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Study of Apparent Mass and Apparent Eccentric Mass to Vertical
Whole-body Vibration by Using Strain-gage Type Six-axis Force Plate
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ABSTRACT

When whole-body is exposed to vertical vibration, asymmetry shape of human body affects the re-
sponse on the translational(fore-aft, lateral, vertical) and rotational(roll, pitch, yaw) motion. While the
translational motion has been studied with various titles, it has been rare to study the rotational motion
of human body exposed to vertical excitation because of lack of experimental equipment. This study
was performed by using a 6-axis force plate installing strain gage type sensors for the rotational
response. Sixteen male subjects were exposed to vertical vibration on rigid seat in order to investigate
apparent mass of three translational motion and apparent eccentric mass of three rotational motion.
Random signal was generated to make excitation vibration which was on an effective frequency range
of 3~40 Hz, and magnitude of 0.224 m/s” r.m.s. The frequency range and magnitude used was selected
for the vibration of passenger vehicle on idling condition. As the result, cross-axis apparent masses of
fore-and-aft and lateral direction were not significant showing 20 % and 3 % of vertical apparent mass
relatively. And apparent eccentric mass of pitch motion was dominant when compared to that of roll
and yaw motion, which is reasoned by asymmetry direction of human body sitting on a seat.

HERE wel Q5o AgHE FAuE

M (vertical whole-body vibration)o] =&H Tt -2

4
G ANAEA wFE A FALSH F 54

—

=
7]—_6—

Ho
op

o] G5 A

SJApst o

)

o]

rlo

h o weke] SHEAS R 7] W apparent mass) O
el
o wAIARE A3, 2reaMdRbEAr FEEAE S Aol A AR AAXF wEE QA
E-mail : sejin.ahn@renaultsamsungM.com o] ARy AL SO 59820 FAHO 9o, o
Tel : (051)979-9551 o o RN
+  Egmel g)eke 7] ]Jg‘;udr Z1M = Al 7FA A=K55 kg, 75 kg, 90 kg)oll T3}
o ANEE ALRTL DT o] 0520 Hz¢] FoA5glolx] Ausldze] 2]
ISR S 92Re ANST A9, oo EzaE <

# o] el AV 20119 B A% Sy TS S Nawayseh®9h Rakheja® 52
iAok 0.25~3.0 m/s’ rm.s.9] 7F=7]9F 0.2~20 Hz9]

SHEASTSISI =28 /A 21 # A 1035, 20113/897



A 270w Aok A

1.4 o 8.4 94

pul

_,
[SA

1 A3 =912 1SO 598200 Hlsto] f]7dgke

How AA yeuw Hrrjdsge] ArleM=
12Hz °o3e] F35 gGellA 1SO 59820 H]3|
20 %A% A e THlen, o= Mt E=
Q1o AlAISt =49 Aololl ofsf yeh= At
3 AEgitk. Kitazaki” §& fd84 RdE of
Goto] AR ARUjA% HE Nk A,
Helol Agae] el diste] EAslth 1

=%
(¢}

A3} 506 Hzol A BR71AZ] 12 3RRE7)
Bt o, 577 Hzoll Al =9} o] i) dvd
of o3 M W wrrh yehdtia Barsglvt
Nawayseh®”9} Mansfield'” 5 $=2WaF Fol of
g AR7|AZ viEo], A A HgH 5
Bom Qe vehte A5eF Sus deiile

H, olZs ALY wAE HEIHH(fore-aft
cross-axis apparent mass) > = sl YERNSITH
o] AFollA WAE HEIZIFEFL 5 Hz-olA
sxlo] e ZAA=e] 60 %] 47|12 U
etk Baskgith 2ejal el was 2R
A= (lateral cross-axis apparent mass)< HU3H}
of Hlgte] Mo Aoz Jepgtl®. Rakheja""
& FANEY JAEd oig MANKAS, 2
e FHEAS st A5 vae 4
15~20 %A =2 oz -9-4t
5%AEE solxlthal ®askgid.
Matsumoto"'” 52 4719] AHEZS 7= lumped
parameter model¥} HAFHAA| wWE IJAAFEE
F7heh RdS o] &ate] HRI|AZ FXF oS
S5HzS ZsREE A8tk 1 A7} bending
modet= HFo o9k Zlom Awaglon, anka
E}"/]Oﬂ ’]3H 2y meol Aol ogk FA
w3tk Jeon™ H&
gy AR sl digte] Q1AI7}
OL-JE 3 0} 954, = pitch motions 57
st BAEgler, ol ZAR7|HAIA %K apparent

oty

eccentric mass)©|2Fal A oJ3Iith AR /AN A
£ 6Hz9 12HzAA FAE 7HAH, Aol 1
Aes 999 5~10 Hzol M= HAApAel mhe

ol7}b Atk whdd] Fele uflEF
10~12 HzE &2 2pAdl] W& 1 x}o)7}
glow, qAle] AT Pl JFe v)A

HAAA et @rolEadee] wEe Fu
A Uepdela ®assr.

K
[

o2
12
O rr ¥0 9 2 Ho oL

o,
=
o,
o
=
=
o
oX,
)
i)
ot
R =l
>,
o r
frtl
o,
ol
)
0

10, Mo o0
=)
B
o~
WU By
oo
ofo >
by
SE]
rlj
o°
C o

>
k1
ol -
2
o ®
°
oty
2
o
o
1o
olo
ol
it
oX,
o
e
rot
rO
- F
¥

o
a,
N
b
%
>, o
o,
o
32
=
<
=4
w2
=]
=i
=
or-\
to,
L—
o)
]
b/-\

23 0 A T A
o ol

1@@1ﬂﬂ@x5&7w1
_,q- Aﬂ H]—zﬂ:,/] A=

)

2.1 AEEA

(H) I544

7417] g3l A% Y5 THAMIL OR 67)""
2 Fig 13} 20] 4712 AR v Emount) 717}

of FA7F gk ZE#HRIACIAZE FAE o] ek

898/st=x AR EEES=E&/A21 A A 10 %, 2011



iR R e e s B e e i

3k

Top plate

Bottom plate

Fig. 1 Perspective view of force platform mounting
four load cells

gy IR

Fig.2 Layout of strain gages on unwrapped cylin-
drical load cell

(top plate)9} 3}5-THbottom plate)2] o4l e
WslE SA% Fig 2w 4719 Y875 F2+
ZEHIA0IA S Faist SA4UE v
ket Al ZHe] el = 1, 2, 5,6, 9, 10 2~
EAcIAE ADiFEES SAsHA v, 7 N

of Y%l FaH 3, 4, 7, 8 ZE#RIAIA=
FAE Gl o WS SAI ojnf A
HEES ol&ato] ¢3S Atsta sAUeF W
S ol gate] FAYE AtsiAl frk vl 7] o
ol 2 HAE 11~149 2E#HRAAE 4
5o 9 AFel wE WMPFeR HE roll FHt
pitch%2] EHEE Alilet) Yawse EUEES
y st 3 59

o] AY WMELHS ANTZZI|(MSA-6) o3 FZ
Ho] AFE R A%dch o] Ao ALgd A=A
YHAMTI OR 6-7)¢] AIAFFE Table 19] R
At

) 7FRA) 2"

o AollMe w3} HEs HAANT|7] Hst
o] A} (electro-dynamic  type) EFH7F7I(IMV
i-220)5 o] &3l A d57H7)= Fig. 304

TAZSNSSEI=F&/A21 A A 10 Z,

Accelerometer Strain Gauge Low Pass
Force Amplifier Filter Data

Force Platform Si
ignal

Processing
Low Pass System
Filter

Acceleration Signal
Electro-dynamic

Control
system
Type
Vibration Shaker
. Power Signal
Amplifier generator

Fig. 3 Schematic diagram of measurement system

B AHF control systemol] AAE 7HEEAIE T}
signal generator®} power amplifier® A3 71317
of JHEH, Aol Ffehs AFES Ao 2=
A ko] Ao R eSS Hrh
A gl RAD 1% ASEA
control systemO 2 JZWE|o] MAH J}EE
719} FIE Alogitt. 974 AR )
A AT oA AL 3H
7HA = 2EJAOIA  EFY(strain  gauge  type)
ICP7}&5 A (kistler 8310B10)°]t}h. o] <A7tol| A A}
5 771 IMV i-2209] FAIARSS Table 29
Lebl AT

—

o o

to oo [ rf &

ﬁ["ﬁ,

(3) AzA
o] ATolAE 1S0 26311199 A3 ¢lAe] 2
BAE Jlsor  AFHFEKX-direction), -1

(Y-direction), 4=2]"W8KZ-direction)S 2|5} 1L
B3t HARAE ez Al ek HHEn A J
4

mES] SHEYS YSPROE SYsta 4

N

Stk 710715 Aojaks Q17 Pl o
g %8S NIAF] LabVIEWS o]&afo] txe
21883t 18] MathworksAFe] MatlabS: ©|
%0}04 dleld a4 3 SAEAS dEA e sisith

2 4
619 o= 74
o] A7)

o
ﬁ
0, o
|

lo,

20113/899



=

Tl

AR

R EER T

frequency resolution 0.5 HzZ 3}¢lth. A/DWHEHE
A58 dolE= Y3 Er(hanning  window
function)E #]-83to] ~HEZOoR WEslglon,
95 % % (overlap)dto] 2~ EH H i (spectrum ave-
raging)ate] & AA}E wkdsgich

Table 1 Specification of force platform

Model AMTI OR 6-7
Fx, Fy capacity 4,450 N
Fz capacity 8,900 N
Mx, My capacity 2,300 Nm
Mz capacity 1,100 Nm
Fx, Fy Natural frequency 370 Hz
Fz Natural frequency 530 Hz
Crosstalk Less than 2 %

Table 2 Specification of vibration shaker

Model IMV i-220
Type Electro-dynamic
Frequency range 3~3,300 Hz
Maximum displacement 51 mm p-p
Maximum payload 200 kg
Rated force 5.6 kKN (random)

Table 3 Statistical data of sixteen subjects

Item Average SD Max/min
Weight(kg) 71.8 11.1 104.0/60.0
Height(cm) 173.0 32 180.0/169.5

Age(yr) 27.9 2.6 44/25

Fig. 4 Photographic representation of shaker and sub-
ject sitting on the rigid seat
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(a) Cross-axis apparent mass of fore-and-aft direction
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(c) Apparent mass of vertical direction
Fig. 5 Translational human responses of sixteem sub-
jects
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Fig. 6 Comparison of median curve between three
kinds of translational human responses
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Fig. 7 Rotational human responses of sixteen sub-
jects
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Fig. 8 Comparison of median curve between three
kinds of rotational human responses
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