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Abstract. Gas turbines are used in marine applications where high propulsion power is 

required compared to engine size and mass. In some cases, the torque and engine power 

developed cannot be measured with a special transducer implemented in applications or if there 

are indications, they need to be compared with the calculated torque indication. For this 

purpose, we developed in the engine control software application a mathematical model for 

calculating and displaying the torque and power developed by the engine. Through 

comparisons in the tests with the engine on the test bench, this mathematical model was 

refined. At this time the comparative sampled data can be used as a virtual indication of torque 

in cases where this is necessary. 

Keywords. turbines, torque, marine technology, automation, command and control systems. 

1.  Introduction 
A gas turbine propulsion system for marine applications [1, 2] converts the primary form of energy 

(burnt fuel) into mechanical power, for ensuring the necessary shaft torque for spinning a ship’s 

propellers.  
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The paper presents the virtual indication for a ST40M gas turbine torque, realised during the bench 

tests for retrofitting works on a navy ship [3]. The new engines are delivered without the electronic 

control system [4]. A customized automation system [5, 6] was designed and implemented within the 

Romanian Research and Development Institute for Gas Turbines COMOTI. This system provides 

undeniable advantages comparing to the standard electronic control system that can be acquired from 

gas turbine manufacturer, since it is able to calculate and monitor some very important parameters, 

such as inter-turbine temperature, torque and power. The FADEC system from manufacturer is a small 

box that only controls the engine speed.  

The gas turbine (Fig.1) consists of a three-stage axial compressor and a three-stage centrifugal 

compressor, combustion chamber, two-stage power turbine, fuel system, ignition system, lubrication 

system, accessory box, wiring and transducers [7]. 

 
 

Fig.1 . Section through the ST40M gas turbine [8] 

 

2.  ST40M gas turbine tests and control equations 
 

In order to establish the performances, the gas turbine was installed on the test bench and was 

subjected to the necessary working regimes (fig.2). 

 

 
 

Fig.2 ST40M gas turbine installed on the test bench 
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The control and monitoring of the gas turbine are performed by an automatic electronic system 

composed of a local control panel connected to the gas turbine and to the junction boxes, and for the 

remote control it is connected to a computer. Commands can be given both locally via the operator 

panel mounted on the door of the local control panel and remotely via the interface programmed in the 

remote control computer. The junction boxes meet the specific parameters of the gas turbine auxiliary 

installations [6]. 

The equations used in determining torque and power are those used to calculate the torque and 

power of a gas turbine, customized for ST40M. 

 

1. Calculation of the inter turbines temperature in degrees Kelvin and in degrees Celsius 

ITTk si ITTc: 

 𝐼𝑇𝑇𝑘 = 𝑅𝑇𝐼𝑇𝑇 × (𝑇1 + 273)[°𝐾]      (1) 

 𝐼𝑇𝑇𝑐 = 𝐼𝑇𝑇𝑘 − 273 [°𝐶]       (2) 

The RTITT factor has different expressions for corrected high pressure compressor speed 

values, NHC: 

 

- a) NHC < 26 800 rpm  

𝑅𝑇𝐼𝑇𝑇 = 8.065 − 6.146 × 10−4 × 𝑁𝐻𝐶 + 1.615 × 10−8 × 𝑁𝐻𝐶
2  (3) 

- b) NHC > 26 800 rpm  

𝑅𝑇𝐼𝑇𝑇 = 15.8786 − 11.02 ×  10−4 × 𝑁𝐻𝐶 + 2.3457 × 10−9 × 𝑁𝐻𝐶
2  (4) 

 

 

2. Calculation of the air flow Ga : 

𝑮𝒂 =
𝑷𝟎

𝟏𝟎𝟑𝟐.𝟓
× √

𝟐𝟖𝟖

𝑻𝟏+𝟐𝟕𝟑
× 𝑮𝒂𝒄[kg/s]      (5) 

𝑃0 = 𝑃1 + 𝑃𝐷𝐴/10[𝑏𝑎𝑟]       (6) 

The Gac flow has different expressions for the corrected low pressure compressor speed 

values NLC: 

 

- a) NLC < 20 000 rpm  

𝐺𝑎𝑐 = 4.44 − 3.125 × 10−4 × 𝑁𝐿𝐶 + 2.875 × 10−8 × 𝑁𝐿𝐶
2   (7) 

- b) 23 000 rpm > NLC > 20 000 rpm  

𝐺𝑎𝑐 = 26.79 − 21.55 ×  10−4 × 𝑁𝐿𝐶 + 6.5 × 10−8 × 𝑁𝐿𝐶
2   (8) 

- c) NLC > 23 000 rpm  

𝐺𝑎𝑐 = 11.89 − 8.811 ×  10−4 × 𝑁𝐿𝐶 + 3.778 × 10−8 × 𝑁𝐿𝐶
2   (9) 

 

3. Calculation of the fuel flow Gc: 

𝑮𝒄 =
𝑷𝟎

𝟏𝟎𝟑𝟐.𝟓
× √

𝟐𝟖𝟖

𝑻𝟏+𝟐𝟕𝟑
× 𝑮𝒄𝒄[kg/s]      (10) 

The Gcc flow has different expressions for the corrected low pressure compressor speed 

values NHC: 

 

- a) NHC < 26 800 rpm  
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𝐺𝑐𝑐 = 0.8866 − 8.679 ×  10−5 × 𝑁𝐻𝐶 + 2.227 × 10−9 × 𝑁𝐻𝐶
2  (11) 

- b) NHC > 26 800 rpm  

𝐺𝑐𝑐 = 2.725 − 2.264 ×  10−4 × 𝑁𝐻𝐶 + 4.976 × 10−9 × 𝑁𝐻𝐶
2   (12) 

 

4. Calculation of the parameters Gaca and ALFA: 

𝐺𝑎𝑐𝑎 = 0.9935 × 𝑅𝐺𝑔 × 𝐺𝑎[kg/s]      (13) 

𝐴𝐿𝐹𝐴 =
𝐺𝑎𝑐𝑎

14.5×𝐺𝑐
        (14) 

 

The RGc factor has different expressions for the corrected low pressure compressor speed 

values NLC: 

 

- a) NLC < 20 000 rpm  

𝑅𝐺𝑐 = 0.78 − 5.875 ×  10−6 × 𝑁𝐿𝐶 + 2.812 × 10−10 × 𝑁𝐿𝐶
2   (15) 

- b) 23 000 rpm > NLC > 20 000 rpm  

𝑅𝐺𝑐 = 4.897 − 4.505 ×  10−4 × 𝑁𝐿𝐶 + 1.222 × 10−8 × 𝑁𝐿𝐶
2   (16) 

- c) NLC > 23 000 rpm  

𝑅𝐺𝑐 = 1.0        (17) 

 

5. Calculation of the enthalpy H: 

𝐻𝐼𝑇𝑇𝑔 = 0.6889 + 0.2354 ×  𝐼𝑇𝑇𝑘 + 3.21 × 10−5 × 𝐼𝑇𝑇𝑘
2[kcal/kg]  (18) 

𝐻𝐼𝑇𝑇𝑎 = 4.089 + 0.2181 × 𝐼𝑇𝑇𝑘 + 2.765 × 10−5 × 𝐼𝑇𝑇𝑘
2[kcal/kg]  (19) 

𝐻𝐼𝑇𝑇𝑎𝑚 =
15.5×𝐻𝐼𝑇𝑇𝑔+14.5×(𝐴𝐿𝐹𝐴−1)×𝐻𝐼𝑇𝑇𝑎

1+14.5×𝐴𝐿𝐹𝐴
[kcal/kg]    (20) 

𝐻𝑇6𝑀𝑔 = 0.6889 + 0.2354 × (T6M + 273) + 3.21 × 10−5 × (𝑇6𝑀 + 273)2[kcal/kg]

         (21) 

𝐻𝑇6𝑀𝑎 = 4.089 + 0.2181 ×  (T6M + 273) + 2.765 × 10−5 × (T6M + 273)2[kcal/kg]

         (46) 

𝐻𝑇6𝑀𝑎𝑚 =
15.5×𝐻𝑇6𝑀𝑔+14.5×(𝐴𝐿𝐹𝐴−1)×𝐻𝑇6𝑀𝑎

1+14.5×𝐴𝐿𝐹𝐴
[kcal/kg]    (22) 

6. Calculation of the power and torque: 

 𝐺𝑔 = 𝐺𝑎𝑐𝑎 + 𝐺𝑐[kg/s]       (23) 

𝑊𝑇𝑃𝑐 = 4.185 × 1.03 ×  𝐺𝑔 × (𝐻𝐼𝑇𝑇𝑎𝑚 − 𝐻𝑇6𝑀𝑎𝑚)[kW]   (24) 

𝑀𝑇𝑃𝑐 = 9549.6 ×  𝑊𝑇𝑃𝑐 𝑁𝑇𝑃[⁄ Nm]      (25) 

 

  

3.  Implementing the equation in the monitoring and control program  
The values obtained by calculation are displayed in the hot start screen of the gas turbine. This 

screen, designed in the PLC dedicated programming software, Proficy Machine Edition [9], in the 

original form is shown in figure 3. 
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Fig.3 The initial „Hot start” screen 

 

We modified this screen [6] to display the calculated MTPc torque and the calculated WTPc power 

in the lower left corner, simultaneously with the measured torque and the measured Pkw power 

displayed at the top of the screen (figure 4). 

 

Fig.4 The final „Hot start” screen 

Besides the two calculated parameters, the ratio between the calculated power and the real power, 

Rw is also displayed. We recorded these data in the data file of each bench sample, with aid of the 

Versamax PLC [10], in figure 5 being presented the selection referring to the parameters of the 

equations by which the power and the torque are calculated. 
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Fig.5 Saved data on test bench  

 

The graph of the ratio between the calculated power and the measured power, Rw, during the 

complete tests with the gas turbine (fig.6,7), shows the cases in which the power calculation is exact 

(Rw = 1). 

 

 

Fig.6 Variation of the high pressure compressor speed, NH, to a complete test  
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Fig.7 Variation of the Rw ratio at the test in figure 6 

 

Analyzing the graphs in figures 7 we observe the following: 

a) The calculated power reproduces well the power measured at stable engine speeds (Rw = 1); 

b) In transient regime the calculated power has very large deviations from the measured power, 

ΔRw = -1 / + 3.5; 

c) After decelerating the engine, at idle NH = 20000rpm, there is a difference of +0.5 compared to 

the unit value of the ratio Rw; 

d) The large deviation from the unit value of Rw, at stationary regimes, takes place at idle regime 

NH = 20000 rpm, when the power developed by the gas turbine is relatively small (WTP = 60Kw) so 

it can be ignored, the interest being for correct power calculation at speeds close to the nominal speed 

(WTP = 4000kW). 
 

 

4.  Conclusions 
     The use of the calculated torque instead of the measured one can be done under certain conditions. 

At transient regimes or deceleration decelerations the deviations are significant, but at low values of 

the developed power. The equations introduced in the developed software application can be used 

successfully as an indicator of the power developed at speeds close to the nominal power regime. 
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