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Safety for Man, Machine and Environment –
Hydraulic Safety Controls for Gas and Steam 
Turbines

Introduction 

Operation of turbines in conventional power plants must 
meet the requirements for a stable supply of power to the 
connected grid. In order to meet these demands, opera-
tions must assure reliability, availability, operational 
safety and long life of the installed components of the gas 
or steam turbine. 

Operational Safety of Gas and Steam Turbines

Specifications for safety systems are based on the design 
and operation of safety instrumented systems. These 
systems are based on one or more safety instrumented 
functions, in which the requirements are addressed by 
worldwide standards:

 ▶ IEC 61508 is the standard for equipment manufacturers 
and suppliers

 ▶ IEC 61511 is the standard for design, construction and 
use of safety related systems

Both standards are applicable for the design of safety 
systems and functions for market sector applications.  
In order to evaluate the failure behavior of safety instru-
mented functions and the associated risk to man, 
machine and the environment, a Safety Integrity Level 
(SIL) standard has been defined, whereas SIL4 provides 
the highest level of safety integrity and SIL1 provides the 
lowest level.  
These SIL requirements apply to every safety instru-
mented function and must meet the requirements of the 
established standards.

MooN Architecture (IEC 61508-6)

A MooN architecture consists of a complete safety instru-
mented system or a part of the safety instrumented 
function. This architecture consists of “N“ independent 
channels; i.e., directional valves which are connected to 
each other, where “M“ channels can provide the safety 
instrumented function. The structure 1oo2, for example, 
refers to, “one out of two”, in which when 1 channel 
changes state, the system will allow for a change of state. 
In addition, a “D” designation defines a self diagnostic 
system. The safety level of hydraulic systems was origi-
nally classified using the MooN architecture.

From the MooN Architecture to SIL Validation 

Bosch Rexroth can provide safety characteristics for 
hydraulic valves and components, based on enquiries, for 
MooN architectures which are used in special hydraulic 
designs. 
These safety instrumented characteristic values can be 
provided as a data sheet or a SIL capability analysis. 

Hydraulic Safety Circuits 

Application Variants
 ▶ A fast switching safety function is generally integrated 

with a regulating function in the majority of applica-
tions, and the safety function will always have author-
ity over the regulating function.

 ▶ If the simultaneous switching on multiple process 
valve groups is required for the safety function, the 
installation of a single hydraulic control manifold can 
provide the safety functionality for a number of down-
stream hydraulic consumers.

 ▶ Systems with built-in sensors, trigger redundancies 
and diagnostic capabilities can provide increased SIL 
security and improve system availability.

Ranges of Use
 ▶ Process valve actuators for gas and steam turbines
 ▶ Damper controls with fail-safe positioning
 ▶ Drives and controls for industrial process actuators 

with fast close and fast open functions
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Examples of Hydraulic Control Structures 
with a Double Rod Cylinder 

Type 1oo1 
When a process valve is open during normal operation, a 
safety action is initiated when the power is removed from 
the pilot operated valve. The oil residing in the annulus 
chamber of the cylinder is directly channeled to the 
opposite cylinder chamber via the cartridge valve, in a 
sense opening that chamber to tank. The cylinder is then 
moved to the closed position via the force of the com-
pressed spring. 
A failure of the single-channel control, 1oo1, leads to the 
loss of the safety function.

Type 1oo2 
Compared to the control circuit used in 1oo1, two car-
tridge valves are used, connected parallel, to provide a 
two-channel control 1oo2. This allows for the closing of 
the process valve when either cartridge valve loses power 
to its respective pilot valve, and in turn allows the hydrau-
lic fluid to flow between the two cylinder chambers.  
When the 1002 structure is combined with a diagnosis 
function, self test, or for example a redundant sub-archi-
tecture, the safety level can be increased from an SIL2 to 
an SIL3 if required.  

Type 1oo3 
When the 1oo3 structure is compared to a 1oo2 struc-
ture, an additional cartridge valve is added in parallel to 
the two cartridge valves. Since multiple valves have the 
capability to open the cartridge valve, the level of safety 
for the process valve increases. When used with a higher 
level redundant system, the safety level can be increased 
from an SIL2 to an SIL3 if required.

 
 

 

T

 

 
 

 

 
 

P

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

TP

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

TP



Bosch Rexroth AG, RE 08128, Edition: 2014-05

4/4 Technical Information | Hydraulic Safety Controls

Bosch Rexroth AG 
Hydraulics
Zum Eisengießer 1
97816 Lohr am Main, Germany 
Phone +49 (0) 93 52 / 18-0 
documentation@boschrexroth.de 
www.boschrexroth.de

© This document, as well as the data, specifications and other information 
set forth in it, are the exclusive property of Bosch Rexroth AG. It may not be 
reproduced or given to third parties without its consent.
The data specified above only serve to describe the product. No statements 
concerning a certain condition or suitability for a certain application can be 
derived from our information. The information given does not release the 
user from the obligation of own judgment and verification. It must be 
remembered that our products are subject to a natural process of wear and 
aging. 

Examples of Hydraulic Control Structures 
with a Double Rod Cylinder 

Type 2oo2 
As indicated by the designation for this structure type, 
two cartridge valves (channels) are connected in series, 
hydraulically. To switch the process valve, both pilot 
valves must have their power input removed. Only then 
can oil flow between the cylinder ports, allowing the 
process actuator to close by spring force. To aid in diag-
nosis, actuation of one channel can be performed without 
triggering the safety function. 
This provides a 2oo2 structure with a SIL 1 safety level, 
but higher levels are possible with additional components.  
Independent  safety systems, such as Bosch Rexroth 
STSS (see RE 08121), can operate with a 2oo2 configura-
tion using active cartridge valves as a bypass.

Type 2oo3 
In the three channel safety control system designated 
2oo3, at least two channels must be in good working 
condition to trigger the safety function. This is achieved 
by using a parallel connection between three pairs of 
series-connected cartridge valves. Regarding the three 
pilot valves, in which each is connected to a pair of car-
tridge valves, in series between the  inlet and the outlet.  
Since the pilot valve does not control the two valves in 
series, a combination of at least two pilot valves must be 
de-energized to hydraulically connect the two sides oft he 
cylinder.  
For diagnostic testing, any single channel can be tested, 
without triggering the safety function. A partial stroke 
test can also be integrated.  
With the 2oo3 circuit structure and a higher level redun-
dant system, the safety level can be increased from SIL2 
to SIL3 along with increased availability.
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