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DO YOU WANT
TOGET TOMARKET
FASTER AND
MORE RELIABLY?



“Within just one week we could carry out more than 110 tests
In order to define tuning setup and robust design
before building the first prototype.

allowing drivers to remember
the events and reactions.”

Claudio Fernandes
CAD/CAE & VD Simulation Manager BENTELER

START. ACCELERATE. EVOLVE.

The Challenge: How to adopt a new methodology for vehicle development in
less time, with less risk and with less cost?

The Solution: VI-grade’s new approach to product development is designed
to accelerate your vehicle development process. Many OEMs and suppliers
have already adopted this new method, which enables them to efficiently
evolve from physical testing to simulation. This process allows them to test
more vehicle variants in less time, solving problems much earlier in the
development process and ultimately reducing the number of physical prototypes.

See how VI-grade can help accelerate
your development process!
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WE ACCELERATE
THE AUTOMOTIVE
PRODUCT
DEVELOPMENT

MISSTON

At VI-grade we help automotive OEMSs, suppliers, research institutes and
racing teams to develop their products faster with our wide range of simulation
software and Driving Simulators.

By using an end-to-end simulation process that goes from off-line simulation
on a desktop computer to employing simulation models on Driving Simulators,

our customers are able to identify problems earlier in the design cycle.
Enabling innovative solutions and minimizing late cycle changes lets you
develop more innovative products and get them to market faster.

Driving Simulators are the Rey to gaining this competitive advantage.
VI-grade’s wide range of state-of the-art Driving Simulators are an invaluable
tool for those companies who have successfully accelerated their
development process.
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e have created the bestcar

Mattias Davidsson
L ead vehicle dynamics engineer
\V{el\V/e
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\olvo reduced the development time of the HEW.XC6O by 50% and
developed the new S90 chassis with \/I/—gvrade’s Driving Simulator.

@n—eRADE



SIGN OFF

SIGN OFF

DEVELOPMENT TIME
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TIME

DEVELOPMENT

CAE ENGINEERS & TEST DRIVERS

TEST DRIVERS

CAE ENGINEERS

collaborative engineering

SHORTER DEVELOPMENT TIME

TESTS PERFORMED EARLIER



ENGINEERING CENTER

BRIDGING THE GAP

RIDE & HANDLING

NVH

ADAS & AV

AMI VIS|ION

MOTORSPORT

Until now, vehicles and automotive components have been developed
following a so-called sequential design process (target setting, simulation
activities, physical prototypes, testing on test tracR), leading to the definition
of all modifications required to reach product sign-off.

This process is now obsolete, thanRks to the powerful combination of
simulation and Driving Simulator solutions. Developers can how gain
valuable information on developed products much earlier in the design cycle.
Test drivers no longer need to wait until the first physical prototype is available;
they can literally virtually “drive” simulation models, providing real-time
subjective feedback to CAE engineers.

This is how VI-grade is “Bridging the Gap between Testing and Simulation”.
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ACCELERATED EASIER AFFORDABLE

PRODUCT SYSTEM-LEVEL DEVELOPMENT
DEVELOPMENT VALIDATION PROCESS




COMPLETE UNIQUE OPEN

from offline simulation unparalleled separation turn-Rey solution
through Driving Simulator of chassis that can be adjusted C O M P |_ E T E , U N | Q U E , O P E N

up to in-vehicle testing and body behaviour to customer’s needs

. - No matter what Rind of vehicle you have to develop,

. " . no matter what Rind of discipline you have to investigate,

l ' ‘ no matter what Rind of frequency range you have to work on,

' ' ' l l p— 77\ . no matter how much space you have available in your engineering facilities...

B < VI-grade has the Driving Simulator that fits your development needs!
T

*

é VI-grade Driving Simulators are COMPLETE, UNIQUE and OPEN.
COMPLETE because they are turn-Rey solutions and cover the complete

design cycle from concept to sign-off, UNIQUE because they are based on a

J L ‘ ‘/ patented architecture, and OPEN because they easily interface with
. commonly used 3rd party software that's required during

development activities.
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der and Executive VI[°

NIO developed a brand new electric car
with no reference vehicle to start from,
completely relying on Driving Simulators.
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Vi-grade DRIVING SIMULATORS

DESKTOP COMPACT STATIC DYNAMIC
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VI-grade’s ENTRY-LEVEL
e — SOLUTION FOR

DESKTOP

The DESKTOP Simulator is VI-grade’s entry level solution in the Driving Simulators
product line. It allows to test drive your vehicle directly from your desk and then
validate its basic behavior. The DESKTOP Simulator is the perfect solution for those
engineers who want to start using a Driving Simulator to boost simulation activities
and to test models in real-time while also experiencing a subjective feeling.

It's also the ideal tool for automotive OEMs who want to use desktop technology
to prepare models to be used later on a more advanced simulator

(COMPACT, STATIC and DiM), and who need to quicRly test specific components.
This Rind of simulator can also be used by universities and research centers
to develop and test dedicated control algorithms, as well as to introduce their
students to driving simulator technologies.

APPLICATIONS BENEFITS

Vehicle dynamics Minimum size

Control systems development Minimum investment

Real-time vehicle model Same software used on VI-grade

preparation for other simulators COMPACT, STATIC and DiM Simulators
Fully upgradeable







INTERACTIVE DRIVING
SIMULATION

DESKTOP NVH

VI-grade’s DESKTOP NVH Simulator creates an interactive driving experience
of vehicle NVH, bringing your sound data into the real world,
so it can be physically experienced.

Leveraging NVH Simulator and Software technology from Briel & Kjaer, the
DESKTOP NVH Simulator is equipped with a steering wheel and pedals so
that drivers can interact with the vehicle and experience the sound of the vehicle
in real-time. Highly accurate vehicle sound is played through headphones or
speakers, allowing the driver to experience the sound of a vehicle throughout
all of the dynamic aspects of driving, liRe changing gears and accelerating, or
changing from smooth to coarse to rough road surfaces. This immersive
context for sound evaluations helps users select appropriate sounds and compare
alternative designs — whether they are engineers or non-experts.

Software-in-the-loop and hardware-in-the-loop capabilities enable integration
with other vehicle systems, such as vehicle performance models and active
sound design solutions.




BENEFITS

«  Build and experience the sound and vibration of NVH virtual
prototypes, including traditional IC-engine vehicle, E\V/s, hybrids
or vehicles with any type of propulsion system

« Increase confidence in the NVVH decision-making process

«  Drive and assess new vehicles well in advance of first physical
prototypes

*  Rapidly assess multiple driving conditions and part load
conditions for powertrain sound quality

- Listen to your CAE data and incorporate CAE data in the
NVH Simulator virtual prototype

- Combine and experience data from multiple sources, including
in-vehicle and test bench recordings, and multiple CAE analysis
result types

- Drive any vehicle in the database at any time - no need to

EXPE RI E N C E TH E S O U N D ggg;c{/s_/g:ﬁfn\;sehicle availability, track time and weather for drive

« Understand and design the NVVH of the vehicle through full

O F A VE H I C L E control of the sound — turn individual components on and off or

apply filters to components in real-time

APPLICATIONS

Virtual prototyping of NVVH at any stage of the vehicle design process

Setting NVH targets before physical prototyping, cascading targets down to individual components
Competitor vehicle benchmarking

Powertrain sound quality assessment throughout development

Non-expert NVVH assessment by customers, management and marketing

Helping computer-aided engineering (CAE) analysts understand the impact of design changes on
the NVVH characteristics of the vehicle

Tuning active sound design systems (electronic sound enhancement) on the desktop
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OF OUR SIMULATORS
IN A REDUCED SPACE

COMPACT

The COMPACT Simulator features a driver's seat, a fully-adjustable steering
wheel, dashboard, pedals, gear stick and screen and is small enough to be
placed directly in your office. It is the perfect solution for those companies

wanting to start using a Driving Simulator to boost simulation activities and to

test models in real-time while getting a subjective feeling.

VI-grade’s COMPACT Simulator is the ideal tool for automotive OEMs wanting
to prepare models to be used for a more advanced simulator (both STATIC and
DiM) and needing to quicRly test specific components. The COMPACT Simulator

is also an ideal solution for Tier 1 suppliers needing to ensure that their
components will work well when inserted into a more complex vehicle model.
This Rind of simulator can also be used by universities and research centers
to develop and test dedicated control algorithms, as well as to introduce their
students to driving simulator technologies.




TECHNICAL FEATURES

»  Cylindrical screen - (R=2m, FOV/=/5° H=1.5m)
- BARCO I20Hz projector

- Concurrent iHawk hard real-time computer
- Steering wheel torque feedback unit

*  Active belts

* Active seat

* Active brake

- Shakers for high frequency

« VI-DriveSim STATIC 3 channels

- Concurrent simulation workbench (SimWEi5)
«  VI-5imSound

- Traffic simulation software

A POCKET SIMULATOR
IN YOUR HANDS | — L

1L
==

APPLICATIONS BENEFITS

Vehicle dynamics *  Reduced size g ] :[

Control systems development +  Reduced investment = :

ADAS development - Same software used on

Automotive components development - Vi-grade STATIC and DYNAMIC

Real-time vehicle model preparation for Simulators

DYNAMIC Simulator - Fully upgradeable

HMI studies
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IMMERSIVE
AND REALISTIC

STATIC

The STATIC Simulator by VI-grade is a professional solution that allows OEMs,
Tier 1 suppliers and research institutes to use a Driving Simulator to start
bridging the gap between physical testing and simulation.

Our STATIC Simulator is based on the same VI-DriveSim software packRage
that is used on our COMPACT Simulator and on DiM, but is also fully compatible
with 3rd party software solutions. This makes it possible to upgrade the STATIC
Simulator to a DYNAMIC Simulator later on, leveraging previous investments.

Ride & Handling, NVH, ADAS & AV, HMI and Motorsport are some of the
disciplines that could be developed using a STATIC Simulator by VI-grade.
Cylindrical screen and professional projectors make it possible to reach very
high level of realism and to give the driver an immersive driver experience.

ThanRs to the real-time hardware infrastructure, our STATIC Simulator is also
suitable for software-in-the-loop and hardware-in-the-loop applications.




TECHNICAL FEATURES

»  Cylindrical screen - (R=3m, FOV/=230° H=3m)
- BARCO I20Hz projectors

- Concurrent iHawk hard real-time computer
- Steering wheel torque feedback unit

*  Active belts

* Active seat

* Active brake

- Shakers for high frequency

*  SmartEye eyetracker

« VI-DriveSim STATIC 3 channels

- Concurrent simulation workbench (Sim\WEi5)
- Graphic merge & blending, calibration

«  VI-5imSound

- Traffic simulation software

EQUIPPED WITH ADAS CONTROLLERS ot ACC LA LOTL ARG, A AutePie)
AND HMI DEVICES

APPLICATIONS BENEFITS ———— —

i
]

Ride & Handling « Immersive driving experience i
NVH «  Full cockpit 5
ADAS & AV «  Fully upgradeable to DYNAMIC Simulator i

HMI +  Limited investment .

Motorsport

Control system development -
Components development



T OAINST CLIMATE CHANGE
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. "We expect our
ing Simulator

PO/ [OO/
preparation

~ Sylvain Filippi
Managing Director
Envision Virgin Racing

Envision Virgin Racing installed
the cutting-edge race STATIC Simulator
IN its expanded Silverstone headquarters.
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Courtesy of Hyundai Motor Group

FULLY IMMERSIVE
VEHICLE NVH

STATIC NVH SIMULATOR

Our STATIC NVH Simulator creates an interactive driving experience of a
vehicle’s interior noise, vibration and harshness (NVH), bringing your sound
and vibration data into the real world so it can be experienced by real people.

Leveraging best-in-class NVH Simulator and Software technology from

Bruel & Kjaer, our STATIC NVH Simulator provides even more authenticity,
displaying the tracR in front of a real, stationary vehicle that is equipped with
headphones, speakers and shakers — adding vibration simulation to all of the
capabilities of the DESKTOP NVH Simulator.

Simulation models can contain any available NVH data, from simple
recordings of the whole vehicle to an engineering model including path and
source contribution data, and modified components.

Our NVH Simulators can easily incorporate CAE data predictions, allowing
subjective evaluations of virtual component designs when inserted into the
real vehicle's NVH data.



BENEFITS

«  Build and experience the sound and vibration of NVH virtual
prototypes, including traditional IC-engine vehicle, E\V/s, hybrids
or vehicles with any type of propulsion system

« Increase confidence in the NVVH decision-making process

- Drive and assess new vehicles well in advance of first
physical prototypes

*  Rapidly assess multiple driving conditions and part load
conditions for powertrain sound quality

- Listen to your CAE data, incorporate CAE data in the
NVH Simulator virtual prototype

- - Combine and experience data from multiple sources, including
in-vehicle and test bench recordings and multiple CAE analysis
result types

- Drive any vehicle in the database at any time - no need to

coordinate vehicle availability, track time and weather for drive
EQUIPPED WITH HEADPHONES, assessments

« Understand and design the NVVH of the vehicle through full
S PEA I(E RS A N D S H A I(E RS control of the sound — turn individual components on and off or
apply filters to components in real-time
- Complete immersion with a full-vehicle body and large visual
screen — looks and feels like a real car
- Calibrated, accurate, multi-axial, independent vibration at all
driver touchpoints — seat, steering wheel

Bentley Motors

APPLICATIONS

Virtual prototyping of NVVH at any stage of the vehicle design process

Setting NVH targets before physical prototyping, and cascading targets down
to individual components

Competitor vehicle benchmarking

Powertrain sound quality assessment throughout development

Non-expert NVVH assessment by customers, management and marketing
Helping computer-aided engineering (CAE) analysts understand the impact
of design changes on the NVVH characteristics of the vehicle



DYNAMIC SIMULATOR




“The DIMZ250 Driving Simulator

IS the perfect tool for us.

We establish a target for where we
want to be with the final product and,
thanks to the Driving Simulator,

we can have a whole set

of teams working together.”

Michael Bidlingmaier

IKey Expert —

Digital Vehicle Dynamics Integration
Mercedes-AMG

Mercedes-AMG adopts DiM250
DYNAMIC Driving Simulator from VI-grade.
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TURN-KEY
YET OPEN

DYNAMIC

DiM, the family of turn-Rey, yet open driving simulation solutions from
VI-grade, provides automotive engineers with a complete set of innovative,
integrated Driving Simulators for a new generation approach to system-level
simulation, allowing companies to bridge the gap between testing and simulation.

The dynamic configuration provides motion feedbacR to the driver thanks to
an innovative nine-degrees-of-freedom moving platform with reduced dimensions
and larger displacements, called Driver-in-Motion (DiM).

Our engineers went beyond the basic six actuators design to provide a larger
worRspace while maintaining high stiffness. This allows the system to be more
relevant for low as well as for high frequencies which characterize automotive
chassis design. By dividing and conquering the problem, it is now possible to
study both vehicle dynamics and ride on the same motion platform

with DiM Driving Simulators.

The DiM product family is now larger than ever, thanRs to the addition of
VI-grade’s unique cable-driven simulators. This cable-driven technology allows
the DiM product family to go beyond the mechanical barriers of other simulator
architectures, guaranteeing high adaptability and top-class performances.




A UNIQUE ARCHITECTURE:
LOW & HIGH FREQUENCY
FOR COMBINED DYNAMICS

DiM PRODUCT LINE

DiMI50 - DiM250 - DiM40O0O and higher

APPLICATIONS

Motorsport

- Race set up

*  Huybrid and race strategy
»  Driver’s training

- Cardevelopment

Vehicle Dynamics

- Chassis tuning (Vehicle Dynamic Targets)
- Tire development

»  Driver’s training

- Control system design (SIL & HIL)

Ride & Comfort

«  Chassis tuning (Ride & Comfort Targets)

- Ato B comparison

- Off-line results (from experimental test and/or multibody simulations)
playback

ADAS & AV

« ADAS development & verification (AEB, LKA, ACC, ..)
- Dangerous maneuvers simulation

« AV algorithms development & verification

«  HMI studies

- Driver’s distraction and monitoring

*  Human - systems interactions




BENEFITS

DiMI50 /s already successfully installed at leading automotive OEMSs, motorsport teams
and engineering service providers. It is an award-winning Driving Simulator for integrated
active & passive vehicle dynamics and ride development, as well as for ADAS and

NVH applications. Thanks to its architecture, the DiM captures low and high frequency
performance for combined dynamics.

- Standard workspace

- Typical steady-state accelerations (tested on several situations by many expert users)
- Good immersion (standard /m cylindrical screen)

- Class leading velocity and acceleration performances

The DiM250 features the same architecture and performance as the DiMI50, however, with
extended linear actuators for increased travel of the tripod. This motion platform is suitable for
applications which require longer time exposure to steady state accelerations.

The longer time exposure corresponds to larger platform movement to cover the driver reaction
time. Like the DiMI50, the DiM250 comes with a fixed screen, thus ensuring the best possible
visual immersion quality.

- More workspace (longer tripod actuators)
- Longer steady-state accelerations (better acceptance of Driving Simulator
by unexperienced users)
«  Better immersion (bigger 8/9m conical screen)
- Same class leading velocity and acceleration performances on bigger workspace




BENEFITS

The DiM400 DiM40OQO (and higher) is the newest addition to the DiM family and adds a host
of state-of-the-art, new technologies to advanced Driving Simulators.

Leveraging the concept of the original DiMI50 and DiM250, the DiM40OQ0 adds a unique cable
drive system for the lower stage to enable a larger motion envelope for even longer time expostuire.
For the upper stage, a new hexalift component enables an improved motion envelope by increasing
available vertical travel, which in turn leads to a better vertical feel under combined loading events.

Cable-driven simulators are uniquely able to easily adapt to client-specific budgetary and space
requirements. They can be configured in any size, ranging from 4 meters of surge and sway up to
I5 meters and beyond.

Cable-driven simulators up to 5 meters in size come with a fixed screen. For simulators larger
than 5 meters, the screen is replaced by a dome or other visualization equipment, such as VR
headsets.

VI-grade cable-driven simulators are the first and only simulators that adapt to your needs...
and not vice-versal

Even more workspace (freely adjustable to customer needs thanks to cable-based design)
Longer exposure to steady state acceleration (capable of lane change at I:l motion cueing)
Better immersion through improved motion envelope shape under combined loading
Much larger yaw range while maintaining velocity and acceleration performances

on an even larger workspace

Bigger heave for a better vertical feel

Active vibration control through a patented inertia compensation system



“The installation of the simulator
contributes to making us competitive > ' ‘

on an international scale and

turns it area into an ecosystem

of innovation allowing us to face
the great challenges of the future,
first of all that of mobility.”

i 3 ' POLITECNICO MILANO 1863
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Ferruccio Resta
Rector
[Politecnico di Milano, Italy

[Politecnico di Milano adopts DIM40OO
DYNAMIC Driving Simulator from VI-grade.

& e ncx




TH

D

SR

WIT

- AL

\%

DG

TOMOTIV

OPM

RO
NG TH

=55

N T
3Y

= GAP

= VI-grade



RIDE & HANDLING

It's all about fine-tuning your chassis,
developing the right balance,
selecting the right tires,

tuning the transmission,

selting up seamless control systems
to achieve the best driver experience.

VI-grade Driving Simulators, vehicle dynamics software, and services help you wade
through the sea of options. Our Driving Simulators lead the market in capability

for OEM development in vehicle dynamics and our software is uniquely designed

to take advantage of our simulator’s capabilities. For steering feel, limit handling, or
chassis controls, VI-grade’s solution ecosystem is here to help you bridge the gap in
vehicle product development.

Accelerated, Easier and Affordable: VI-grade Driving Simulators will bridge the gap
between CAE models and sign-off.




NVH

Design and engineer the sound
of your vehicle to meet brand and
customer expectations

before building the first prototype.

Our NVH Simulators create an interactive driving experience of a vehicle’s interior
noise, vibration and harshness (NVH), bringing your sound and vibration data into
the real world, so it can be experienced by real people.

Highly accurate vehicle sound is played through headphones or speakers, and
calibrated, accurate, independent multi-degree-of-freedom vibration is applied at
all driver touchpoints. This immersive context for sound evaluations helps users
select appropriate sounds and compare alternative designs — whether they are
engineers or non-experts.




ADAS & AV

Test your algorithms and

automatic systems

In @ safe and collaborative environment
to validate ADAS functions

integrating software and

hardware sensors.

VI-grade offers a collaborative environment for ADAS and AV applications in which vehicle
simulation technology, state-of-the-art software solutions for control system design, traffic
simulation, sensor fusion and Driving Simulator are seamlessly — and safely - connected together.

Thanks to this joint offering, multiple ADAS simulation environments are available:

Software-in-the-loop, environment in which new control strategies are developed and
* tested with virtual real-time vehicle models.

Hardware-in-the-loop, environment in which active control strategies are verified against
+ all possible worRing conditions.

Driver-in-the-loop, environment aimed to frontload activities in the development cycle
« when prototypes are not yet available.




HMI

Evaluate your HMI criteria

with a real car cocRpit and dashboard
and develop new interfaces

in a controlled and easy-to-modify
environment.

VI-grade provides state-of-the-art Driving Simulators with complete cocRpits to
enable HMI studies to be done in fully immersive events. Highway, urban, or parking
lot scenarios can be quicRly tested, completely and repeatably.

And by using a Driving Simulator, 24/7 testing is possible with engineers, or public
test subjects. Barriers like weather and vehicle maintenance are removed, enabling
the most rapid and accurate test environment. Additionally, a controlled environment
allows customer feedback and design changes to be more clearly quantified and
helps drive faster and more cost-effective development.

Finally, virtual dashboards enable rapid design changes to be built and tested in as
little as a few ReystroRes.

Autonomous g




[Push your car to the boundaries,
test it in the toughest conditions,
train your drivers on highly realistic
trackRs and win the race.

The high quality, immersive experience in a VI-grade Driving Simulator allows the
driver to familiarize themself with and “learn” the tracR, thus achieving accurate lap
times. Together with the race engineer, driver feedback and simulator-based telemetry
can help the engineer optimally navigate vehicle setup options.

Gain time off-track to gain time on-track with faster optimization of the chassis setup
and experimenting with a wider range of setups. Save time and money by simultaneously
performing driver training of the track and of the vehicle.
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_ Applus+ IDIADA integrates
; virtual and physical testing
with 2 new VI-grade Driving Simulators.




Established in 2005, VI-grade is the leading global provider of best-in-class

software products and services for advanced applications in the field of
system level simulation. VI-grade delivers innovative and cutting edge solutions to
streamline the development process, from concept to sign-off.

AR SR S T

Together with a network of selected partners, VI-grade also provides revolutionary
turn-Rey solutions for static and dynamic professional driving simulation.
Whether you have the in-house simulation facilities and sRills yourself

or want to collaborate with our technology and channel partners;

VI-grade has a solution that fits your needs.

With office locations in Germany, ltaly, UK, Japan, China, and the USA, and a
worldwide channel network of more than 20 trusted partners, VI-grade is
a dynamic and growing company with a highly sRilled technical team.

VI-grade is part of Spectris plc, the expert in providing insight through precision
measurement. Spectris’ global group of businesses are focused on
delivering value beyond measure for all our stakReholders, targeting global,
attractive and sustainable marRets, where growth and high returns are
supported by long-term drivers. Spectris is headquartered in Egham,
Surrey, United Kingdom. The company employs approximately

9,000 people located in more than 30 countries.

Qamace




Goodyear adopts COMPACT and |
iving Simulators from VI-grade/




Germany

VI-grade GmbH

Im Tiefen See 45

64293 Darmstadt Germany
Tel: +49 6151 8702834
info@vi-grade.com

UK
VI-grade Ltd

Heritage House - Church Road

Egham TW20 9QD UK
Tel: +44.1784 470470
info_uR@vi-grade.com

Japan

VI-grade Japan Ltd
Nittochi Kameido Bldg. 6F
6-26-5 Kameido, Koto-Ru,
ToRyo, 1360071

Tel. + 81 3 6457 8503
info_japan@yvi-grade.com

ltaly

VI-grade srl

Via Galileo Galilei 42

[-33010 Tavagnacco (UD) ltaly
Tel. +39 0432 68 91 51
info_italy@vi-grade.com

USA

VI-grade, Inc.

6855 Commerce Boulevard
Canton, M| 48187

Phone: +1 734 604 7559
info_us@vi-grade.com

China

VI-grade China (c/o Spectris China)

Unit 1102, XinMao Plaza, Building 9, No.99
Tianzhou Road, Shanghai 200233 P.R.C.
Tel +86 137 8899 9689
info_prc@vi-grade.com



vi-grade.com




OA-GRADE

BRIDGING THE GAP
BETWEEN TESTING AND SIMULATION



