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1. Importance of Powertrain NV Performance in Automobiles

CORPORATE VISION
We love cars and want people to enjoy fulfilling lives through cars.
We envision cars existing sustainably with the earth and society,
and we will continue to tackle challenges with creative ideas.

1. Brighten people’s lives through car ownership.
2. Offer cars that are sustainable with the earth and society to more 

people.
3. Embrace challenges and seek to master the Doh (“Way” or 

“Path”) of creativity.
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2. Powertrain NV Development Challenges

It is important to built in relevant performance and quality in the 
functional allocation in the early stages of development.

Unit Test

Hardware
Evaluation

CalibrationTarget Setting

Functional
Distribution

Structuring

NV
Fuel
Eco

Driving EM Strength

Optimization

Human-
centered sound 

Target

PT operational 
control consistent 

with relevant 
performance

NV Hardware

■How it should be
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伝達系
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PT Operation

CONTROL

OUTPUT
Interior PT Sound

DS Vib SUS Vib

P/S Vib

DF radiation

Car body
insulation
Vibration

Radiation

Mass Stiffness Damping

Combustion
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meshing

Eng/Motor
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electromag
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Power 
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Request
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Not uncomfortable Sound
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・ Sound to be actively 
listened to as Feed Back for 
driving operation

・Inaudible/unaware sound

Cost

Fuel Eco

Driving

Design L/O

PT radiation
vibration

intake 
pulsation

Weight

■ Difficulties in developing powertrain NV

EM

(3) Complex excitation forces 
and path optimization

(1) Fuel Economy 
and Driving 
Consistency through 
driving control 

(2) Quantitative 
targets for 
comfortable sound 
for driving
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Unit Test

NV excitatory force varies greatly depending on how the engine/motor is operated

Calibration

Hardware 
Evaluation

INPUT

PT operation

Engine/Motor
・Torque
・RPM
(TimeVariation）

Shift-map

Power 
Generation 

Request

FE

Driving

Target Setting

Functional 
Distribution

Structuring

Driving 
control 
modification

×

■Challenge： Fuel Economy, Driving and NV Consistency

PT operational control changes NV excitation, and redoing function 
allocation and countermeasure structures will result in major rework.
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Unnoticeable level

Target line

Unit Test

Targets for engine and EV sound are complex and vary depending on driving conditions.
Although there are basic quantitative targets, there are accuracy issues related to differences in sound quality, and it is 
difficult to reach a consensus among stakeholders with numerical data.

Calibration

Hardware 
Evaluation

Target Setting

Functional 
Distribution

Structuring

×

...requires considerable 
imagination to 
understand properly.

Sound Target 
Modification

■Challenge： Quantitative targets for audible sounds according to operation

If the sound target changes, there will be major rework, 
such as redoing the countermeasure structure.
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Cost Design L/OMass

Vehicle TFPT SSPT Excitation

#1Cylinder

#2Cylinder

#3Cylinde

#4Cylinder

Motor

#1Mt

#3Mt

#4Mt

Eng Left

Eng Front

TM Top

TM Right

TM Left

PT TF

Rubber #1 sensitivity

Eng Top Eng Top
Sound Insulation

Eng Left
Sound Insulation

Eng Front
Sound Insulation

TM Top
Sound Insulation

TM Right
Sound Insulation

TM Left
Sound Insulation

Rubber

Rubber

#3 sensitivity

#4 sensitivity

1stGear

2ndtGear

intake 
pulsation

exhaust 
pulsation

Unit Test

Calibration

Hardware 
Evaluation

Target Setting

Functional 
Distribution

Structuring+

Generator

1st Gear
～Eng
～TM

Motor
～Eng
～TM

*** *** ***

#1
~Eng
~TM

■Challenge： Enormous excitation force and path optimization

Visualization of "where is the most efficient way to improve the numerous excitation and paths" is necessary.

Interior
Sound
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■ Risk to sound from increased complexity of PT usage
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Acceleration with increasing gas pedal from launch with 3 virtual cars
(PT noise is exaggerated).

A risk is that NV requirements for better control of RPM and torque will increase and 
become increasingly difficult to match with fuel-efficient driving.

車速 エンジン回転速度

ギア段

車速 エンジン回転速度

ギア段

車速 エンジン回転速度

ギア段

Engine Engine

Engine

Battery Battery

Motor Motor

Gen

Drive Power Drive Power Drive Power

Electric PowerElectric Power
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NV MODEL

PT SYTEM

車速

Eng/MOTトルク

燃焼消費量

11

3. Model Based Development *

Driver model

回転次数比音

ターゲット

Output:燃費,走り,エミッション

Output:NV性能

＊参考文献；マツダの目指すモデルベース開発、藤川、マツダ技報 No.31（2013）

MILS
Model In the Loop Simulation

NVH Simulator

Fuel Economy Driving 
Performance
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Modeling of
operation for 

NV issue scene
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Evolution of Model-Based Development
Free Drive Operation

Vehicle Speed

Eng/MOT Torque

Fuel consumption

Output:FuelEco,Driving,Emission

Output:NV PerformanceHigh-Speed
MILS*

Control 
Model

ENG MOT Gear Vehicle

NVH Simulator

Real Time
UDP 

Communication

Excitation PT TF Vehicle TF

Reflection of 
control model

Fuel Economy
Driving 

Performance

Sound 
Performance

*参考文献；SKYACTIV の MBD 検証環境
について、臼田、マツダ技報 No.31（2013）

System integration will enable early calibration and verification of control 
models that achieve both NV and fuel-efficient driving.

*Model In the Loop Simulation
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NVH Simulator

High-speed MILS

Control Model

Eng RPM

車速 エンジン回転速度

ギア段

ENG Control Engine

MOT Control Motor

Gear Control Gear

How to start the engine of P2 motor PHEV

Driving

Fuel Eco

NV

Conflict

Operation

Time Domain

APO

4. Application Examples

Mid to high RPM range for motor efficiency

Lower Eng rpm to reduce sound Insufficient torque due to 
lower Eng RPM

Extract sound issues in the left Side

（1） EV to ENG switching sound in parallel P2 motor and engine

CS Mode
Launch Partial Acceleration
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Evaluation of switching sound with a virtual PT vehicle model

Engine
HEV mode
EV mode

Engine Start 
for high load

Engine Start for charge sustaining

mileage

*SOC: State Of Charge        CD: Charge Depleting   CS: Charge Sustaining

*
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NV Simulation

High-speed MILS
Control Model

ENG control Engine

MOT control Motor

Gear Control Gear

Gear ratio
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SOC sustaining target
Torque assist

上昇勾配

How to start the engine of P2 motor 
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Driving
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Calibration verification on left Side

Decide on a PT 
operation control 
that solves the 
related performance 
conflicts.

車速 エンジン回転速度

ギア段
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Evaluation of switching sound with a virtual PT vehicle model

Enabling calibration verification on the left side

Target 
Setting

Functional 
Distribution

Structuring
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Control Model

ENG Control Engine

MOT Control Motor

Gear Control Gear

NV Simulator

（２） Combustion knocking sound

Understanding sound 
issues on the left side

auto-ignition

spark-ignition
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Crank Angle
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Knock sound prediction by virtual PT vehicle model

Excitation
PT

Source Strength    

Interior
Contribution

Combustion 
pressure

Intake Pulsation 

Vehicle Masking

Interior
Sound



MAZD A MO TO R CO RPO RATI ON
Conf identia l

cyl1_path1

cyl1_path4

cyl1_path7

cyl1_path10

cyl1_path13

cyl2_path3

cyl2_path6

cyl2_path9

cyl2_path12

cyl3_path2

cyl3_path5

cyl3_path8

cyl3_path11

cyl4_path1

cyl4_path4

cyl4_path7

cyl4_path10

cyl4_path13

cyl1_path3

cyl1_path6

cyl1_path9

cyl2_path3

cyl2_path6

cyl2_path9

cyl3_path3

cyl3_path6

cyl3_path9

cyl4_path3

cyl4_path6

cyl4_path9

Path contribution (dBA)

Control Model

ENG Control Engine
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Model

MOT control Motor

Gear control Gear

NVシミュレータ

Improvement of 
control strategies *

*参考文献；SKYACTIV-X NVH技術、神田、マツダ技報 No.36（2019） : Mazda Technical Report
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More contribution

Optimization of the structure based on 
the contribution of each combustion 
cylinder and transfer path

Calibrate combustion that 
makes sound and fuel 
consumption consistent.
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Plant Model

Target  Sensor
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Control Model

Engine Control Engine

Motor Control Motor

Gear Control Gear

NVH Simulator

Knock sound only

Knock sound & all other

Combustion calibrations, which have traditionally been performed on the right side using actual vehicles, 
are now being performed on the left side.

Calibration verification on left Side
Operation

Plant Model

Torque assist

Shift map

Gentle acceleration driving from a stop

Engine RPM

Throttle

TF model
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Knock sound prediction by virtual PT vehicle model

車速 エンジン回転速度

ギア段

車速 エンジン回転速度

ギア段
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① Model-based development of powertrain noise has been further advanced by integrating the 
control/NVH model, which has been built conventionally, with the NVH simulator.

② Through collaborative model-based development, all parties involved in Powertrain/vehicle/design 
are able to optimize engine/motor usage and transmission structure from a whole-vehicle 
perspective.

③ By achieving a high level of compatibility between NVH and fuel economy, Mazda provides excellent 
environmental performance toward carbon neutrality and a powertrain NVH with high dynamic 
quality that makes the lives of people who touch Mazda sparkle.

Conclusion

18
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