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Internal Combustion Engine Modeling
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analyzes many designs, configurations, and operating conditions to quickly understand and
optimize an engine system.

Simulation Capabilities

Full engine models can be built with-GT
Suite and correlated in-3 weeks,
depending on model complexity. These
models can then be used for design
analysis or full multvariable
optimization.

Engine Performance and

Efficiency

1t Evaluation of base engine
specs and architecture

T Valve timing and profile
optimization

1 Turbocharger matching

1t Engine and exhaust system P =
warm-up s

1t HP and LP EGR studies S

1t Cooler analysis/sizing b
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3D CFD ‘

1t Full cycle, moving mesh CHD
of engine cylinders for
mixture motion, mixing, and
combustion
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Engine Acoustics

T Intake and exhaust noise
analysis

T Intake resonators

Tt Replication of bench tests

1 Internal muffler design

Engine Concepts
1t Novel valve strategies
T Varying piston motion/cycle

Integrated Systems
1t Vehicle

1t Thermal/Cooling

T Valvetrain

1t Controls ) )
Tt Timing Drive 7 il : — Engine. Biock
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Performance Vehicle and Powertrain Modeling

With GH | L vehi€fidamodeling tools, EngSim can model any variety of vehicle configuration
and drive cycles to predict performance and fuel economy solutions.

Simulation Capabilities

Any Type of Vehicle

. Conventional automotive
1t Electric hybrid

. Off-Road

T Motorcycle

1t Racing/Performance

Include Simple or Comple

SubModels

m Engine

T Transmission

1t Clutches

Tt Torque converter
1T Axles

1t Shift strategies
1 Engine calibration & controls
1t Cooling/Thermal
1t Tires and brakes
1t Driver inputs

Available Results

1t Optimized vehicle
configurations

T Active monitors to observe
during runs

1t Engine Torque/BMEP/Powe

1t Elapsed time

1t Gear shifts and strategies

T Acceleration

1t Fuel consumption

T Tractive forces

1t Aero drag forces

Vehicle system model can be
comprised of many simple or
complex submodels

Acceleration | Many output

parameters can be
optimized
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Electrified Powertrain and Vehicle Modeling

With GT{

L ¢vehifledmodeling tools, EngSim can model conventional, hybrid, axléalric

vehicles to optimize strategies for best performance and fuel economy over any drive cycle.

Simulation Capabilities

Fuel Economy Prediction

1t Drivecycle fuel predictions

1t Development of control
strategies to maximize FE
potential of advanced
components

T Four types of engine
coupling: detailed, FRM,

Conventional Vehicle

T Integrating stanealone
engine and vehicle models

1 Using GADrive+ to build
standard vehicle models

1t Validation of vehicle using
benchmark data

Tt Shift strategy generation ang
optimization

48v Mild Hybrid Vehicle

T Evaluating 48v technologies
such as BAS amiBooster

1t Building GT and Simulink
based first phase controls tqg
maximize FE potential

Hybrid Vehicle

T Battery and motor sizing
Tt Architecture analysis

1t Building GT and Simulink

maximize FE potential
Full Electric Vehicle

Tt Evaluating energy regen
options

mean value, and map based

based first phase controls ta

)

T Running battery range tests

Four types of engine models can be used to
build a system level vehicle analysidetailed
engine, Fast Running Model (FRM), mean value
engine, and engine map.

Different types of hybrid architecture come with advantages and disadvantages. Mild hybrid
architecture was studied with a client and published at the 2018 SAE World Congress.

Mild Hybrid

Parallel Hybrid

Series Hybrid

"

Performance Summary

ControllerHEVehicle part Speed Control-1

Electric vehicles can be
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designed to achieve the
target load demand.

Load Demand (kW]
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The battery and motor
can be sized according

otor Power [KW]  SOC  Veh. Speed [knvhr]
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to the FE target and
performance. Energy
regeneration can be
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Valvetrain Modeling

With G | L ¢av€lrain engineering tools, EngSim can model complete solutions to optimize
valvetrain design for best engine performance while addressing stability, durability, and noise

Simulation Capabilities
VI59{ LDbQa&

interactive]
Standarql or Non _ modeling for
Conventional Mechanisms fast iterations

Many Profile Synthesis

Options

Kinematic and Dynamic

Modeling Original CAD

Spring Dynamic Analysis

T Margin

n Su.rge Many kinematic valvetrain desigh

n Coil clash metrics such as lift, velocity,

T Stress acceleration, jerk, radius of curvature, or
follower runoff can be generated td

Hydraulic Elements for determine the optimum profile

HLA, Phasers, Actuators

Single Branch, Single or
Multi-Cylinder Systems

Camshaft Torsional and
Bending Analysis

Easy Visualization of
Results

Can Be Integrated with

Other GTISUITE Modules .
Tt Engine performance _ GFSUITHynamic
. n singlecylinder system
Tt Lubrication model
Tt Timing drive

Dynamic valvetrain output ca
include metrics such as spring

-

N

margin, component force, hertz
force and pressure, and dynamfic
valve lift
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