
The Drive With Built-In 
Safety 
Safe monitoring of movements and standstill according to  
EN954-1, Category 3 
 
 
To ensure protection of personnel when  

 

endangerment occurs because of  
uncontrolled machine movements, all  
machines and equipment must fulfill  
particular safety requirements [1] – as  
defined by the European machine guideline. 
Until a few years ago, these safety functions 
were realized using additional hardware or  
by passing through the control; now there is 
a more streamlined solution: This article  
introduces the new Rexroth IndraDrive 
system that has many built-in safety 
functions. The safety functions are selected 
and monitored with two channels directly at 
the drive, independently of a hierarchically  
superior control. 
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For axes moving heavy weights (vertical axes, 
for example), there is the added danger of 
falling machine parts. For today's machine 
concepts, personnel safety is implemented in 
different ways. For safe stopping, for example, 
guards are installed into the network or motor 
feed areas, bringing with it the disadvantages 
of wait times for re-starting, wear and tear and 
space problems. With robots, targeting a safe 
position leads to time losses. Newer concepts 
with a two-channel interrupt of the energy 
source in the drive (start-up blocked) are more 
advanced, but can only be used for safe 
stopping. 
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For some machines and equipment, the 
process requires personnel to be present in 
the processing area. This occurs for 
manual intervention in normal operations 
as well as for moving axes in special 
operating modes. In such cases, the 
operator is at an increased risk of being 
injured due to uncontrolled movements of 
machine parts.  
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The integrated safety monitoring fulfills the 
requirements set in the European guidelines 
without restrictions. This drive family offers a 
continuous solution across the entire power 
range power range of 1.5 to 120 kW. The 
safety technology can be integrated into the 
compact 'IndraDrive-C' single axis converter 
as well as into multiple-axis applications in the 
modular 'IndraDrive-M' inverters. The drives 
possess various communication options like 
Sercos interface, Profibus, DeviceNet, 
Interbus, CANopen or the classic analog 
interface. For autonomous applications, the 
intelligent drives offer a wide range of 
integrated control functions such as a drive-
internal PLC according to IEC 61131-3. 
 

Safety Functions With 
Prototype Certification 
Before a machine may be sold in Europe, the 
manufacturer must conduct a danger analysis 
according to the machine guideline [1], in 
order to determine the dangers associated with 
the use of the machine. In relation to 
uncontrolled movements, part of the danger 
analysis includes the degree of seriousness of 
injury, the duration and frequency of presence 
in the dangerous area as well as the 
determination of an escape path for the 
operator. When the result of this analysis is 
obtained, 

 
 

 
 
 
 

the safety category for the safety-related parts can 
be determined according to EN954-1. 
In the 'C-Normen' standards, the danger analysis 
has already been conducted and the required safety 
category (Fig. 2) has been determined for certain 
machine types [2]. The safety functions integrated 
into the IndraDrive fulfill safety Category 3 
according to EN954-1. Category 3 means single-
error safety: A single error may not cause the 
safety function to be disabled and this error must 
be detected by cyclic tests. The following safety 
functions can be selected directly at the drive: 

• safe stop 
• safe operation stop 
• safe drive blocking 
• safely reduced velocity/rotary velocity 
• safely limited maximum velocity 
• safely limited increment 
• safely limited absolute position range 
• safely limited absolute end position 
• safe rotation direction 
• safe brake management 
• safe holding of protective door in closed 

position 
Rexroth's available safety functions were tested for 
conformity with the European machine guideline 
by an accredited organization for machine safety, 
the certification body SIBE Switzerland. The 
available certificate 'Baumusterbescheinigung für 
die Sicherheitstechnik' (prototype certification 
document) confirms 
the coordination with the requirements of 
safety Category 3 according to EN 954-1. 
Reviving "sleeping" errors is achieved by 
cross-comparison of safety-related data and 
dynamization. Compared to other systems, 
which require the removal of the control 
enable function, dynamization of the 
IndraDrive is done online, without 
interrupting production. Dynamization can be 
programmed by the minute, so that the danger 
of multiple errors disabling the safety system 
is minimized. 
Advantages of the Drive-
Integrated 
Safety Technology 
In general, for drives within the safety zone, 
safe stop or safe operation stop is selected via 
two channels directly at the drive by changing 
the position of the operating mode switch 
from the normal to special operating mode. 
As soon as all the selected drives have 
switched independently to safe status, a drive 
that has been defined as the master enables 
holding the protective door open and the 
operator can enter the protected area without 
danger for testing or inspection. Thus, the 
machine builder saves himself the 
implementation of power protection in the 
network or motor feed areas. For the use of 
robots with this drive, it is no longer 
necessary to move to a particular safe 
position before the processing area can be 
accessed.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantages of the Drive-
Integrated 
Safety Technology 
In general, for drives within the safety 
zone, safe stop or safe operation stop is 
selected via two channels directly at the 
drive by changing the position of the 
operating mode switch from the normal to 
special operating mode. As soon as all the 
selected drives have switched 
independently to safe status, a drive that 
has been defined as the master enables 
holding the protective door open and the 
operator can enter the protected area 
without danger for testing or inspection. 
Thus, the machine builder saves himself 
the implementation of power protection in 
the network or motor feed areas. For the 
use of robots with this drive, it is no longer 
necessary to move to a particular safe 
position before the processing area can be 
accessed. The operator can switch to the 
special operating mode from any position. 
The drives remain in position monitor 
mode. If axes carrying heavy weights are 
located in the access area, dropping is an 
additional danger. 
Here, safe brake management ensures two-
channel safety. After a request for access, 
the drive then tests the corresponding 
stopping brake function before enabling 
holding the protective door open. While 
someone is underneath the axes, the safe 
operation stop and the tested brake both 
operate in parallel, so that redundant 
stopping systems prevent uncontrolled 
falling of the axes. With permit signals, 
which are connected redundantly to the 
drives, multiple safely reduced velocities 
or safely reduced increments for 
movements in the special operating mode. 
Monitoring of the limits set with a 
password occurs using redundant software 
and hardware modules inside the drive. No 
additional rotary velocity measuring 
system is needed. The operator does not 
have to use external measuring systems 
and monitoring equipment, which are only 
appropriate for certain highly dynamic 
movements because of their switching 
delays. The safely reduced maximum 
velocity can be permanently activated as a 
protection for a machine 

Printing rollers, for example must be limited 
in their maximum rotary velocity, since the 
centrifugal force can cause danger. The 
holed couplings usually common in printing 
equipment, as well as the evaluation device 
are no longer necessary. For applications that 
have protection for only one rotation 
direction, like the glue feed roller, for 
example, the safely reduced velocity can also 
be combined with the safe rotation direction. 
In order to restrict areas within the open 
protected area (for example for robot 
applications), a safe absolute position range 
can be pre-set for each axis. Likewise, the 
safely limited absolute end position can be 
permanently active as a machine protection 
and it can therefore take over the function of 
hardware end switches or position cams for 
detecting the area. Safe drive blocking works 
in every operating mode and can be used for 
actions in emergencies (E-Stop). After the 
safely monitored disabling of the drive (Stop 
Category 1), the energy supply is safely 
interrupted. 
Summary 
Safety features directly in the drive offer 
many advantages over conventional 
equipment and allow for streamlined 
solutions: 
 
- With the autonomous monitoring inside the 
drive, very short reaction times can be 
achieved when errors occur. This is a 
prerequisite for effective personnel 
protection for highly dynamic servo drives 
and especially for linear motors. Such drives 
can accelerate to their maximum velocity in 
less than 100 ms, which would overtax 
external monitoring devices of similar 
proportions. 
 
- Besides safe stopping, safe movement has 
also been achieved. Without external 
monitoring components, the operator can 
move at safely reduced velocities or safely 
limited increment. 
 

- With the autonomy achieved within the 
drive, the operator is not dependent on a 
hierarchically superior control. The 
drive, for example, independently 
provides safe stopping or safely reduced 
velocity. Thus, the certified safety 
technology can be used in a wide variety 
of applications, even in conjunction with 
various industry-specific controls. 
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