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Investigation on Honing Sound
— Evaluation of Timbre with Semantic Differential —

Takashi Uepa and Kunio Sakuma

In order to improve the sound environment in workshop, the quality of machining noise which is produced in
honing operation is investigated using Semantic Differential. The noises produced in milling and forging operations
are used to compare with the honing sound. The main results obtained are follows. The coordinate of semantic
space is derived using factor analysis: its first factor, “powerful” factor; and second factor, “metallic” factor. But
it is not easy to find an appropriate index for third factor of “pleasant” in these machining sounds. These three
sounds have high loadings on “powerful” factor, and the impression of “powerful” factor increases in the order of
honing, forging and milling. Forging and honing sounds have high loadings on “metallic” factor, but the milling
sound has low loadings on it. As the sound pressure increases, the impression of “powerful” and “metallic” factors

becomes stronger.
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Table 1 Honing condition

Honing machine | CHISHIMA Industry CVA-500 S
Stick WA 150 A(S)

Shape, number 10X 10X 100 mm, 4 sticks

30 m/min

Honing speed
Crosshatch angle | 30°

Stick pressure 530 kPa

Workpiece S 45 C pipe (inside diameter: 60 mm)

SPL 92.4dB

Table 2 Milling condition
Milling machine | OSAKA KOKI MH-2 P

Cutter High speed cutter
Traverse speed | 65 mm/min

Chip load 2 mm

Revolution 300 rpm
Workpiece S45C

SPL 82.4dB

Table 3 Forging condition

Forging machine | NAZEL
Forging type

Air hammer

Condition Cold

Workpiece SS 41

SPL 105.2dB
(a) Honing

(c) Forging

—
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Fig. 1 Wave form of each machining sound
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Fig. 2 Frequency spectrum of each machining sound
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Fig. 3 Flow chart of semantic differential

Experimental paper

flat 1234567 rumbling
smooth 1234567 harsh
strong 1234567 weak
calm 1234567 shrill
gentle 1234567 hard
harmonious 1234567 discordant
clear 1234567 thick
powerful 1234567 unsatisfactory
distinct 1234567 dull
deep 1234567 metallic
pleasant 1234567 unpleasant

Fig. 4 Experimental paper for semantic differential
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Fig. 7 Frequency specificity of headphones
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(a) SPL: 96dB, Time: variable

(b) Time: 15 s, SPL: variable

Fig. 8 Comparison of semantic profile
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Fig. 9 Comparison of semantic profile

Table 4 Result of factor analysis for three machining sounds

Load factor 3
Adjective scales 1st factor |2nd factor | 3rd factor | Commonalty 2 ;::: Forging sound &
Powerful | Metallic — ) Moo | | 7 i A 78 a
flat - rumbling 0.353 | —0.256 0.200 0.291 410648 .
smooth - harsh 0.622 0.651 0.058 0.813 © 0 Honing sound
strong - weak —0.812 | —0.145 0.341 0.796 = .-
calm - shrill 0.658 0.719 0.122 0.965 =! DF——"’,ff”} ]
clamorous - quiet —0.754 —0.146 0.144 0.611 = i
soft - hard 0.775 0.472 —0.005 0.824 A A
harmonious - discordant 0.481 0.088 0.225 0.289 0
clear - thick 0.129 —0.564 0.332 0.438 - . /
powerful - unsatisfactory —0.805 —0.169 0.360 0.806 —" Milling sound
distinct - dull —0.548 —0.603 0.280 0.743 |
deep - metallic 0.588 | 0.773 | 0.105 0.956 13 0 1 2
pleasant - unpleasant 0.761 0.233 0.098 0.643 Power ful
Contribution 4.894 2.702 0.578 8.174 . .
Fig. 10 Semantic space
Percentage of contribution % 59.879 33.052 7.069
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