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Abstract

Digital Twins are increasingly used in traditional industries to validate designs, optimise system opera-
tions, and monitor hardware performance in real time. By integrating models, AI algorithms, operational
logic, and hardware into one cohesive user experience, designers and operators can better understand their
systems, train for anomalous events, make decisions, receive real-time feedback, and increase efficiency.

The TwinPad, currently under development, is the first complete digital twin of a spaceport, and
will be deployed to sites across Europe. It allows comprehensive design and testing of launch and test
operations in a virtual environment. Site and launch vehicle specific models, hardware, and control
systems can be integrated easily.

To date, development of the TwinPad has focused on modelling the fluidic aspects of two rocket engine
test benches. The test facilities supply liquid oxygen and liquid methane to rocket engines. Operations
with the fluid system cover purging of the lines with nitrogen gas, the chilldown process with cryogenic
liquid, tank filling and topping-up, the test, and lastly safing and cleaning of the system.

Initially, the software Simcenter Amesim was selected to model the designed fluidic system under gas,
liquid, and biphasic conditions. While the models were internally consistent (dynamic models converged
to steady-state model results), validation against real test data showed significant deviations in results.
The software also presented other challenges during the implementation phase. Consequently, EcosimPro
was trialled, with initial results showing significantly better matching between the model and real test
data. Tests with EcosimPro, and validation of the model results are ongoing. The model results were
compared to test data obtained from the real hardware during tests with water, liquid nitrogen, and liquid
oxygen. Test results were used to refine the models and modelling strategy.

In parallel, each software (and model) was independently connected to the Beckhoff TwinCAT real
control-command hardware and software system, enabling real-time interaction with the model environ-
ment. Operators can now execute test procedures dynamically and receive immediate feedback on the
commands they execute. The real-time model computations are sufficiently accurate for operator training,
system validation, and anomaly detection before live testing on the real test bench.

The next phase of development will focus on integrating models from different software suppliers into
the same real-time environment. This capability is necessary to validate interoperability between different
sites and users. Moreover, experimental campaigns will continue, to enhance the modelling and predictive
accuracy of the TwinPad.
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