter Requirements

1.3.8 Choice of protection against risks arising from moving parts 4

1.3.8.1 Moving transmission parts 4 4

1.3.8. Moving parts involved in the process 4

1.3.9 Risks of uncontrolled movements 4 4

1.4 Required characteristics of guards and protective devices

1.4.1 General requirements 4

1.4.2 Special requirements for guards 4

1.4.2.1 Fixed guards 4

1.4.2.2 Interlocking movable guards 4

1.4.2.3 Adjustable guards restricting access 4

1.4.3 Special requirements for protective devices 4

1.5 Risks due to other hazards

1.5.1 Electricity supply 4 4

1.5.2 Static electricity 4 4

1.5.3 Energy supply other than electricity 4

1.5.4 Errors of fitting 4 4

1.5.5 Extreme temperatures 4

1.5.6 Fire 4

1.5.7 Explosion 4

1.5.8 Noise 4 4

1.5.9 Vibrations 4

1.5.10 Radiation 4

1.5.11 External radiation 4

1.5.12 Laser radiation 4

1.5.13 Emissions of hazardous materials and substances 4 4

1.5.14 Risk of being trapped in a machine 4

1.5.15 Risk of slipping, tripping or falling 4

1.5.16 Lightning 4 4
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Not relevant
To be accomplished by the system integrator for the entire machine 

Fulfilled for the scope of the partial machine (robot) 

Chapter Requirements

1.6 Maintenance

1.6.1 Machinery maintenance 4 4

1.6.2 Access to operating positions and servicing points 4

1.6.3 Isolation of energy sources 4 4

1.6.4 Operator intervention 4

1.6.5 Cleaning of internal parts 4

1.7 Information

1.7.1 Information and warnings on the machinery 4 4

1.7.1.1 Information and information devices 4 4

1.7.1.2 Warning devices 4

1.7.2 Warning of residual risks 4

1.7.3 Marking of machinery 4 4

1.7.4 Instructions 4

1.7.4.1 General principles for the drafting of instructions 4

1.7.4.2 Contents of the instructions 4

1.7.4.3 Sales literature 4 4

2 Supplementary essential health and safety requirements for certain categories of machinery

2.1 Foodstuffs machinery and machinery for cosmetics or pharmaceutical products 4

2.2 Portable hand-held and/or hand-guided machinery 4

3 Supplementary essential health and safety requirements to offset hazards due to the mobility of machinery 4

4 Supplementary essential health and safety requirements to offset hazards due to lifting operations 4

5 Supplementary essential health and safety requirements for machinery intended for underground work 4

6 Supplementary essential health and safety requirements for machinery presenting particular hazards due to 
the lifting of persons 4
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Product designation: 6-axes industrial robot

Model: Herkules 500

Commercial name: H 500-6

Annex 5
Example of assembly instructions according to Annex VI,  
Directive 2006/42/EC (extract)

The following instructions provide the required information to 
the party who incorporates the above mentioned partly com-
pleted machinery into a machine or who assembles it with other 
parts to a completed machinery. It includes in particular infor-
mation on the safety-related interfaces for the proper assembly 
without impairing the safety or health of people.

In addition to these assembly instructions, the relevant Europe-
an Directives and national regulations have to be complied with.

To be in accordance with the essential requirements of the 
EC-Machinery Directive it is recommended to apply both stand-
ards for industrial robots – safety requirements EN ISO 10218-1 
and EN ISO 10218-2.

The assembly instructions together with the Declaration of In-
corporation remain at the partly completed machinery until its 
incorporation in the completed machinery and have to be add-
ed afterwards to the technical documentation of the completed 
machinery.

Contents of the assembly instructions

1. Essential safety regulations 

2. Intended use

3. Technical data

4. Environmental conditions 

5. Foundation and subframe

6. Tool fitting

7. Limits of loads

8. Power supply conditions 

9. Safety-related functions

10. Types of stops and stopping distances

11. Modes of operation

12. Emergency stop

13. Protective stop 

14. External enabling process

15. Safeguards

16. Interlocking of guards

17. Description of physical interfaces for safety-related signals 

18. Performance Level and control category
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EC Declaration of Conformity 
according to Machinery Directive 2006/42/EC, Annex II A

The manufacturer/distributor

Industrieanlagenbau GmbH
Industriestraße 2
D-10101 Musterhausen

hereby declares that the product:

Product designation: robot cell
Model: RZ 100
Serial number: 0100002

is in conformity with the provisions of Directive 2006/42/EC 
and the following other Directives: 

Directive 2004/108/EC (EMC-Directive)

Directive 2014/29/EU (Simple Pressure Vessels Directive)

The following harmonized standards have been applied: 

EN ISO 12100, EN ISO 10218-1, EN ISO 10218-2, 

EN ISO 13855, EN ISO 13857, EN 60204-1, EN ISO 13849-1, EN ISO 13850 

Authorized representative for the compilation of the technical documentation:

Egon Sample
Industriestraße 1
D-10101 Musterhausen

Place, Date  
Musterhausen, 4 January 2015

 CEO 
 (signature)

Annex 6
Example of an EC Declaration of Conformity for a robot cell
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Note: According to Directive 2006/42/EC (Machinery Directive) 
Annex VII, written documents on the risk assessment have to be 
provided in the scope of the manufacturer’s internal documen-
tation. In case of doubt as to the safety of the machine, the re-
sponsible authorities may request access to the documents (e. g. 
market surveillance).

There is no requested format for drafting the documentation of 
the risk assessment. The following description represents a pro-
cedure which is currently preferred among experts.

In many cases, solely the worksheet of the risk assessment 
(Item 2 of this Annex) is documented. Item 1, however, repre-
sents a useful extension, since generally the definition of the 
limits of the machine should be the starting point of each risk 
assessment.

According to the worksheet of the risk assessment, (Item 2 of 
this Annex), the risk level is determined twice: once before and 
once after the individual protective measure. Even this proce-
dure is not obligatory, but it has been established especially 
in the recent past. Furthermore, it corresponds to both ISO TR 
14121-2 [11] and ANSI B11 TR3 [19] and is therefore also known in 
the US.

This example does not claim to be exhaustive.

Other documents of the manufacturer’s internal documentation 
which are required according to Annex VII of the Machinery Di-
rective are not listed here.

Contents

1 Limits of the machinery
1.1 Description of the machinery

1.2 Limits of application – Intended use and  
 foreseeable misuse 

1.3 Space limits – technical data

1.4 Life phases – time limits 

1.5 Standards and Directives 

2 Risk assessment – worksheet

1 Limits of the machine

1.1 Description of the machinery
The maschine IR-D5 is an industrial robot system for the 
automatic machining of plastic tanks for automotive 
production. The raw pieces are placed manually on a 
5-segment turntable by a person. After reset and start at 
the control desk, the automatic transport of the part to 
the industrial robot 1 takes place (flame treatment). By 
the flame treatment, the plastic surface is prepared for 
the subsequent primer application at industrial robot 
2. The deposit on the picking belt is done by industrial 
robot 3.

Annex 7
Example of a risk assessment for a robot system

Fig. 60 Industrial robot system IR-D5 [F]

1

2

3

Industrial robot system
with turntable for glue pre-
paration 
1 flame treatment
2 primer application
3 unloading
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1.2 Limits of application – intended use and foreseeable 
misuse
The machine must only be used for the process materi-
als and auxiliary materials mentioned in the operating 
instructions. Only those process parameters which are 
indicated in the operating instructions/technical data 
may be applied. If deviating process parameters/techni-
cal data are set or deviating process materials or auxil-
iary materials are used it is recommended to seek infor-
mation from the machinery manufacturer.

The risk assessment cannot cover risks which have been 
caused by deviating process parameters/technical data 
and deviating materials and auxiliary materials. The 
same applies to reconstructions performed after plac-
ing onto the market. In these cases, it is recommended 
to have a risk assessment carried out by the machine 
user according to the Ordinance on Industrial Safety 
and Health and, if necessary, state complementary pro-
tective measures. It is possible that due to significant 
changes of the risks identified in this risk assessment, a 
so-called substantial modification arises which requires 
a new assessment of conformity of the machine includ-
ing a new risk assessment.

A list of the process materials and auxiliary materials is 
part of the operating instructions.

1.3 Space limits – Technical data (extract)
The space limits of the machine are defined in the lay-
out plan of the machine. The layout plan also specifies 
the interfaces to the customer’s supply and disposal de-
vices as well as environmental requirements.

Technical data (extract):

Electrical power ratings Supply voltage: 3x400 V, 50/60 Hz 
fuse rating 25 A

Compressed air supply outlet: 6 bar, consumption 2,5 m³/h

Gas supply pressure: 20 mbar

Mass: 4500 kg

Ambient temperature: 5 °C - 45 °C

Relative humidity: Max. 95 %

Noise emission: 76 dB(A) at the workplaces

Dimensions L/B/H: 6500 mm/4200 mm/3200 mm

1.4 Life phases– time limits
This risk assessment comprises the life phases oper-
ation/production (automatic operation, set-up oper-
ation), cleaning, maintenance and disposal. Previous 
life phases such as e. g. mounting, assembly, commis-
isoning and trial operation are not included in this risk 
assesment, since they form a part of the manufacturing 
process for this machine.

1.5 Standards and Directives 
This risk assessment has been prepared in accordance 
with the principles of the EC-Directive 2006/42/EC (Ma-
chinery Directive) and the harmonized standards and 
technical specifications EN ISO 10218-1, EN ISO 10218-2, 
EN ISO 12100 and ISO/TR 14121-2.2. 

Sample Ltd. Street 
Postcode/Place

Risk assessment Page x of y

Product: Industrial 
robot system

Type: IR-D5
Ser.-no. 01 year of 
construction:
2015

Customer:  
XYZ Ltd.

Person in charge: 
Mr./Mrs. Sampleman 
Date:

File::
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2 Risk assessment – Worksheet

The following worksheet of a risk assessment is based 
on ISO/TR 14121-2 Table A.3 (equivalent to ANSI B11 TR3).

Probability of occurrence  
of harm

Severity of harm

Catastrophic Serious Moderate Minor

Very likely High High High Medium

Likely High High Medium Low

Unlikely Medium Medium Low Negligible

Remote Low Low Negligible Negligible

Key
Severity of harm:
Catastrophic: death or permanent disabling injury or illness (unable to return to work)
Serious: severe debilitating injury or illness (able to return to work at some point)
Moderate: significant injury or illness requiring more than First Aid (able to return to the same job)
Minor: no injury or slight injury requiring no more than First Aid (little or no lost work time)

Probability of occurrence of harm
Very likely: near certain to occur
Likely: can occur
Unlikely: not likely to occur
Remote: so unlikely as to be near zero

Example of a risk assessment for a robot system
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In the following, the pertinent regulations, rules and information 
which are to be observed are listed:

1 Acts, Ordinances

Reference:
Book shops and Internet, e. g. www.gesetze-im-internet.de

• Bek. d. BMAS v. 5.5.2011, IIb5-39607-3 – Interpreta-
tion des in der Maschinenverordnung bzw. 
EG-Maschinenrichtlinie 2006/42/EG benutzten Be-
griffes „Gesamtheit von Maschinen“, Bd. Nr. 12 [1]

• Bek. des BMA vom 7. September 2000 – IIIc 3-39607- 
3 - Interpretationspapier des BMA und der Länder zum 
Thema „Wesentliche Veränderung von Maschinen“ [2]

2 Regulations and Information for Occupational Health 
and Safety

Reference:
To be obtained from your responsible insurer 
For addresses see www.dguv.de/publikationen

Information
• „Schwerkraftbelastete Achsen (Vertikalachsen)“  

Fachbereichs-Informationsblatt Nr. 005  
Ausgabe 09/2012 [3]; English version „Gravity-loaded 
axes (vertical axes)”

3 Standards/VDE-regulations

Reference:
Beuth-Verlag GmbH, Burggrafenstraße 6, 10787 Berlin
bzw. VDE-Verlag, Bismarckstraße 33, 10625 Berlin

• DIN EN 13814   Safety of amusement rides and amuse-
ment devices – Safety; German version  
prEN 13814:2013 [4]

• DIN EN ISO 10218-1   Robots and robotic devices – 
Safety requirements for industrial robots – Part 1: 
Robots (ISO 10218-1:2011 (ISO 10218- 1:2011); 
German Version EN ISO 10218-1:2011 [5]

• DIN EN ISO 10218-2   Robots and robotic devices – 
Safety requirements for industrial robots –  
Part 2: Robot systems and integration  
(ISO 10218-2:2011); 
German version EN ISO 10218-2:2011 [6]

• DIN EN ISO 11161   Safety of machinery – Integrated 
manufacturing systems – Basic requirements  
(ISO 11161:2007 + Amd 1:2010); 
German version EN ISO 11161:2007 + A1:2010 [7]

• DIN EN ISO 13849-1   Safety of machinery – Safety 
– related parts of control systems - Part 1:  
General principles for design (ISO 13849-1:2006); 
German version (ISO 13849-1:2006); [8]

• DIN EN 60204-1   Safety of machinery – Electrical 
equipment of machines – Part 1: General require-
ments (IEC 60204-1:2005, modified); German version 
EN 60204-1:2006, Corrigendum to DIN EN 60204-1 
(VDE 0113-1):2007-06;  
German version CENELEC-Cor. :2010 to  
EN 60204-1:2006 [9]

• DIN EN ISO 13857   Safety of machinery – Safety dis-
tances to prevent hazard zones being reached by 
upper and lower limbs (ISO 13857:2008);  
German version EN ISO 13857:2008 [10]

• DIN SPEC 33885:2013-02   Safety of machinery –  
Risk assessment – Part 2: Practical guidance and 
examples of methods (ISO/TR 14121-2:2012) [11]

4 EC-Directives

Reference:
Bundesanzeiger Verlagsgesellschaft mbH, Postfach 
100534, 50445 Köln

• Council Directive 93/42/EEC of 14 June 1993 concern-
ing medical devices Official Journal EC No. L 169/1 [12]

• Directive 2006/42/EC of the European Parliament and 
of the Council of 17 May 2006 on machinery, and 
amending Directive 95/16/EC (recast) Official Journal. 
EU L 157/24 [13]

• Directive 2006/95/EC of the European Parliament and 
of the Council of 12 December 2006 on the harmoni-
sation of the laws of Member States relating to electri-
cal equipment designed for use within certain voltage 
limits Official Journal EU L/374/10 [14]

• Directive 2004/108/EC of the European Parliament 
and of the Council of 15 December 2004 on the ap-
proximation of the laws of the Member States relating 
to electromagnetic compatibility and repealing Direc-
tive 89/336/EEC [15]
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• Directive 2014/29/EU of the European Parliament and 
of the Council of 26 February 2014 on the harmonisa-
tion of the laws of the Member States relating to the 
making available on the market of simple pressure 
vessels (recast) Official Journal EU L 96/45 [16]

5 Other sources

World Robotics Report 2013 Industrial Robots; IFR Gene- 
ral Secretary / IFR Statistical Department, Lyoner Str. 18, 
60528 Frankfurt am Main [17]

Umbreit, Dr. Matthias: Re-Use und Re-Invest – Zweites 
Leben für Maschinen VMBG-Mitteilungen Heft 4/2009 
[18]

ANSI B11 TR 3 Risk Assessment and Risk Reduction [19]
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