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Ride Quality Assessment of Automotive Seats by Simultaneous 3-Axis Excitation
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ABSTRACT

This paper introduces experimental results of the ride qulaity characterisitcs of automotive seats

fixed on the vibration table that is moving simultaneously to the three-axis in a similar way to the real

running condition. Vibration experiment was carried out for five different automotive seats and four

Korean individuals. The assessment of the ride quality characteristics for each seat and indiviual was

made not only from the analysis of vibration measurements but also from the evaluation of weighted

vibration signals, which were obtained using the frequency weighting function and the multiplication
factor dependent on the position and axis of vibration exposure to wehole-body. The usefulness of those
assessment results in analysis of the ride quality of seats is discussed and their limitation is also pointed

out in this paper.
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Test persn(weight, height)
Person 1(78kg, 178cm)

Person 2 (63kg, 169¢cm)
—

Person 3 (55kg, 169cm)

Person 4 (68kg, 180cm)

Note 1: * Sample seat under development, ** Imported seat
2: Hardness (Seat I<Seat 4 < Seat 3)

Table 2 Comparison of vibration ride values assessed only from vibration measurements
{(Sample seat 1, 7.=81.92 sec)

Vibration ride values
Component | -_

ride values Vibration table Contact area between seat and whole-body

S e Hip  Back
Test person ( j , ] — Overall

N
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Component Percentage variation of overall ride values
ride value between vibration table and automotive seat
/ Seat 1 Seat 2 Seat 3 Seat 4 Seat 5
Test person (%) (%) (%) (%) (%
Person 1 17.2 22.6 26.9 28.4 16.8
Person 2 30.3 31.0 30.4 28.7 43.0
r.ms.
Person 3 39.9 66.7 45.9 45.0 61.1
Person 4 28.0 45.3 45.2 40.2 55.5
Person 1 3.1 7.5 9.0 6.4 -0.2
Person 2 9.0 19.7 10.7 9.7 23.4
\%400%
Person 3 21.5 46.3 26.6 245 41.6
Person 4 10.7 29.3 26.1 24.3 39.5
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Table 4 Comparison of frequency weighting functions and axis multiplying factors in BS 6841 and ISO 8041.

Acceleration Frequency weighting function Frequency weighting function
time (BS 6841) (ISO 8041)
history (m/s?®) Symbol Axis multiplying factor Symbol Axis multiplying factor
Feet x (axs) W, 0.25 none none
Feet v (ay) W, 0.25 none none
Feet z(a.s) W, 0.40 none none
Hip x (axs) W 1.00 H, 1.40
Hip y(ay) W 1.00 H, 1.40
Hip z(azs) W 1.00 H. 1.00
Hip roll («,x) We 0.63 none none
Hip pitch («n) We 0. 40 none none
) Hip yaw (&) We 0.20 none none
Back x («xs) We 0.80 none none
Back y(aye) ¢ 0.50 none none
Back z{uz) ‘ W 0.40 none none
Note: A word, “none”, indicates that any specification is not avalilable.
- Froquancy weighting for whle body 85 8841 5 7 1:]—
o — < QA WBre) R AEF ALxel thstel F W
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s o o 0 A7 9g o) gate] Fasigich. AA I EFF-2
(@) Frequency weightings in BS 6841 g Felakel AF AE o()E ol AAE
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Fig. 3 Frequency weighting functions in BS 6841 and ISO
8041.
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Fig. 4 Signal processing scheme of applyingd frequency weighting and axis multiflying factor to measured
vibration signal(r.s.s.. root-sums-of-squares, @.r.8.q.: quad-root-sums-of-quad) .
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ol téleds 5~7% HE PFA4E Holw 9l 7he Reli gleh, za, 7hxlde] z& wbpol =
g ZHAd e yE ubake) zlE ARl sl <itoe] & Aol e ofzle] ofdeo]l H-ele & wpgkel
Fole] y& ubere] zE AE9 ah 237 gho] A ARl 2a FA3 ghe]l AR (rms)ol o

Table 5 Comparison of vibration ride values assessed using the axis multiplying factors and frequency weighting
functions(Seat 1, 7,=81.92sec)

. Vibration ride values
Component
ride values Vibration table Contact area between seat and whole-body
/ Feet Hip Back
Test person Overall Overall
X y z X y z roll | pitch | yaw x y z
r.m.s. 1 10.1370.210.22 0.33 0.12 | 0.18 | 0.67 | 0.10 | 0.12 | 0.01 | 0.22 | 0.09 | 0.10 0.77
(m/s?) 2 10.1410.21]0.23 0.34 0.1310.19 {0.73 1 0.13 | 0.13 [ 0.01 | 0.19 | 0.10 | 0.10 0.81
or 3 00.1310.21}0.22 (.33 0.1310.1910.70 [ 0.15 | 0.12 {1 0.02 | 0.17 { 0.11 | 0.10 0.79
(rad/s”) 4 10.1310.21{0.22 0.33 0.12 1 0.18 | 0.70 | 0.13 | 0.13 | 0.01 | 0.22 ] 0.10 { 0.10 0.79
VDV 110.49]0.8210.86 1.01 0.46 ; 0.71 | 2.67 | 0.40 | 0.48 | 0.04 | 0.89 | 0.37 ] 0.38 2.68
(m/s"™) 2 10.53]0.810.91 1.04 0.50 1 0.76 1 2.95 | 0.53 | 0.53 | 0.06 | 0.74 | 0.38 | 0.42 2.96
or 3 10.51]0.81]0.91 1.03 0.5110.76 | 2.8310.62 | 0.47 ;0.07]0.65|0.45|0.40 2.84
(rad/s"™) | 4 | 0.50 | 0.81 | 0.86 1.01 1 0.47 1 0.72|2.77 | 0.53 | 0.49 | 0.04 |0.79 | 0.39 | 0.38 2.78

SI2ASRSTESIA/A 7 A1 E, 1997 /149



_ o =
R e

3l = 204~

210~225% =%
4% QRS
A,
577 ]
R (ogeio) 9}
2} (VDV) o]

219%, =& AFF(VDV)el dfslei=
% #AY EhE wu} oletgl 7}
221738 ®BA T = - L2 A

AL o)AEel whE 4xlFe A A
5 %ehe) A& (rms) el AE AE

[<)
G 24 A ol HE TR 2

7} A% Fig. 5t Helw gich,
Azke] AL olAel dhale] AU TS 9%

Fe A

AbE 2, AR 3, AR 49 oy

ehiigich, wolel ol el sl 6% %

IHlp X BHip y. NHip z

AHip ro OHip pi .Hlp ya

M Back x 0 Back y B Back z

2.0
1.8
16

o 14
2 1.
[<F}
o
[}
0.4
0.2
0.0

Seat1 Seat2 Seat3 Seat4 Seatd

(a) r.m.s

BHp vy S Hip z
EHip pi I Hip ya
OBacky ElBack z

Vibration Dose Value(m/s'"")

Seat1 Seat? Seat3 Seat4 Seath
(b) VDV

Fig. 5 Component ride values of whole-body vibration
exposed from the body contact area.

150/5t =248

N2 R /A 7H A1E, 19974

oorbalel 24 $AT @OE
s37F @l =715 depiel, e
= zare Asde ejvjach Figs
oA SAztel FE AL wAE 5 AF AP

el y&, zFelel, olF
A% o] WA AR AAsts wlgo] o
30% HER SAe] b T Qe vAE
= e B Eeled SAg %7

1elAE 2T F gud gl 399 3
[e]

Ho] 713t o 5 Ak A bR
SeFo]l AA A3} FellA AR W]
o] 10~15% A= ol e]¥d A 7H&= ¥
yawel B3] rollz} pitche] <d3ko] T iﬂ%h 4
walk o 4= gle}h, oleld ¥4 Astel] o} 4
25 QA FAE T35 sk oAt 1«]
el Zbak Fa ) 39| FapAte]l MR FA

oy mpo o ool 2 R
N
N
db
1
ox

K

(<

ofy oX mﬁ &2 ofy u°"
2 o ro b

Reg AnEE #FAF 5 drk oA
Table 19} 5834 o|AF2) 4ol ¥4l 2
&k B]J]_oﬂ/q o} 2 glXo], Z}AMe] ELFE

el A wa HelEh

HAe e e ApEe dskel 44}
Arhet oA A& Abele] A A
Z, A Gl wE QA AEFF (Al # 5 52l
o g F7h g AREA £ AAE Table 6=
2 wWoli gl

Agg bl sl ojAb/<lAl A& e Ae
o] A Fabz grel sHAdH e AE AR AA
A7t gholl wls) AAHeR AEA (rms)ol o s
128~197%, ¥ % A FF(VDV)ell dof 3l of =
163~245% A= FAsH F7hsta dvke &, 9
Aol el Fabite] e8]z AstHa dvhe

o o
2
R
N
N

i
1o
R i
o

& Ale R 4 ek 53, shde A%
ol ulas) o7 19 NEF F7F b AA I
39] A1%e 2717h 743 =4 dehda gl Table

62] Axt= Fig 5ol A% #1d 4= 9lch,

43 5 Bh 7ieel XolHol het B4
= AelA oA Y g B
7+ 47 AsHa.12) s Al A
77k A (4.24) 9] Aol 3%
A, wE Eeuwe e
Ax}el Table 29} kAl 74 S4°) o& A%



541 3% 7halel elgh Aga o Aol $A Ao

Table 6 Percentage variation of overall ride values for five seats and four individuals

(T5=81.92sec)

Component Percentage variation of overall ride values
ride value between vibration table and automotive seat
/ Seat 1 Seat 2 Seat 3 Seat 4 Seat 5
Test person (%) (%) (%) (%) (%)
Person 1 127.9 146.4 182.9 196.3 127.2
Person 2 136. 134.8 177.6 149.7 157.5
r.m.s.
Person 3 132.7 169. 4 182.6 174.1 148.8
Person 4 133.3 141.8 172.4 166. 1 162.6
Person 1 165.3 187.4 244.2 241.2 163.6
Person 2 184.6 176.2 232.0 197.1 203.0
VDV
Person 3 175.7 219.6 239.0 216.7 193.9
Person 4 175.2 181.4 225.7 209.6 208.2
7} A3l Table 59 84 Fx3 @t wlas 4, AEge] AAA(rms)ol sl HAHoR
7hAI ] x & uheke] AF Aol diE the =elw 16~67%, & AEF(VDV)e| distols 3~47%
vk ZEE Af 5 V99 x5 wae AeEd A A% Z71ghe Bgo), Qe 7e EAMS 1
&7 (rms)d] thatod e 42~61%, HEF AF sldl A Eape] Ao F AMFX (rms)ol ofdte]
(VDV)ol] tisled 42~61% A% AFo] Fojx=r} = 128~197%, HE A FF(VDV)e| djsled=
%, $a7ke] s, QlAle] 78 Ao ol 163~245% Ax=Z ‘|AY F7HE Bivh uiepa,
Agol Aax (rms)el whatel= 30~67%, IF QA 7+ BEAS mad wZ z1Eel ghe] Foish
AEZF(VDV)el] thalol= 27~82% HAx 238 F zfo] M- b welakA 2k ek AA Szt
7vste] Sap7hg AspA 7l vk AubE AdE o] M} A& = glvkE Aot}
Bolm olch =&k 7zl % whakel 2% AE- wgh, e =EEA A "ot Aol ol
of dalME e EejEahs meid A4g <A A A AHEFH 5 99 AE el A 3
4 5 Hele) A& wEe] AE AR AaAe dFe vAE Aoz Jehgon, e e &
ms.)o] dstedE 65~93%, IEF A EF(VDV)oe Aol ofsbH QA A FY-al oddde] H-9e] AF A
gislod = 58~121% A= F7 &, $a3t AsE ol Fapzkell FE dgks v Aol AFRE
Holw glon}, oAl s BEAS wadt % A& & 4 Usdeh olelat Aolgt Axi= 53] A%
A(rms.)el] o) 3o = 54~57%, ¥ F A F ek 9 =7l A9 S 54l ke »A) A 9
(VDV) el dfjslol= 53~ ab% 24‘5 L8y A F, d ol 7|3}z Ao Ay
Sazte] AT glvke Ayl HIE Helr aela, @ B A gl e E
ol w3 Eelwkd ’L%%OI Fasiriete <l A T UAARE DAL 7R B4 S, Hus BAH
9] 7hg S-S mHgchd 3]y Fxpgte] Ak of Fal vbE §E n#Etd dude] Hs]9 3
TE Acks A S 9w, oleg Adbz wl A 7kEe A8 2ea ubE Adadoen A%skol
2 QA AE Hy aeau FapH 27 7t Z7}ske] QAAZ HEHG spqlat 4 i)
$ 54 ALY 5 de S 2YA e} T e < ZuHA Sz Hrke A9 g
F 7 9] 33kl Z1lske Aor AbEEch S o3t Fakzk H7t Alo]eo] 47pA] el df gt
v EelRd AA Sz GrE Aokl Table 3 vl F, &4 A3 ke v, AHA S ko]
#} <lae] g SAdo o A FA3 Hrr 47 BlW, Sapibel] FE d3kg v A HE N9
ol Table 62] wlizel 4}, wh Eelakd St Hr} W opw, ze]3 ¢dvde] ol A spEx Ao
Aol Az 7HAl] Foll s oA A FHe] vlaof| Al 5 #rb spye) zpe]d wal, ke Eg
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