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Six-axis Biodynamic Response to Vertical Whole-body Vibration
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ABSTRACT

Seated human subjects have been exposed to vertical vibration so as to investigate six-axis bio-

dynamic response.

fore-and-aft, lateral, roll,

Sixteen males were exposed to random vertical vibration
range(3~40Hz) at one vibration magni'[ude(0.224m/s2
pitch and yaw direction on the seat. The median of cross-axis apparent

in the frequency
r.m.s.). Forces were measured in the vertical,

mass magnitude in the fore-and-aft direction could reach up to 20% of the apparent mass magnitude
at resonance frequency. And the median of apparent eccentric mass magnitude in the roll direction
could reach up to 15% of the apparent eccentric mass magnitude in the pitch direction at resonance
frequency. But cross-axis apparent mass in the lateral direction and apparent eccentric mass in the

yaw direction showed very small.
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set-up
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Table 1 Specification of a vibration shaker
generating random vibration

Model IMV Corporation i220
Type Electro-dynamic
Rated force 5.6 kN (random)
Frequency range 3 ~ 3,300 Hz
Maximum displacement 1 mm p-p
Maximum payload 200 kg

Table 2 Specification of force platform

Model AMTI OR 6-7

Fx, Fy capacity 4,450N

Fz capacity 8,900N

Mx, My capacity 2,300Nm

Mz capacity 1,100Nm

Fx, Fy Natural frequency 370Hz

Fz Natural frequency 530Hz
Crosstalk Less than 2%

Table 3 Physical characteristics of subjects

Item Average SD Max/Min
Weight (kg) 71.8 11.1 104.0/60.0
Height (cm) 173.0 3.2 180.0/169.5

Age (yr) 27.9 2.6 44/25

Fig. 2 Photographic of vibration

representation
shaker and subject sitting on the rigid seat
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according to 3-axis translational direction

3.2 ZRIIEHAEH

16782 FA[gAle] tjgh AR7|HAAZFS Fig. 5
of YeRSIt o17]A #& AHL 16We] IAY
Aol digk T FESs YERd 3o
gko] Huy|BEAAZEe gAgAte] AlAA
el tha AZFolzh Qo) thAHOR THZA-ol A
35 e AS Gk A gee] FHy)
A A Zukake] AR A A%y} H5E Fut
Fol A AN AE 7 T 02 12Hzo1A 23t
HAFHTE 7L 5S4 5 Atk 8w

o

=
o ARIlHgAYEe FAH 54 ket

Fig. 6914 13} ) Fshseol A w)xape] A]
APAZ wa) TR ARIBAATE 17%

Aed a7lE 2 A% % 5 I Ze=w

15) o
AZFBL A

7} 0.0010] 3}

fo >
=
o
)
o
2
i

B oo A= 3~40Hz, 0.224m/s® r.m.s.2] W)

Apparent eccentric massikgm)

5 10 15 20 25 30 35 40
Frequency(Hz)

(a) Apparent eccentric mass of the roll direction

Apparent eccentric mass(kgm)

5 10 15 20 25 30 35 40
Frequency(Hz)

(b) Apparent eccentric mass of the pitch direction

Apparent eccentric massikgm)

5 0 15 20 25 30 35 40
Frequency(Hz)
(c) Apparent eccentric mass of the yaw direction

Fig. 5

Individual apparent eccentric mass of 16
subjects to vertical vibration and its median
value

.t

Apparent eccentric massikgm)
=
=

15 20 25 30 35 40
Frequency(Hz)

Fig. 6 Median of apparent eccentric mass of 16

subjects according to 3-axis rotational
direction

5 10



fH oo tof Jo ﬂl-lu}'; o oo
il
2
offt
£
a5}
2

A
g ke AnruAad
R esteh &5 el M
g A71e] zlEel daide= ol

(1) Griffin, M. J., 1990, Handbook of Human
Vibration, Elsevier Academic Press, London.

(2) ISO 5982, 2001, Mechanical vibration and
shock - Range of idealized values to characterize

seated-body  biodynamic response under vertical
vibration, International Organization for
Standardization, Geneva.

(3) Mansfield, N. Jand Griffin, M. J.,, 2000,

Non-linearities in apparent mass and transmissibility
during exposure to whole-body vertical vibration,
Journal of Biomechanics, Vol.33, pp.933~941.

(4) Rakheja, S., Stiharu, I. and Boileau, P. E.,
2002, Seated occupant apparent mass characteristics
under automotive postures and vertical vibration,
Journal of Sound and Vibration, Vol.253, pp.57~75.

(5) Cheung, W. S., Kim, Y. T., Kwon, H. S. and
Hong, D. P., 2003, Experimental investigation of the
response characteristics of Korean — seated subjects
under vibration:  (I) apparent  mass,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 13, No. 8, pp. 645~650.

(6) Cheung, W. S., Kim, Y. T., Kwon, H. S. and
Hong, D. P., 2003, Experimental investigation of the
response characteristics of Korean — seated subjects
under vertical vibration: (1) mechanical impedance,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 13, No. 9, pp. 713~719.

vertical

(7) Kitazaki, S. and Griffin, M. J., 1997, A model
analysis of whole-body vertical vibration, using a
finite element model of the human body, Journal of
Sound and Vibration, Vol. 200, pp. 83~103.

(8) Nawayseh, N. and Griffin, M. J, 2003,
Non-linear dual-axis biodynamic response to vertical
whole-body vibration, Journal of Sound and
Vibration, Vol. 268, pp. 503~523.

(9) Nawayseh, N. and Griffin, M. J., 2009, A
model of the wvertical apparent mass and the
fore-and-aft cross-axis apparent mass of the human
body during vertical whole-body vibration, Journal of
Sound and Vibration, Vol. 319, pp. 719~730.

(10) Mansfield, N. J. and Maeda, S., 2006,
Comparison of the apparent masses and cross-axis
apparent masses of seated humans exposed to single-
and dual-axis whole-body vibration, Journal of Sound
and Vibration, Vol. 298, pp. 841~853.

(11) Rakheja, S., Dong, R. G., Parra, s., Boileau,
P. E., Marcotte, P. and Warren, C., 2010,
Biodynamics of the human body under Whole-body
vibration:  Synthesis of the reported data,
International Journal of Industrial Ergonomics, Vol.
40, pp. 710~732.

(12) Matsumoto, Y. and Griffin, M. J, 2001,
Modelling the dynamic mechanisms associated with
the principal resonance of the seated human body,
Clinical Biomechanics, Vol. 16 Supplement, No. 1,
pp. S31~S44.

(13) Jeon, G. J., Kim M. S., Ahn, S. J., Jeong W.
B. and Yoo, W. S., 2010, Human response to idle
vibration of passenger vechicle related to seating
posture, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 20, No. 12, pp.
1121~1127.

(14) 1SO 2631-1, 1997, Mechanical vibration and
shock - Evaluation of human exposure to whole-body
vibration — Part 1: General requirements, International
Organization for Standardization, Geneva.

(15) Howitt, D. and Cramer, D., 2005, Introduction
to statistics in psychology, Pearson Education limited,

Essex.



