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Study on relationship between body stiffness and
handling stability applying machine learning
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I t is well-known phenomenon as a rule of thumb that vehicle handling
stability improves by increasing body stiffness, but not many studies are

found where this phenomenon is analyzed rigorously by engineered

approach.

The meaningful characteristic quantities are extracted, which specifies the

relationship between body stiffness reinforcement correlates to organoleptic
evaluation and vehicle handling stability by carrying out vehicle driving test
at proving ground and applying machine learning technique,statistical data
analysis technique and data comparison to measured vehicle maneuvering
data such as steering angle,steering force and vehicle lateral acceleration.
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Sound intensity measurement of the engine radiated
noise caused by piezoelectric exciter

EWOIRE R FEA SN T 286 . EBRFO A s g
1:% LHZLTH B EEGAZ N TEET,

RS OB IERAIE T2 ELL T A I N~ —FE Y =
—HNZEDNMRD T, =P RhT U AIy v a E AT R
BNEBIZHY | — B2 IR 7 1% WA Z E R #E2e 7= /NRlZe
T T A E IR IENG T,

TV DAL BEREIR IO —A~D AN R BV —TF L
YT R TIIRT 582X, EBEO AT iENRL 724 To
e LN TEET,

Flo BEER ST UVINIRFEZBROF) S A A0 L2 % i G HRNC
RENZEB OFEHIE IR B L OE AL T T AL DHEE ERALD EDW@
LD HREL RV E T,

n the case of evaluating noise & vibration characteristic of structure,
the valuable dynamic characteristic is obtained by exciting a point
where the actual force is applied under the operating condition.
Utilizing a small piezoelectric actuator is quite useful to vibrate inside of
engine and/or transmission where the excitation by impact hammer and the
electromagnetic shaker, which are commonly used but almost impossible.
Talking about engine, the dynamic characteristic under the

condition of exciting real input point is obtained by exciting crankshaft
journal by Piezo device,which is the input point of excitation force by
combustion to the engine crankcase.

In addition,the multipoint measurement technique,which
reproducibility is easy to be obtained,enables to specify details of the
vibration behavior and the sound intensity measurement clarifies sound
generating part and location.
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ESTECH specifies the following Noise & Vibration
experiments
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t is fundamental to understand vibration characteristic of the object by operating test and artificial excitation test

in order to analyze the mechanism of noise & vibration phenomenon.

ESTECH chooses the experiment methods and measurement instruments carefully to obtain necessary test data and

conducts vibration test under the most suitable condition.

ESTECH has sufficient experiences of various experiments for automobile, auto parts, aerospace instrument,
railway vehicle, ship, machine tools, construction machine, agricultural machine, OA apparatus, amusement park

ride, building and so on.

o HRNNIRIGR (A2 /37 IR, EREIE,
AR, & BEA0R)
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@ Excitation test(Impact Hammer,
Electromagnetic Shaker,Hydraulic
Shaker,Acoustic Power

@ Test modal analysis(Structural mode,
Acoustic mode)

@ Proving ground test,Operating test

@ Acoustic intensity measurement

@ Noise and vibration source identification

@ Transfer Path Analysis,Order tracking
analysis

@ Sound quality analysis,Organoleptic
evaluation

® Moment ofinertia measurement

@ Motion capture measurement

@ Test rig design and manufacturing

® ERE—S VT (ST —F, FHE—F)
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Tire CAE model for Noise & Vibration Analysis
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oise & Vibration caused by road
N surface input is important
phenomena for vehicle comfort
performance and the application of
CAE analysis with a full vehicle is
essential. The CAE modelling of a tire
is one of the most difficult technologies
since it is made of complicated
laminate materials including rubber.
ESTECH developed unique modeling
technique which the tire model is
created by optimizing dynamic
characteristics to identify material
properties without measuring them. In
addition, tire rotating effect can be add
to the linear FE tire model by
appending the rotating effect
represented by dynamic stiffness
matrix.
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CAE modeling with Dynamic Accuracy by
Reverse-Engineering
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pplying the proprietary

reverse-engineering technique,
ESTECH provides CAE model to
benchmark, which is an essential
process for product development.
ESTECH creates CAE model with
sufficient dynamic accuracy, which is
comparable to the one of the actual
product since the mechanism analysis
models for handling stability and ride
comfort analyses as well as FE model
for noise & vibration analysis are built
while the accuracy of the models is
checked by a single component and
assembly vibration tests.
Furthermore, the model is also delivered
with analytical result which clarifies
mechanism causes deference in target
performance by analyzing both the
actual product and ESTECH FE model
built by the reverse-engineering.
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Analytical technology to identify noise and vibration
generating mechanism — ESTECH.Nast* -
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n the case where structural analysis

of automobile consists of a large
number of part is conducted, it is
difficult to identify mechanism of noise
& vibration phenomenon because a
large number of eigenmodes are excited
with high density. The Principal
Component Analysis technology can
extract particular deformation modes
that contribute to the noise of the
evaluation point from the complex
deformation eigenmodes. One of
ESTECH?'s proprietary technologies
mentioned above is installed in the
NASTRAN functional enhancement
software named ESTECH.NAST*,
which provides the output to see
through the essence of engineering
problem.
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Vehicle handling stability and ride comfort analyses simulate its organoleptic evaluation

B HA R 5L SO S T E Rl Lo TCHIE SN ET,

AN DBEMEIT L THMCh D70 Bl DA 2 ZEE) A€ T AL
FOEMOMEEILETT,
EOIOPANES L Esu APl i O EAN o i R o (| O o | S e 1
DFBR T EATIC LD FET R ERSKH TEL7 ML —ILE
TNEARMS DIENCTEET, TNV —INVET L OTEMICES>THE
BRCIZEHI 2 R #E7 AT R D BB MEZE TR O B PR A BT L
MEZEVERT DI CTAEL DA BB G AN =X LE W LML ET,

leasure and comfort to drive a vehicle are judged by feeling so called

passenger's organoleptic evaluation. Because the human sensitivity is
very delicate, the technique to model the elaborate behavior of the vehicle
is necessary. In this regard, ESTECH is able to provide a full vehicle
model which simulates running condition of a vehicle with enough
accuracy by applying proprietary test and simulation technologies that
include measured minute characteristic such as dynamic friction
properties, etc. Making use of a full vehicle CAE model, the body elastic
deformation and physical properties under the vehicle running condition
are calculated, which are typically difficult to measure by physical test, to
clarify mechanism of various phenomena related to handling stability and
ride comfort.

Test

Simulation

Angular velocity [deg/s]

Time [sec]
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Engine framework structural optimization to actualize both weight saving and high NV performance
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DHEAEDE

Tuning reduced model parameters
(determining alpha, beta, and gamma)
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Fast reassembling of characteristic
matrix corresponding to a new engine
specification
EFLENR
Model Assembly

PS-XTHi -1k D
EBRBIIL—LavERIE
Evaluate performance

(NV, weight, etc.) of the new spec. by
using PS-X under operating condition

any engineers and researchers are currently working on developing

an ideal engine framework structure with light weight and low
noise and vibration. ESTECH unique technology enables to execute
extensive parameter study, which was impossible to do by conventional
technology, by combining Modal Differential Structure (MDS) of
ESTECH self-developed software named ESTECH. NAST* which
calculates the influence of stiffness and mass change of engine individual
part efficiently together with ESTECH.PS-X which is a high speed
engine vibration analysis software under operating condition.
Accordingly, vibration of the engine framework structure of several
thousand specifications is able to be simulated for around several days*,
which enables to provide the most suitable framework structure to
balance light weight with high NV performance.

3 The calculation time depends on a model, an evaluation item, condition and computer specification

eReference Kakuta (HondaR & D, Co.,Ltd.), et al.: “Design support tool to optimize engine vibration and
mass in early period of design”, JSAE lecture preprint, No .128-17 (2017)
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Hybrid analysis combining electromagnetic field and the structural acoustics

s \4’7*U~yl<‘ﬁ%bﬁ%%'-é%\ﬁ%bﬁfocaz:%)ﬂ%b%né%wm;t‘ /NEY
R EAL - BZh 2L % HWITHEESC T 7 1 ot B Y B A&
HIVTWET, —J7, /NI EAIC L0 LRI BB RENNRE ) & R -
JHERE( BT DM KEAICHY ET, ATy 7T, BRI~
TBNG T RN ~ R AT ~ S BT E TR A G b E - RBID T
W AT = X ARPEAT - TOET, EHIZ, ESTECH.MagDBIZ X5 Rk
TEREINIR ) 23§ 2 BIRE OB ET, ESTECH.MNVIZ X5 BRI
B ORE~D =y T RLBEBHIIR IO 538 & — Nk —F 241
N AWeT A — AR B OBIEEOF R ED EMLTVET,

RELERKEMOBRR

Search of the most suitable

he electric motor used for a hybrid vehicle and/or an electric

Vehicle is being pushed forward night and day to downsize, trim
weight and improve efficiency in these days. However, downsizing and
trimming weight of the motor inevitably increase the tendency of
generating noise such as electromagnetic noise induced by
electromagnetic exciting force. In these circumstances, ESTECH
conducts an electromagnetic noise and vibration and its mechanism
analyses combining the followings such as "Electric Circuit",
"Electromagnetic Field", "Structural” and "Acoustic* analysis
technologies together. Furthermore, ESTECH applies proprietary
software named ESTECH. MagDB to study current waveform
controlling high-order electromagnetic excitation forces and ESTECH.
MNV to map electromagnetic excitation forces on the structure and
analyze the excitation forces as well as measures magnetic flux density
on teeth surface using sheet search coil.

BHMEADIVELY

Mapping of electromagnetic

current waveform excitation force

ESTECH.MagDB

ESTECH.MNV
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Fluid-Structure Interaction Analysis for Squeeze Film Damper
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RETPHTHIEIREE T, TRT 7 TILHRAR ~ A 1 8 AT O
LT, ATART AN DT L 70 Pt TR EL T X DA T4 T
SLFELTE,

he squeeze film dumping phenomenon is observed when a

vibrating flat plate approaches a surface of fixed plate, which
induces the resistance for the vibrating flat plate by the flow and the
compression of the viscous air in the gap. It is important to make
use of the squeeze film dumping effect for designing MEMS device, but it
is difficult to estimate the effect of the phenomenon with high accuracy
because it is fluid-structure interaction problem. ESTECH, however,
developed analysis method to simulate the effect, which is one of the
examples of fluid —structure interaction analysis.

EREEL Air gap= 0
ZXEAHY (gap=100um)  Air gap=100pm
ZREAEY (gap=50pm)  Air gap=50pm
ZREHY (gap=20pm)  Air gap=20pm
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Mechanism analysis technology vital to model based
development
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Reduction Technology in Concept Design
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3D Mechanism analysis model
created by reverse engineering

Geometries

Bushes

Joints

3D detailed model

Drive Shaft Torque

Reduction

Reflection

FUTAVHDREZAT v TRLY
Drive Shaft torque at acceleration pedal Tip-in

Equivalent
Stiffness

Matrix
Kinematics

&
Compliance

1D reduction model

Analysis
Test

STECH develops highly accurate

3D mechanism model by combining
accurate geometry measurement of the
structure, simple substance property
measurement such as spring, test modal
analysis and measurement test of
response at excitation point all together.
Such highly accurate analysis model is
utilized to study the design, analyze the
mechanism and calculate properties as
substitutions which are physically
unmeasurable, e.g. a prediction of the
force at the place where a sensor cannot
be attached. In addition, based on
highly accurate 3D model, adequate
reduction of the DOF of the model
generates high accuracy 1D model that
is indispensable for model based
development.

I n order to meet the target design
specification and performance, it is
necessary to adjust geometry, layout of
the rotating axis and stiffness
distribution for designing product which
has the mechanism combined with
stiffness, damping and joint. ESTECH
utilizes model reduction technology to
create CAE model which represents the
characteristic of the object and requires
computational load as little as possible
by making use of the accumulated
experience over many years. This
technology enables to study
characteristic and performance of the
product in concept design stage as well
as reflect the result of the optimization
study in the design specification.

ADAS B E H i

Technology Development for ADAS
(Advanced Driver Assistance System)

TETEE, 2T D ADASEAMFZ I TR 35791

MIL, SIL. HILIZ ZAMFEE R EH A, ZRAT 7 Tld, ADAS
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NV X LBFE WRFIE. A7 — VBT AV E A WTEREEE N 2@, B
RO ADASEMTBAREZ 2 H DD AR —RLET, SHIZEDHEO B E)
JEHAIZ[A) 1T, SLAM (Simultaneously Localization and Mapping) . 7
T—var il B O —T7 2 —Var OB EHEEL COET,

he validation by MIL, SIL and HIL is integral to develop ADAS

technology in a short term, which increasingly advances and
diversifies. ESTECH supports to develop ADAS technology in many
directions by creating simulation model corresponding to each phase
in ADAS development, developing and validating control algorithm
and providing validation technique utilized scale model. Furthermore,
ESTECH pushes forward SLAM(Simultaneously Localization and
Mapping), navigation technology and development of original sensor
fusion for an automatic driving vehicle realizing ahead.
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limitations and warring plural performances in design process. In the
circumstances described above, Al model enables to calculate tens of
thousands of calculations in less than one second and the enormous
calculation results dispense with an optimization calculation. It is

'A\s an example of the activity, ESTECH goes forward study on high-
speed computation by Al and its application.

Due to tremendous development of the CAE technology, it is possible to
predict non-linear and very complicated phenomena in these days.

IR - Al

Machine Learning and Al
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3D Numerous samples
Unique Analytics

DOE

TEST
ML

Multi-
objective

Clustering Engineering

ESTECH.THERMO-DS

ESTECH.THERMO-DS

THERMO—DS@ FE T AR TS AN S NER
AR R T n b —T L P RIENTEDY TR
=7 CTF, THERMO-DS TR 2 AT L &1, 5FAl
ROBERL BRI U CHE O E N E NI T 2% K
ET DR TR B T, B DM KEWIE
LM OB BT B E RIELET, AR L,
I BB OFEET NV TR TED728 , RSN
RERRIE CHEG A FTREIZ 2D E T,

Temperature increase

Displace to the
right

Displacement
to the left Displacement to the right
Sensitivity: High Sensitivity: High

However, it is not unusual to take a few days for one calculation because of
the model complexity as well as large-scale analysis, therefore it is not easy

to conduct an optimization analysis by CAE while considering various

M e.g. Front suspension design

Create ML model

Generate Big samples

Set target line&
constraints

Filtering

Explainable outputs
for future designs

Clustering

Optimal design

STECH.THERMOS-DS is
the software enables to

conduct thermal analysis in early
stage of the design process as it is
called “frontloading”, however,
the analysis is normally carried out
in the downstream of the design
process. THERMO-DS is the new
index to indicate how much
temperature of each part gives
impact to thermal displacement of
the evaluation point. Specifically,
the lager an absolute value of the
sensitivity is, the larger the
displacement of the evaluation
point becomes. Thermal design
can be carried out without
knowing temperature distribution
on the structure because FE model
enables us to calculate the thermal
deflection sensitivity in early stage
of the design process.

Design variables

50,000 samples

(Total time cost = 1.4 [sec])

A set of optimal design variables

ESTECH.PS—X

ESTECH.PS-X

predictable that the overwhelming calculation speed will contribute to
timely decision making in changeable and fluid development process.

Structural modes Output variables
Set Target Filtered 88 samples
(Upper limit)

Mode frequency [Hz] Mode frequency [Hz]

I/ AT VBB T, BRI 57T 7y T N Dy T vy s O AR A T 5 FE R X
2l —alPNEETY, TAT Y T, B2 BT FIEE U C F Lk BT R & B HE R SR 3 Al 7
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NEL,

t is quite important for developing

reciprocating engine to conduct vibration
analysis which simulates coupled vibration
between rotating crankshaft and stationary
engine block under operating condition.
ESTECH developed proprietary algorithm
and held its patent as the unique analytical
approach for engine vibration analysis
which solves the coupled equations on both
stationary and rotating coordinate systems
in a frequency domain, which was released
as ESTECH.PS-X. Consequently,
ESTECH.PS-X achieved overwhelming
high computing speed, which enables to
conduct large-scale parameter study as well
as optimization.

ESTECH.NAST* Post-processing

FE model — Modal model "
Freq. resp, time resp,

mode contribution, Campbell diagram

Modal model
MPC, pch file

Combustion pressure,
Bearing parameters

Solver
Running condition setting,
Batch processing

Analysis Modal disp
result pch file
res file
Pre-processing
Modal model setting,
Load data definition
Recovery

Job input dat file

ESTECH.NAST*
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Examples of past consulting projects

BENE

Automobile
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o HfK, YA ar DERE—HF VN

® Vehicle interior noise prediction using coupled
structure-acoustic analysis

® Gear noise and gear rattle noise analyses

@ Vibration analysis at start-up of vehicle

® Vehicle handling stability and ride comfort
mechanism analyses including body stiffness

® Transfer Path Analysis (TPA) for vehicle
interior noise

® Test modal analysis for vehicle body and
suspension

BENEER MR

Auto parts

0 RT—T T U D ERE—Z VAR

© TV TR T 53 4T THE DB %

© 1 —R A XMREFAFE DT DX A Y E T /VEHFE
o 7L —FUEARIT

© ARy NEBE ORI 55 3T

® Test modal analysis of power plant

® Methodology development for engine vibration
under operating condition

® Tire FE model development for road noise
analysis

® Brake noise analysis

@ Vibration fatigue analysis at spot welded part

© CVTOHRBYF S g @ Vibration and noise analyses of continuously
variable transmission
Bk AR Transportation machineries

© SKIE I OAREY, B )R fRAT

® Vay A —AX —DERETIIal—Tay
o MAADIRBNARAT | 1S fRAT

© 74— V7 hOE I IRAT I L OMRBI L RE U

® Vibration, noise, and kinematic analyses of
railway vehicle

® Roller coaster dynamic analysis under running
condition

@ Vibration and structure analyses of vessel

® Fatigue analysis and improvement of vibration
characteristic of forklift

FHEMZE Aerospace
© TR O BT ® Thermal analysis of space satellite

o Tl AT — T al PSR O FBRE — & VAT
© SRR O R BT
o 1y METGH Sh OHRE) | S S fRAT

® Test modal analysis of space station payload
® Vibration analysis of satellite payload
@ Vibration and stress analyses of rocket payload

BT BERE

Electronics and precision machineries

o AR DT 4 BT T TOIGIIfFMT

o BT HEROTE T HHER

o PRI EE I GO B T
© OABREROIRBYBE F AT

@ Stress analysis of precision machinery under
random input

® Drop shock test of electronic machinery

® Noise radiation analysis of copier using acoustic
boundary element method

® Vibration and noise analyses of OA machinery

Z DAt

Other machineries

0 N TITT ~y ROIRERHT

© EFE A~y ROIREN SRS AEAT

o TAEBEIROSRIEAFAT | IREIAFHT . ZTEARHT
o FEMM O RB T MR

@ Vibration analysis of golf club head

® Vibration and noise analyses of hospital-use bed

@ Strength, vibration and deformation analyses of
machine tool

® Improvement of vibration and noise
characteristics of agricultural machinery

HH-BEESR

Materials and machine elements

0 RV MABIDET AL, IRENEHT
© Ry NDIESI 5T Ao W T IfRAT
© b AV ME AN AT

© LOIRYT

® Modeling and vibration analysis of composite
material

® Pressure distribution, deformation and stress
analyses of gasket

@ Nut-bolt engagement analysis

® Caulking analysis
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