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AJSS Gas Turbine Tech Talk 
T5 – Turbine Temperature Control 
 

Today we are going to talk about T5 – the control parameter for gas turbine temperature.  

T5 MEASUREMENT 

 

A gas turbine’s power is determined by a combination of Turbine Rotor Inlet Temperature 

(the temperature at which the combusted gas enters the turbine section and abbreviated 

TRIT) and total airflow through the turbine section.  TRIT is sometimes referred to as T3.  

These terms will be used interchangeably in this Tech Talk.   

T3 is the highest temperature the aerodynamic components of the turbine will experience 

thus it must be controlled within design limits to achieve acceptable turbine life.  In a 

modern gas turbine, T3 temperature is very high and common temperature sensing devices 

such as thermocouples or RTDs might not be able to work reliably in this environment.  

Additionally, even if the instrumentation can withstand the temperature, there is too much 

turbulence and an ill-defined pattern in the flow path around the annulus and across the 

exit of the combustor.  This results in an excessive temperature spread between the 

readings at each measuring station so that the readings cannot be considered reliable.  

Instead, manufacturers will measure a cooler and more stable temperature further 

downstream in the turbine flow path and use this as a proxy for T3.  The measurement is 

taken at the inlet of the power turbine section, known as T5.   

Type J (Chromel/Alumel) or Type N (Nicrosil–Nisil) thermocouples are the typical devices 

used for this measurement.  Depending on the installation, thermocouple wire is run either 

directly to the control module used to process the signal, or through an isothermal (uniform 

temperature) plate where the wire is converted from thermocouple to copper.  With this 

method, a reference junction is created so the temperature at the thermocouple/copper 

wire interface must also be measured.  The direct thermocouple wire run is used when the 

distance between the thermocouples and the control module is short, such as when the 

controls are on the gas turbine skid.  The isothermal plate is used when the control console 

is far away from the skid.  Thermocouple wire can be very expensive so there is significant 

cost savings to using copper wire with a reference junction.  The isothermal plate is on the 

turbine skid, close to the thermocouples so the run of thermocouple wire is very short. 

So now the question is, how does T5 take the place of TRIT and act as a proxy for it?   

 

 

 

https://en.wikipedia.org/wiki/Nicrosil
https://en.wikipedia.org/wiki/Nisil
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The T3 measurement is a calculated value using the following parameters as the major 

inputs: 

- Air mass flow 
- Air inlet temperature 
- Compressor discharge temperature (T2) 
- Compressor discharge pressure (PCD) 
- Fuel flow 
- Output power 
- Exhaust temperature (T7) 

 

Note that T5 is not a necessary measurement for determining T3, however, this does not 

prevent a relationship between T5 and T3 from being established.  At the acceptance or 

performance test of a new or overhauled engine at the OEM factory, a number of steps are 

taken to do this:   

- The GP and PT speeds are adjusted for the air inlet temperature per the test 
specification.   

- Compressor guide vane (VGV) angle is adjusted to achieve the maximum 
allowable T3 temperature.   

- Adjustments are made to arrive at the correct calculated T3.  Increasing the VGV 
angle (opening the guide vanes) increases mass flow, power and T3.  At the 
design T3, power and fuel consumption should be within specified limits.  T5 
temperature is also recorded and is referred to as the “BASE T5”.  This is the T5 
temperature corresponding to the rated T3 per the test results.  The relationship 
between T3 and T5 is established as a ratio (T5/T3 ratio).  
 

To improve the accuracy of the T5 measurement, an engine will contain multiple T5 

thermocouples. T5 Average is the arithmetic average of all the T5 thermocouples and is the 

value used to represent T3.  The more thermocouples that are fitted, the better the 

measured T5 accuracy.  

Thermocouples are numbered clockwise looking from the exhaust towards the inlet, 

number 1 being closest to the top of the turbine. 

In field operation, T5 is used as the parameter that limits the maximum turbine 

temperature.  The BASE T5 value that is recorded during factory test is used by the control 

system as the maximum T5 value allowed.  This is sometimes referred to as the “T5 

Topping” temperature.  Effectively, it is the T5 set point. 

T5 COMPENSATION 

   

All engines within the same model and family will have the same TRIT, but BASE T5 will vary 

from turbine to turbine. This is due to the subtle effects of mechanical and aerodynamic 

differences during manufacturing.  Engines are built within a range of tolerances so there 
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are bound to be differences that affect airflow, cooling flow, seal leakages, and blade 

leakages.  These differences then affect BASE T5.  

Which brings us then to an explanation of T5 Compensation.  This is probably the most 

difficult concept to grasp when explaining T5 control so I will start with an example.  

Consider an engine model with a maximum TRIT of 900°C, and a BASE T5 than can vary from 

621°C to 665°C.  To simplify field calibration, a common T5 set point is used for all engines of 

that model, even though the BASE T5 may be different.  This common set point is a 

“nominal” value of BASE T5, halfway between the highest and lowest expected values for 

the model.  In the example above, the common T5 set point for this model is 643°C.     

The actual average T5 reading is then “compensated” to account for the difference between 

the BASE T5 and the nominal T5 set point.  Compensation is an error built into the 

measurement that allows a common value to be displayed when the unit is running at the 

T5 set point.  Continuing with the example, if the BASE T5 is 625°C, the reading is 

compensated mathematically in the control system by the difference between the common 

set point and the BASE T5 (643 – 625) = 18°C.  This is the amount of error built into the T5 

reading.  If the BASE T5 is higher than the nominal set point, then the amount of 

compensation is negative.  The primary advantage in doing this is so that an operator 

responsible for multiple units of the same rating running side by side sees the same value 

for T5 average displayed on all the HMI screens when the units are running at maximum 

load, regardless of the differences in BASE T5.  This prevents a lot of confusion.  

It is critical to understand that the actual T5 experienced by the engine is the BASE T5, not 

the compensated value, so the engine is being fired at the correct TRIT, regardless of the 

amount of compensation.   

Although the average T5 reading is used for control and compensation, the individual 

readings of each thermocouple are also recorded and logged by the control system.  These 

are actual (uncompensated) readings and serve an important equipment monitoring 

purpose.  A lot of information can be deduced from the individual readings.  When viewing 

them on a radar plot as in figure 1 below, the health of the fuel injectors, flame patterns in 

the combustor, and the distribution of fuel flow can be understood.     
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Figure 1 – T5 Radar Plot 

 

Start with a baseline then trend the data over time and note the changes.  Cool 

temperatures usually denote lower fuel flow and perhaps injector blockage.  Unusually cool 

temperatures could mean a faulty thermocouple.  Hotter temperatures usually denote 

higher fuel flow and hot spots in the turbine, or perhaps a combustor liner problem such as 

a crack or a hole that distorts the flame.  The relationship between fuel injector and T5 

probe position is known so it can be determined which injectors might be blocked or faulty, 

or where in the combustor any fault might be.  Ideally, the basic shape of the profile should 

not change significantly from the baseline.     

T5/T3 CONTROL 

 

In the T5 control scheme discussed so far, the turbine runs at a constant BASE T5, regardless 

of the ambient air temperature (T1).  This was not a problem for an engine with a relatively 

flat T5/T3 ratio, meaning no real dramatic change in the major inputs that are in the 

calculation for T3, such as mass flow, T7, T2, PCD, etc.  This holds true for engines with low 

TRIT, minimal use of cooling air, and simpler compressor and turbine design.       

For more modern, technologically advanced engines with higher firing temperature (TRIT), a 

more complex control scheme is required.  Here, TRIT is not fixed over a wide range of 

ambient temperature and tends to decrease as T1 gets higher.  A control scheme called 
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T5/T3 control is used which adjusts the BASE T5 as the ambient temperature increases to 

maintain a constant TRIT.  This means that the turbine will run at rated T3 temperature over 

the entire range of T1 temperature at full load. 

An additional algorithm and a new constant called T5 LIMIT is introduced into the control 

system.  The algorithm adjusts T5 LIMIT with changes in T1, and adds this to T5 BASE.  T5 

LIMIT increases as T1 increases, but you do not see any difference in the T5 set point on the 

HMI because it is the compensation that is changed within the control logic.  However, the 

engine is actually running at a higher T5, reflective of what is necessary to maintain TRIT.  

Since it is not possible to test any particular engine over a wide range of ambient 

temperature, the algorithm is predictive, and based on the design parameters of the engine.  

T5 SET POINT  

 

We have already discussed T5 set point but I want to expand this discussion because the set 

point will change depending on the operating condition of the engine.  It is a function of the 

engine speed.  Below starter dropout speed, T5 set point is significantly lower than the value 

that equates to rated TRIT.  This is to prevent thermal shock during starting.  Even if the 

engine is restarted immediately after a hot shutdown, the blades and vanes in the turbine 

will have had a chance to cool so to enhance turbine life, it is best not to bring it 

immediately to rated TRIT during the start cycle.  Additionally, starters are sized to provide 

sufficient torque so that the engine does not have to run at rated TRIT to accelerate.  In fact, 

this would over fuel the engine and could lead to compressor surge. 

At starter dropout speed and above, the set point is raised to the nominal value used for T5 

topping control. 

Remember that T5 compensation introduces an error to the T5 measurement.  This can 

create problems when starting.  Compensation is needed only when the engine is at full 

load and rated TRIT so that the engine is not over or under fired under steady state, full load 

conditions.  However, if compensation is active all the time, the engine could run at an 

artificially low or high T5 during the start cycle since the set point is an uncompensated 

value.  Engine start performance can be compromised (the engine can “hang” and not 

accelerate) if the actual T5 is too low.   

To get around this problem, the control system turns off the compensation (sets it to zero) 

during the start cycle, when speed is below starter dropout.  Since the set point is so far 

away from the normal topping value, there is no risk of over or under firing the engine with 

respect to TRIT.  

T5 ALARM AND SHUTDOWN CONDITIONS, AND CONTROL MODES 

 

Since T5 is a critical parameter for engine protection, there are alarms and shut downs 

associated with going above the T5 set point limit.  As mentioned in the set point section, 

there are different set points for below and above starter dropout speed, so there are 

different alarm and shut down settings associated with each condition.  Of course, the 
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values are a function of the engine model and rating (TRIT) so instead of providing specific 

values, I will summarize only the conditions that lead to either an alarm or shut down.   

- Alarm below starter dropout 
- Delayed Alarm above starter dropout (*) 
- Delayed Shut down above starter dropout (**) 
- Instantaneous Shut down below starter dropout 
- Instantaneous Shut down above starter dropout 
- Alarm on Max T5, above starter dropout (***) 

 

(*) Set point + 5.5°C + 10 seconds, machine cools down and goes back to idle speed. 

(**) Set point + 5.5°C + 20 seconds, machine cools down and goes back to idle speed. 

(***) When a single T5 thermocouple exceed 110°C above the average.   

Instantaneous shut down set points are typically 35°C to 45°C above the set point.  

An alarm also annunciates when an individual thermocouple deviates too far from the 

average reading, indicating either an instrument fault or excessive deviation in fuel 

distribution between the injectors.  Depending on how many thermocouples deviate 

excessively from the average, and how many are installed, determines the action that the 

control system takes.  A single deviation always results in an alarm.  More than two 

deviating will result in a shut down.  Two deviating can be an alarm or shut down depending 

on how many are installed.  The limit for action to be taken is a deviation more than 110°C 

from the arithmetic average. 

The control modes are: 

- NGP/Load 
- NPT (two shaft only) 
- T5 
- Ngp Acceleration 
- Min/Max Fuel 

 

This paper has only discussed T5 control but all the modes function to protect the engine 

from exceeding design limits for the relevant parameter. For each mode, an error from the 

set point is calculated.  In the case of T5 it is T5 SP – T5 PV, where SP is the set point and PV 

is process variable, the actual measurement.  If the set point is higher than the PV, the error 

is positive, and there is a demand for more fuel to increase the PV.  If the set point is lower 

than the PV, the error is negative and there is a demand for less fuel to decrease the PV.   

All the errors are compared in a minimum gate, and the smallest error (or most negative), 

comes out of the gate.  This error is then multiplied by a gain factor and becomes the 

proportional term in a P&I (proportional and integral) control loop.  The output of the P&I 

loop controls the fuel actuator.  
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T5 PEAK 

 

T5 Peaking control is unique to generator sets.  A generator set could operate against a 

utility grid or in “island mode”, meaning in isolation from a large utility grid.  It means a 

small bus where any single unit represents a significant percentage of the total bus capacity.  

Island mode operation may contain multiple units of the same or different kilowatt rating 

running in parallel, either in speed isochronous (load sharing) or speed droop (base loading) 

mode. 

When a unit operates against the grid, the T5 set point is set to the normal value equating 

to rated TRIT.  T5 peaking is introduced only when a unit operates in island mode.  Since the 

risk of total shut down and facility blackout is higher in island mode, peaking control allows 

temporary overfiring of the engine.  Instead of topping at the normal set point, the control 

allows an elevated topping so that the engine can briefly carry a higher than rated load.  The 

T5 Hi alarm and shut down set points remain the same (with a time delay) so that the T5 

must return to a value at or below the nominal set point within this time delay to keep the 

engine from shutting down.  Within this time, load shedding control will get rid of excess 

load in a programmed sequence to ensure this happens.  The peaking offset is 28°C above 

the nominal set point.   

A typical scenario for this type of control is multiple units operating in parallel, speed 

isochronous control and one unit shuts down, shifting all the load to the remaining units.  

The load transfer of that single unit could then overload the bus, necessitating temporary 

overfiring of the remaining units and load shedding.  If the facility does not have load 

shedding control, then Peaking control cannot be used since there is no way to eliminate 

excess load. 

 


