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LMS Imagine.Lab for
internal combustion engine
Designing and optimizing comprehensive engine systems and controls

Benefits
• Evaluate new technologies
and concepts with a flexible
and scalable approach
• Achieve detailed design of
engine subsystems and
actuators
• Benefit from best-in-class
3D and 1D physical
combustion/pollutant
models
• Enhance the scope of the
analysis, including
pollutants, transient
operation and thermal
effects
• Optimize the complete
pollutant path from
injection and air path to
combustion and aftertreatment
• Use physical plant models
at every stage of the control
development process

LMS Imagine.LabTM software for the internal
combustion engine helps you evaluate,
design and optimize comprehensive engine
systems, from air management and
combustion to fuel injection and engine
control, by providing accurate physical
engine and component models.
The solutions for internal combustion
engine simulation are developed in close
collaboration with IFP Energies nouvelles,
and offer a cutting-edge, flexible
environment for designing and optimizing
virtual-engine and automotive-subsystem
concepts. Now you can study integration
with fuel injection subsystems, engine
thermal management, electrical devices,
powertrain and various other components,
as well as adapt model definitions to a wide
range of scenarios. These solutions enable
you to analyze the impact of advanced
technology choices and give you a powerful
toolset to investigate alternative-engine
architectures and concepts.

Engine control
The LMS Imagine.Lab Engine Control
solution helps you develop engine physical
plant models that can support the design
and setup of controls. From design to
validation and precalibration, this solution
allows you to manage the growing
complexity of engine and powertrain
controls strategies.
Developed in close collaboration with IFP
Energies nouvelles, the solution goes
further than the classical automatic-control
approach, providing unique capabilities and
methodologies to support physical plant
modeling creation and deployment. The
solution is mainly based on a strong
modeling competence, a thorough
understanding of system physics and
analysis tools.
Original equipment manufacturers (OEMs)
and suppliers, engine manufacturers,
engine control engineers and people in
charge of validation (using hardware-inthe-loop test systems) and calibration can
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LMS Imagine.Lab for internal combustion
engine
Benefits continued
• Efficiently connect with
control tools
• Benefit from real-time
compatibility for hardwarein-the-loop testing
• Precalibrate controls using
highly-detailed system
models
Features
• Perform multi-domain
simulation
• Create models with
different levels of detail:
from high-fidelity to
functional and map-based
models
• Perform steady-state and
transient simulation
• Use components available
for all standard exhaust
after-treatment devices
• Use both frequency and
time-domain analysis tools
• Use tools and
methodologies available for
model set-up, simplification
and reduction

use state-of-the-art engine models for
every stage of the development cycle. By
using LMS Imagine.Lab Amesim™
throughout the development process, you
can implement and capitalize on your
modeling expertise, and share models to
gain time and efficiency. Physical content
and real-time analysis are no longer
incompatible.
The solution comes with a set of cuttingedge components, such as the LMS Amesim
core platform, an efficient interface with
Simulink, links to market-reference
hardware, including DSpace, Opal-RT, ETAS,

A&D, MORPHEE 2 (D2T) and LabVIEW RealTime (NI), analysis tools and methodologies
for model reduction.
You can use detailed models of engine
subsystems (injection, air loop, driveline,
thermal, electrical actuators and motors)
and advanced physical combustion models
to study the in-cylinder process in real time.
Implementing this solution helps you
reduce time-to-market costs while
improving reliability and robustness. It
offers unrivaled model-based multi-domain
system simulation at every stage of the
development process.
Air path management
The LMS Imagine.Lab Air Path Management
solution helps you investigate and design
air path architectures, including exhaust
systems for any kind of technical choice.
This solution permits a quick analysis of the
impact of selected technical architectures
on gas management and combustion.
Developed in close collaboration with IFP
Energies nouvelles and the Internal
Combustion Engine Group of Politecnico di
Milano, the solution ensures the delivery of
cutting-edge, innovative solutions.
Based on the LMS Amesim multi-domain
system simulation approach, this solution
includes a set of libraries and component
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models that provide the necessary tools to design advanced
air path management systems, such as mechanical, IFPengine, CFD-1D and thermal libraries. It further provides
powerful analysis tools, including linear analysis, a Simulink
interface and generic co-simulation to allow integration
with computational fluid dynamics (CFD) tools.
The solution helps you design configurations and provides
detailed modeling of air path actuators, such as variable
valve timing (VVT) and variable valve actuation (VVA) as
well as charging and gas cooling systems. With the
phenomenological combustion models, you can analyze the
impact on torque, emissions and consumption. Additionally,
you can detail and examine the interaction between air path
and other engine subsystems (such as cooling systems and
electrical devices), including controls.
Combustion
The LMS Imagine.Lab Combustion solution supports the
design and optimization of conventional and innovative
combustion processes as well as the adoption of alternative
fuels. This solution helps you to set up and optimize engine
parameters, such as spark advance, turbulence (swirl/
tumble/squish), lambda control or injection split for
different fuel types and to study advanced combustion
processes. This includes homogeneous charge compression
ignition (HCCI) and controlled auto-ignition (CAI).

Combustion processes are increasingly more complex. In
addition to meeting the customer’s desire for higher engine
response and lower noise levels, you also have to meet
stringent emission standards. Engine designers are looking
for alternatives beyond conventional gasoline spark ignition
(SI) and diesel compression ignition (CI) combustions.
This solution provides an efficient way for you to investigate
transient-engine behavior by using an unparalleled multidomain system simulation approach. The IFP-Engine library
provides dedicated components for combustion simulations
and is seamlessly coupled with 3D combustion codes and
models (IFP-C3D).
The solution provides the ideal toolset to analyze behavior
of all combustion processes and enables flawless 3D
calculation integration in a system approach. Dedicated
libraries come with state-of-the-art 1D and 3D models
suitable for various applications from large diesel to highperformance gasoline engines.
Emissions
The LMS Imagine.Lab Emissions solution focuses on overall
engine- and exhaust-emissions optimization according to
required emissions standards. The models enable you to test
exhaust configurations and associated control strategies.
This solution enables you to meet the most stringent
emission standards and accurately model and analyze
mono-nitrogen oxides (NOx), carbon monoxide (CO),
hydrocarbon (HC) and particles emission levels.
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Based on the LMS Amesim multi-domain
system simulation approach, the solution
comes with a set of advanced tools and
libraries for modeling the exhaust system
architecture and its environment. The
solution is especially useful for engineers in
charge of the integration and optimization
of the exhaust system in a vehicle
configuration as it offers new opportunities
for system setup and optimization. It
enables you to focus on the possibility of
integrating the engine and exhaust
systems, and allows you to investigate the
effect of engine-design parameters and
control strategies on engine-out emissions
in running conditions. The user can
predesign the exhaust gas after-treatment
components, analyze the steady-state and
transient system efficiency and investigate
emissions during a cold start with engine
warmup and catalytic converter light off.
Fuel injection and valvetrain
The LMS Imagine.Lab Fuel Injection and
Valvetrain solution supports the design of
fuel systems and components from tank to
injectors. This solution further assists in
optimizing engine valve actuation systems
for the gas-exchange process in the
cylinders.

For fuel injection, the solution enables you
to model gasoline, diesel and alternative
fuels like dimethyl ether (DME), liquefied
petroleum gas (LPG), liquefied natural gas
(LNG) and compressed natural gas (CNG).
It adresses the performance evaluation of
both low- and high-pressure injection
systems, indirect- and direct-gasoline
injection, diesel common rail, unit injector
and in-line pump. It also enables you to
investigate the system‘s technical
alternatives using solenoid, piezo,
electrohydraulic valve or mechanical
actuation.
For the study of valvetrain systems, the
solution provides the appropriate
components and tools to assess the
behavior of variable valve actuation (VVA)
with mechanical valvetrain (MVT),
electromechanical valvetrain (EMVT) or
electrohydraulic valvetrain (EHVT) systems,
as well as engine-compression brake,
hydraulic-lash adjusters, chain tensioners
and camless systems.
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