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4-stroke Single
: Cylinder
Fuel Injector Engine type Direct Injection
/ Diesel Engine
, . Bore X Stroke e36mm X 96mm
Fuel Consumption |- Cylinder .
| Meter | Throtle Valve Pressure Dlsplac‘ement . 559cc
Super Sensor Compression Ratio 15.8
Fuel Tank Cl Intake and
e Cooled EGR
Exhaust System
. ‘ Laminar ‘ --
Arr IN Flow Meter f
Exhaust OUT | Surge Tank 8
Exhaust Pressure
Control Valve

-~ WAZAR
ABREM

Engine Speed [rpm] 1500 11
Boost Pressure [kPa] 120
Torque [Nm] 30
Injection Pressure [MPa] 200
s HVO
Fuel [-] HVO
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AR R 1
— Mv P+ pv* = constant
A E PRt 1
10.0mm 1 = P+ = 1 —pvzz
Fuel Velocity: P T m 2
——__ P Soray Force [N] O L ERIFHE
arge . dpray kForce - .
. ey RIL— « DAL XINyINDT,
Spray Force: m : Mass [ke]
| “ At : Injection Period [s] L )
v : Fuel Velocity [m/s] AP = A—pv
Force sensor D
# A 3
ESADES
1919 RHR 0 |
Specification of Injector | Solenoid Type 800 e
Nozzle Hole Diameter [mm] 00.120 : | /
Nozzle Hole Number [-] ] g 700 /
Corn Angle [* ] 153 i c00 :
8 L / HVO
2 500 | i
StER s | / JIS
Ambient Pressure [MPa] 0.1 0 /
Ambient Temperature [K] 293 300
Injection Pressure [MPa] 50 - 300 0 50 100 150 200 250 300 350
S Pressure [MPa}
F 1 B N e —_— — AN V4 N nas 3 — »
- HVO PRI B L 1< FE O R ShR E B
Fuel Temperature[ K] 293 — - —— —
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Objective and approach

An absorber tuned to one frequency loses effectiveness as operating conditions change. This study evaluates
magnetorheological elastomer (MRE) dynamic absorbers on two local automotive noise, vibration, and
harshness (NVH) paths: road-induced subframe vibration and engine-induced seat-rail vibration. The movable
coil supplies the magnetic field and serves as the absorber mass; its current adjusts MRE stiffness and resonance
without commanding a counterforce.

CURRENT-DEPENDENT RESONANCE hammer-impact calibration; approximate frequencies
25 125
Subframe device D)
0-4A 50 63
Compact seat device o)
0-3A Hz
0 25 50 75 100 125 140

Vehicle experiments

The standard absorber (0.50 kg movable coil) was mounted under a passenger-car subframe; acceleration and
driver-ear sound pressure were measured on a rough road at 10, 20, and 30 km/h. The compact resin-housed
device (0.20 kg movable coil) was installed at the left-front seat-rail/body joint; vertical acceleration was
measured with the vehicle stationary and the engine running. Vehicle speed and engine speed guided current
selection. The engine second-order target is f2 = N/30 Hz (N in rpm). Hammer-impact tests provided nonlinear
tuning maps; fixed-current spectra characterized each state.

Key observations
Path Evidence from vehicle tests

Subframe At 10-30 km/h, an installed 3 A absorber changed acceleration in selected frequency regions;
reductions were local, not broadband. Fixed-current tests at 20 km/h (0-4 A) showed that the passive
0 A installation effect and current-dependent tuning both matter.

Cabin sound Sound-pressure changes at the driver's ear were smaller and less consistent than local subframe
changes. Some bands decreased, while others were unchanged or increased; uniform cabin-noise
reduction was not established.

Seat rail At 1500 rpm, the engine second-order component was near 50 Hz. The 2 A state produced a local
acceleration reduction relative to the installed 0 A state; the whole spectrum was not reduced.

Interpretation

Both devices changed local vibration in selected frequency bands. The compact design improves fit around the
seat rail but offers a narrower tuning range. Repeated controlled runs, transfer-path analysis, transient-current
evaluation, and occupant-relevant measurements are needed to establish overall cabin NVH benefits. Transient
switching and run-to-run variability have not yet been quantified.

Source: Sobue, Y. et al., Actuators 2026, 15, 442. doi:10.3390/act15080442.
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Fig.1 Schematic of a pedestrian overtaking scenario
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* Apply thickness,camber
constraints

* Correct invalid shapes

* Re-evaluate with GNN
* Update using NSGA-II

Fig.1 Workflow of the GNN-Based Airfoil Optimization
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(L/D is calculated as CI/Cd)
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* Reduce dimensions using PCA

* Generate initial candidate shapes
* Evaluate with GNN
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Fig. 2 Workflow of the GPR-Based Optirhization of Wing Position and Angle of Attack
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  ∆ 𝑷 = 𝝀  𝑳 𝑫 𝝆  𝒗 𝟐


  𝑷 +  𝟏 𝟐 𝝆  𝒗 𝟐 = 𝒄 𝒐 𝒏 𝒔 𝒕 𝒂 𝒏 𝒕


  v =   F Δ t m


  F Δ t = m v


  v  


  Δ t  


   mm 3


       A C A  l a s t = −      (   V  e + 𝜏   G  e ) 2  − 2 𝜏   V  e −   𝜏 2   G  e + 2   D  e #  ( 3 )


       A C A  y i e l d =   − 2   V  e   t  o u t − 2 𝜏   G  e   t  o u t +   𝜏 2   G  e + 2   D  e     (   t  o u t − 𝜏 ) 2 #  ( 2 )


       A C A  p a s s =   − 2   V  e   t  i n − 2 𝜏   G  e   t  i n +   𝜏 2   G  e + 2   D  e     (   t  i n − 𝜏 ) 2 #  ( 1 )


    t  o u t :


    t  i n :


  𝜏 :


    s 2


    G  e :


    V  e :


    D  e :


  𝝅


  𝝅


    𝝅


    𝝅   [


   I  R S M =    G N −  G I   G N × 100


  ℱ


  𝒩  


  H


   u t


   𝒩 n


   u t


   𝒩 u


   u hist


     H ^ nom


  𝒩


  ℱ


  ℱ


  u


   u h


   u t


  ℱ


  ℱ


  e


  n


   𝒖 t


     𝒖 ^ nom


   𝒖 hist


  n =  𝒩 n (  𝒖 t )


   𝒖 t =  𝒩 u ( 𝒙 ,  u h )


  𝓝


   u h


  𝓕


   u h =  H nom  ( 𝒙 , e ) +  H n ( n )


  H


  n


   u h  


  u


  ℱ


  𝒩


  H



