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Abstract: Recently, drivers have begun to regard comfort in the cabin as one of the most important factors in
construction equipment like forklifts. Accordingly, it has become more important to design a forklift cabin with
a better sound quality as well as lower sound level, which can make a driver more comfortable. In this paper,
the correlation between subjective evaluation and Zwicker’s sound quality index was analyzed through a blind
test by a few workers in forklifts and other construction equipment in several countries. Correlation analysis
showed that Loudness and Sharpness were ranked in sequence, and tendencies were different from country to
country. Also, contribution analysis for Loudness and Sharpness using operational transfer path analysis
(OTPA), which is widely used in the field of noise, vibration, and harshness (NVH), was performed. However,
Loudness and Sharpness cannot be used with OTPA directly because there are no linear relationships between
the sources and receivers. In this paper, both are calculated by applying the DIN 45631 method with a
contribution rate (%) of 1/3 Octave Sound Pressure Level by OTPA method in addition to considering spectral

masking.
715 MH S : total sharpness, acum
F' : fluctuation strength, vacil
z . critical band rate, Bark R : roughness, asper
f : frequency, Hz AL: temporal masking depth
N : total loudness, sone R : roughness, asper
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X : input matrix
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Table 1 The number of country-specific experiment
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Table 2 Experimental sample sound quality index

No  model | Loud-ness Sharp-ne Flsuti:l;zt:;lm Rough-ness
1 A 244 2.26 0.269 0.474
2 B 29.3 2.52 0.169 0.402
3 C 379 2.01 0.237 0.413
4 C 37.6 2.36 0.120 0.330
5 D 459 1.90 0.176 0.289
6 D 275 1.97 0.203 0.321
7 E 20.9 1.45 0.170 0.220
8 A 57.4 3.05 0.095 0.370
9 B 60.6 3.14 0.094 0.351
10 C 79.7 3.69 0.096 0.360
11 C 87.8 2.98 0.101 0.329
12 D 75.9 343 0.137 0.327
13 D 70.4 3.07 0.136 0.266
14 E 50.9 231 0.130 0.310
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Table 3 Statistical analysis of the results of the
subjective evaluation of the entire sample
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Table 4 Correlation of the subjective evaluation
and quality index of country

Diagnosis Item Korea China USA Belgium Total
Loud Pearson
Ness  Correlation '6*48 -206 Zfl -.564 ff7
coefficient
Significance

level 043 625 .007  .090 .001
(Both sides)

Sharp Pearson
Ness Correlation
coefficient
Significance
level 002 .671 .014 162 .007

(Both sides)

-841 -683 -757
o 179 T a9 T

Fluctuation
Strength

Pearson

Correlation 529 .180 .512 382 .652
coefficient
Significance

level 16 .670  .089 276 330
(Both sides)

N No S;r::rlle Median ~ Variance :;2?3?2?1 -value
1 6.37 7.00 7.19 2.68 >0.10
2 6.35 7.00 6.14 247 >(0.10
3 5.08 5.00 6.26 2.50 >0.10
4 3.24 3.00 5.05 2.24 >0.10
5 4.86 5.00 5.89 2.42 >0.10
6 7.93 8.00 2.60 1.61 >(0.10

45 7 8.17 10.00 8.64 2.94 <0.01
8 4.00 4.00 5.36 231 >0.10
9 435 4.00 7.32 2.70 >0.10
10 1.55 1.00 2.57 1.60 >0.10
11 3.11 3.00 6.28 2.50 0.04
12 0.97 0.00 2.52 1.58 >0.10
13 4.60 4.00 6.60 2.57 >0.10
14 8.40 9.00 4.24 2.06 0.03

Roughness Pearson
Correlation .085 .182 250 .084 328
coefficient
Significance
level 815  .666 .434 817 324

(Both sides)
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**_ Correlation is significant at the 0.01 level (Both).
*. Correlation is significant at the 0.05 level (Both).
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Table 5 Compare trends of the country through

the t-test
Division | Korea China  USA  Belgium  Total
Korea 1 0269  0.517 0.382 0.457
China | 0.269 1 0.456 0.534 0.350
USA 0.517 0456 1 0.616 0.608
Belgium | 0382 0534  0.616 1 0.604
Total 0457 0350  0.608 0.604 1
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