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ABSTRACT

There are various types of noise around us such as road traffic noise, aircraft noise and floor

impact sound, equipment noise, etc. Researches on the noise criteria and the evaluation method for
the diffuser noise of HVAC are insufficient. dB(A) and NC values represented in ASHRAE guide
book are applied as a noise criteria for diffuser noise, which have some problems like that the values
between dB(A) and NC have deviation even if the sound is same one. Therefore, the evaluation
method should be considered and proposed based on the subjective responses. From these reasons, this
study aimed to analyze the evaluation factors for the diffuser noise of HVAC reflected on the
subjective responses by surveying vocabularies and grouping them with factor analysis.
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Table 1 168 vocabularies for the evaluation of noise

Rank | Vocabulary | Avg. | Rank | Vocabulary | Avg, | Rank| Vocabulary | Avg, | Rank | Vocabulary | Avg. | Rank | Vocabulary | Avg.
1 Bk 443 3B | FEIET 336 69 |EHA0IY 264 | 103 g | 214 137 31kt 193
2 | ESAsT [ 429 | 36 [dSHeA @k 336 | 70 | ATEY [ 264 | 104 | FriiEd 214 | 138 | FEEAG [ 186
3 | B 429 | 31 Ay 1336 71 | AZWNG | 264 105 | EEsi | 214 ] 139 7Fett 1.86
4 A7t [ 421 38 e 336 | 72 | ARG | 257 | 106 FAY 214 140 | #AAsg | 186
5 Aviglet [ 421 | 39 | B (336 73 | EFST | 257 | 107 [ SokA¥e 1214 | 141 | SAAYU [ 186
6 oAFth | 421] 40 A& (336 74 | TUdBIT | 257 | 108 | optAYct [ 214 | 142 Eans 1.79
7 AFsi | 421 | 41 |[FA92Y 329 ] 75 | yARsIH | 257 | 109 ATy (214 ] 143 | o83t [ 179
8 S (414 | 42 [BEAHT 329 76 | ARG | 25 [ 110 [ meldt [214] 144 | WEATG [ 179
9 | EHsit 414 | 43 TEHeIG | 329 | 77 vhc} 25 | 11| So3d |214] 145 | @gsid | 179
10 SGxRED (407 4 “"” A3} [ 321 78 7zt 25 | 112 | 7=sick (214 ] 146 g3t 1179
11 X 407 | 45 | ER2AG (321 79 | AR [ 243 | 113 etk 214 | 147 Ad 179
12 A% 407 | 46 Borslt) [ 321 80 7138t | 2431 114 | 7Aksich | 214 | 148 Zusit [ 171
13 | FolAzst 393 | 47 £Wid [314] 81 iz 243 | 115 A3tk 214 | 149 Jasid |17
14 | Ahekslch (393 48 | ARsE (314 | 82 | 48AFTk [ 243 1 116 | 71eAck 12140 150 | Qs | 171
15 | gdsid 1386 49 | 7188 [ 314 83 gy 1243117 | 9AJT (214 151 | ERET |17
16 | 738t | 386 50 | BWsd | 314 84 | Z1H3l | 243 | 118 gl (214 152 | A8 (17
17 | A=t | 386 | 51 g3kt (314 ] 8 w4 243 | 119 | SAAYD 1207 | 153 | @38 | 171
18 | AA2QT (379 52 | Eeigdsieh | 314 | 86 | BYSITE | 236 | 120 |olnloinisieh] 2.07 | 154 (M9 30 164
19 | 881t [379| 53 [AFF2EoH 307 | 87 | 99T | 236 | 121 | 52T [ 207 ] 155 | AEE 1.64
20 | FH3T [379] 54 | EfslY | 307 ] 88 | AHHelr} | 236 | 122 | AHeldt | 207 | 156 | 3R | 164
21 | AEYY [379] 55 @k 307 89 A7 (2361123 AT 1207 ] 157 | #3280 | 164
22 | st (371 56 | BHE | 307 90 A | 236 | 124 g 1207 158 | AT | 164
23 | EYEsit |37 | 57 AEsd | 307 | 91 gdct 2.36 | 125 Zgs | 207 | 159 FEGg | 164
24 | olgAald 371 58 | A&l vk | 3 | 92 | WAAY | 220|126 | vl | 207 | 160 | #FAHeld | 157
25 | FEk~EY (357 | 59 | kG 3 ] 93 | A=St | 229 127 Aty 207 161 | 3R [ 157
26 | UsEd | 357 60 | wHElel | 293 | 94 | A8 1229 ) 128 | B 2 | 162 | 23} | 15
27 E714d {357 | 61 | AAEST | 293 | % e | 229 | 129 | AvAL 2 163 24 15
28 AgE [ 35 | 62 wolr} 286 | 9% (2to]) 229 | 130 (71=ol) 193 | 164 [AFAHSICH 15
29 |AFASE| 35 | 63 | A¥AH (286 | 97 | ¥52AHY | 229 ] 131 upzith 193] 165 | EeAsT | 143
30 o2 | 35 [ 64 Zdo|t} 286 98 Ak 229 | 132 | 53tk | 193] 166 FAs | 136
31 | 7158l | 35 ] 65 | AR (2791 99 AFT | 221 | 133 Atk 1.93 | 167 [#asd 3 121
32 |Ed¥Holtt| 35 | 66 FEY 1279 100 | A=Felt) | 221 | 134 | A2 [ 193] 168 | ARG | 121
33 # 35| 67 [ skt | 271 | 101 AZgG 22113 wEr 193
34 =3Itk 343 68 | ®EAyY | 271 | 102 A Zpek 221 136 | 443 | 1.93
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Table 3 Sound sources recorded and recording

level(dBA)
Sound .
source Recording place |Sound levell Remark
1 Music studio 43.7
2 Lecture room 493
3 Small auditorium 48.8
4 Office mg | Research
room
. Memorial
5 Meeting room 526 building
6 Lecture room 60.8

Table 4 Sound level modified for experiment

(dBA)
cHyE 95 29 HE o
A 7IA)E .0 93 29 o 7} QAN A}

EERE ¢ 1 536 | 488 | 437 | 386 | 338
. . X 2 59.3 54.3 49.3 443 | 394
Table 2 Vgcabulgnes for the evaluation of diffuser 3 588 537 38 37 | 388
foise 4 579 | 528 | 478 | 429 | 38
Rank | Vocabulary | Avg. |Rank| Vocabulary | Avg. 5 62.6 576 52.6 475 | 423
1 AU | 44 | 18 | AAAIT | 38 6 70.9 65.9 60.8 55.7 | 508

Byasitt | 43 ] 19 | g8 | 38
3 | BRdsict | 43| 20 | =3 | 38
4 Adsit | 42 | 21 | A&9d | 38
5 Aulglct | 42 ] 22 | @&sitk | 37
6
7
8

o5 42 | 23 | E¥8s&t | 37
ATt | 42 | 24 st | 37
=38t |41 | 25 | FHAYEY | 36

9 | Bergsitt | 41 | 26 | wsiET | 36
10 9XEY [41 ] 27 | E7149 | 36
11 Az | 41 | 28 | AYED | 35
12 Nt A 41 | 29 [AFAREIT 35
13 [FHazsich) 39 | 30 | #H=ED | 35
14 Atekstet | 39 | 31 | 7HESiE | 35
15 gEsitt | 39 | 32 |Ed4¥A} 35
16 ARack | 39 | 33 £ 3.5
17 | A%t | 39
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(1) Desktop Computer(Intel Pentium IV)

(2) 4-Channel Headphone Distribution Amplifier
(Behringer HA 4400)

(3) Headphone(Sennheiser HD 600)

(4) Head & Torso Simulator (B&K type 4128)
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Table 5 Average point scored by sound sources

Sound B
source |1 1|1 2|1 3|1 4|1 s|1_6|A¥™
‘Vocabulary age

1 | FnAZst|3.26[3.04{2.96]3.26(2.96)3.04| 3.09

(5) Realtime Frequency Analyzer 2 %‘%fw 281(274(2.70(2.93|2.70(3.00| 281
) 3 | 2mas [356(293(278[259]252] 241 280
(01dB-Symphonie Software) 1 | Azag |200]293]259]244[300]333] 271
(6) Labtop Computer(LG IBM) 5 | orAat |156]293]267)256]3.37|393] 284
6 | ameg [2811278]269]2.74(278]259] 273
A7 Hho g HHAYL WZ2ede o 7 | AU [267]389(356(348[4.04]404| 381 |
Z2 E3 HHIEE sgon, 199 2~434 o 8 | WH3ITh |267)278]281|3.07]330{348] 3.02
# 320 AH AYL A s 9 ﬂzgﬁ_olt} 1.89[3.11{2.96]3.11[3.81[4.33] 3.20
A9 Aot 04 e w9 oz e i Lol e
BUE Hgsted Wkl ARES AW, WS T mersn [370|278]285]3.15|270]1.96] 286
& E3F7) o)Ad FHER AR g% 13 |x2x2eet|2.37]2.26]2.893.11[3.11]344| 2.86
F JEE 2~33 AT 298 EHF duEEE 14 | dW=Ed 1296(2.85|3.11(3.07(2.89[2.93| 297
ANFAY 285 ARzAd A T 30742 15 | <xs [248(278(263289[248[270] 266
298 B0z udsld 298 A SAT 16 | =923 [170]263[248]263(281]3.44] 262
o] A8 qﬂﬂ - 4 g Eﬂ@_g 3@3}%& 17 %Qf‘_z‘s}t} 3.11]311]289[3.00(2.89]3.15] 3.02
52 e i Apane dvw s i2se I
slel s °33°k% AR T 91“ gi BUH o0 [ Berdarr |248]285|251|270]330]350] 296
Atk 21 | aersi [370]319(3.15(315]3.00[2.89] 3.18
S99 AA whHe Fig 29 2t sge9s & 22 | Azsitt [374]311]356/348(3.26{3.22] 340 |
BZ7)0) A AFS(signal sound) S AAF F, 3 23 | watmg [193]274{270]250{352]4.11] 293
2 Fo] B 298 5027 AA stgon, S0 T 24 | &3t [241)233]259]2.89(281|2.89| 265
E 520 AEAZFS ST SRl 2RE Ay D .f; foh [204]262|2371226(2.70341) 255 |
P7 e Sgd dHUSEE ST 26 ) bob [3.11]2.81]3.07]2.96]2.93|2.89] 296
; 27 | Azan |[226]267]274]|263]378|4.22] 305
28 | olst [263[289]280(285(296(3.00] 2.87
Signal source  Sound source 20 | A=a [326(307|307]337]348]348] 329 |
l 30 | =740 [1.89]274]289]293[367(396] 301
31 | sag [233]263]226]244]3.00]389] 276
!; + + 32 |B@gAoe)th(233]252(233]250(2.81(3.00] 258
55—t T e 05—t ES it~ I 50 33 a0 [237]280]2.70[2.81[341(385] 3.00

Fig. 2 Method of sound supplying

=28/A 1648 A 2%, 20069

Average 2.6712.871285(2.9113.1213.35
Sound level(dBA)|43.7]49.3[48.8147.8|52.6 60.8
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Bolz gom, ddel A 2 16 390 talel  ZeT glee & 4 ok
WAZOY, FASaTy, WeEy 2 Asdcyel
SR 47 ol WIS BE R ST wE, 32 RelPMS S8 Hyleel 2
ety oj3le) SHRS 1960% S B e ARAY 23 Y 298 33 oA 53
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Table 6 Result of factor analysis and rotated
value of each factor

j Initial eigenvalue Rotated value
:Factor Total |% var.|% cum]| Total | % var,|{% cum
1 8.053 | 24.404 | 24404 | 6.151 | 18.638 | 18638
2 6.281 | 19.034 | 43438 | 4.197 | 12.720 | 31.358
3 12023 | 6133 | 49572 | 31247 | 9.469 | 40.827
4 1.684 | 5103 | 54675 | 2.817 | 8539 | 49.366
5 1.205 | 3652 | 58327 | 2332 | 7.067 |56.434
6 1.022 | 3.097 | 61425 | 1.646 | 4.990 | 61.425
7 0.880 | 2.669 | 64.094
3 0.789 | 2.391 | 66.486
9 0.726 | 2.202 | 68.689
10 | 0.705 | 2138 | 70.828
11 | 0664 | 2.014 | 72.842
12 | 0.655 | 1.987 | 74.830
13 | 0622 | 1885 [ 76.715
14 | 0604 | 1.832 | 78547
15 | 0579 | 1.755 | 80.303
16- | 0525 | 1593 | 81.897
17 | 0483 | 1466 | 83.363
18 | 0475 | 1442 | 84.806
19 | 0451 | 1.367 | 86.173
20 | 0438 | 1.329 | 87.503
21 | 0418 | 1.269 | 88.772
22 10403 | 1.223 | 89.996
23 10394 | 1.194 | 91.191
24 | 0372 | 1.127 |92.3191
25 | 0361 | 1.094 | 93413
26 | 0329 | 0998 | 94412
27 | 0306 | 0929 | 95342
28 | 0294 | 0.892 | 96.234
29 | 0278 | 0843 | 97.078
30 0.263 | 0.797 | 97.876
31 | 0246 [ 0.746 | 98.623
32 10235 | 0712 | 99.335
33 10219 | 0664 | 100
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Table 7 Grouping the vocabularies by the factor o] A = iﬂ&]ﬂ A3 ZAS e J8 84
loading o Z A A7) ga) BAEE 289 Fuel 27)E
Vocabularies 5T 5 s Naming B AEFE B3 P 228 Wh) AT A
E7)8% | 082 ] 002 ] 006 021 | 001 | 0.16 L2A FHAS HHE T AET Lfe] Wt o
s e | 080 |-0.11] 010 | 0.25 [-006] 0.06 Fg Jof mE Wfﬁ‘ﬂ% 248 Wz sk,
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B ekt | 059 -001] 001 | 011 ] 028 [-020 w2,
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Avgo [-001] 061023 | 000|023 [021 8}:} w2 AeE ve Wy EEstE P we Ae
dotzot | 006|059 | 043 [-0.00] 004 [ 002 £ BA T3, o3l Ud 4o Fgpe &4
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