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The Instantaneous Crankshaft Torque (ICT) which can be obtained from high sample rate torque 
measurements, is unquestionably an extremely useful measurement for engine monitoring 
and health diagnostics, as also discussed in the first white paper in this series of two. The 
fluctuations recorded in the engine’s ICT do not only provide a direct relationship with the in-
cylinder pressure for every cylinder, but the reliability of the shaft power meter employed allows 
for high accuracy and continuous engine monitoring. This is vital in identifying cost-effectively 
the onset of failures, and spotting degradation trends. 

However, the engine’s ICT cannot be interpreted intuitively. As shown in Figure 1, even at 
perfectly healthy conditions each engine has its own unique torque signature, and as a result 
each peak in the torque does not necessarily occur at the peak pressure position of each firing 
cylinder. Consequently, involved engine modelling techniques have to be employed in order to 
interpret the engine’s condition using the ICT measurement. 

01 Interpreting Torque Data 
with Digital Twins
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This is where engine digital twins are utilised. In specific, a digital twin is a virtual replica of the 
real-life engine that simulates its performance, faults, and degradation, and can be deployed in 
one of several ways within this context:

● Deploy virtual sensors inside the real-life engine, whereby processing high sample rate 
torque measurements, the in-cylinder pressure curves can be determined for all engine 
cylinders.

● Generate a baseline at healthy engine conditions, upon which results obtained from the 

Figure 1: Instantaneous Crankshaft Torque (ICT) of a 2-stroke propulsion engine (6RT-flex50), a 2-stroke generator 
(10L67-GBE), and a 4-stroke propulsion engine (W9L46-C), at different operating points.
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virtual sensors from the real-life engine, can be accurately compared by accounting for 
different ambient conditions and specific engine operating points.

As a result, maximum value from the high sample-rate torque data can be obtained by utilising 
two digital twins: the crankshaft dynamics and the thermodynamics digital twin. In specific, 
once the engine’s ICT is measured using a high-sample rate torque sensor, this measurement is 
employed within a self-adaptive algorithm which contains the crankshaft dynamics digital twin. 
This algorithm is able to reconstruct the current in-cylinder pressure using the high sample-rate 
torque data for each engine cycle. 

Subsequently, the current in-cylinder pressures are compared with a baseline of simulated 
engine in-cylinder pressures which are obtained from the thermodynamics digital twin. Finally, 
to quantify the engine health status a dedicated Key Performance Indicator (KPI) can be derived 
based on the difference of the current in-cylinder pressures and the simulated ones at health 
conditions.

Figure 2: Engine digital twins deployment



The crankshaft dynamics digital twin is a key component in the diagnosis of internal combustion 
engines. This digital twin simulates the engine Instantaneous Crankshaft Torque (ICT) at the 
same location where the shaft power meter would be installed, by using a torsional model. The 
crankshaft dynamics digital twin uses as input the in-cylinder pressure for all cylinders, and 
information from the engine’s torsional vibration study in the likes of the stiffness, damping and 
inertia coefficients, as shown in Figure 3.

Figure 3: Crankshaft dynamics digital twin

This digital twin can then be utilised within the self-adaptive algorithm, in order to reconstruct 
the in-cylinder pressures for all cylinders as shown in Figure 4. In specific, the self-adaptive 
algorithm is an advanced optimisation approach which starts by utilising the high sample-

02 Crankshaft Dynamics 
Digital Twin & Self-
Adaptive Algorithm
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rate torque measurements from the shaft power meter, and the in-cylinder pressure as a 
starting point which is known a-priori from the thermodynamics digital twin, or from on-site 
measurements. Subsequently, it proceeds to iteratively adjust the in-cylinder pressure which 
acts as input to the crankshaft dynamics digital twin, such that the simulated torque matches 
the measured torque. The algorithm terminates when the simulated torque matches the 
measurements from the shaft power meter and extracts the in-cylinder pressures used from 
the last iteration. The involved mathematics behind the self-adaptive algorithm are explained in 
great depth in a scientific publication  with Datum’s Lead Marine Project as the lead author.

 

Figure 4: Self-adaptive algorithm for the determination of the engine’s in-cylinder pressures.
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The thermodynamics digital twin employs a multi-zone approach to model the combustion 
phenomena inside all cylinders. It uses various inputs obtained from shop test data and the 
manufacturer manuals as shown in Figure 5, in order to reproduce the engine’s performance in 
healthy conditions and at any operating point. Furthermore, the thermodynamics digital twin 
can be used to simulate the engine performance under different malfunctioning conditions (e.g. 
blowby, clogged injectors and engine de-tunning), which is particularly useful in identifying 
faults when large sensor networks are already deployed on-board the vessel, and thus data is 
available to compare with the digital twin output on a component-level basis.

03 Thermodynamics 
Digital Twin
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Figure 5: Thermodynamics digital twin.



Consequently, by utilising the thermodynamics digital twin certain inputs such as the ambient 
air conditions, as well as the cooling water inlet temperatures can be altered accordingly to 
represent the current conditions in the engine room, using historical or currently measured data. 
The outputs of the thermodynamics digital twin include vital information such as exhaust gas 
temperatures, turbocharger speed, and in-cylinder pressures and temperatures.
 
This highlights the strength of the thermodynamics model, where because of the multitude 
of outputs that can be obtained, it can be utilised as a baseline to compare with a variety of 
measurements. However, when employed in tandem with the crankshaft dynamics digital twin, 
the output which is most readily utilised is the in-cylinder pressure, which is used to compare 
with the output of the self-adaptive algorithm and evaluate the engine’s health status.
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Combining the thermodynamics and crankshaft dynamics digital twins with high sample-rate 
torque measurements is able to provide vital information for identifying the engine’s health 
status. This is visible on Figure 6 for the case of a 10 cylinder two-stroke diesel engine, where 
the measured Instantaneous Crankshaft Torque (ICT) is utilised along with the self-adaptive 
algorithm to reconstruct the current in-cylinder pressures. Subsequently the in-cylinder 
pressures are compared with the thermodynamics digital twin, to assess the engine health.

04 The Bigger Picture

Figure 6: Evaluation of engine health status.
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This approach provides the maximum value out of the data collecting. Therefore, by effectively 
combining digital twins with critical and reliable measurements, the need of obtaining multiple 
additional data to diagnose the engine gets alleviated, and as a result so do the costs associated 
with engine monitoring and diagnostics. This approach also demonstrates the usefulness of the 
Instantaneous Crankshaft Torque (ICT) data as a critical measurement for engine diagnostics, 
as well as the effectiveness and flexibility of the engine digital twins employed, contributing 
towards a robust and reliable engine diagnostics tool.
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