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Relationship Between Vehicle Vibration
Characteristics and Human Ride
Comfort

CHEN Zhang, LIANG Yuanlu, XUE Boyang, SUN Lijun

(Key Laboratory of Road and Traffic Engineering of the Ministry
of Education, Tongji University, Shanghai 201804, China)

Abstract: Conventional evaluation indices for road ride
comfort cannot adapt to scenarios where vibration
information is distributed randomly in the space or time
domains. To overcome these deficiencies, local impact
and vibration perception window concepts are proposed
to characterize vibration information; a characteristic
vibration dose value is determined to demonstrate that
humans are sensitive only to major vibrations and the
proximity between successive vibrations. The proposed
index is optimized using an orthogonal test and shows
better correspondence with actual human sensations
when compared to the results of frequency weighted root
mean square, maximum transient vibration value, and

vibration dose value.
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Fig.3 The acceleration time history of the main axes in the designed scenarios
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Fig.7 Visualization for interactive Vibration information integration in several designed scenarios
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Fig.8 Comparison between CVDV under the optimal configuration and subjective evaluation results

5 Z5iE
MY sl (5 BTE B 25 W TR 22 R 40 A R SR
RMS MTVV VDV ASEEEUS 5 3 Ak & 1Y 32 LR 2

—BRYEER , MAS SCBETT R AE IR 3 77 B2 (48 b 1
HZ M2 G RS W T L R IESR )70
(EAEAR P 00 = & i i P A2 SRR, m] DAk A
PP AT e A A A TR P T R R T X
AT A H, AT LB MTVV HBE% 18 1 s INfe K
PR3N A5 B0 20 A IR 3l 1 SR A 1 0 5 747 PR
{18 i 5 = o ek ) DR s ) 0 2 T AR S T L
VDV JCA A HuRE & k2 v B BT IR s 8, M i
It B A 1 TR AL 5 7 R AR S AT AL A T LR
T JRy & 2 2R A 25— e I N P g Ao 3%
SN B SN BT R A RRAE 5 27 pRACP ST AIEZS
A AT LASRAE i B B P A PR3 22 2 i
SRANETIE R L

FHIEIR Sl e (EDE o Rl IR sh 5 B A 5
Xt Jer A AR S 2 6] (4 5 AR A SR g s -1 1

YRGB B A RES e LGEH T
PR 5 BAER 25 h BAT Z R o A F e ) 12 5
s, BT T AR ARETIE MU AR 1, AT LLVE g —Fh
BT AL ETIE MY Tk

S &3k

[1] GRIFFIN M J, ERDREICH J. Handbook of human vibration
[M]. Cambridge: Academic Press, 2012.

SAYERS M W, GILLESPIE T D, QUEIROZ C A. The

international

(2]

road roughness experiment: establishing
correlation and a calibration standard for measurements [R].
Washington D C: The World Bank, 1986.

[3] International Standard Organization. Mechanical vibration and

shock-evaluation of human exposure to whole-body vibration.

Part 1: general requirements [S]. Geneva: International

Standard Organization, 1997.

ZHAO J, WANG F, YU B, et al. Experimental study on the

ride comfort of a crawler power chassis scale model based on

(4]

the similitude theory [J]. Chinese Journal of Mechanical
Engineering, 2015, 28(3): 496.



57 1

B A R SRR S AR TR AL BT IE M D6 R

1015

(5]

[10]

[11]

[12]

[13]

[14]

GRIFFIN M J. A comparison of standardized methods for
predicting the hazards of whole-body vibration and repeated
shocks[ J]. Journal of Sound &. Vibration, 1998, 215(4): 883.
R, XL, B0 BRI AT R RSB ARHIE T ] VIR R
AR CASRERERR) , 2008, 29(2) : 111.

LU Zhixiong, ZHAO Lanying, HOU Zhanfeng. Fractal
behavior of road profile roughness [J]. Journal of Jiangsu
University (Natural Science), 2008, 29(2): 111.

FE . BT 2 EIB LR IE B NI (D] iR
I MR TR, 2012.

WANG Chaoyi. Evaluation of road roughness based on multi-
fracial theory [D]. Harbin: Harbin Institute of Technology,
2012.

PATELLI G, MORIOKA M, GRIFFIN M J. Frequency-
dependence of discomfort caused by vibration and mechanical
shocks[ J]. Ergonomics, 2018, 61(8): 1102.

Office of Materials and Road Research Pavement Management
Unit. 2015 pavement condition annual report [R]. Saint Paul :
Minnesota Department of Transportation, 2015.

SCAB RS BB E I B . S B AR B E AR TG
H20-—2018[S]. Jtat: dhe ARFLAE @, 2018.
Research Institute of Highway Ministry of Transport. Highway
performance assessment standards: JTG H20—2018 [S].
Beijing: Ministry of Transport of the People’ s Republic of
China, 2018.

RODEAN S, ARGHIR M. Absorbed power as a method to
evaluate the health risk of seated occupants exposed to vertical
vibration [C]//Proceedings in Applied Mathematics and
Mechanics. New York: Wiley Online Library, 2009, 9 (1) :
145 - 146.

International Standard Organization. Mechanical vibration and
shock-evaluation of human exposure to whole-body vibration.
Part 5: method for evaluation of vibration containing multiple
shocks [S]. Geneva: International Standard Organization,
2018.

MANSFIELD N J, HOLMLUND P, LUNDSTROM R.
Comparison of subjective responses to vibration and shock with
standard analysis methods and absorbed power [J]. Journal of
Sound &. Vibration, 2000, 230(3): 477.

MIWA T. Evaluation methods for vibration effect. Part 5:

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

calculation method of vibration greatness level on compound
vibrations[J]. Industrial Health, 1968, 6(1): 11.
PAPAGIANNAKIS A, RAVEENDRAN B.

standards organization-compatible index for pavement roughness

International
[J]. Transportation Research Record: Journal of the
Transportation Research Board, 1998(1643): 110.
KARAMIHAS S M. Critical profiler accuracy requirements
[R]. Ann Arbor: University of Michigan, 2005.
UECKERMANN A, STEINAUER B. The

longitudinal profile: a new method to evaluate the longitudinal

weighted

evenness of roads [J]. Road Materials and Pavement Design,
2008, 9(2): 135.

MCCARNEY R, WARNER J, ILIFFE S, The
Hawthorne effect: a randomised, controlled trial [J]. BMC
Medical Research Methodology, 2007, 7(1): 30.

HINZ B, SEIDEL H, MENZEL G, et al. Effects related to
random whole-body vibration and posture on a suspended
seatwith and without backrest [J]. Journal of Sound &-
Vibration, 2002, 253(1): 265.
DEMIC M, LUKIC J, MILIC Z .
investigation of random vibration influence on ride comfort [J].
Journal of Sound &. Vibration, 2002, 253(1): 109.

BOGSJO K. Development of analysis tools and stochastic

et al.

Some aspects of the

models of road profiles regarding their influence on heavy
vehicle fatigue [J]. Vehicle System Dynamics, 2006, 44
(S): 780.

STEINWOLF A, GTACOMINJ A, STASZEWSKI W J. On
the need for bump event correction in vibration test profiles
representing road excitations in automobiles [J]. Journal of
Automobile Engineering, 2002, 216(4): 279.

AW 2 SRR SC T [ D], bt Jbatiias
LRz, 2014.

YU Chuang. Research of bathtub curve and related model issues
[D]. Beijing: Beihang University, 2014.

BREIMAN L. Classification and regression trees [M].
Abingdon: Routledge, 2017.

FAIRLEY T E, GRIFFIN M J. The apparent mass of the
vibration [J]. Journal of

seated human body: vertical

Biomechanics, 1989, 22(2): 81.



