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Ever since we were first established, A&D has contributed to industrial and social
development by providing a wide variety of electronic measurement and weighing devices
based on high-accuracy, ultra-high-speed A/D (analog/digital) conversion technology.

We would like to take this moment to thank all of our customers for their ongoing support.

We will apply the following business philosophies as we strive to advance our company to
the next stage.

We provide tools using measurement and control technology based on
analog/digital conversion technology to ascertain information from the

natural world. These tools help our customers to create new value that
contributes to industrial development and healthy lifestyles.

We will remain committed to Honmono (genuine articles), find and tackle
issues, and always finish what we start.

What is MCS?

An abbreviation for Measurement, Control, and Simulation.

Correct measurement:
Providing high accuracy measurement with the technologies that we have cultivated since
A&D was established

Correct control:
Using tools with Digital Signal Processing (DSP) technology to process models at high
speed in real time

Correct simulation:
Utilizing correct measurement and correct control to achieve correct simulation

Pursuit of Solutions

MCS technology is a core competence of A&D and enables us to contribute to various fields,
including the automobile, mobility, IT, robotics, and equipment control industries by combining
high-accuracy measurement technology with control technology that analyzes measurement
results and applies them to the target.

As part of our efforts to further contribute to the automobile industry, we strive to provide
technologies that cover the entire field of vehicle development as we head toward
model-based development.

We will continue to contribute to the progress of each industry by working with our customers
to pursue ideal solutions.

Our 5 Business Domains and Our Produic

~_

53!
' Electronic pg Scale " B : |
=8
‘obustproof and Waterproof

Material Te;_.
(Se
Electron Gl

Non-destru
Inspection De!

rm Scale Compliant with

K ;—-{g Wei

Weighing, Indication and
rement Device with
curacy Vibration Eliminator .

A Converters

9 business fiedls
and products

General-pu
Electronic Measi
Instrum

. mﬁ Household '
& / Pressure M

4

" Blood Pressu
' Meters for
¥ Medical Facil

In our MCS business, we utilize our expertise cultivated in the field of automobile development
assistance to help various customers in fields such as power generation, power storage, and novel fuels
to help them achieve carbon neutrality and make their work more efficient.

Serving Customers from a Global Perspectiv

A&D has made it a policy to expand our business Our general stance is to develop advanced or future

with a global mindset since we were first established. technology in Japan and use our overseas sites for the
We currently have sales-based overseas subsidiaries  development and production of products that require low
in six countries and manufacturing sites in four costs or mass production. This allows us to meet a wide
countries. range of needs quickly.
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We have development, manufacturing, and
sales offices in 12 countries and regions.
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A&D Developed Devices in Overall Vehicle Develop
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A&D Technologies/Testers to Support Vehicle De

Since A&D was first established, we have provided methods for executing accurate measurement
and contributed to high-quality development at our customers.

Our vehicle development fields include:

B Powertrain: Providing powertrain benches, HILS, and other methods to customers to
contribute to high-quality MBD (model-based development).
We have also started providing intake/exhaust/fuel transient measurement and analysis
technologies to support the fuel modeling of internal combustion engines

[ Vehicle dynamics: Providing high-accuracy sensors, tire behavior testers, and dynamic
analysis technologies to support tire modeling

M Improving the accuracy of core plant models, which are the key to MBD, to solve important
issues

A&D will continue to develop and provide technologies and testers at an ever-faster rate to cover a
wide range of core fields and overall vehicle development as we head toward MBD.

o

Features of A&D Core Fields for Vehic

(1) Features of Bench System

W Provides comprehensive support of automobile development by
combining the core technologies of A&D (simulation, powertrain
testing, vehicle dynamics testing, and engineering)

M Enables remote monitoring/operation to contribute to achieving
more efficient development

W Prevents obsolescence of equipment after adoption via software
updates, etc.

M Provides various tests for vehicles, motors (E-axles), HV, and
internal combustion engines

(2) Features of XILS

We provide tools utilizing measurement control technologies to help

make the entire process for model-based development more efficient.

M Easily-buildable high-accuracy HILS simulator including
self-diagnostic functions

B Common software platform to enable resources to be easily
utilized in Bench, HILS, and SILS

B Expandable rapid prototyping controller featuring a compact design

(3) Features of Vehicle Dynamics Testers

Features of VD Sensor

M Achieves high-accuracy measurement with unique A&D component
force sensor

M Visualizes a wide variety of situations at high resolution

M Real-time correction of disturbance via high-speed signal processing
(with no post-processing required)

Features of VD Tester

M Reproduces actual driving on a test bed via high-speed signal processing

M includes high-speed and high-density data collection function

M Achieves high-rigidity and high-accuracy testers with FEM analysis design

Wi Belt testers achieve high-accuracy levitation via patented air bearing technology

Features of VD Analysis

M Enables animation of vehicle behavior using vehicle test bed measurement data,
parameter identification of tire testing model, and other arbitrary analysis

(4) Features of Powertrain Measurement Analysis

M Enables high-accuracy execution of simplified modeling for
important issues (such as fuel sticking inside the cylinder of an
internal combustion engine) and detection of transient signals for
physical core phenomena (gas flow and heat transfer)




MCS Solutions for the Next Generation  of Testing Tools

MCS solution for advanced testing tool

A&D prOVides a Wlde range of measurement A&D provides a wide range of cutting-edge testing tools to assist development in various

. . . . . . industries including the automobile industry. Our products meet the needs of testing for
ContrOI SO|utI0nS for various |nd ustrleS |nCIUd|ng individual constituent elements and components, and composite testing combining multiple
the automobile industry.

elements. The MCS solutions of A&D effectively utilize software and simulations to increase
customer convenience and avoid hardware entrenchment, while providing the flexibility to
respond to changing needs for testing and research/development and reducing costs.
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Helping to Make Development More Efficient and Contribute to Carbon Neutrality

PTT: Powertrain Testing

Products that contribute to carbon neutrality Products that help make development more efficient

These products contribute to the development of high-efficiency internal combustion These products help make development work more efficient via the automation of
engines, electric mobility, and CN fuels. testing and remote support.
They are also updatable to follow changes in the times and prevent obsolescence.
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High-speed Response Engine Bench

Enables evaluation of cold start emissions by covering
operation at rotational speeds below idling speed.




Bench Integrated Development Environment

Bench Test

Achieves Improved Development Efficiency, Continuous Function Expansion,

Applications

B Manual and automatic measurement testing for stationary calibration tests, transient calibration tests, and
performance endurance tests, etc.

M Integrate all bench testing operation (setting management, testing, analysis, and operation management)

M Build bench system configurations that utilize the customer environment and equipment

B A unified environment containing the iTest bench platform and the LabWorX server application that performs
testing operation and management to meet all customer needs for all testing operation and management

M ORION and iTest are linked to provide flexible testing operation and efficiency in response to continuing
evolution in measurement methods for calibration testing

B The modular concept enables flexible system expansion, device expansion, and testing function expansion,
and provides continuous evolution to prevent system obsolescence

M System applications support the ASAM standard

Products Forming the Bench Integrated Development Environment

B LabWorX: Lab integrated server management application
- Web-based operation without user application
- Integrated system for data retrieval, file management, operation rate management, and testing operation
management
- A wide range of optional functions such as a notification function, remote operation function,
background automatic report output, and linking with servers at other sites

B ORION: Stationary/transient calibration automatic measurement
- Creation of user-friendly automatic measurement sequences
- Provides standard actions that incorporate operational know-how for calibration testing
- Support for various ECU tool interfaces

M iTest: Bench testing measurement, configuration, and execution application
- Centralized configuration/management of the setting information required for bench testing
- Testing execution functions such as manual, pattern, ORION linking, and trace testing
- Standard inclusion of various interface modules, including those for other companies

A tool suite that supports all powertrain development by integrating the management server functions and
an automatic calibration measurement system with the iTest bench control/measurement system at its core.

and Flexible Testing Support in Engine Bench/Motor Bench Testing
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Example of Adopting iTest + LabWorX

Adopting iTest + LabWorX enables remote operation and
promotes efficiency.
This system can be used in various fields including automobile
development.

Before
Example of Adopting Battery Testing
Before adoption, testing personnel were required to work at each
machine. After adoption, work is possible at a remote location,
which means that the entire floor can be managed by a small
number of staff, and this contributes to labor saving and efficiency.

VDT/Force Sensor DSP Platform

A&D Businesses



HV/EV Bench

Bench Test

Engine-free Development and Testing of HV/EV Systems and Drive Systems

Applications [Features
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Simulation Bench High-speed Response Engine Bench

Bench Test Bench Test

Connect Real Engine and Vehicle Models to Simulate Real Vehicle Running on Test Bed Inertia Correction Control Enables Real Vehicle Running Reproduction Including Rotational Speed Variation

Applications Applications

M Enables ECU setting before vehicle completion M Misfire judgment evaluation M Cranking/idling stop evaluation
M Low speed combustion evaluation W Reproduction and evaluation of powertrain type machinery resonance
[ Achieve benches by adding vehicle models/driver models to ANDROMEDA ‘Q
M Evaluate accuracy of a real vehicle running on a test bed based on real vehicle running data with the MBD concept M Rotational speed variation reproduction via dynamometer inertia correction control enables misfire evaluation and reproduction =
I More practical with fewer vehicle model setting parameters of powertrain type machinery resonance
M Excellent repeated reproduction to enable testing with quantitative evaluation I Setting the natural frequency of the shaft to 200 Hz or higher enables evaluation of low speed combustion of 600 rpm or lower
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4-axis Hub Dynamometer

4-axis Hub Dynamometer

We Provide a Range of Applications Required for Vehicle Testing
[ Applications

Applications

W Uses stationary equipment to enable highly reproducible data measurement at higher accuracy than real
road driving

B More compact configuration than a chassis dynamometer

B Enables safe testing with higher reproducibility than a real road driving
B Provides data in same format as Bench to enable common analysis

B Function extension enables connection devices such as data loggers

M Enables linking with various vehicle simulation tools (CarSim/CarMaker)

Configuration

iTestLA

Measurement, monitoring, and device controll

Drive force graph

4-axis Tester

Test Automation Tool

Software for Automated Testing

Increases the equipment operation rate and reduces the testing

period
ORION is test automation software.

It enables testing during times when equipment was previously not operated, to contribute

to reducing the total test time.

It supports the testing of motors in addition to engines.

Automation of Testing

Bench operations previously performed by an operator can
be replaced by a test flow. A test flow is a flowchart for a
combination of actions (function components). Various
actions are provided, such as commands for the
dynamometer, changing ECU parameters, and sending
commands to peripheral devices. Since each action includes
the series of operations for achieving a function, it is easy to
build test flows.

Provides Support for Test Automation

M Our support center answers questions regarding
these products and how to use them

B We perform training. Contact your A&D sales
representative.

M Graphically create test flows
M Rich range of standard actions
M Create user-defined actions
M iLink-RT support
W Automatic update function
B Easy embedding in existing benches
M License format
- Standalone license: License for a fixed PC

- Network license: License for sharing among PCs
on the same network

P ——
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VDT/Force Sensor DSP Platform XILS
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Multifunction Heat Exchanger System

Multi Function Heat Exchanger System

Reproduce mode driving transient engine temperatures thanks to
excellent control response

Multifunction heat exchanger systems reproduce the real running state of the coolant temperature,
engine oil temperature, and fuel temperature via model based control using engine heat generation
models.

Combined feed forward control and PID control via engine heat
generation models
Conventional heat exchangers with a large heat capacity have excellent temperature stability but

are not suitable for tests where the target temperature changes transiently, such as in mode driving.

The multifunction heat exchanger systems of A&D provide excellent trackability of the target
temperature and enable transient temperature reproduction thanks to combined feed forward
control and PID control via a small heat capacity and engine heat generation models. This
establishes both the contrary properties of temperature stability and target trackability, in order to
provide the performance required for stabilizing the temperature within a short period of time, in all
conditions from low load to high load and low speed to high speed.

Functions

M Mode driving transient temperature reproduction

Reproduction with engine normal/open thermostat
Engine rapid cooling soak

M Cold start
Cold start from -7°C

M Low pressure loss circuit
Radiator pressure loss reproduction

W Coolant bypass function
High transient control response

W Security function
Failsafe function (software/hardware sequence)
Engine coolant and oil filler/ejector (optional)

B Auxiliary function (optional)
Fuel temperature control
Intercooler temperature control
AUX control output

M Shortened test time

Shortens the time for 1 step cycle (condition change =
state stable = data retrieval) and reduces test time

iViewBox

Measurement device with LabWorX interface

Enables device measurement data
to be managed on a server

By adopting iViewBox, devices not connected to a
network can connect to LabWorX (a server-based
integrated management environment).

This enables linking with the various functions of
LabWorX, in addition to server-based management
of measurement data.

Operation Enabled by Connecting to LabWorX

B Use a Web browser to monitor the device status from an office
B Automatically save measurement data to a server

M Device uptime monitoring

B Remote connection of devices

M Simultaneous monitoring of measurement data for other systems/devices
M Link with LabWorX family of tools

- LabApp: Monitoring from smartphone/tablet
- LabMinder: Remote error notification to administrators
- LabReporter: Automatically creates reports

Functional Diagram

— LabWorX

LabApp [ LabMinder ] [ Lal)chDr‘:cr]
Mobile viewer Auto notification ~ Auto report creation

iView

Third Party
Devices

Features

M No computer required
B Compact and lightweight
M Includes basic 10 as standard
- Analog input: 8 channels
- Analog output: 4 channels
- Digital input: 8 channels
- Digital output: 4 channels
- CAN: 1 channel
M Extends the A&D fieldbus 10 module
- AD7313-11HV: 8 channel analog input
- AD7313-21: 8 channel analog output
- AD7313-31: 8 channel digital input/output
- AD7313-12HV: 8 channel thermocouple input
- AD7313-41HV: 8 channel PWM input/output
*Up to two can be added per module

=
s
W
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Hydraulic Variable Valve Fully Variable Engine

Hydraulic Variable Valve System Fully Variable Engine

Improves Efficiency of Piston Motion and Valve Profile Optimization Work

Improves Efficiency of Variable Cam Profile Optimization Work Achieves High Speed and High Exhaust Via Super High-speed Response Servo Valve

Supports Hydrogen Fuel Supports Hydrogen Fuel
| Features Features

The cam profile and valve timing of intake and exhaust valves greatly impact engine combustion efficiency. Variable compression ratio single cylinder engines Bl Reproduction function for arbitrary piston motion (crank radius,
. L . . . . . . connecting rod length, crank offset, and compression ratio)
Therefore, the cam profile shape and timing setting are important elements in engine development. such as VCR engines are often adopted for basic I Reproduction function for 4 valve independent arbitrary valve
A&tl? PrO\tllldeS a vkarlable valve system via a hydraulic system to contribute to improved efficiency for such engine development and evaluation. Since these profiles (iift, operating angle and central angle change) a
optimization work. are purely mechanical, a large effort is required to M Achieves simultaneous engine control, hydraulic piston control, x
. . . . iti f and hydraulic valve control
M Reproduction function for 4 valve independent arbitrary valve change the conditions such as the piston stroke v . A . )
and crank offset. A&D enables arbitrary piston [l Controls the optimal engine cooling temperature via a heat exchanger
profiles (lift, operating angle and central angle change) on via ad ) o hvarai i I Provides simultaneous control of fuel pressure, exhaust air
. . . motion via advance raulic operation i i S
W Supports single cylinder engines .y . p . pressure, and intake aflr pressure o ]
- G technology and combines this with a hydraulic [ Also enables automatic control of fuel injection time with IMEP
Engine control and hydraulic valve control with the same GUI ’ . .
9 Y variable valve system to provide Fully Variable average value .
Enai M Perform simultaneous fuel consumption measurement, exhaust g
ngines. gas analysis, and combustion analysis evaluation S
£
. - . Specifications (Hydraulic Variable Valve System) Piston stroke Valve lift g
Specifications (Hydraulic Variable Valve System) Example Incorporated in real o | 10 | o
N vehicle cylinder head Maximum piston stroke 150 mm | 7]
Supported valves 2 intake valves, 2 exhaust valves . . - 20
- _ Maximum combustion pressure 10 MPa g € i (a]
iz Ui L) Hydraulic Variable Valve System Supported valves 2 intake valves, 2 exhaust valves E 40 £s |
Reproduction accuracy  Error deviation £0.05 mm or less (“When equivalent to 2000 rpm) Hydraulic Maximum valve lift 15 mm (% 60 £ |
Hydraulic operation oil  Engine oil power Accumulator HYI‘?" _ ey Rotational speed 0 rpm to 3000 rpm* 80 4
aulic N - /i y
Actuator seal stucture Seal-free sorce e | S — Hydraulic operation o Engine oi ’ . — 0 <}
) . ST B 0 90 180270 O 90 180270 O 0 90 180270 0 90 180 270 O a
Maintenance Maintenance-free L injection "‘"" Act.uator SEE UG Seél (iE2 Crank angle (°CA) Crank angle (°CA) 5
0il pipe 2 ports (1 supply port, 1 return port) Ampllmer Amp!mer Malr]1enance Maintenance-free ]
Engine speed Maximum 6000 rpm i Ll T T Upto 120°C Super High-speed Response 8
Supported engi Single cylinder engin “With conditons Servo Valve 5
upported engines ng’e cylincer engine AD5436 | AD5436 | Operation method Linear motion 2 stage valve s
T
Supported stroke 4 stroke N Pilot valve operation method | Voice coil type }:
Engine oi/ Upto 110°C AR T T Hydraulic valve actuator Rated curent 250 Limin (=]
coolant temperature + universal ECU >
o Maximum usage pressure | 21 MPa
Frf:sﬂ':::'s? [6ain (-308) | 200 Hz or higher P—
Iteration Technology Combustion Test Results prol:)erty 90° phase delay | 200 Hz or higher
. . itati 0
Technology that derives the transfer function of ;X“'m'“" magnet ;:rm'"ag"e‘ o
" . lass
an actuator system and adjusts the target signal 9 1
with its inverse transfer function to achieve J 2
highly accurate control. " 6 @
Faithful Control via Iteration Technology : FAY » g
Command i / I~
Target profile waveform Valve response | n <
NE=|Ib ’
Transfer 3 — F o :
function % 3 Operation console
H(s) such " ! 4 Engi trol
Conventional control | 3 Act i = 7 S S S Y ) N S _— 4 NgIleantro
i ; - e o
. i 100 cycle profile reproduction/overwrite 100 cycle error/frequency distribution

Hydraulic piston actuator



High-speed Resp

Transient Intake Flow Measurement

M Greatly improved performance as a laminar intake flow
meter (50 Hz to 200 Hz, the highest in the world)

M Achieve passing flow measurement of intake valve via
intake cylinder model :
[ Waveform retrieval based on crank angle contributes to  :
more accurate models and more accurate control H

onse Technology

Transient Temperature Measurement

I Thermocouples can be made to give a higher-speed
response from 10 Hz to 150 Hz

M Accurate real-time temperature measurement

Laminar flow element

Intake
cylinder

Intake »

D
pressure
Sensor

Pressure conduit

changes due to flow to be expressed mathematically

|: (1) A two-wire type thermocouple enables response
(2) 3D simulation verifies that values are correct

Rig equipment \

Accurate ] |
M Transfer | Thermocouple
(original) e E:) function :> output value
AN s

1 i

i H

A [ T
i i 1
T

ured . .
Flow inside element Flow of intake valve
pressure value Transmission

_/\’ characteristics h(\,, | P
- Intake cylinder

Inverse model
characteristics

Measurable To be measured

- Vehicle )
‘Accurate real
vehicle C: ol ansley <::| Thermocouple
temperature i ) output value
value (real-time),

v

By calculating the transfer function between the differential pressure :
sensor and laminar flow element and utilizing the inverse properties, '
the transient flow inside the element is obtained. :
By calculating and utilizing the intake cylinder model between the
laminar flow element and intake valve, the transient flow of the intake:
valve is obtained. :

Response changes can be expressed mathematically to retrieve the
transfer function (sensor model). Including an inverse transfer
function in a real vehicle enables accurate real-time temperature
measurement.

Example Implementation

(Example of measurement with three cylinder engine)

—83]

||

of—— .

| Blowback
Moo a0 a0 w0 o 10 20 W0 40
angle[deg]
[l The intake valve flow corresponding to the crank angle can be
measured for each cylinder
M Blowback from the intake valve to the intake cylinder can also
be measured

Intake cylinder temperature
310

—

200 '$ f Temperature/pressure

= changes during one

= ) h

P cycle of intake cylinder

JE—T d val i i i
Measured valds righ-speea | OF Single cylinder engine
response)
280
002 004 006 008  O1 012

Intake cylinder pressure
105

100 =y

AN
\ o/

\ ./

0.62 0.04 006 0.08 0.1 012

Timels]
M High-speed response processing enables the measurement of
temperature properties according to rapidly changing pressure
inside the intake cylinder

©
&

MAP[kPa)
© @
g 8

0
3

Cold Emission Reduction Modeling Technology

[l Without visualizing the engine combustion chamber, the combustion property signals outside the combustion chamber
(transient intake flow measurement, high-speed THC measurement, high-speed C0/C02 measurement) can be used to
obtain a fuel sticking model, internal EGR model, and fuel evaporation model for cold starting

[l By performing cold start fuel injection feedback control (and ignition control) using the above models, contribute to A =1
control from the initial stage of cold starting

Feed-forward control

ient intake flow i -‘\
measurement }_' : Fuel sticking model !
[ IN o EX 1 !
- I H Internal EGR model i
~ |\ £L | High-speed TH‘c H i
ickingpe=—t"== measurement . 1
Fuel sticking i Fuel evaporation model :
. a \‘ _______________ ‘I

P ° | High-speed C0/C02

R measurement
y F fuel (t)

Derive the properties of the fuel behavior
inside the combustion chamber from the
correlation of the intake and exhaust
component

=F (G air(t), H THc(t+1), K co2(t+1) )

Example Implementation

Fuel
sticking \\'

1,0()0 rpm startup speed

/

800 rpm startup speed

combustion chamber

Rotation //l

-20 -10 0 10 20
Atmospheric temperature at startup (°C)

Amount of fuel sticking inside (outside)

W Accurately identify the amount of fuel sticking inside (or outside)
the combustion chamber according to the cold start conditions

n
=
<

VDT/Force Sensor DSP Platform

A&D Businesses



-0

AD7832/AD7833

RTS Torque Meter

Rotation Torque Sensor

B True torque measurement with distributed force sensor type

M Direct installation to engine axle/CVJ axle

M Simultaneous crank angle measurement

M 1/5 dual range for arithmetic processing with guaranteed high-accuracy

M High-accuracy real-time measurement with high-speed telemeter

AD7832 AD7833

Rated Capacity of RTS Series

The RTS Series can be used with the rated F.S. or 1/5 of the rated F.S.

Series/capacity 200 Nm | 500 Nm 1 kNm 2 kNm 5 kNm || Dual range support

AD7832 O O O O O O
AD7833 O O O O O O

AD7832 Series AD7833 Series

Compact (small diameter type) torque meter High-speed torque meter

M Dedicated model for torque measurement H Distributed force sensor type
with distributed force sensor type

M Rated torque:200 Nm to 5 kNm

M 2.4 GHz/4 Mbps compact telemeter

M Total error: 0.03%

B Maximum rotational speed:

12,000 rpm (200 Nm to 1 kNm)/
10,000 rpm (2 KNm/5 kNm)

B Lightweight/low inertia/simple structure

Il 6 component force monitor available

M Rated torque:200 Nm to 5 kNm

B 300 MHz/20 Mbps high-speed telemeter
I Total error: 0.03%

B Maximum rotational speed:

10,000 rpm (200 Nm to 1 kNm)/
7,000 rpm (2 kNm)/5,000 rpm (5 kNm)

M Can support 25 kHz DA output (requires consultation)

{] : l‘ .
r — | f )
AD7832 AD7893-S AD7833 AD7882-02 AD7893-E3

Gas Analyzer

Gas Analyzer

Gas Analysis to Contribute to Carbon Neutrality

H2 Gas Analyzer

Cross Leak Gas Analyzer

Bex-1000H Series

Bex-1600XL Series

This product has been used
for the cross leak gas analysis
of fuel cells for a long time. It
provides accurate analysis of
cross leak phenomena with
both small quantity sampling
and high-speed response.

i

You can select the optimal
model for your measurement
needs, from low concentration
to high concentration. This
minimizes the interference of
coexisting gas and enables
high-accuracy H. measurement.

FT-IR Exhaust —
Gas Analyzer

Bex/BOB Series

This product adopts unique technology to achieve
high-accuracy measurement of various components.

It enables the addition of a Hz, 0., and THC meter,
which cannot be measured with FT-IR.

It is also used for analysis of NHs, which is gaining
attention in the fields of new energy and exhaust

gas regulations, as well as the analysis of N20, s
which is subject to greenhouse gas regulations.

Bex-2200FT
(Hz2, O2, THC meter added)

-
i

BOB-1000FT
(vehicle mounted)

VDT/Force Sensor DSP Platform XILS

A&D Businesses



Simulation Platform That Supports Efficient Model-based Development

X In the Loop Simulation

A common software platform enables

the entire development process to be

seamlessly connected to contribute

SILS to efficient control  development. HILS

Tool for the development/verification HILS platform with excellent
of control software that enables environment constructability and

assets to be shared with HIL M expandability

Controller providing measurement/
control for various applications

0

High-speed communication

PTT

DSP Platform

VDT/Force Sensor ‘ ‘

A&D Businesses

o



We provide large-scale HILS systems and integrated HILS systems that are highly expandable by linking to
H ELI OS multiple CPUs and multiple units.

HELIOS System Platform for HILS

Platform Supporting CASE/MBD

B Select from two types of CPU boards ) Load box
poudane Eunction I Enables load to be easily fixed and wired, and expansion via boards

PTT

W Distributed processing with core division and multi-node operation AD7005 Intel Xeon 3.5 GHz (4 core) M Includes internal temperature monitoring function and various fixed parts Can be connected to the target for =
. _ in testing using an existing harness
W Commercial PCs can be used as nodes VS2000-A7006 Intel Core i3-7100E 2.9 GHz (2 core) Manual operation box
W High-speed communication between nodes and low-latency model I Enables the HILS to be operated with a dial, slider, or mechanical switch
nchronization . —
o a Connector conversion box s m
I Highly expandable W Conversion and rewiring are also possible for using a connector \Connector conversion box J

. . . provided by the customer
M Arich range of options that enable testing

environments to be constructed in a short time Low pressure box

o plrestsiny
. . . . E M Enables testing by placing an ECU inside a box with a built-in | (T
I All-in-one design that integrates I/0 and an interface = : ETaEE -
to make the system more compact and lower cost E atmospheric presst{re sensor . i1 v T
H M Enables atmospheric pressure conditions to be changed “u - "|
M Adopts integrated software platform (iTest) with £ ) ) . HELIOS — 5
A&D Test Bench Resistance simulation box s \___loadbox S
. . . i M Enables simulation of temperature sensors, etc. (range of 1 Q to 1 MQ, k=
I Enables flexible configurations for various goals, 16 channels included) r—— o
from small scale to large scale configurations M Up to eight can be connected 5 §
HELIOS-PRO HELIOS-LITE Breakout box Manual operation box b _Reslis‘tancg;
simulation box
I Enables easy signal confirmation by connecting this between the e
1/0 Board Lineup board and the ECU S
M Enables open circuits and short circuits for each signal line _
Board name Function §
ENG-10 Simulation of crank/cam signal ) ) L L ) ) 3
Measurementioutput of rotation synchronization signal (injection, ignition, The use of PCle 3.0 enables high bandwidth (8 Gbps) data communication and synchronization and the connection of multiple HILS and 8
knock, etc.) multiple CPUs. E
ACT-I0 Voltage and current measurement of a solenoid or DG motor, etc. This enables the construction of large-scale accurate models required for the testing of next-generation automobile development (CASE). =
(=]
SENSOR-10 Analog input/output f . >
Analog voltage simulation/measurement of sensors, etc. A&D's Integrated HILS Link HILS to Test Bench
PLS-10 Pulse inputioutout Senorusion £ J —
Simulation/measurement of switches and pulse output sensors, etc. ' i i
(duty, on/off, or solenoid measurement) =8, .
COM-I0 CAN/CAN FD/LIN/K-LINE/RS-232C . T s e 8
VB-SW VB supply relay (with voltage and current monitor) § L0ER ECy 3
3 | =
SENSOR-0UT Analog output == b —} | ‘D
Analog voltage simulation of sensors, etc. == = — T . a
PATTERN-OUT Output arbitrary waveforms | o |M I M bench & . S
Rotation sensor simulation via voltage/current output f = B <<
Resolver simulation (with excitation signal input circuit) pokrn ) E = EE‘\! -
FPGA Board Includes large-scale FPGA that can be freely programmed by the user ¥ ¥ L § ol . Miulti node
Includes high-speed I/0 required for motor simulation Y Achieves HILS testing of actual ECU for autonomous
SENT-10 SENT input/output o b h : Test actual ECU while reproducing real driving phenomena on a
Serial communication standard for automobiles: Sensor simulation dyl\{lng/ Advanqed Driving Assistant System, which has been test bed.
; difficult up until now.
supporting SENT
Analysis of SENT protocol B Connect multiple HILS M Connect HILS and test bench
Includes self-diagnostic function and failure function as standard (the VB-SW has the self-diagnostic function only) Enables testing of complementary functions A test environment close to the real world with
between ECU due to sensor failure little wasted communication time

‘@ @7



This product provides robust support for model-based development, such as model

XI Ls Platform SOftwa re creation to test result management and interprocess linking with server software.
XILS Platform Software

Simple Construction and Operation Enable Efficient HILS Testing

10Configurator: Improves Model Reusability GSIL: SILS Tool

PTT

I0OConfigurator is software for connecting 1/0 and models. A SILS tool that adopts the iTest platform.
Model reusability has increased because the I/0 information retained by the previous model is now Enables easy environment construction and easy utilization of HILS and Bench assets.
managed in IOConfigurator. GSIL is software jointly developed with Ubiquitous Al Corporation.

Model changes are not required when changing the I/O and ECU because the model does not retain the
detailed I/0 information.

M The I/0 parameters for HILS can be set
outside the model

B Contributes to model creating that is not
dependent on I/0

B Contributes to model sharing between

e : Software in the Loop Simulation (SILS) and
: : ] = = Model in the Loop Simulation (MILS) and
{ £ S MILS L 4 ‘ E
e = ;1 =
- = o.
= = a
- [72]
(=]
iTest-VSA: The New GUI Runtime Environment for HILS —
A GUI runtime environment for HILS operations with excellent visibility. .
In addition to the functions required for HILS, iTest-VSA enables remote monitoring and linking with a §
remote management server. 3
8
kd
LabWorX: Centralized Management of Equipment/Data =
= Link with LabWorX to centrally manage multiple HILS systems and perform test data management and >
operation status monitoring from office PCs.
B Central management of the operation
status of multiple HILS systems Q
B Automatic collection/management of 2
test data _E
B Operation status monitoring from an §
HELIOS office 3
M LabScheduler enables tests to be <
M Easily create rich GUIs Recording/Playback/Automation of DSP Operations scheduled and performed
. . . t ticall N
M Also edit GUIs during HILS execution The block design visually provides an automatic automatically
M Share HILS functions between multiple HILS systems  testing environment. .
B Python can be executed from the GUI by linking with It also enables manual recording of parameter
Python settings, playback, and real-time processing.

ﬁ plzlthOI’]‘ Support for the ASAM XIL API enables the utilization
of automatic testing tools from other companies.



A high-speed application for achieving motor HILS via an FPGA.
Includes a highly expandable HELIOS platform and a VS2000-010 high-speed
arithmetic FPGA board.

Motor HILS

Motor HILS

High-speed Applications Via User FPGA Models

This product contributes to reducing man-hours for the development and verification of motor control logic
via high-speed I/0 and motor behavior reproduction via high-speed calculation enabled by an FPGA board.

Configuration Example (Two Motor)

M Includes the largest scale FPGA in the industry to operate large-scale/high-density models at a maximum HELIOS
speed of 200 MHz
M Includes high-speed 1/0 to support up to two motors : VS2000-010 FPGA board cp(gmbl_‘:grd
' imuli
M Communication between FPGAs enables linking between multiple FPGA models inE : FPGA
B Two types available with different FPGA capacities L High-speed 1/0 (user can construct logic) Monitoring
A . i - Torque
FPGA Model Lineup Gatesignal | Power unit 1 !
isi i i i Failure —> DI —> Inverter - Rotational speed
A PMSM LdLq model is included as standard and can be used immediately after delivery. /\ \/ ! - Loss
: - Mechanical angle
Current sensor Motor - Current value
Motor model Inverter model Sensor/other model T Shortto <~ A0 <— etc.
: ower
Ideal switch type I ; gh rtt Power unit 2 Configuration
PMSM LdLg model simulation type _ Resolver signal _: ortto _ py ~ Load

Failure simulation

- Gate element open circuit/short circuit failure
- UVW phase open circuit/correlated short

WMMAMMNW[ ground Inverter - Motor
PMSM JMAG-RT model* Resolvar oxcitation Open - Inverter
esolver excitation ; circuit —> A —> Motor - Resolver

o g - Failure
*Motor model with properties identified by circuit failure : Communication Sensor model etc.
IVAG - Diode failure T 7 between FPGAS
Wiotor FILS UserF PGA Nodsl e High-speed logging (1 GB) m
€ by e =~

B R B i 5 "1 | VS2000-010 FPGA board

- | N Motor HILS CPU Model C .

] ' =] h | J AR e = between FPGAS FPGA

= : £ i
— H H Specifications
= Specs VS2000-010-060 VS2000-010-115
FPGA Included FPGA Kintex UltraScale Kintex UltraScale

This product addresses concerns about insufficient FPGA resources and can be implemented with the (KUOB0) (KU115)
accuracy of the JMAG-RT model maintained. FPGA logic capacity 795 K 1451 K
In addition to the PM version compatible with LdLq/JMAG-RT, IM and boost converters are also available. DSP 2760 5520
The above models can be partially customized by the user. RAM 38 Mb 75.9 Mb

[Tk

FPGA motor model with
JMAG-RT

1/0 Al 4 channels/100 MHz/16 bit
‘ LY High capacity FPGA boardﬂ J T High-accuracy model AO 14 channels/50 MHz/14 bit
Discover Precision DI 12 channels/200 MHz
Parallel calculation of models . Lt il i
morising th hicl . JME Operation cycle 200 MHz
comprising _ icle JM“G'RT Communication between FPGAs 8 lane x 2 port 4 Gbps high-speed serial communication
L Failure relay Yes

FPGA development environment

VS2000-010 Blockset (XSG/HDL coder)
MATLAB R2019b  Vivado 2020.2

PTT

VDT/Force Sensor DSP Platform
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It enables arbitrary reproduction of cell charge/discharge states that are difficult to achieve with a real battery.
Battery H I LS This contributes to the efficiency  of control logic development and verification for the BMS (battery management system).

Battery HILS
Efficiency of BMS Development/Verification

PTT

This is a HILS system for control logic development/verification for a BMS (Battery Management System). Example Battery HILS Configuration
It enables arbitrary reproduction of cell charge/discharge states that are difficult to achieve with a real
battery. The entire unit can be stored in a rack. Rack size: 570 mm (W) x 1440 mm (H) x 850 mm (D) (up to 192 cells)

It supports third party battery models. System construction engineering from model embedding to the High voltage simulation (VS1100)
HILS connection of the BMS enables the provision of a turnkey system that can be operated immediately )
after delivery.

Functions

M Cell voltage output value setting
M Cell voltage/current monitor

M Open circuit between HILS and BMS (failure simulation)
B Noise superimposing
B Expandable to include sensor/switch simulation, communication, and power supply functionality T P g
snalcces =
i . S
[Featres T 5
[72]
it lll l" 4 2
W A compact HILS that combines functionality into one exclusively developed multifunctional 1/0 board S’ Al
W Safe design ) ) ) ) ] Low voltage simulation (HELIOS) g i ' . —
- BMS stored in rack to prevent accidents caused by contact with the high voltage area (interlock * ;
function included) S
- Includes chassis internal temperature monitoring and overcurrent/short-circuit protection §
B Automatic testing function s
- Enables the building of real-time testing synchronized with a model g
- Build automatic testing using flowcharts, scripts, and time-series data BMS st E
- Real-time playback of actual machine measurement data storage =
- Provides engineering service for building automatic testing environment — .
Specifications of High Voltage Area
M Battery model S
- Battery models from NEXTY Electronics can be used Type Budget Standard
- Calculates the battery state, such as the voltage of each cell, state of charge (SOC), state of health Maximum cell count 264 cells (expandable from minimum 12 cells, in increments of 12 cells) a
(SOH), and cell temperature Range Range: 0 to 5 V (16-bit resolution) §
. =
M Configuration/monitoring Voltage output function . /t\ccturacy : 10.02% of:.s. B
- Application included sl LipLt ourren =280l @
Voltage measurement function Sane . ek g
otag Accuracy - +0.1% of F.S. <
R: -
Current measurement function ange 200 mA/=20 mA
p Accuracy = +0.1% of F.S.  —
= ‘ NEXTY Disconnection function Open circuit possible for each cell*2
; Electronics Noise superimposing function FOverview - Superimposes sine:;e:(v:form on cell voltage
(optional*!) requency - z
Amplitude - 1Vp-p

*! The superimposing noise option is not available if there are more than 192 cells.
*2 The maximum number of open circuits for continuous cells is 43 channels. There is no restriction on the total number of :

Battery Model
open circuits for the entire system.



Battery Internal Impedance Emulator

Battery Internal Impedance Emulator

Cell Emulator Supporting Superimposed AC Method

This battery internal impedance emulator is a HILS device for on board BMS software development.
It contributes to reduced development work by enabling battery-free BMS verification, which normally
involves the preparation and management of real batteries.

B Enables battery properties and deterioration state to be arbitrarily configured for each cell
M Enables reproducible tests not dependent on environment or battery state
M Supports the more detailed superimposed AC method for estimating battery deterioration

The superimposed AC method of battery evaluation provides higher accuracy deterioration estimation
than using the DC component only, and is gaining attention in the field of on board BMS in recent
years.

This product enables the reproduction of minute cell voltage variation caused by AC variation that
flows as load.

AC impedance AC impedance
l_-_l measurement Real number R measurement
Current resistance // 1Hz 'Dm

Equivalent circuit

Reaction resistance
model

== |\leasured value of real battery
== |ogical value of electrical circuit

A AL
%17 Value simulated by HILS HILS

. . - High-speed simulation of batter
% Battery chemical reaction Property graph indicating battery state quuiva\pent circuit model in HILSy

v

Match high-frequency AC component with real battery and HILS

Imaginary number X

Electrolyte resistance

Configuration Example

[

i

PC HILS Battery type IF BMS

iTest-VSA (GUI)

Engine HILS

Engine HILS

Providing an Engine HILS with Superior Constructability

This product provides hardware/software to reduce the user burden of environment construction and
dramatically reduce startup time.

M Able to directly measure injector/solenoid
current (noise proof)

M Supports both direct injection and port
injection, and enables switching in 52000-001
software ENG-I0 board

M Enables configuration of each load/sole-
noid in software

B Provides 10 systems per board without
the need for an external relay in the ECU
power supply line

M Supports a wide variety of communication
interfaces

M Includes failure function (short to power
or ground/open circuit)

M Graphical pattern creation software
(crank/cam/knock)

SELENE

Rapid Prototyping Controller

Compact DSP Controller with Low-temperature Resistance

SELENE is a compact, lightweight controller for various usage scenarios, and also supports model-based
development.

Features

M Operating temperature range: -20°C to +60°C (power of
40 VDC or lower)
B Compact and lightweight
B Enables I/0 expansion with expansion modules (up to two)
W Supports 48 VDC power supplies and operation at battery
voltages
M Standalone operation possible

Module Lineup

HELIOS

Module name Included functions
CPU module Included CPU: NXP i.MX61 1 GHz (Quad)
(VS3100-001) CAN FD, LIN, SERIAL, USB 2.0, micro SD

Expansion IO module

(VS3100-002) AD, DA, PWM IN, PWM OUT

PTT

VDT/Force Sensor DSP Platform
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HILS Engineering o

HILS Engineering

-
-
-

Providing Flexible Engineering via HILS Development Technicians at A&D

HILS Engineering Examples of Engineering Services

B System building/customization W Hardware building/customization
Model-based development (MBD) has widely - Support for ECU failure - Harness design/production
L - HELIOS environment setup - Load connection
spread and development front-loading is now . X . o )
. i . i - |0 communication settings - Switching circuit design
- performed with MILS/SILS/HILS in various fields. - External device/equipment connection - Dedicated rack design
Training However, companies have trouble finding the time - Linking with HILS from other companies

Seminar Building/

Customization to conduct ECU testing because of the various
Standard . . .
Freelens preparations required before adoption, as well as
Training um _{:ﬂ CPU/FPGA the training required after operation has started.
Service !<BAT=1  Modeling s
=
S
gﬁmﬁ; A&D has defined six fields of engineering to help s
o . . o
Customization our customers in this way. o.
[77]
We also provide flexible customization both during Q
and after system adoption. B Modeling CPU/customization B Software building/customization
- Plant model creation - GUI creation for testing operation —
- FPGA model creation - 10 configuration
- Third party tool linking - Automatic test pattern creation 5
- Automatic report creation g
n
@
Engineering Services O "i 5
- S
: =
- - (=]
Menu Description % WeLIoS =
System Building/Customization We assist with the work required to prepare the customer to perform ECU testing.
Hardware Building/Customization We perform hardware work for our customers and propose solutions to improve N . . .
customer systems. B Training seminar B Testing service o
. .. . -+
CPU/GPU Modeling We create and modify control/plant models for the customer. - HELIOS basic training - Contracted ECU testing ]
- . @
We help achieve further efficiency with software functionality from the stage of - FPGA tra!n!ng (System Generat_or version) %
Software Building/Customization | software setup, including the GUI creation for operating and monitoring models in - FPGA training (HDL Coder version) (b a
HELIOS, the creation of automation sequences for ECU testing, and implementation - Other training v ﬂ (=]
of functionality for automatically generating reports. v / g
Testing Service We provide a service for ECU testing using a HILS provided by the customer. O v
- . We support human resource development at your company with training on HIL
Training Seminar systems, including how to use the various software and hardware, and training on  m—
how to create FPGA models.

000
MMM



DSP Platform

Contributing to Solutions in Various Fields with a Platform Utilizing DSP Technologies

= €

Aerospace/detfi

DSP

Our DSP platform that combines model-based simulation with measurement/control
based on AD/DA technologies can be utilized in various fields and applications.

Infrastructure

Platform

Warehouse

PTT

XILS

VDT/Force Sensor

A&D Businesses



Measurement/Control Hardware Platform Model Development/Execution Environment o

Measurement Controller AD-XPRTS SW Development Environment

-
- Development Environment Pltiorm =
AD-PROCYON High Performance Measurement/Control Platform The model development/execution environment platform provides a development environment for the
o _ o creation and real-time execution of MATLAB/Simulink models so users can achieve high-accuracy
|| Realjtlme simulator enabling parallel processing with measurement/control equipment at will. ——
multiple cores/CPUs
I Model-based design and coding-free environment using B AD-XPRTS Blockset
MATLAB/§muImk ar.ld Stateflow . Provides the functionality of A&D hardware I/0 as an S-Function part.
M Synchronized sampling between boards and units -
m DSP Option Blockset 7
M Ultra-low-latency system i

I Range of chassis selectable according to the required Provides the functionality not provided in the standard blockset as an S-Function part.

* system scope/performance (5 slot/9 slot/20 slot chassis) u s'm“""k mo_del build en\l_qunment o
AD5448-S AD5448-M AD5447-L M Range of CPU hoards selectable according to the required Provides an environment for building the created Simulink model.
system performance The built and generated module can be executed in real-time on the measurement/control platform.

M Rich 1/0 expandability and versatility

Model Name Model Name
AD5440-01 A/D 32 channel AD5440-31 Engine HILS E
AD5440-02 D/A 32 channel AD5440-34 CAN-FD communication board E
AD5440-03 Digital I/0 AD5440-76 Sine wave output o
AD5440-06 Multi-function I/0 AD5440-77 SENT communication board z
AD5440-10A Synchronization between units AD5440-78 Pattern output
AD5440-13A PWM input/output AD5440-PX27 FPGA board
AD5440-17 On board network AD5440-PX27-M1 FPGA board (1 mezzanine board)
AD5440-30A RAM monitor AD5440-PX27-M2 FPGA board (2 mezzanine board)
*The 1/0 board lineup is subject to change. AD, DA, DIO PWI, etc. 5
(7]
I * §
AD5436B Generic Measurement/Control Platform §
ot o
M Real-time simulator including Intel® Core i3-7100E 2.90 GHz dual core . ; E
processor >
M Model-based design and coding-free environment using MATLAB/Simulink
and Stateflow —
M Synchronized sampling between boards and units
M 8-inch color LCD (touch panel) and function keys o
M Standalone operation %
AD5436B M Rich 1/0 expapdablllty and versatility .E
M Mount a maximum of seven I/0 boards 2
2
Model Name Model Name T =
AD5430-01A Generic 16 channel AD AD5430-17B 0On board network ] “m""
AD5430-02C Generic 8 channel DA AD5430-18 3 phase PWM motor control | o
AD5430-03 Digital I/0 AD5430-20 100 kHz 8 channel high-speed AD ] ]mmm I§ f !
AD5430-11B 6 axis encoder input AD5430-71 AUD interface “Setsasnsansay | ]
AD5430-12A Timing detection AD5430-34 CAN-FD communication board == ﬁ_,[ ;
AD5430-13 PWM input/output “The 1/0 board lineup is subject to change.

The measurement/control platform enables the execution of high-speed
measurement/control/real-time simulation based on a real-time OS. W



iTest-DC (DSP Control)

DSP GUI Software Platform

In addition to the basic functionality for changing control parameters and monitoring measurement signals, this

SolutionBuilder

B Enables Windows applications to be easily created
Create screens, scripts, and settings on a single screen.

Use multiple DSP systems at the same time Create screens

AutomationPanel

Consolidate models, screens,
and sequences

B Enables the screen construction and execution of Windows applications.
Enables screen construction while the application is executing.

@ DSP execution environment Use in various types of measurement control and simulation

GUI Software for DSP Platform

product includes a variety of functions for creating applications. We provide more advanced testing environments

sl | abAgent

B Enables various equipment to be connected to the A&D server app (LabWorX).
Enables centralized management of equipment/testing data and automatic
report generation

Manual Log T

STEPTIME

(Optional)

B Provides an automatic testing environment for the DSP system
Test blocks enable code-free testing synchronized and asynchronized

with an RT environment.

Perform automatic -
testing —

L Execute sequences in real-time

DQ Status: Good JEFAULT Limits 0K

PTT

XILS

VDT/Force Sensor

A&D Businesses



Contributing to MBD Development in the Field of Tire/Vehicle Testing -

Vehicle Dynamics Testing
=
a.
| LEargetrumil ypeN ire N iesicr, | ldioeilires esunygividGCinie:
Measures the force generated on tires and road surfaces Correct device.control and correct measurement
in an environment similar to a flat road I Correct device control: ..
. - High-speed response of FEM analyzed high-rigidity device
[0 A drum internal ground component force sensor (small three - Good tire posture accuracy %
component force sensor) measures the dynamic tire ground - High-accuracy belt meandering prevention control with =
force distribution horizontal belt displacement of +0.5 mm or less
[ Large curvature radius (@3.2 m) steel drum + high-accuracy [ Correct measurement:
tire stand - A&D sensing technology 6 component force sensor —
- High-accuracy measurement of micro steering force
r>"__ E
‘E
s
o.
&
Q

=]
(7]
3
[
S
o
=
=
(=]
>

lirerstand g
=]
Q
= 1 Py 2 A function that reproduces  the state of an actual =
=4 4 W4 b vehicle driving
.y & . —
- i* ! .‘ - ‘q Converts properties during operation to data to assist
& " tire transfer function analysis
Fx




On-Board Measurement System

Vehicle Measurement System
Visualize Vehicle Behavior Based on Wheel Input

6 Component Wheel Force Sens

Force resolution: 6 N/1 Nm
Angle resolution: 360/6,400 deg
Sampling: 10 ksps

i@ Wheel Posture Sensor

Quantify vehicle ground speed

Speed detection range: 0 to 120 km/h Detection resolution: 0.02 mm/0.003 deg

Speed resolution: 0.2 km/h

Sampling: 10 ksps

Each sensor controller enables data saving and external output

Save files to external media

1

—— »CAN output

Visualize input to wheel at high resolut

Visualize wheel behavior at high resolution.

@Contract

VMS Logger

Example on-board vehicle

Visualize slip rate with instant value o5
T e Y TV e ree %
— -0.5 7

— L —

e -0

L

Vehicle body speed Vv

B femh)
o

Real-time detection) of vehicle bbdwjggﬁ speed différence

Wheel speed Vw

<Measurement of suspension stroke behavior>

108
;

— wmras
— FALD-D
— WAMD-2

Visualize relat}or
drive/braking for|

e,
4

é+

g8

A ]

<Measurement of handling delay behaviol

+%%j+¥+sm

I R D) ove D Stcering o) FrCF > Yawrate 3 RGP Vehice ot

04 18> 2, 2, 2,

|®| N AV Y S

PTT

A VMS logger can be used to collect synchronized meastiremen
=

X

DSP Platform

VDT/Force Sensor

various vehicle part

A&D Businesses
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3 Component Force Sensor/6 Component Force Sensor

Plate Force Sensor

Enables Real-time Measurement of 3 Component Force/6 Component Force in Various Situations

Measure at accuracy of total error 0.1%

Real-time output of measurement data at
high-speed rate of 10 kHz

Usable with various applications AD7827-112-30K

(Example application: Road surface reaction force measurement of tire
attached to real vehicle, engine/suspension mount
reaction force measurement, and wind tunnel balance,
etc)

<Example usage of 3 component force sensor/6 component
force sensor: Evaluation of vehicle response property>

AD7827-102-3K
6 component force sensor 3 component force sensor

Evaluate vehicle yaw mode from road surface
Iateral force (|nput) and yaw rate (output)

Vemc\e yaw mode irequency characteristics

N

| Exciting the vehicle yaw mode

~180 4 . . .

s enables visualization of phase delay.
—— 230kPa
—— 180kPa

Bury 3 component force sensor  Attach gyro sensor to vehicle body
in road surface

Phase (deg)

Measure the lateral force input to the Measure the yaw rate
vehicle body as the road surface indicated as the lateral
reaction force force response

(deg/sec)/N

I;requency [;lz)
The vehicle yaw mode is excited to identify the

difference in yaw behavior caused by different
tire air pressures

._"-_----------.

3 component force sensor with cleats buried in road surface

We also accept requests for regular calibration of A&D sensors.
Please send us a query upon confirming the information below in (1) to 3. m
(@ Calibration schedule 2 Model name (3) Number of units ¢

@mmmd W ) Symbol indicating that

Please contact your nearest A&D office.

Ground Component Force Sensor

Force Matrix Sensor

Visualizes the Distribution of the Force the Tire Applies to the Road Surface @ Contracted testing

o =
DCFR: Dynamic Contact Force Testing Rig

Installed inside drum of DCFR

Ground Component Force Sensor

| Visualize force distribution and shape of the tire touching the ground.

® Enables simultaneous measurement of force in three directions (Fx, Fy, and Fz) instead of only Fz.

Sensor size: 7.5 mm

Sensor pitch: 8 mm
Capacity: Longitudinal force Fx of 50 N, lateral force Fy of 50 N, and vertical force of 100 N

Sensor size: 3.5 mm
Capacity: Longitudinal force Fx of 30 N, lateral force Fy of 30 N, and vertical force of 50 N

<Measuring impact of slip angle>

100+ lFx(longitudinallorce)l 100 l Fy (lateral force) l
:E aof _ 50
Slip angle: 0 deg j B 13 n i
e o N | i
i B -f*bmn s £ 41080
H sl 50
ol T L I o e
=100, =100 00,
1]
Slip angle: 2 deg 2
% 50

50 o =50
Lataral Position [mm]

The force distribution and shape of the tire touching the ground differ with slip angles
of 0 degrees and 2 degrees.
Even the force distribution inside the block of the tread pattern can be determined.

PTT

XILS

DSP Platform
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JIS D 4234/1S0 28580 compliant

Tire Rolling Resistance Test Equipment Vibrating Moving Belt T
Tire Rolling Resistance Test Equipment Excitation Type Moving Belt System
[
Achieves Both High-Accuracy Data and Stability @ Contracted testing Reproduction of Rough Road Conditions on a Test Bed &
5 Example of Features and Practical Use
This tester is an ISO 28580-compliant tire rolling resistance Sl This system reproduces a bumpy road by applying vibration in the vertical and steer directions on the moving belt unit being
tester using the force method. The force method requires used as a mock-up road on the test bed. The belt unit is made with a steel belt with an extensive history of success. Its excellent
accurate measurements from the component force sensors === meandering prevention control is used to 30 Hz of vertical vibration and 3 Hz in the steering direction to reproduce steady
attached to the tire rotation axis. A&D uses a high-accuracy T [ running above 200 km/h. 9
proprietary 6 component force sensor to measure torque (Fx) =il . =i - ~]
with an accuracy greater than 1/1,000. Reproducibility is ‘
achieved with a standard deviation (o) of less than 0.05, b e B
meaning that it can be used as a rolling resistance tester in the 1
operation of tire labeling systems from JATMA, and we have PC-only type —
delivered more than 20 units in Japan and overseas. N d
. —— Example use wit'h movin belt unit with vibration functin for vertical an steering directions Belt drive unit £
Main specifications 5
M 4-wheel drive rough road simulator using moving belt (conceptual illustration) ES]
= 1]
PC T8 [l Abbreviated Specifications (Operating Specifications) o
_ (passenger car) (truck/hus) - Belt speed: Max. 200 km/h 8
Maximum load 15,000N 60,000 N - Vibration performance: Vertical: +50 mm, 25 Hz, max.500 mm/s . 2
Measurement range (Fx) *300N +600N Steering: +20 deg, 3 Hz, max. 50 deg/s Air bearing (all carbon)
e i e e
e Wi 3 echnology from , including
(options) (up to 270 km/h) (up to 270 km/h) 6 component force sensor LT T g st B i 4 all-carbon air bearings, high
Applicable tire rim diameter 10" to 24" 17.5" t0 24" for PCs ] i ifications (Vehicle :neanderin_g prevznt:jo; controltwith .
E?(terior sha.pe ofltire 0500 to 9900 mm ©700 to ¢1,500 mm - Wheel base: 2,200 mm to 3,000 mm ;:tzrcfiz':f:;%’ \?vr;rn?ngsy. current crac
Tire-dynamic radius 220 to 520 mm 300 to 750 mm - Tread: 1,350 mm to 2,400 mm

I The road simulation drum is thermally sprayed with an atencielghif Mo

aluminum cast with a steel surface, achieving both strength and
a lighter weight and reducing the power consumption of the
motor

Drum specifications of tester

Drum diameter: 62,000 mm Example of Test Data

Drum width: 600 mm
Aluminum cast drum Y ey Below is an example of test data recorded for the force occurring in each direction between the
tires and road surface during simultaneous sweeping of cycles with differing steer angle,

Exaiiple oA TeE AT camber angle, speed, slip rate, vertical position on road and load.

=
[~
(7]
=
-]
(7]
[
2
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[
~
=
[=]
=

. - 8000 ¥ x - - ¥ I " 100
Typical Data for Standard Tires £ , | o 2
Example reference tire measurement data 2 som0 = I 75 a
G i Measurement Skim test measurement. 2 | 3 ]
RR RR RRC Spindle Tire Distance | Ambient Drum Spindle Tire Distance | Drum | Parasitic g . 1 L = 2 ‘B
D (corrected) force load | ©rum e | omperature| speed | force load | Ormauface | speed loss R Gl | ] 2
] N[ v | ] from] Pl | Genl | W il fom] | De/b] | [N s X E IV”“”‘ voraton a
1/FWD 27.38 27.41 6.02 25.05 4550 2983 25.1 80.0 389 0100 322.6 80.0 515 £ 200 . ; 25 8 o3
1/REV. 26.80 26.86 5.90 25.99 4.550 298.3 25.3 80.0 5.25 0.100 3226 80.0 6.94 g I S mBelt speed: 10 to 30 km/h, acceleration/ <<
2/FWD 2734 27.40 602 2498 4550 2982 253 80.0 385 0.100 3226 80.0 509 g 4 ! oA s & deceleration: 20 sec
2/REV 26.95 27.01 594 25.94 4550 298.2 253 80.0 508 0.100 3226 80.0 6.72 s s . 2 mnitial tire pressing load: 3 kN
3/FWD 27.39 27.43 6.03 24.74 4550 2983 252 80.0 357 0.100 3226 80.0 473 = p A g load: -
3/REV 26.73 26.77 588 26.09 4550 298.2 252 80.0 5.40 0.100 3226 80.0 714 oo | NBeieanderingll o5 ™ Camber angle: +5 deg, 5 deg/sec
1 m Vertical oscillation: 0.2 to 3.5 mm,
Ro:l[l)ng ! . Repetm;m aczuracy s it | . 20t0 1 Hz
vg |0 T ey 8 v T L B G = o o
Fuwd 602 6.02 6.03 602 | 0004 | | ! ] | I i | m Vibration oscillation: 1’:1 tg 110Hdeg,
R 0 4 1 0.027 | y | 0 0.1 Hz
eV 5.9 5.9 5.88 5.9 so00 | Vibration angle i 8 41 LK Ll B B L 5l 1! 5 .
Avg 5.96 5.98 5.96 597 0.012 .—JI ‘ m Slip rate: +0 to 100%
P | i Uy | - | S i P | S | A i

o 20 40 60 80 100 120
Time (s) @



Flatbelt Tire Tester

Flat Belt Test Rig
Cutting-Edge Driving System Using Mechatronics

" Contracted testing

There are two methods for performing running tests and tire tests of vehicles on test beds: the roller type and flatbelt type.
The flatbelt type is preferable when taking into account factors such as the contact area between the tire and the
driving surface.

A&D's moving belt system is a cutting-edge system developed as a basic drive part for machines such as tire testers
and chassis dynamometers for two-wheeled and four-wheeled vehicles.

Example of Measure| Data

Steer response test Fz:4194N 60 km/h SA:0->+2 deg SAT vs time

Tre 1
Trel
Tre 3
Tred

i i i
i -3 -2 -1 @ 1
Graph: Example of A&D belt tester data (195/65R15 comfort tie, air pressure level 3, sampling at 1 kHz, no flter) Slip Angleldeg]

Enables plotting of 1 kHz sampling data without averaging or 1-return SAT (0 deg - >3deg - >0deg - >3 deg - >0 deg)
filtering in 6 types of name-brand tires

Example Use of Tire Testing System

Belt speed: +180 km/h Tire speed: +203.5 km/h

Applicable tire diameter: 9500 to 900 mm (0.D.) (for tires of 600 mm diameter)
Peak load: 10 kN Tire driving force: Min. 2,500 Nm

Belt straightness: +1 mm (rated value for 30 seconds)

Slip angle: +20 deg, within +0.03 deg, Belt material: Steel

20 deg/sec Belt size: Width 450 mm, 800 mm between pulleys
Camber angle: -5 o +30 deg, within +0.03 deg,  External dimensions: 2,600 (W) x 2,500 (D) x 3,000 (H)
5 deg/sec Mass: Approx. 8,500 kg

Delivery Examples

Moving floor belt system for large wind Belt testing machine for small tires made for
tunnels made for Nissan Motor Co., Ltd. Nagoya University

Belt Type Suspension Test Rig

Belt Type Suspension Test Rig
Achieves Test Bed Flat Road Testing Using Real Vehicle Suspension @Comracted testing

When developing suspension, it is necessary to achieve subtle riding comfort and driving stability in various driving
conditions. The belt type suspension unit contributes to this development by reproducing flat road steering tests on
a test bed.

Features

M The moving belt unit includes air bearings with an established
reputation in wind tunnel testing machines and tire testing
machines.

M A 6 component wheel force sensor is incorporated in the rim to
measure the 6 component forces applied to the tires and road
surface in a steering state.

M Various sensors enable deviation and alignment changes in the
suspension parts during actual driving to be measured together
with the received load in various drive states (speeds, loads,
and steering situations).

Example Specifications

Speed Max. 180 km/h (1) Automatic steering machine
Bear support width 440 mm
Belt fat road surface [ANUANNEN ok (2) strut base 6 component force sensor
Accurately measures the directional forces transmitted to
Peak load 10 kN the strut base
el 2 (3) Suspension unit
Belt unit Belt size/pulley diameter 450 (W), 500 mm
Belt Sandvik (4) 6 component wheel force sensor
. Drive output 215 kW (electric) Accurately measures the directional forces transmitted to
e the wheel rim
Maximum road surface drive power| 3,000 N . .
Belt trace detection Laser sensor (5 Moving belt unit
Crack detection mechanism Via eddy sensor @ Belt drive motor
Load support method Air bearing Drives and controls the rotation of the mock-up road (belt)

(7) Belt vertical mechanism
Enables vertical vibration operation

Example Applications

XILS PTT

DSP Platform
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Hydraulic Testing Machine
Hydraulic Testing Machine
[
Outstanding Waveform Reproduction and Stable Long-time Testing &
We provide fatigue durability testers, physical property testers, and strength testers to customers in the automobile and M Steering Tester
automobile parts industries.
- We respond to customer requirements to the maximum extent possible. - Features a full digital controller for control on the input drive side/load absorption side to —
- We accept requests for servo valve maintenance. enable testing specifiedl by the cgstomer. We propose hydraulic servo types and electrical
- We also accept requests for the electrification of testers, including hydraulic power sources Servo types to meet various requirements.
_p q A 9y p ) - Also ask us about extended support for HILS linking systems and support for various third
- We also provide support for carbon neutral hydraulic oil derived from plants. party models n
(We offer these services both for newly adopted equipment and existing equipment (including testers from other - We investigate the various requirements for performance testing, durability testing, and 5
manufacturers)) property testing
- Evaluates durability by repeatedly applying rotation load to the sample (steering assembly)
- . ; - Enables rack and pinion forward/reverse testing
Expansion/Compression Tester - Gear testing
- Power steering pump testing —
3 - Optimal for expansion/compression fatigue durability testing
- Enables installation of actuator (up type/down type) to match the test piece
- Down type optimal for small test pieces and up type for large test pieces - Enables testing according to standards such as FMVSS210 and UN14 g
- Allows installation of thermostatic bath to enable changes to the environmental temperature (also child anchorage and sliding door strength, etc.) E
I[ 1 conditions of test pieces (optional) - Seamless execution of everything from testing to report creation with dedicated software &
— X X [77]
f ‘_.n - We produce both hydraulic and electric actuator type testers - Achieves excellent controllability and response via a digital controller Q
I . - Servo amplifier and testing software enable production of dedicated testers - Also supports control system updating and upgrading
M Twist Durability Tester 5
(7]
- Add arbitrary torsional moment to rod/cylinder shaped test piece to perform test piece measure- §
ment - Includes function for constant control of load/displacement @
o
- Enables measurement of the strength to torsion and yield point, shearing modulus, and torsional - Enables fatigue/durability testing with a single unit S
angle at rupture - Includes signal generator for sine waves, square waves, triangular waves, and SAE waves E
; >
- Secures one side of the sample with a chuck jaw, etc. and rotates the other side at a constant - Has remote control and enables phase control of multiple actuators

rotation/force (torque)
- Measures the twist count until rupture, twist torque value, and twist angle, etc.
- Also enables the transmission torque and twist rotation fatigue testing of the motor shaft or drive

transmission shaft (propeller shaft) of vehicles or vessels - Portable and portal types available
- Enables selection of hydraulic and electric actuator power sources

B Hydraulic Vibrator

- Supports two axes

- Outstanding waveform reproduction
0 " - Supports thermostatic bath (-150° to 250°C *Cooling with N2 liquid)

- Stable long-time testing
- Reproduction of various environmental conditions (temperature, pressure, and vibration)
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I Servo Valve
Samples

- Hoses for hydrogen stations
- Samples for vehicles (hoses, fuel cell cases, valves, gaskets)

- A two-level nozzle flapper type electrical/hydraulic servo valve

- Supports high powers and high speeds and provides advanced controllability and tracking
- Suitable for a high-speed response and high-accuracy hydraulic control system

- Sapphires almost as hard as diamonds used as the tip balls of the feedback pin

- This head passed a 251,425,121 time durability test @

- Samples for general industry (pipes, hoses)
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Parts, Materials and Physical Property Testers

Universal Testing Machine

We supply various testers. Contact your nearest A&D office.

Video Extensometer

- Simply place the cursor over the sample mark in the software

- Select one of three types of cameras (2.3/5/9 MPx) according to your accuracy, measurement range,
and budget needs

- Easily prepare the sample by marking it with a commercial pen or spray

- Optimal for highly extendable samples such as film or rubber

- Wide range of variations with mounting bracket and multiple cameras

Customizable mounting
bracket to meet a range
of viewpoint needs

Poisson ratio DIC

Wide Range of Applications ALPHA TACT

(extensometer software) (TENSILON data processing)

*Additional applications required.

Extensometer Lineup (Contact Type)

B Extensometer supporting highly extendable
samples

<SG series> <U-4310 series>

- High resolution with strain gauge - Optimal for highly extendable rubber/plastic samples

- Ultra-lightweight extensometer for minimum impact on sample - Improved reproducibility with automatic clamp opening/

- Distance between reference lines: 25 or 50 mm closing

- Maximum extension: 2 to 50 mm - Range of clamp edges selectable according to the sample

- Maximum extension: 1,000 mm

- Minimum reference line: 10 mm

M Strain gauge type extensometer

TENSILON Universal Material Testing Instrument

- Return speed: 1,650 mm/min
- 7-inch color touch panel

The TENSILON universal material testing instrument from A&D has been a favorite tester at
many companies and laboratories, thanks to its excellent force sensor technology and its
measurement and control technology that links together sensors and machines.

We offer a wide range of models that support up to a maximum of 300 kN, such as the RTH
series of high-accuracy measurement models that meet the requirements of Tester Level 0.5,
and the RTI series (Level 1) with excellent cost performance.

- RTH series high-accuracy type: Load accuracy 0.3%: 1/1 to 1/100; 0.5%: 1/1 to 1/1000
- RTl series high-accuracy type: Load accuracy 0.5%: 1/1 to 1/500
- Wider speed range: 0.0001 to 1,650 mm/min

- Administrator function: Enables user management/usage restrictions by 1D
- Wireless access: Enables operation log management

- Enables data transfers to smartphones

- Low noise

- In consideration of usage environment, 40% reduction compared to other A&D products (at speed of 1,000 mm/min)

- Achieves high-speed sampling of 0.2 msec

- Does not miss momentary load changes

Automatic Tension Tester *Supports automatic compression and bending

This product fully automates the process from sample
loading to testing.

Reduces measurer error (high reproducibility)

Used with a wide variety of samples.

Desktop Tension Tester (Force Tester)
MCT2150W/2150/1150

Small material testers

- Desktop installation means no moving to testing laboratory
- We provide jigs for various material testers
- Compact and portable
(250 mm (W) x 405 mm (D) x 711 mm (H), from 17kg)
- Easy operations with touch panel
- Connect PC for operation and data analysis
(when using MAST-Lite)
- Immediately use after turning power on

Multi Tester *Supports tension, compression, and bending

Optimal for testing of large amounts of samples, this product
contributes to greater efficiency.
Load cell mounted for each sample axis, space-saving design

Friction/Wear Tester (Thrust Type)
EFM series _ L

I
Enables friction characteristics evaluation, dynamic friction W
coefficient measurement, and wear measurement
- Evaluate friction characteristics via combinations of
various materials D 8
- Evaluate relevance of surface treatment and friction
characteristics
- Evaluate relevance of environmental conditions and -
friction characteristics

High Pressure Atmospheric Tester

We provide friction testing environments with the
high-pressure atmospheres required by our customers as
refrigerants switch from CFC substitutes to green refrigerants.
€02, R32, R134a, HF0-1234yf, propane, and other gases are
supported.

DSP Platform XILS PTT

VDT/Force Sensor
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Industrial Measurement Device

Recorder/Recording Equipment

Omniace RA3100
The RA3100 is a data acquisition unit that can perform high-speed high-accuracy recording to a thermal printer
and high-speed long-term recording to large capacity storage media.

M Multi-channel input  Max 36 channels (for analog input) . .
Max 144 channels (for logic input) _ ‘ _-:]
M High-speed sampling at maximum 20 MS/s = "
M Long-time recording o B
- Memory capacity: 4 GB (when using 18 channels, 20 MS/s for 5.6 seconds) e !
- SSD capacity: 256 GB (when using 36 channels, 1 MS/s for 50 minutes) - ‘f
M Input unit: voltage, temperature, logic - ;

M High-speed printing with a recording speed of 100 mm/s

%

-a —
M Playback of recorded data possible without ending measurement —_—

RA3100

M Enables Y-T waveform view, X-Y view, or FFT analysis during measurement

Omniace RA2300 MKII (-S)

The RA2300 MKII is a user-friendly data acquisition unit that achieves operation like a pen-written recorder via
amplifier configuration screen visualization and a touch panel.

M Types

RA2300MKII (model with 320 GB HDD and maximum 16 channels of analog input)
RA2300MKII-S (model with 256 GB SSD and maximum 16 channels of analog input)

M Enables recording (paper feeding) and sampling via external synchronization signal

M Direct input from sensor

Contains an amplifier unit supporting various signals (such as voltage, strain, temperature,
vibration, pressure, and rotation pulse) to enable direct signal input from sensors

M Enables high-speed recording to an internal HDD or SSD over a long time

M Enables Y-T waveform view or X-Y view during measurement

RA2300 MKII (-S)

Omnilight || RM1102

The RM1102 is a portable data acquisition unit with improved
environmental durability.

M Enables input of up to 8 channels of voltage/temperature and 8 channels of logic
signals
M Excellent portability
Provides fully-fledged measurement performance with a lightweight design of
approx. 1.5 kg
M Continuous long-time operation with battery
M 3 types of measurement modes
High-speed sampling enables memory recording, long-term recording to SD card,
and real-time recording to thermal printer
M Environmental durability
- Durable body resistant to impacts and drops enables continuous measurement in
vehicle running tests
- Dust-proof and drip-proof design for use in all usage environments
- Superior heat-resistance for use in extreme temperature environments (from
-20°C to +60°C)

RM1102

Signal Conditioners

Wi Strain amplifier

e e e W .....|
I.,.- .._.-I -c-oI ‘«I Er

AS3503  AS3603 AS3703 AS3803 AS3903

AS3503: f property, DC up to 5 kHz, measurement range 500 to 50 ke
AS3603:  property, DC up to 2 kHz, measurement range 200 to 20 ke

M Charge amplifier

AG31

03

- Enables input of charge type and voltage
output type piezoelectric sensors

AS3703: f property, DC up to 10 kHz, measurement range 500 to 50 kue - Inclusion inside integrator enables

AS3803: f property, DC up to 2 kHz, measurement range 200 to 20 ke

MVoltage amplifier

AL1101 AL1201A AL1301A

AL1101: 2 channel type, f property, DC up to 10 kHz
AL1201A: High y, high-speed resp type,
f property, DC up to 100 kHz

measurement of speed and displacement  AL1301A: High withstand voltage type, input 10 mV to 2,000 V

AS3903: f property, DC up to 5 kHz, measurement range 500 to 50 kye  in addition to acceleration
B Compact remote control amplifier
AR1100
- 16 channel rack amplifier from a - 8 channel

personal computer
- Enables input of voltage, strain, vibration, temperature, and rotation signals

amplifier froma

personal computer
- Enables input of voltage, strain, vibration, temperature, and rotation signals

Wi Strain gauge

Main types of strain gauge

M AD1281 unguided strain gauge

This ided gauge prevents noise from contaminating the measurement

Gauge pattern

Applications

Gauge pattern

Applications

E: For wide range strain
measurement

(i

—{—

For localized stran measurement
For stress concentration measurement
For twiststrain/orgue measurement

For measuring strain in a
2 shaft stress field

)
&

For rosette analysis
Easy for errors to occur when
the strain slope is large

Wi Strain gauge converter

signal and reduces the induced voltage occurring in the strain gauge, even
in environments where electromagnetic induction occurs.

-

M Special load cell

Load converter 9E01 series

Type  |Rated capacity (Pa)| Non-linearity (%RO)
High-accuracy type| 20Nto1MN 0.015 t0 0.05
Popular type 50Nto1MN 0.05100.2
Compacttype | 500 N to 200 kN 015
Ultra compact type 5Nto2kN 1102

9E07 series acceleration converter

Rated capacity: 20 to 10k (m/s2)

B~

908 series displacement converter

8

Rated capacity: 5, 10, 20, 30 (mm)

Rated capacity: 30, 50, 100, 200, 300 (mm)

7

Two axle simultaneous measurement type load cell
Simultaneous measurement of both the X axis and Y axis
with a single unit

Rated capacity [Rated capacity
Model Yot | (s

XY-500L/250L 5kN 25kN

XY-750L/250L 7.5kN 2.5kN

XY-100L/500L 10 kN S5kN

Washer type load cell

[RWL]

Rated capacity : 100 KN to 5 MN

Mass 121024 kg f'

W Piezoelectric acceleration sensor

Piezoelectric acceleration converter sv1000 series _

Maximum usable acceleration : 100,000 m/s?

Frequency range
Mass

- 5,000 m/s*
:Upto 20 kHz -Upto1.3KHz
029 -13g

- 5,000 m/s?
-Upto 7 kHz
-135g

- 25,000 m/s*
-Upto 20 kHz
-12¢

Acceleration converter with built-in amplifier SV2000 series

[3 axis type]
Maximum usable acceleration : 3,500 m/s* - 5,000 m/s®
Frequency range :Upto15kHz - Upto 10 kHz
Mass 119g -449

VDT/Force Sensor DSP Platform XILS PTT
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