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Science summary

The engines that power the global trade are among the largest machines on Earth, with some
standing as tall as a three-story building. These mechanical marvels are the heart of the
shipping industry, and to this day, they are still the most efficient means of transportation.
Recently, however, a critical concern has emerged: the main bearings, which support the
engine's massive rotating crankshaft, have been failing unexpectedly. This posed a serious
risk, as the traditional computer simulations failed to predict or explain the damage.

To address this, the research involved creating a comprehensive digital twin- a detailed and
dynamic computer simulation of the entire engine. This approach is different from prior
computer simulation models, because it treats the engine as one complete, interconnected
system including all relevant mechanical components. For the first time, we could efficiently
model how the immense forces from combustion cause the flexible crankshaft and the huge
engine structure to bend, twist, and interact.

We validated this new simulation model against a full-scale test engine by carrying out
experiments specifically designed for the task, and the results were a significant breakthrough.
The digital twin accurately predicted the motion of the crankshaft inside its bearings, matching
the measurements with great precision. Most importantly, it showed capabilities to solve the
mystery of the failing parts. The simulations revealed a subtle tilting motion of the crankshaft
that concentrated extreme pressure on the exact spot where the bearing damage was
occurring. This work provides the marine industry with a more accurate tool to design robust
engines and prevent critical failures, helping to ensure the safety and reliability of global

shipping.
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