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Fatigue-Decreased Proficiency(FDP) Boundary for Whole-Body
Vibration Exposure in Passenger Car Driver

Jae Yeal Jeung®, Ki-Nam Lee

The Third Medicine, Professional Graduate Schovl of Oriental Medicine, Wonkwang University

To evaluate whole-body vibration(WBV) exposure and fatigue-decreased proficiency(FDP) boundary in passenger car
driver, several roads in Busan were divided into 3 types by the condition of road surface; Road 1 was partially damaged,
Road 2 was normal without damage, and Road 3 wa$ better than Road 2. The results were following: The highest
passenger driver's exposures to whole-body vibration acceleration and fatigue-decreased proficiency boundary at 40kmfh
were 0.108"¢ and about 2099 minutes in Road 2 for xh axis, 0.134" and about 1585 minutes in Road 2 for yh axis, and
0.183"¢ and about 1053 minutes in Road 2 for zh axis, respectively. The highest passenger driver's exposures to
whole-body vibration acceleration and fatigue-decreased proficiency boundary at 80km/h were 0.219" and about 830 minutes
in Road 3 xh axis, 0.203"% and about 918 minutes in Road 3 for yh axis, and 0.622"% and about 195 minutes in Road 1
for zh axis, respectively. The highest vector sums of whole-body vibration exposure at 40km/h and 8040km/h were 0.328"%
in Road 2 and 0.730"% in Road 1, respectively. The highest crest factors at 40km/h were 4.25 in Road 1 for xh, 451 in
Road 3 for yh, and 5.81 in Road 2 for zh, respectively. The highest crest factors at 80km/h were 5.57 in Road 1 for xh,
5.60 in Road 2 for yh, and 6.46 in Road 3 for zh, respectively. The highest transmissibilities of whole-body vibration from
fioor to seat at 40kn/h and 80km/h were 0.89 in Road 3 and 0.82 in Road 3 for xh axis, 0.83 in Road 3 and 0.87 in Road
1 and 2 for yh, and 0.80 in Road 2 and 0.92 in Road 1 for zh axis, respectively. The highest fatigue-decreased proficiency
boundaries for whole-body vibration exposure of passenger car driver in floor and seat were 457 minutes in Road 3 and
583 minutes in Road 3 at 40kmfh and 159 minutes in Road 2 and 251 minutes in Road 2 at 80km/h, respectively.

Key words : Whole-Body Vibration(WBV), Fatigue-Decreased Proficiency Boundary, Passenger Car, Vector Sum, Crest
Factor, Transmissibility
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Table 1. Group of Road, Measurement Area, and Condition of Road
Surface for Whole-Body Vibration of Passenger Car Driver.

Group Measurement Area Condition of Road
River Road(in Tadaepo) - Agricultural .
Road 1 Market in Omkugdong Partially damaged
Road 2 Agricultural Market in Omkugdong - Normal without
Somyon damage
Road 3 Somyon - The Approach to Cily Good

Highway(in Tongrae)

2 BEEA B Bl

FlolA HIZRE R AKSR} BIAN Y1 150ccT S8R
(€ 14 AIBR)E 018311 2K AXIY) ST Hieks} ol
A xh, yh, zh 3%0] thel TAITS 7MEE $78 SBHINUTE 2
ARio BN 5 Wl 943 LA M8 5 dal 5B
24 S0kl SU0lol o8 EFo] $WEINC. 17 12 S8}
£8F SRR AL 18 HRPRE LER Rolch.

Fig. 1. Vibration Transmission to Passenger Car Driver During
Driving.
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@1 olo] QAAGI MAKIES B/E sHsigrt 35 ZFY
HSXES @ 15 45 A Buh §4 30 WA Jud
Zolf thSH SiGjoll FES FAFct olEdt BEe sl A
3 201 HEgHvectro sum: VS)C.E B7I5k= o] Ao B
AR AFgx 7MEE JAE EF8 A(overall weighted total
rms acceleration: Awt)OIZFIE Giod BhE4l2 olgigh Zrh).
ol ANE DMK S8AL SRR RS ESE 8lo]
Y22 $ U HUREQ 1E-zAsE(Fatigue-Decreased
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zh Zoll thal MA BEE 7T dEAloh
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A& 0ol FHE S8 2WAL LEHE WS B
A9 xh, yh, zh 359 BAXE7IEEE £ 29 Zot Hi=
xh, yh, zh FollAlE 742t £ 2 104} 0.149%(FDP OF 1380%),
T2 2004} 0.1729%(FDP &F 11438), J8131 T F 10lA] 0.308%
(FDP ¢} 5252)2 7}& B} 24 xh, yh, zh Holxe 132
T2 204} 0.1084(FDP ¢ 2099%), T2 20lj4) 0.134%(FDP o
15858), 2|3 & 20j4] 0.183%(FDP 2} 10532) 22 7 =
Uct A1 40koiA] T2 e A7) BX) 2 £F v 3
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Table 2. Energy Equivalent Whole-Body Acceleration Level for xh,
yh, zh Axes on Floor and Seat at 40kw/Hour Driving Speed

Floor Seal

xh % yh % zh % xn % yh % zh %

Road 1 3t 0.149 0.159 0308 0043 0.100 0175
+0045 £0022 +0064" 0030 0037 £0020

Group N

0138 0172 028 0108 0134 0183

Road 2 31 ooz +00%6 +0017 0015 0018 +00R1"
sy 08 0@ 020 007 018 0148

L0002  +0016 +0027 0013 +001 0014
o @ 02 05 029 009 01l 01

+00%  £0024 +0058 +0021 +0030 0024

*p(0.05 by ANOVA,

A% 80fmoliA] FHE SHAE LE3HE v B 249
xh, yh, zh 3% FAAEG &k E X 3% Lot Big xh, yh
zh ZojAlE 21zt £ 2004 0.272%(FDP <} 621%), T8 3ol
A 0.244m(FDP F 7198), I2l1 £F 1oi4] 0.723%(FDP of
1555)0 8 71 BTk FA xh, yh, zh Foldls 44 TR 3
Gl 0.219%(FDP OF 830%2), T& 30ll4] 0.2037¢(FDP oF 918%),
212 £F 1oll4 0.622%(FDP oF 19582)2 71 &8iet ol
3 ZNT Bol TRY bW Auivt X e 8 v B4
9] 3% 5 zh ol U XA UTE S0l dUHH2E
Wol grigre ¢ + UM

Table 3. Energy Equivalent Whole-Body Acceleration Level for xh,
yh, zh Axes on Floor and Seat at 80kn/Hour Driving Speed

Floor Seat

G N xh, % yh% M % % yh % I %
Road 1 31 0247 0229 0.723 0183 0.198 0622
£0048  £0013 +£0176* 0028 0020 0102
foad 31 Qo2 o4 05% 02 o OI7T7 0,365
£0C31T £0016  +0062 0030 +0023 0050
Road 3 31 0%7 024 0831 0219 028 0397
£0000 002 +0H1 +0030° 0022 0076
o @ 0%2 0226 056 001 0193 041

+0038  +0094 +0159 +0033 0026 0139

(005 by ANQVA

Al4 40kp$} SOKmol Al FHE VAW &=l vid %
Z419) xh, yh, zh 3% AAURNEL B0 i HEigS T 491 2
t}. Al 40kmoli4] BIET) Fadof tiSh HWEIEHE vitoide T
2 10)4) 043972 JHA UL FlolAE ER 20047 0.328%
07 718 =Tt A& 80kmollA] ni=tsl Ftddof] TSt HEARE
HiElAE & 1o)4] 0870K2CE 713 A AdoldE &
Z 104 073072 F 71E &QUT) olEidt AnE e ul Al
4 40knoiA] viEtel HAID SR 20! WE RS tHY duid &
S Bl RAOT WE T F9 HEFE kH duidrks
£8x19 XE WA Elolo], F5A, 1211 FeAH AL
B, AR, 3439 Yl B G W RAQE Y2t 4]
& 80kpoll A HiE T A0 HAREEES) B UE
VA0 Elolo], FEA, Toll HEAQ AAuM, A,
E 22 AHriE 2Ho ] @8 W A2E Btk
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Table 4. Vector Sum of Floor and Seat Whole-Body Acceleration
Level by Driving Speed
40kn /hour
.Floor, % Seat, %
Roac t 31 0439x0060* 031410047

80kn / hour
Floor, % Seat, %
0870+0.151*  0.730+0083"

Group N

Road 2 31 0385+0021 032840022 07190061 052740041
Road 3 31 03470041 029230044  0739+0082 05810052
Total 93 0391+0058 03110041 077620124 0613+0.108

€005 by ANOVA.

Al& 40k} 80kmoll A FHE 2HAVE B =& &
s BE4 189 L& grishes 52744 T 5% 63
2T} Al& 40kn BFE} xh, yh, zh SZolAE 212 T2 20)4] 458,
T2 100A] 474, 1211 T2 104 48002 718 =RUT). A&
40k 4 xh, yh, zh ZoljAE 212F T 1014 4.25, T & 304
451, 71211 T F 2004 5812 7}AF =QTE Al 80kn HIEE xh,
yh, zh ZolAlE 212 £ 2 1014 638, T2 104 7.35, 18)1
T& 104 7822 71 =QUTE Al% 80km A xh, yh, zh ol
e 242 £ 1014 557, £ 2 2004 5.60, 1211 £ & 304
6462 % 71& EUTE olziet ZE 1AW E W A& 40kt
80kmQ] HF=OIA Q] SHA = A4 40 xhEHE ARATIA =
Hol deigl BEYPo] e ASE 42T, A4 40knS 80kn
9 oix9 BHASE xhEE HASIH WY Hejole &
Hio} 242 AR 4Pr

Table 5. Crest Factor of Floor and Seat Whole-Body Acceleration
Level for xh, yh, zh at 40km/Hour Driving Speed
Floor Seat
xh yh zh xh yh zh

a0 474 480 4% 42 4P
Road 1 31 o6 08¢ +094 +£101° 158 +068

Group N

km xh, yh, zh ZolXE 242 £ 2 30ll4] 082, T2 13} 2004 &
5l 087, I211 =2 1014 0928 71a HUTh ol@sl Aas
1EE B o, Al4 40kmSt 80kmollA} xh, yh, zh Zol St FAI
&9 ALE2 19 Yol ZFHe) FHEYo) 2t X\
A0l Elolo], FEA, 121 HEAQ AAEM, XA, T
9 EREQ] datg W Ao yidn.

Table 7. Transmissibility of Whole-Body Acceleration from Floor to
Seat by Driving Speed

A0km /Hour 80km /Hour

Group N

xh yh zh xh yh zh

065 064 05 075 08 0@
Road 1 31 foop  +026 +012 +009 000 +030°

078 078 08 075 087 069
Road 2 31 445  +008  +008° +008 +012  +009

085 08 07 08 084 077
Road 3 31 1{iy 4016 011 01  +011 0.6
toal @ M7 0B 00 077 08 079

+065 020 +014 010 011 £022

*pC005 by ANOVA.

Al 40l 80lmolA] FHZ SARIA QE, szl sk
SIS AZPE| QI SBAIE AP TR 4 QA Bk
Slol T3 240) JHE S BINHOT 2B 4 Uk Lol
A S8R0 BT AMolN £2718R EE H2zasy
HA(FDP)= E 83 2o} Al% 0laolA] BRolAlE £2 3014
OF 47RO 7haH BT HUANE EF 304 oF 5840
7V EQUTH K14 80lmolA] HIEIOIATE £ 2014 OF 1590
7V BT FUOIME T2 2014 OF BIROE Fhak BT

Table 8. Fatigue-Decreased Proficiency Boundary of Floor and Seat
by Driving Speed

458 3% 437 353 409 581 40kn /Hour 80kn /Hour
Road 2 31 . Grou N
i;é? -21228 igﬁ i;‘%ge 4_2125{132 i;éor b Fioor, Minute  Seat, Minute  Floor, Minute  Seat, Minute
foad 3 31 4089 119 *137 4061 143 +08D Roag 1 31 P2 N 2% 1B
Towl @ %9 4R 40 38 427 452 3854 18632 15904 25125
£132 4118 123 077 196 +197 Road 2 31 yogrg ABE3 +1097" ey
0005 by ANOVA road 3 a1 5106 58424 15352 21857
+77188" +12335" +244] +2755
Table 6. Crest Factor of Floor and Seat Whole-Body Acceleration 39237 53395 144.96 209.39
Level for xh, yh, zh at 80kn/Hour Driving Speed Totah 83 Y7507 +10901 +30.48 +4918
cow N Floor Seat *0(005 by ANOVA
P xh yh h xh yh h
68 7% 782 557 455 612 Il Zt

Road 1 31 oge  4pop 137 +008° +112 +073

550 58 642 554 560 637
Road 2 31 yog7 4066  +112  +120 +165 +210

498 547 6% 468 478 646
Road 3 31 081 4130  +161 4070 +130 +250°
565 622 706 56 498 632
+174  +175 148 4140 +144 +1%

Total 3
(005 by ANOVA

£8X10) HiEolA YO Z YEE xh, yh, zh & BT
£9 AYE E= N8I AP TS 58S AUs E 73
k. Al% Ola xb, yh, zh SOIME 22 T2 3014 089, T2
304 0.83, 12| T2 2004 0.802F 713 =UOH Al< 80

&R Fd6ln A W S8R SHAE o8] 79
&S WAL AAAYEHE BHME olAE WIAELSE
olgiil st 1S9 AHALE 71 EAR RS WY &
Blolot. =2 BHEA] BESH Ao ofd, 22 QERE Al
T AES 2 QF, ALTE9 uYQ AR 50| XS]
& 4 At o] ol Elojo], AR, FEA AAQ) 31" 95l gt
Ash= ZBo] 2 YAo] Pt Bovenzi®} Zadini= A
ANED A 2B L0 REEHAY TA] HA 2W4L T2l
YT LA HAZA O] ABHNUE FAAE LAY HEZ

- 1214 -



S84 2WA JUWE

oAl dEA ol Gt A7171)Al Q& S419) RYes d7Rr
BHA, TES HAY ZRMolA 43 MARES9 A7]7} 04
0] e AR I 182 BARISHFE L E(total
vibration dose, years m'/s4), E71R1E271(%), 1811 =&717
(years)Q] #olA] HAIZE FAURSLES &7lo] Wil
ES40 eiE7IE BEC) 2159 Aie B SFRlA,
QESAS IS0 2631 FFQ el 7128 T L E7IEA]
2ot o 42 AShEsFdA wfitiy 2Isidch
Johanning £2 A)51 2RAIA BUREY Sai8 Jare
ZAREH, ASH Al289 At ZEARE SRl 242 o))
AR B TEFA gotot St ZEXAUCHFDPY] BE
X LETIEE 057%0l Sig). Griffin "2 TAILZE Yl &
8 58119 HAZEE SHsINEY Y a9 HL xhes
0.117¢(FDP 2049%), yhi= 0.16"%(FDP 1257%), zhi= 0.38"(FDP
3902)0|R I EAASE xhi 50, yhi= 47, zhs 488 BUs}
AT HEIRS 0.47%(FDP 2932)0]Ct

B2 AdAfo)A £8AF S MUKk EE 56 4
I Al knollA] FHE S8R SHAE &5 E MY

0.

i

re i

xh, yh, zh 359 AAURE7MEL ] B2 242 0.099%(FDP
oF 2350%2), 0.114"(FDP OF 19562), 0.169%(FDP oF 11695)0]
AT HEIEO BAES 0.311m¢(FDP 5192)01 4T} Al4 40knol
A FUE WA L EEHE M FHA Y B2 xhE
3.9, yhi= 43, zhi= 4.50|UT) Al 80knolA] FHF SFA}
T E5E F49) xh, yh, zh 35 HARNEY 71459 BHFS
Z+z} 0.201%(FDP oF 930%), 0.193%(FDP O} 982%), 0.461%
(FDP ¢ 3012)0] 1 HEJge BT 0.613%(FDP 1991)0]
ATt A& 80kmoll A FRE 2WA} &R Y SHA
40| BHL xhi 53, yhis 5.0, zhi= 6.30| 4Tk Griffin'”9] 2
B} vlas) B ul, AlS 40k F4olA g HAREIE TS
BAASE 35 BF IAOU A4 80molAl e 35 BN
=T 249 HERS A& 4OkolAE Griffin'”9] ZaE
T} WotOL) Al4 80Ol Al Griffin'"9] A3 ®T} EUTH
150 263'%9] 7182 &2 BAAS & vl alA, &FAS
7} 3014401 FEQ Hol ofF YAIHQ Hog JdzF oo}
Shil 6014t W NS FEke HaBIKE & UTHL Jck.
EAA 7L 60140 Aol S8A SHANY AINSEE
£ BBV 4 JASER 0l218 Bl ACGIH? 1211
Griffin'"2 = Z71EX)9} 1SO 2637 FDP 7|&0] AELZ9

o
=2
H= E71EPH O & 42471 (4th power concept)S FASIATE
E odollA e ol#e /Mde EUSH] RN AlFo 58
SRR HARE L&Eol B ATA] olZid g o] &

ATHHAY FURES B7138 HAMEY dFAE ol

4 Az, 2 dFoiE AS
Z=g0) Al4; 40kn HIET) ZdojA] 0)BIE 71ES 2GS &
HAASE QACE T, BEHFEQ) A4 80knolA] BiEtY) &
AASE LHY Yehrt EX @S T4 ol 71Fol B

L& Ui d2-dase gA

T ZASIGIL zhFE2 2HY AN BAGlo] ol JIES
EF 275Ien ol LH HEl9) #AIglo] zhE9)
BHA 7t ol V1EE BF 2SN &8 ASAY &
Az g, AR S S0 A8 4P E9] A3, ECEY
& &2 IHE uw, 58x AXIAEY FHIHQ
NVH(Noise, Vibration, Harshness) #HHAAT9} 7145 o] &
QBT W5k S8 SHAHE QF, slelol g 73t
AAEE, 181 ASAHE s RS YeiMe A%
Fol A] 8417 398, E4FH A] 3A17H 198 4 & BIA ot
of & o Z Yzl QEH dlglol tist Fast HAFEE
H4sl 571 A8t i E RAIZ S8XF 24 # ulE BUE
BEoiggIAU B slglE FREle 8 Fulsiok i &
g1 281 & vIE g9 33 £= HE7IE /g8 H4skelo
oF & AoFE dziEch

& o

£83} 2R RIZVELED D 2-AdosE HAE B
BHAL R4l s YR T2 FHY Mol ukzt 3
JIRE BREHJCE B2 12 HFEHOE THo &40 T2
ol T8 2& &4ol gl HUE TEolA, RE 32 T2 2
Hrl LHO delrt @53 RE0IT) A7 AN okl Zrh

A& 40imoll A FHE S8A VAP LEg5E MY
xh, yh, zh 359 BN ES7IEL (T E-LAEEEA) = Y
xh, yh, zh ZollA& 242t £ & 2041 0.1089(FDP &F 20992),
T2 20141 01347 (FDP &F 15852), Jg)a T2 2084 0.183
ne(FDP o 10538) 0.2 7Hah ULt Al4 80kmollA] FHE 2
A L E5EHE 49 xh, yh, zh 35 HAXNEY 7M&ETE
4 xh, yh, zh EolME 22 ©F 304} 0.219%(FDP &
830%), £ & 3041 0.203%(FDP ¢F 918%), 181 T & 104
0.6227%(FDP ©F 1958)2 7}a ZRUCh Al 40kn$} 80kn ZH4
9] xh, yh, zh 3% HUN S50 i WS 22t T2 2
oAl 0328 O 71A =t T F 1ol4] 0.730% 082 7}a
=% MM EY fEE AL E BrKcle 884A5 Als
40km FA xh, yh, zh HollAl= 22t T2 1004] 425, =2 3
oA} 451, 2|1 T2 2014 5818 718 =Qrh Al4: 80kn
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