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Powertrain Digital Twinning for Real-World Emissions Compliance
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A digital twin is a digital representation of a planned or real physical system,
product, or process that functions as its practically identical digital counterpart
for tasks such as testing, integration, monitoring, and maintenance. Creating
digital twins allows the ‘digital system’ or ‘digital product’ to be tested faster-than-
real-time improving the overall efficiency and reducing programme’s timescales.
The HORIBA Intelligent Lab virtual engineering toolset has been used produce
Empirical Digital Twins (EDT) of several contemporary Internal Combustion
Engine (ICE) propulsion systems. Digital twinning in its current format can
supplement real-world testing methods for the development, calibration,
optimisation, and certification of powertrains and vehicles. Given the move to
ever more stringent pollutant criteria over wider test conditions, which is expected
to put additional strain on Original Equipment Manufacturers (OEMs), the
HORIBA EDT approach is expected to increase efficiency and reduce time when
taking a vehicle or powertrain to market.
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Getting sufficient EU7 coverage will be a
Challenge to do physically. Simulation is vital.

Key

~ ‘Worst case’ road test and
laboratory replication and emulation

~ Prediction via simulation

Simplified example of how quickly the
number of test permutations can increase.

Assumption:

Traffic density (3) < Driving style (3) <
Battery SOC (3) < Environmental
conditions (4) equates to 108

permutations
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Figure 1 An example for the need for combined physical testing and simulation
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‘ 1. Experiment design ‘

| 3. Model creation >| 4. Model validation >

2. Training data
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Figure 2 Stages of the HORIBA EDT approach (1) ; experiment design, generation of training data, modelling, and model validation.

5. Virtual or real scenarios > ‘

6. Predict responses >

‘ 7. ‘Hotspot' recalibration
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Figure 3 Stages of the EDT approach (2) ; establishing real or virtual scenarios to couple with empirical models, prediction of responses,

and ‘hotspot’ determination.
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Figure 5 Vehicle and corresponding diesel engine tested at an OEM in the UK.
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Figure 6 Measured vs. predicted deltas for performance and emissions attributes for a PHEV SUV tested on a powertrain dynamometer.
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Figure 8 Predicted tailpipe NOx emissions for the PHEV SUV at sea-level and 1,800m.
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