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Development of Engine Sound with Information

that a Person Gets from Sound, to Contribute to
Driving with the Will on
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Summary

Aims of Mazda’s NVH performance development to enhance the value by realizing “quietness of good
quality”. That does not only reduce the sound pressure of the road noise from the road surface, and engine
sound to make it easy to listen to conversation and music in the car, but also to be able to recognize a
surrounding from those sounds to change while driving. In addition to “quietness realized from new Mazda3 of
good quality”, the sound paid its attention to being information to decide the next action for a person and
thought that | brought it close to a state to be able to handle a car in a beck and call more by utilizing engine
sound at the time of acceleration, the slowdown. We defined information, the timing to tell by a sound and built
the engine sound that reflected these elements. When this engine sound could control unevenness of the vehicle
speed, | hypothesized and proved it by the evaluation with the vehicle which implemented a simulator. We was

able to fix the new design that | contributed to for handling a car on will as value of the sound.
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Fig. T Sound Characteristic Change of Energy Nature
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Fig. 2 Contour Diagram of Sample Sound
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Table 1
(DFrequency Range

Sample Sound for Auditory Evaluation

Sample 1

Sample 2

Sample 3

1k to 2kHz for
the reference
sound

500 to TkHz for
the reference
sound

0 to 500kHz for
the reference
sound

@Number of different Frequencies

Sample 1

Sample 2

Sample 3

the 1st, 2nd, and
3rd harmonics of
reference sound

the 1st, 2nd,
3rd, and 4th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, and 5th
harmonics of
reference sound

Sample 4

Sample 5

Sample 6

the 1st, 2nd, 3rd,
4th, 5th, and 6th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, 5th,
6th, and 7th
harmonics of
reference sound

the 1st, 2nd,
3rd, 4th, 5th,
6th, 7th, and 8th
harmonics of
reference sound

(3S.P.L.

Sample 1

Sample 2

Sample 3

Reference sound

Each frequency
+6dB

Each frequency
+12dB
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Table 2 Sample Sound for Multiple Correlation 5on % | o
Analysis Eo.s (N §os ¢
50_7 §07
x: MFrequency Range y: @Number of z: 3S.P.L. o 1 3 T

different Frequencies

Sample 1

Only 60 to 150Hz for
the reference sound

2 numbers (the Tst,

and 2nd harmonics of

reference sound)

Base

Sample 2

Only 60 to 210Hz for
the reference sound

3 numbers (the 1st to
3rd)

Base+4dB

Sample 3

Only 60 to 270Hz for
the reference sound

4 numbers (the 1st to
4th)

Base+9dB

Sample 4

Only 60 to 330Hz for
the reference sound

5 numbers (the 1st to
5th)

Base+13dB

Sample 5

Only 60 to 390Hz for
the reference sound

6 numbers (the 1st to
6th)

Base+15dB

Sample 6

Only 60 to 450Hz for
the reference sound

7 numbers (the 1st to
7th)

Base+17dB

Sample 7

Only 60 to 510Hz for
the reference sound

8 numbers (the 1st to
8th)

Base+18dB

Sample 8

Only 60 to 570Hz for
the reference sound

9 numbers (the 1st to
9th)

Base+19dB

Sample 9

Only 60 to 210Hz for
the reference sound

2 numbers (the 1st to
3rd)

Base+1dB

Sample 10

Only 60 to 330Hz for
the reference sound

3 numbers (the Tst,
3rd, and 5th)

Base+11dB

Sample 11

Only 60 to 450Hz for
the reference sound

4 numbers (the 1st,
3rd, 5th, and 7th)

Base+14dB

Sample 12

Only 60 to 570Hz for
the reference sound

5 numbers (the 1st,
3rd, 5th, 7th, and 9th)

Base+16dB
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Fig. 4 Time Chart of Accelerator Pedal Operation and
Engine Sound Pressure Level
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Fig. 5 Index between Change of Accelerator Pedal
Operation and Sound Pressure Level

Achievement of target accelerator opening
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Fig. 6 Change of Engine Sound for Torque
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Fig. 7 Evaluation Course
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Fig. 8 Evaluation Result of Variation in Vehicle Speed
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