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Dynamic Responses of Korean-Seated Subjects to Vertical
Vibration

Wan-Sup Cheung*
*Acoustics and Vibration Group, KRISS

ABSTRACT

This paper introduces attempts to obtain the ‘representative’ characteristics of the apparent mass and
mechanical impedance of seated Korean subjects under vertical vibration. Individual responses of the
apparent mass and driving-point mechanical impedance obtained from forty-one Korean subjects are
ilustrated. Four kinds of vibration levels and three different sitting postures are selected to collect the
responses of each subject. Those individual responses are used to estimate the ‘mean’ mechanical
impedance, which may be expected to be a representative model to Korean subjects. Several interesting
features of the estimated mechanical impedance are suggested and compared to those of ISO 5982.
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Figure 1. Experimental set-up for measuring the characteristics of the mechanical impedance of

Korean-seated subjects.
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Table 1. Characteristics of Korean subjects
Subjects Height [cm] Weight [kg] Weight on the Seat [kg]
Group Number| Mean S.D. Min. Max. | Mean S.D. Min. Max. | Mean S.D. Min. Maxj
Female 19 162.7 5.3 155 176 | 53.8 6.6 45 67 424 58 356 553
Male 22 1756.2 53 163 182 74 121 57 987 | 57.2 10.8 429 78.2
Total 41 169.4 8.2 155 182 | 64.7 147 45 98.7| 50.4 11.5 356 782

S.D.: Standard Deviation Min.: Minimum Max.: Maximum
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Figure 2. Total measurement set of Korean seated mechanical impedances under vertical vibration.
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Figure 3. Characteristics of apparent mass under vertical vibration
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Table 2. Apparent mass averaged over 41 seated-Korean subjects.

Apparent Mass: All Subjects

1/3 Octave Modulus [kg] Phase [degree]

Band | Arithmetic Median Lower Upper Standard |Arithmetic Median Lower Upper
[Hz] Mean Mean Limit Limit  Deviation | Mean Mean Limit Limit
1.00 50.9 494 28.1 92.6 11.4 03 1.7 -4.4 49
1.25 51.6 49.8 33.6 94.1 11.4 -0.1 -0.2 -3.6

1.60 53.2 51.0 336 97.2 11.7 -12 -1.6 -5.0 23
2.00 55.2 52.9 342 103.5 124 -24 -29 77 0.5
2.50 57.7 55.0 353 111.3 13.2 -3.6 -5.8 -9.7 -0.6
3.15 64.0 61.1 37.9 128.0 16.0 -7.5 -3.9 212 -1.8
4.00 70.7 66.6 40.5 144.1 20.9 -15.2 -25.3 -373 -4.5
5.00 72.3 69.9 35.2 148.7 26.0 -30.0 -17.0 -66.2 -8.7
6.30 54.8 54.0 24.6 118.9 20.9 -46.2 -38.5 -74.9 -17.9
8.00 395 373 18.3 75.3 12.0 -49.6 -51.4 -73.8 -32.3
10.00 303 30.9 10.0 54.8 9.6 -53.0 -44.1 -73.2 -32.7
12.50 19.8 19.1 7.1 39.5 7.7 -55.7 -55.7 -78.6 -31.4
16.00 12.5 11.9 6.2 273 43 -48.0 -49.5 -69.0 -26.5
20.00 9.2 9.0 5.0 179 2.7 -393 -31.4 -63.3 219
25.00 7.7 7.8 3.1 16.0 22 -33.9 -34.9 -53.1 2211
31.50 64 6.4 22 13.1 1.8 -29.2 -24.7 -44.8 -17.9
40.00 5.3 5.3 1.8 8.6 1.4 -25.5 -24.7 -40.0 -15.2
50.00 4.1 4.2 1.1 7.5 1.1 -22.1 -22.8 -36.4 -12.2

Table 3. Mean and range of apparent mass of the seated body under vertical vibration

Apparent Mass: ISO/DIS 5982

1/3 Octave Modulus [kg] Phase [degree]
Band Arithmetic Lower Upper Standard Arithmetic Lower Upper
[Hz] Mean Limit Limit Deviation Mean Limit Limit
1.00 52.0 43.0 73.0 8.9 -5.1 -9.7 -0.1
1.25 53.0 435 73.5 8.5 -5.4 -9.8 -0.4
1.60 55.0 45.0 78.5 7.4 -6.3 -10.1 -1.8
2.00 57.9 47.4 81.1 10.3 -7.6 -11 -3.7
2.50 61.6 52.3 91.7 10.8 -10.8 -14.7 -6.2
3.15 68.8 56.8 102.1 12.6 -16.3 -22.6 -10.1
4.00 75.4 © 599 107.6 14.7 -29.3 -38.9 -19.4
5.00 70.1 527 929 13.5 -51.4 -61 -352
6.30 52.6 40.8 71.6 8.9 -62.1 -69.1 -51.7
8.00 41.5 320 55.7 7.4 -64.8 -69.7 -53.1
10.00 333 27.8 415 4.5 -71.2 -76.3 -54.1
12.50 27.0 23.2 313 33 -79.5 -84.5 -63.3
16.00 18.9 17.1 219 1.7 -81.4 -85.6 -69.8
20.00 15.3 134 16.5 25 -77.9 -85.2 -64.5
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Figure 4. Normalised modulus ratio of measured Korean apparent mass to ISO 5982 model.
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Figure 5. Phase difference between Korean and ISO apparent mass models.

Figure 5& F34 di9d 1SO 59829 ZE7] AFel A =9 Ha ZFr7) A @& 3oH
A% & FFUY A4 gol 150 9 #e A Ao HAelE Bolu Uk RE Fig g9
gmde flgo] IS0 EBET o]l Ave FE YT FR7] A 8L *e‘ﬁr—‘?—ﬂ}
B4 nlo] e arc-tangent FFZ Foly] YEo)] o] At Fe AFRd v 5
AdH A7t #xdol o Avhe AL ou|dc) 4 Hz o9 Fs %‘Hoﬂ*i g9l Ha éiﬂ
Aol AL S0 BEET 15 & o)A A duks Aol Figure S1A 8=k

3-4. @599 7144 9992 54

Figure 62 =9 IAHAZEEH $I8 ZLH AL TEol AAdAA A4z Fa 953 oAz
1299 dstades o FF AFHE AFES 8z A B3EH qgx 7 didtds & FH
AsdgAEd 3) Ages FPEsAT was, 4159 JAPAERE Y VAR dgdx
Z2RAE A4 A} So] M st zhzt 141 A oA tEte 81 M2 TFAAE F 363
A9 71AR dAH2E AL Figure 62 41P22FEH FIE 363 A JAH dHEx
24402 Holn Yt} §=UY JIAA dAR29 HEH 54 XNE F437] Ao Figure 69
447 dg FAH Mg FIsGch A4 A dHd2 {Zi(f); 1 = 1, 7, 363} o
A PJaEAa oo guxe i, awln 4 Fus gigd Ho 2 Hax deldx gES
e 43tA . Figure 73 Table 45 F3 tidd dig A4<d F#), et H7A, 2 Hdg %
i FgEY HYE Bolz:



Mechanical Impedance for All Subjects

6000
5000
4000
3000 ---
2000
1000 -

Z00c-E0 riENT —

100

Frequency [Hz]

Figure 6. Total measurement set of Korean seated mechanical impedances under vertical vibration.
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Figure 7. Characteristics of mechanical impedance under vertical vibration.
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Table 4. Mechanical impedance averaged over 41 seated-Korean subjects.

Mechanical Impedance: 41 Subjects
1/3 Octave Modulus [Ns / m] Phase [degree]
Band |Arithmetic Median Lower Upper Standard |Arithmetic Median Lower  Upper
[Hz] Mean Mean Limit Limit Deviation| Mean Mean Limit Limit
1.00 374.5 363.6 206.6 681.6 84.3 90.3 91.7 85.6 94.9
1.25 443.7 428.1 288.9 808.5 97.7 89.9 89.8 86.4 93.8
1.60 587.2 563.4 3716  1073.9 129.3 88.8 88.4 85.0 923
2.00 745.4 714.0 461.2 1396.7 167.0 87.6 87.1 82.3 90.5
2.50 920.4 877.4 562.6 1775.3 210.5 86.4 84.2 80.3 89.4
3.15 1336.1 12751 790.9 2670.5 333.0 82.5 86.1 68.8 88.2
4.00 1822.5 17155 10425 37143 539.4 74.8 64.7 52.7 85.6
5.00 2308.0 2230.9 1123.7 47451 831.1 60.0 73.0 23.8 81.3
6.30 2217.7 2185.4 995.6 4815.0 846.0 43.8 51.5 15.1 721
8.00 1985.5 1874.7 923.0 3791.0 601.7 40.4 38.6 16.2 57.7
10.00 1934.2 1969.4 639.4 3495.4 612.2 37.0 459 16.8 57.3
12.50 1581.6 1522.3 562.8 3154.0 611.6 34.3 34.3 11.4 58.6
16.00 1256.7 1194.7 624.3 2748.8 433.4 42.0 40.6 21.0 63.5
20.00 1169.0 1135.0 630.4 2260.6 339.1 50.7 58.6 26.7 68.1
25.00 1220.8 1227.5 491 .4 2540.2 346.7 56.1 55.1 36.9 68.9
31.50 1268.7 1277.7 431.2 2596.1 352 .1 60.8 65.3 45.2 72.1
40.00 1322.1 1324 .1 462.9 2150.2 357 .1 64.5 65.3 50.0 74.8
50.00 1300.0 13145 359.1 23426  357.7 67.9 67.2 53.6 77.8

3-5. §3919] AP EA3} ISO #E 9 v
ISO/DIS 5982(9]% <1AlY 71AA o2 HF g, /3t @& Z2 AAsti 9len, Table 5&
1/3-%8t8 FAF 5o disto] Hd @, A/sH &2 Jebdia Aok 1SO 5982% 0.5 HzFE 20
Hz7t A 9] F34= Houte AAsla vt gahx 38 dFe Tl He F34 H9Y 1.0 Hz7H
20 Hz H99 T AnE vlw EA3T Table 59 1S09 A2 3k Ziso(DT} Table 49] gH=<le]
%‘ﬁ]‘%ﬂi T’éi"‘l ZKOREAN(f)Q]' ’%ﬂ%’-‘i B]% ZKOREAN (f) / leo(f)% “l:‘ %‘ﬂ?ﬂi 5)\'9’] 37]9} ‘?’]}?)]' H]J_ﬂ-"

7} &1 Al ﬂt}
Figure 8& ISO 5982¢ &=l dvud29] Huzgt A7|9 /8T #hE
1

9 n
Adtoltt, 28 Fgol AT AHAAAY RH)S F AEHT gl o qH
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Table 5. Mean and range of mechanical impedance of the seated body under vertical vibration
Mechanical Impedance: ISO/DIS 5982:2000

1/3 Octave Modulus [Ns / m] Phase [degree]
Band Arithmetic Lower Upper Standard | Arithmetic Lower Upper
[Hz] Mean Limit Limit Deviation Mean Limit Limit
1.00 327 270 459 104 84.9 80.3 89.9
1.25 400 328 554 108 84.6 80.2 89.6
1.60 553 437 789 81 83.7 79.9 88.2
2.00 728 596 1019 131 82.4 79 86.3
2.50 1006 854 1498 180 79.2 75.3 83.8
3.15 1382 1141 2054 255 73.7 67.4 79.9
4.00 1894 1506 2705 373 60.7 51.1 70.6
5.00 2201 1657 2919 428 38.6 29 54.8
6.30 2114 1642 2879 361 27.9 20.9 38.3
8.00 2088 1611 2797 373 25.2 20.3 36.9
10.00 2095 1748 2609 282 18.8 ©13.7 35.9
12.50 2137 1835 2482 262 10.5 5.5 26.7
16.00 1898 1714 2204 172 8.6 4.4 20.2
20.00 1922 1679 2075 335 121 4.8 25.5

200 T T T T T T T E { T T T
P i i i 1| -8 Adthmetic Mean
TF) N - bododdidd] <o Uppertimit ]
. : : oo i| ==~ Lower Limit

160

140

120

100

80+
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ZO0~3 DDA D00 rali—

40

20

Frequency [Hz]

Figure 8. Normalised modulus ratio of Korean mechanical impedance to ISO/DIS 5982 model.
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