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Comfortable Sound Design of Chain Operation Sound
by Changing Design Parameters
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Table 1 Measurement sound source  [%]

) . R coordinates
Name C size R radius
x | v
STD Standard
C_MIN -3.0
= Standard
C_MAX +3.0
R_MIN -2.0 Standard
R_MID +0.4
R_MAX +0.7
— Standard
X_MIN -1.0 +10.0
X_MID Standard +2.0 -13.0
X_MAX +4.0 -34.0
SCR .
No unity
SCA

Table 2 Factor loadings calculated
by factor analysis

L . Factor loadings
(+) Adijective pairs (-)
Comfort | Profound
Confortable - Uncomfortable 0.928 0.071
Preferable - Unpreferable 0.900 0.034
Quiet - Noisy 0.794 0.172
Mellow - Rough 0.605 -0.318
Calm - Wild 0.572 -0.481
Coherent - Innocent 0.742 -0.210
Harmony - Discord 0.061 0.872
Heavy - Shrill -0.005 0.841
Dull - Sharp 0.042 0.801
Low - High -0.290 0.502
Contribution ratio 35.2% 27.2%
Cumulative contribution ratio 35.2% 62.4%
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Fig. 4 Comfort factor and profound factor
score calculated by factor analysis
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Fig. 5 Analysis model system

Table 3 Explanatory variable

Outer row Inner row
Inner flank St-In-Out St-In-In
Start to mesh
Outer flank St-Out-Out St-Out-In
Inner flank En-In-Out En-In-In
End of mesh
Outer flank En-Out-Out En-Out-In

ThY, AECTHST/NRTA—F % FHRTRT.

Comfort = — 0.080*SPL1st + 0.078*SPL2na
— 0.039*SPLs — 0.004 (1)

Profound = — 0.069*SPLis: — 0.097*SPLau
— 0.074*SPLoy + 0.353 ~(2)
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Fig. 6 Estimation of comfort factor score

RTINS ORT A —F FEEYROHIC L O KRB OF
JEHEEET AR 21T 5.
4.3 BERBBHICEITHEEHEETIVEE

WEER X VEH LZ Ist, 4th, 9th OFJEL~LZ W
THEEROTEZFERL, LTORGB), (4), G)BNEH S,
728, BHEEERAARERBUIZENEN 0.66, 0.60, 0.62
THY, BETHH/RXT A =X & TFTHRTRT.

SPL st = —51*St-In-Out+73 -(3)

SPLyin = =37*St-In-Out+228*En-In-Out+14 - (4)
SPLosn =  328*St-Out-Out+121*En-In-In

—192*En-Out-In+18 -(5)

AB) £V, Ist OFEEEET 5I21E St-In-0ut OfE% -

FHZEn, X@ LV, 4th OFEALHSEHIT1E, En-

In-Out OEZ TFFLZENEETHDLZ ENbND. L
T, 9th OFELZIE ST 2H1201E, En-In-In DfEZ FIF 5 2
EINEETHDLZ LMD

5. MEALITHEUIGERET/NT A —42

AT T, PRHLICEY) 22 C~HELE RPEREBED 4 T
HLTHIGHEEET LV E b B CHEEE LIk E ko O L HE
EETTNEANTREICE LIZRH T A — 2 OREE
%?ﬁﬂi?é bz 1z, *ﬁﬂibfx_‘ n+/\7)( B2DF = — %
%wfwﬁiﬁkfﬁﬁﬁ%%mb RESE LT B 7 L D KG BE
RFEL BREF T A =X IBIT AT = — VHAEWEDOREFH
FEERT 5.
5.1 SREt/INSA—4HTE

AEITIE, R AT A—ZICB W TAFETHELZSTET
TN KV REROFEEREEL, 3 BETHELZAIRT
TN L VIRERICE LZgE 5t 8T A — & & C~Fik & R PR
WCBWTHEET 5.

511 REHH DB EHE

CHEIZIBWT STD 735 1. 0%, 2.0%, 3. 0% HOfE %,
R EZRITIUNTIZ STD 2> 5H-2. 0%, —1. 0%, +0. 2%, +0. 4%, +0. 5%,
0. W EFEDEDOF = —2 7T L— M E2 T 4 ZEOMERT
BEEL, WSEEEEH L ORR LR T AU A
LT, RERD OFIEZHETE L, RE(LICEY) 2255851 3T £



6th '. 8th ~. 10th
F- .

0 50E+03  L1OE+04 156104 20E+04

Frequency Hz
Fig. 7 Measurement result
—ZHEED T8, RIEIZET HHIGHEETE T VOB E S &
LCTHWS
5.1.2 FRENSSA—RIZHITHHRHEETE

5. 1.1 BUCHEE L 72 kERpk 4 @ﬁr%%wTSET%%L
7R (DI TR NT A—ZIZB T 2R T 0%
REHEE L. Fig. 6ICHEKFICB T 2GR EREZ =T,
(@) 2 C SHEAEICBIT 258577, C HEZB W TIT
STD LV-1.O%EEL/-LONRFLICE L TETHD L
HEEL SN2, (D) I REBRICBITAHA27RT. RERICE WD
TUE, +0. 2% L2 b OB REICHE LI FETH D L HE
"IN,

5.2 EBEH/\TA—2DOEAME®RE

5.1 EIC THEER L7z C ik L RERICBWTHEE L2
LIS L7 T2 HWEF = — o O EER &SI FE5% %
L, M LT AROREE L AW E ORE(LORKGE
179
521 REHESOBREIZEITSFEERL

HziZ, STD kv ¢ ~HEA-1L.OWEFE L=t D% CNEV &
95, £z, STD LV RPFEE+0.2%EL L7 D% RNEW
LT5. I nNH0TL—REEIILETF2—r BT 2E
DM CRIERRRZ FhE L CHRRERDIZER LToi %
179.

MERERE ALY NT AT Fig. TITRT. WERKG O
BHEZEIZERT D &, Bt NT A—XIZBITH CHESCR Y
ROMEIZIBNT Ist & 9th OFENDEMIER I NIzD %
TR LT,

5.2.2 EEFEIC K HRFHRIHRE

3 B L AR O THIRFHIIZEE-S< SD EETTH 2 &I
L0, HELILWEENEOREORGEL ET 5. HKEE
{2 STD, FFAMHJR I C ~HERITIE C_MIN, C_MAX, C_NEW %
W5, R¥ERITIE RMIN, RMID, R_MAX, R_NEW #H\2%

%m#%@.%AW%T%M4gﬁﬁﬂ3E&H%@W@
R, HERTO 2 ®WF23it S, Fig 8IZ&ERICE
Héﬁ%ﬁﬁ%%#.%ﬁﬁ%t%wr C ~HEIZBWTIX

CNEW M bR EWE R & /eo 72, £, R FERIZBW

TIE, RNEW b BFan@mWiER o7z, UEXY, #
%Lt%%7»ﬁ®ﬁfﬂmw LR TE, C~HE, R

an+/\77l A ial/\‘(y ﬂﬁ b\ﬁ@lkggﬁn‘l‘ﬁ)%fﬁf
%L

6. HIEHE

(1) BRFNRTA=ZIZLDHWENFRIE L 0 RIS DF
JE~DE %%%?Lt

(2) SD LIz & 2 FE N T/ O N /A58 L Y ERE S
WraEhiL <, AIgfEEeT VaEET5 2 &T /kiﬁt
RS DEE & BERGEG & o BEMEAZ A L, EEMIC
T2 FEERE L.

(3) EEUFOMICL Y FIEHETETET VAR ST LZ LT, &
ZEIRE L IR D E L O EME AT L, TR
FHIT 2 FEERE L.

Table 4 Factor loadings calculated
by factor analysis

N . Factor loadings
(+) Adjectivepairs (-)
Comfort | Profound
Preferable - Unpreferable 0.832 0.464
Comfortable - Uncomfortable 0.773 0.457
Mellow - Rough 0.710 -0.090
Quiet - Noisy 0.698 0.539
Calm - Wild 0.662 -0.034
Low - High 0.125 0.955
Heavy - Shrill 0.100 0.918
Dull - Sharp 0.093 0.858
Contribution ratio 30.2% 29.3%
Cumulative contribution ratio 30.2% 59.5%
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Fig. 8 Comfort factor and profound factor
score calculated by factor analysis
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