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Property Risk Engineering Insight 

Insight: Steam Turbine Fail-Safe Electronic 
Overspeed Protection 
Essential for the Safe Operation of Steam Turbine Generating Units 
 

Recognizing the Risk 
 

Well configured overspeed protection systems are critical to the safe operation of power generating plants. We have seen 
this point clearly demonstrated in a serious steam turbine overspeed event that occurred recently. In this particular case the 
failure of a single UPS (Uninterruptable Power Supply) rendered critical trip commands inoperable, whilst simultaneously 
tripping the unit by opening the generator circuit breaker.  The loss of these protective features meant that the turbine steam 
valves did not close properly, with the unfortunate result that the unit very quickly overspeed to complete destruction. 
 

This Insight article describes the event, the root cause behind it and highlights best practices to adopt in the design, 
installation and maintenance of these critically important control systems. 
 

Sequence of Events 
 

The UPS failure resulted in the loss of the critical 230V AC power that furnishes 110V AC and 24 V DC power to the plant 
control system, including the steam turbine generator controls.  The loss of the UPS power source initiated a relay action 
which removed the generator from the grid by opening the generator circuit breaker.  Due to the simultaneous loss of power 
to the turbine generator controls, the turbine protection and trip systems were no longer functional.  A turbine trip signal 
from the generator breaker trip contacts failed to reach the 220V DC turbine trip solenoid.  As the speed increased due to 
the loss of generator load, the overspeed protection system was unable to monitor the speed or initiate a trip as this 
protection logic required the 24V DC turbine protection panel power supply which was supplied by the UPS, which had just 
failed.  Speed very quickly increased until the generator retaining rings failed, destroying the generator and initiating a 
significant lube oil fire. The steam turbine also suffered very serious mechanical damage at this point.  
 

The possibility that an operating steam turbine can be left without overspeed protection is an unacceptable risk. Overspeed 
protection must be fail-safe and remain functional regardless of any failure to the main power supply. 
 

Deficiencies in the Overspeed Protection 
 

This incident revealed critical flaws in the plant and steam turbine generator controls as the loss of a single UPS rendered 
the turbine protective and trip commands inoperable. Investigations revealed the following: 
 

• In this particular system, the turbine protective schemes required power from the UPS in order to protect the turbine 
generator i.e. once power lost: 
o A signal from the generator trip could not trip the turbine. 
o An overspeed trip could not function as the logic required (3) relay actions that relied upon the 24V DC power 

supplied via the AC UPS system. 
 

• The turbine overspeed protective scheme was incorporated in the turbine controls and not as a separate, independent 
system. When power was lost to the main control system, so was the overspeed protection. 
 

• The turbine overspeed and other emergency trip schemes were not “fail-safe” such that they would automatically trip 
upon loss of critical control power.  Instead the overspeed trip was designed as “energize to trip”, and was incapable of 
functioning once power source was lost. 
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Actual System Design 
 

 
Figure 1 Illustration of the UPS and control system in use at the power plant 

 

In this design the system fails in the following manner: Loss of the single UPS => Loss of 110V AC => Loss of turbine control 
24V DC => Loss of turbine protection logic => Loss of the ability for master trip of turbine on the 220V DC supply. 
 

Preferred System Requirements 
 

The ideal power and control system should be able to maintain integrity in the event of a single UPS failure. Essential trip 
systems also need be capable of operating independently. Accordingly it is recommended that the following installation 
requirements be adhered to in the design of turbine electronic overspeed trip systems: 
 

• The trip system must be independent of other control systems.  

• Trip system must not be jeopardized by a single failure of any one component or power source. 

• Trip solenoids must “de-energize” to trip.  
• Trip scheme must be fail-safe and set to operate on the loss of power supply, the speed sensing signal, or power to the 

trip coil.   

• The trip system must be a single action to trip the turbine once the requirement has been met.  
• The trip control system must be installed in a keyed & locked cabinet. Only trained personnel should be allowed access.  

• Trip system processor function must not rely on a forced ventilation system that could be impaired by fan failure or 
power outage.  

• Signal cables and power supply cables must be installed separately on separate paths. Power supplies must be fed 
from separate sources.  

• The trip system must be pretested prior to operation of the unit to prove it is fully functional before start up.  

• System software and configurations must be password protected.  

• System software and configurations must only be accessed by trained personnel.  
• System must be tested quarterly at a minimum.  

• The mean time to repair a system is fixed to 8 hours. (Access to trained personnel within 2 hrs.)  
• An exchange module set must be available on site. (sensor, configured channel module, power supply)  

• Sufficient training must be provided to all operators. 
 

Preferred System Layout 
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Figure 2 Redundant UPS supplies with separate & “fail safe” turbine protective trips 

 

Recommendations 
 

It is recommended that operators, and / or a competent 3rd party, or the OEM (Original Equipment Manufacturer) review 
the turbine control & protective schemes to: 
 

• Verify that the overspeed system is not exposed to a single point of failure that interrupts control power to the turbine. 
o Verify that the turbine overspeed protection system has redundant power supplies such that at a single failure will 

not interrupt critical power. 
o Verify that speed sensing, processor, and trip signal function are triple modular redundant, so no one failure will 

render the system non-functional. 
o Verify that there are no time delays or other logic requirements that requires power to create a change in state to 

affect a trip.    
 

• Create a written operations procedure that: 
o Tests the overspeed system functionality on a regular basis. 
o Reviews the operational status of the overspeed system regularly.  
o Requires that if an overspeed protection system trouble alarm occurs, it is addressed within 2 hours and a repair is 

completed within 8 hours.  If this is not possible the unit should be shut down in a controlled fashion until the 
overspeed system can be corrected. 

• Verify that all trip commands will trip the turbine regardless of the operational capability of the UPS power supply to 
turbine controls (best practice is to send the trip signal directly to main trip solenoid and not through the control panel). 

• Verify that the steam turbine generator will safely trip when all control power is lost i.e. fail-safe”. 
 

Conclusions 
 

Electronic overspeed systems are normally reliable. However If the electronic overspeed system is incorrectly specified, 
designed, installed, or maintained it can leave a client exposed to a large potential loss.  It is critical that the overspeed 
protection system continues to function in the event of a failure of a single UPS (single point failure), or if power is lost to 
the turbine controls.  
 

It is recommended that owners/operators review their turbine control and protection systems and verify that their overspeed 
protection system adheres to appropriate International Organization for Standardization (ISO) and American Petroleum 
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Institute (API) guidance and will function in the case of a single point failure or initiate a turbine trip on loss of the critical 
power supply. 
 

References & Resources 
 

API 612, 2005 Petroleum, Petrochemical and Natural Gas Industries-Steam Turbines-Special-purpose Applications, Sixth 
Edition 

API 670, R(2010) - 2000 Machinery Protection Systems, Fourth Edition 

ISO 10437, 2003 Petroleum, petrochemical and natural gas industries - Steam turbines - Special-purpose applications 

AIG Insight, Steam Turbine Mechanical Overspeed Trip Devices - Outdated mechanical trip devices should be replaced 
with electronic devices 

 

For more information, contact your local AIG Risk Engineer. 
 
 

 

 

 

 

 

 

 

 

 

 

The information, suggestions and recommendations contained herein are for general informational purposes only. This information has been compiled 
from sources believed to be reliable.  Risk Consulting Services do not address every possible loss potential, law, rule, regulation, practice or procedure.  No 
warranty, guarantee, or representation, either expressed or implied, is made as to the correctness or sufficiency of any such service.  Reliance upon, or 
compliance with, any recommendation in no way guarantees any result, including without limitation the fulfillment of your obligations under your insurance 
policy or as may otherwise be required by any laws, rules or regulations.  No responsibility is assumed for the discovery and/or elimination of any hazards 
that could cause accidents, injury or damage.   The information contained herein should not be construed as financial, accounting, tax or legal advice and 
does not create an attorney-client relationship.   

This document is not intended to replace any recommendations from your equipment manufacturers. If you are unsure about any particular testing or 
maintenance procedure, please contact the manufacturer or your equipment service representative.  

American International Group, Inc. (AIG) is a leading global insurance organization. AIG member companies provide a wide range of property casualty 
insurance, life insurance, retirement solutions and other financial services to customers in approximately 70 countries and jurisdictions. These diverse 
offerings include products and services that help businesses and individuals protect their assets, manage risks and provide for retirement security. AIG 
common stock is listed on the New York Stock Exchange. 

Additional information about AIG can be found at www.aig.com | YouTube: www.youtube.com/aig | Twitter: @AIGinsurance www.twitter.com/AIGinsurance 
| LinkedIn: www.linkedin.com/company/aig. These references with additional information about AIG have been provided as a convenience, and the 
information contained on such websites is not incorporated by reference herein. 

AIG is the marketing name for the worldwide property-casualty, life and retirement and general insurance operations of American International Group, Inc. 
For additional information, please visit our website at www.aig.com. All products and services are written or provided by subsidiaries or affiliates of 
American International Group, Inc. Products or services may not be available in all countries and jurisdictions, and coverage is subject to underwriting 
requirements and actual policy language. Non-insurance products and services may be provided by independent third parties. Certain property-casualty 
coverages may be provided by a surplus lines insurer. Surplus lines insurers do not generally participate in state guaranty funds, and insureds are therefore 
not protected by such funds. 
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