P20 SHEFH FE 07K 7] Y £ SV EHEUYIEEF, pp 119~IA
S

S48 IS =2 OX J8 55 3 I &ot

oF 44 B & IF

FHNE 2F (@FREFAFAT )

*

M ' and A t Methods of Vibration E I
to Whole-body and Its Effects

‘Wan-Sup Cheung’. Yong-Hwa Park’. Hee~Joon Eun’

Key words: Human vibration(Q! Xl ZI&), Whole-body Vibration(Z 4l ZIE), Vibration & Shock
Exposure (21& % & I ),

ABSTRACT
This paper introduces the brief guidelines on general aspects of tests and experiments with
human subjects. Detailed methods for measuring whole-body vibration are reviewed for
those tests and experiments and compared each other. Such comparison is found to be very
useful in choosing adequate methods for human related tests and experiments. Of course, it
is also expected to be very meaningful to our automotive research and industrial fields that
are critical to the ride quality of their products with uncomfortable acoustic noise and vibration.

1. A&

AR dider 3 I AP AA A HEZ Fud W ohlgy J17]9) vjF Y FE.
AdARe] 27 ulg Fof o 3 dgAe] A &4 AL Uxdd JA Agd] Furse
Auje] kA A, AA Ay AF @4 Fah 223 ¥ ddHe Fo| A9 zdd o
HAA &8 et Sol g A FL 1SO 13090-1: 1998E)HE A Aat vt ¥ A7 €L 1999
79 9= ISVRC| Human Factors Research Groupl+ Al Al&sti gl 43 1SO 13090-1:
1998E)% S 47 v HESA G&% AL 75T 5 oF ASstn Uk 53], & =FL
AA g Ao Ao dig Tl A7} @F AFAE ofs R BE FFoA TG
g Je Adaie F4sE s, g FAAES ISO 13090-1: 1998(E)ete] die x &3
a2 48 FoAE =4 (SO 13090-1: 1998E)QHS FFaoF B8 A F F2ar)

2. AA JF 53 ¥ A

AA AF 53 A FHo) wa} da= FSFH & HAYsHA €rh 150 8727 19972 A A
AE 242 A% YA 493 & A (Biodynamic coordinate system)2 =<t3t2 v} Fig 1S
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A4 A9t A% Ao 4E Roln Jev. Fig 19 <A
“mE 71E 3A F2 %) #FE A s AF
Holga FE JA HAEFH FE (Basicentric coordinate),
=& “372 QA HETH FHE (Anatomical coordinate),
aga 4y Wy R oA go] JWFAAMTL FAE FF
Z ¥4 (Instrument coordinate)E 7+7d YFebular ot ol
#E AdA x-F 45 B y-F2 JAS B 5L
T 4% B ol x-F9 A B piche y-2o A
- Wak yawe z-%9 A PFE Zzh Yot EE 49
Fig. 1 Biodynamic coordinate system  “+}8k2 @ 8& 22} AW wa} A &rigtol 24 sE
Z}ztol ygo g Aot} BB HE A ol 3 AxFo| W AF FH L I

A2 F(whole-body vibration)o]& Aajet 714 AE
227 AEse 2 dygol. § BN Ag MNFS
olulsie. Fig 2& 714 dwtdow AgHE 12-F% WUF
=4 & ARE Bo|x Ut 12F 3 FxE @ 35,
ol 6% (BA 3%, A 3 ). 18dx T B9
3Ho2 FAHe o ol g ISVRIA gt
wllo|ty &3 1SO 2631: 1997(E)9} BS 6841:19879] EF
Stol A Aesn glow & Foire AFA, FF
a8 FEEd &4 AA AAANF & L Hrld

Feet | Vibraton Table 74 deE o]REH Jdrk H3, Fu AFAL EHolo,
Fig. 2. 12-axis measurement system a7t A, A Fo AF FAg AF E L)
for whole-body vibration sle.

3. AN AT 53 FA R 4y

AA ANG wie} Pol AN AFL B 8 Holg XFsR Ut SO EFE<Qdo] FHE
Folz e Q4o 5 ALGEAY 44, w74 £ A48 FHuE oz AF ALs54 49,
agn £ R AR FY 4 A A4 AFX IF 5 € H7 FEo Aok ¢4 AAg
7147 A3 AFsE 79 (2 990l F FHE 74, Fig 2 FE ALHE QA AF 53
2 PrE AHHEA SO 2631-1: 1997 Bye ANZF £ L FJ7t el oy e
AN don, AF A FFE AELHE W§9 Jo ma A% @A (Comfort limit).
254 2 39 &84 @A (Activity and working proficiency limit), 287 BA 2 <¢4A @4
(Limit for health and safety)= ¥ &t}

AA AE AT A% L 584 59 A58 A7 AF F4 3 0% A= ddAY. 59,
S0 AF dA9) $A7 ARCOG g A7 Rolrh old@ WF Sk 1D 4AN
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el AFeEd, 4dE VA, 8 4 AF FY
A Exd Fo Buys IFPas L g549
e st 5L ¢4 wed. aea. w)§y)
2FAL d9 253 EY 2 I8 Y &AL
aelx w59 &F AAY $HA B3 22 AT
C AFHEE Fusie Aee A4 A% nAn
| A E e AE FAE DS} @l Fig 32 ¥
Ad7dol 1997d FaA A FEHY ZFA dig
[s  ddY H{Ugk AR AF F¥EE A9
v A G (Flight Schedule)®} ol AL§d 12% <A
AZAE 53 FAE Holn vk 12F JAAAF JFFH A AN AF Ao 4
Adg st 7leadolw, ¥ FA FAstE dastd s digtd SAAfME ofv)
o] g5 Qitk 471 JE A FAE o148 AdE FAW 4 714 & gAE dF AF
Ag EFS F IS0 7096: 1994(E), 1SO 5007: 1990(E). ISO 10326: 1992(E)fl A w4 ¢ 2% dgdx
SEAT (Seat Effective Amplitude Transmissibility) 3718 $#3] 9% £+ o

Fig. 3. Whole-body vibration measurement

Aag7A AN WEde €8, ol3x IS0¢2R EFsHA
¢ A4 A% FAd4 oid Wee nEsd b dxz
47t A9 F3H 2F (Dynamic mass), 71AF YAz
(Mechanical impedance), 2831 A = 24 EL k2 A A9
diet w749 AFAL 54 (Vibration transmissibility to
head)?] Ad@o] didt 5F ¢ W7t BELL ofd gle
Aol e, F9 AFAL FAHoz AF FHYFAE
T AHgs T e HFolt) Fig 45 & A7l 19999
74 HF ISVRAA  Fdd /g FF AN AR

Fig 4 Picwreof biodvnamictest  ngnyo)s +as @A F3 3% 747 dvgx,
agxn fegAe A" 54 g ANE Roju U

Ngel 4 Aol JAd dudae aye

G i 0 st AX WER FF @ 287 st

T y: T |35 mm : Force platform (3% E& 6% W/3AY =)
M.d 88t gl (Fig 49 & Ay, 283, Fig

156 mem 50 29l nieg} o] 679 JF FME AR FAL
“Bite bar"?& o] g3t Wald 63} F%E +F (¢ H,

g, 38}, roll, pitch, yaw) & FA 33 ). Figs &

* [ g dA7do] 4dol A8@ “Bitebard] TEE
Fig. 5 "Bite bar” for measuring the 6-degree 201 2tk ol2i@ AN AN§F 27 P29 #A€
of freedom of head motion gwo olally SO BFE ooz AdEEA ¢
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Aeoltt. 88 FF EF ¢ Foprl Bdid AS ols AIAF 53FA 4 BAY =@
EEdo] AYd ez Asdrt

1999 79 AAAF AP FoidA Hie AFHAHE FHML 4T ISVRY Griffin AT
A7HL BHESHAS W A2 JANF ARE AF Eoks M F 9 F ME T M
a8)e F8 @3 399 AFEZYL A AEE F¥sn AUk am, QA YR
A 1 Hz o138 AFH A IF APE AT AF5 A4 8459 $2AE Griffin
TFE A FEIFRG

4. AN A% A} Wy

g4 27T AN AF FFY FAE o839 FHE FF MEE AEE o839 AAY
dge Hrhste AxE B dolM e WA VFY UA IS 1SO 2631-1(1999) =
BA (Health), =% 2 QAA(Comfort and perception). 121 Hvj(Motion sickness)Z
TESD Qon, BS6841(1987)w #F4H A (Activity limid & Hstx Atk oy g A
AgF g Hriolq Aga= H7h A 5o] AA YFHAA FHSHE de 2893 AF SR
ohd QY] AF ZAgAL wel FAsE 23 H7t g Aol ojd 23 /A
A5 Eof FAANA ol &g §uteA dd.

AA ZgFo WE AR AF 54 89 (2 J9Fol. T F4)d FEJAMultiplying
factor) g%} 82 Z FEF FUE 53 F AFE x-F H$ yv-F, 3 -H)9 IF
Foa JRo BE FA5 715 @5 (Frequency weighting function)®] 3§ Fgoz F4€drt.
Z, A HERA G & F g AF (P L HA) vMExe HFHE FHMAAS
T 7M5E5E 44 B4 A B¢ T AEHE
44 do. A AF FHo) WY QA AEZH & F
wgo) 7t&E a(nE A A F$ F7 AF NI a,0F A (D} Zol Loz, A)dA
wiDe Fo5 7H5E5Y ARdd $dETed. mE 3 Fd dgHE= I Aol
agz, Do AR “+"= Convolution FAitFo|n], B dAle oldza &L =AY
g2 44 @29 (S02631-1(1997)7 BS6841(1987)9) Fi 715 ds #x). &, @¢
EeYdd 5439 715x NI zRE WHS Gain amplifierd ol 89 dolAE AA #$
57t AE NEE EA 9. 28 dAY AFx2 dgd 53 7Isx NERRYH OAY g9y
1M olgsta] UM g F7 AF NIE A& 5 A A B AFES dA" A3 A
Y& olg3 7 5 33 I ¢ 57 IF NI E W3 E 7Y o851 Ut

a,(t)y=m,-(a@®)*w(@)) (1

A4 WF H7te A9 £ Fd digHE T B8 (FL AFHE) IAF SR AD

e Y T ,_[r . ]w Nrzy gudE

Squares. r.m.s)$ A% HEF (Vibration Dose Value. VDV) @& ol &8, 4 (2)9 o)
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o). olgd H7t Aol F5Hoz ofHE B NEE F7 TS AF SR ¥3
&2} H:ael v (Crest factor = Peak value / A& 3DE HoE = FA ¥ (Crest factor)?}
Ak, olE M HuMRE 1S02631-1(1997)3 BSG6841(1987)91A4 FFoz2 Algdc, ey,
3 1S02631-1(1997) M= F7Hd 7t A& & ok &, v 1z0l d4o=2 94
AaxF Ad F= 21F g (Maximum Transient Vibration Value, MTVV), 1&8]il &4 A7}
ANz F8737 7153 (Weighted) T% A& #F9 &2 MSDV (Motion Sickness Dose
Value)7} St}

gt v (Comfort) E2 547 A4 (Ride value) H7lolxE wo #al 3% (xyz-%) 7IEE,
ddole] WA 3F(x,y.z-%F)# A 3% (Roll, Pitch Yaw) 7%, 28]l ¥ 599 93 3%
(xyz-%) 745§ Z7e &3 Fo] B & Fa5 7tFE5ed FAUdAE 22 4o dojn
571 2§ AF A3 dax B2 AF HE G (VDV)E 84 3% A% (Component ride
value)ol@t A&t} ol8 Ztzte] =4 8 MEx F9 AF Fol S AFe 483 AA

2 Ag (Overall

Table 1. Overall ride value and its semantic scale

Ovel;rz:/IlSZRiir(lii xasluesl Semantic Scale (English) ride value in r.m.s),
Less than 0.315 E#s5tx %S(not uncomfortable) 2 % 54 59
0.315 ~ 0.63 7t BH 4 (a little uncomfortable) [s A& g v AF
05~ 1.0 t} a2 EH ¢ (fairly uncomfortable) go] o AZT oo
0.8~ 16 H-3 ¢+ (uncomfortable) =

1.25 ~ 25 u}-9- B3¢ (very uncomfortable) AsAE AA Fx2
Greater than 2.0 2}:23] B extremely uncomfortable) Z (Overall ride value

in vDV)olg}t Al
Aax AAPE 27 gl wel 6 39 o= FEST e, Table 17} 2},

>

tge] Ag A4 @A(Perception limid: =d 8 FIF N5E+E 2 H4d
AT 93 geog AHsid, AAwAE 0.015 m/s® B3 goz Fdn .,

L

21%ke} 718 %A (Activity limit) ¥siol] dig stgt @A1E BS6841(1987)%t2 MFu & gkl
VDV = 16 m/s'™2 333 den. & F3 Fo dig 44 A% dF ge] 165.08 234
AS AN A% A AX AF5Fe] AL g v vfd g Ausn ok

B3 (Health) @Alol dig Woz 1SO 2631-1(1997)& & Aaxdl o 7 wys
A& g vDVel w& HHE 2z d3sty vk # FHdME ddo] FEFY ¥
3% 7t&E A7d FR5 1EEsd FAJARMx vy FE 14, 252 1.00E HE39 ol
AF ANzsd Festar dom, dix H7b MY ol HEEd 3% UF MEx 2z
HF Fol dig AF2E A ak& Hoorh e, AF JF @A VDVl o9 H7t Wy
7t38d 3% AF 7MEx A5 o AF Fo die o AEFCE HS ez Hojdr. HE
2o ojg By A FA(upper limitye} ¢ FAllower limit)s Z42Z 5.6 m/s(r.m.s)9} 2.8
m/s? (r.m.s) FAESE o, &g dod HiA U &4 FHAH tedE odusid,
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A9 @AE 94 @718 AusE A dAdez AR QA oy, IF H9F
ZVDV)ol o¢ BA e @Al(upper limid 33 FAower Limit)E 22} 17 m/s' ™} 2.8
m/s'P2 FRAEGT Jon, S Jdoul Hae 1% &4 FA4H vsAHE g, Fe
FAE dA @18 duse NF 9% Fedew A%ty vk ey, @9 ISO 2631-
1(1997)% BS 6841(1987) ¢t €] R <tdd digh |7t A B EAES ALEAY
Foldol g Wgol ol Ful g3l Bugn i

5. 259

B =RoME AIRS 49 didez & AF A9 A AAC F kA 2N, ¥ H4¥A F9,
agln AdEa Fol g FPE st Aok AL AAAF EF € Y Jleioke
ol =W AAHE o]FA Eai A Aol weA, AIFE oz ste AAIF AE
Al wr=A pastojel @ M R g NHA w&EF A g Fado] 53

E R8s B drdel A Jge Al AF 54 R €4, 37 Wy o@ 4
HEe AA3E 278Kt B¢ A4 fE AAXEF R WE FHA dig 5 EF UdE ¥
oltjgl obzxl EEFAdE o2 2 A2E AANF A PHed dE AAY 2R
aE ugg 3] At 53, IF A # JA A, EFA AN oY wE, a2la
A%l dig 28 qgd] g JdA & ot HGE 28RS

B A3Ee AxrlgAAd 2438 F <23, AFd A A 9% A7 ddez 34
A7 9] gFojd

-
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