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Presentation Overview
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Research Objectives

» Develop an integrated simulation and design
capability to support:

= Modularized product development of current and
future vehicle families

4 Automotive Research Center 'f/(((@




The HMMWYV Family
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Research Objectives

» Develop an integrated simulation and design
capability to support:

= Modularized product development of current and
future vehicle families

= |nnovative vehicle concepts in support of Army
transformation
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Future Tactical Truck System

FTTS MS TUAYV Carrier

FTTS MS Common Chassis

FTTS MS Water Tanker

Automotive Research Center

O]



Research Objectives

» Develop an integrated simulation and design
capability to support:

= Modularized product development of current and
future vehicle families

= |[nnovative vehicle concepts in support of Army
transformation

= Efficient integration of distributed models, simulation
codes, and new designh methodologies for commercial
and military applications
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Vision of Distributed Simulation and Design
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Requirement: Multi-Domain Simulation

Vehicle Model
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Requirement: Subsystem Design

Embedded in Hierarchy of Systemsi %
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Requirement: Rapid Configuration to
Assess Innovative Vehicle Concepts




Overview
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Major Components of D-Sim

Model Database I Distributed Architecture I Web-based Interface I

FE Code

_ _ Non-matching
Simulation Code Wrapper I Interfaces Gluing Algorithm I
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Collection of HMMWYV Subsystem Models




Integrated Systems Approach

Common Parts
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Rapid Configuration
Different Vehicles
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Rapid Substitution of
Different Fidelity Models

Rigid Body g

Rigid Body

Static Model

Dynamic Model

Dynamic Model Flexible Body
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Web-Based Interface

Main Web Page for D-Simulationx UPPER BODY PARTS

L i R N P i ot = A = SO~ Que - D - ¢ 1) (] Jswwen orwene @) 3 LG E
: - e

= — — o

» Search multi-layered model
database

» Define interfaces for model
integration

» Generate new distributed
simulation and design models
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Gluing Algorithm and
Non-Matching Interfaces

»Enables multi-platform,
multi-layered plug and play
capability

»Standardizes model
Interfacing

»Protects proprietary data/
models

Matching Non-Matching
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Durability Road Simulation
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Gluing Algorithm for Durability
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Assembly of Main Body and Hood

Apply external force at
6 body mounts

Forces computed using ADAMS

CPU-1

TI
“ =
CPU-1 TII

MAIN BODY ASSEMBLY D-Sim ReS.UItS :
ey, (coupled simulation) ’-—\
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Overview

i . . AN
errain Interaction

Durability and Ride
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Safety Applications

Extreme Terrain

25 Automotive Research Center '/{((@



HMMWYV Rollover

26 Automotive Research Center '/(((@




J-Turn Rollover Simulation
(Flat Ground)

Driving Conditions

- Modified test protocol

- Initially driven in a straight line
- Initial speed: 10 mph and up

- Test runs for 5 seconds

Steering Wheel Angle

1000 deg/sec

0.33 sec 5.0 sec
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J-Turn (Rigid Body Model)

Time= 6.0000 Frame=001

» Predict critical speed range
» Study rollover behavior
» Assess effect of up-armor

system
» Design for rollover prevention

Time= £.0000 Frame=001

Nominal speed

Nominal speed+ 10 mph



J-Turn Analysis Results

Roll Angle (J-Turn, Flat Ground)
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Roof Strength Analysis

» Drop Test

DROP TEST :
Time = 0 Fringe Levels

Contours of Effective Stress [v-m] 0.000e+00
max ipt. wvalue —
min=0, at elem# 2620389 0.000e+00
max=0, at elem# 2620339 0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00

0.000e+00 _
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Simulating the Response of Structures
and Occupants to Blast Loads

Lumbar Spine Loads
Time = _%.000008 |

| ———Lumbar Spine Lew ([CFC1000)
e = Lumiar Spine Up (CFC1000)

Foree [N]

=

5
Time [ms]

Response of vehicle floor and occupant under blast
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J-Turn Rollover under a Blast

blast?_3
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Overview

Rollover Durability
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Extreme Terrain

35 Automotive Research Center 'W



http://upload.wikimedia.org/wikipedia/commons/5/58/SandRoad.jpg

Tire-Terrain Interaction

» Tire passes forces / moments to
vehicle

» Venhicle passes hub position /
orientation to tire
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VVehicle Performance for Off-Road

Events
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Summary

» Comprehensive, integrated platform for analysis
and design to support current and next generation

vehicles

» Enabling technologies:
= General, functional simulation framework

= Algorithms for coupling different models and simulation
codes

= Algorithms for coupling non-matching interfaces
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Future Developments

» Continue development of model database

» Incorporate human models
= Driver perception
= Assess safety systems

» Expand integration with commercial software

» Verify, validate and update model database
using instrumented vehicles

» Simulation-based certification
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Future Developments
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