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Abstract : Ride comfort is a significant factor for vehicle passengers, particularly in the case of newly introduced Unmanned
Autonomous Vehicles(UAVs), where stability during the drive and ride comfort can greatly affect the quality of the
passenger’s experience. In Korea, unlike the standard for speed bumps on the road, some of these come in various shapes. If
UAVs are controlled at the same velocity for each speed bump, ride comfort may not be desirable. Therefore, this study
proposes a velocity control strategy based on the shape of the speed bump, aiming to ensure ride comfort according to
I1SO2631-1 standards, while avoiding causing inconvenience to passengers due to longitudinal acceleration through the
velocity profile.

Key words : Velocity control logic($%= #|©] =4]), Unmanned autonomous vehicle(F- %1 A& 3§ 2} =), Purpose built
vehicle(&-4] 7] WEx} &), Regression analysis(2] 71521 1), Speed bump(3}-4: %] €1), Vehicle dynamics(X} % & < 5}

Nomenclature
2 - sprung mass displacement d : velocity difference between initial and final
9 - pitch k : stability coefficient
a,b : distance from c.g. to axle p - model constant
m - sprung mass \" : vehicle velocity
My, My : UNSPrUNG MAass Vy1, Vi @ vehicle velocity profile
kg, ke : sprung coefficient of suspension system Vi + initial velocity
Cg, Cr : damping coefficient of suspension system Ve : controlled velocity
Zf 7y : unsprung mass displacement
aw(t) : weighted acceleration Subscripts
ay : weighted root mean square acceleration W,H :wide and height of speed bump
a, : total weighted root mean square acceleration des : desired
T : exposure time
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Fig. 1 Half-Car suspension model
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Table 1 Definition of ride comfort to vibration(by ISO

2631-1)
Human subjective feeling WRMS acceleration (m/s?)
Not uncomfortable Less than 0.315
A little uncomfortable 0.315~0.63
Fairly uncomfortable 05~1
Uncomfortable 0.8~1.6
Very uncomfortable 125~25
Extremely uncomfortable Greater than 2

9= 71 drE wekal, Al At Al ] RMS(Root
Mean Square Acceleration) #koll X& =& A TS 1L
3t 7% A & %] (Weighted Root Mean Square acceleration,
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=

1
a, = (K2a, +ka, +ka’.)? ®

W Yy wy wz

where, a,, a,, a,,= WRMS with respect to the orthogonal
axes X,y,z respectively (m/s’)
k,.k,,k,= Multiplying factors with respect to the

orthogonal axes Xx,y,z, respectively
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where, i = The orthogonal axes X, y, z

rlo

VDV Abgoll th &t 7] 52 180263 1-1911 4] Crest factor
E AxE XA Kol tigk Bt 7lEs g ekaL
QI T} Crest factor= 2] (12)%] Running RMS®]l tff gl & o]
<=7F 7145 I (Maximum Transient Vibration Value, MTVV)
o] H]&5 oJu| gtk Crest factor®] ko] 9 o] 45
VDV2| A8 313t VDVE #7718k 7|e o=
eVDV(estimated Vibration Dose Value)ES ©]-&3%+t}
Table 191141 WRMSE: &3l A A% Qbefghell ol %] 32
£ 2 (13)2 53l gikete] J7sht Fig. 2004 45
28] o] Aol whE £ Crest factorS A A 61 0.1
B9 o3l A gQ1E = vk whEbA Aol A
S E o WAshE dAA S o
g SARE A Sl A (9)F ARk K E Ak

Crestfactor = ZZEZ)V (11)
1
1 ty 9 9
“w(to) = :/ [a’w(t” dt (12)
ty—7
1
eVDV=1.4a,T"* (13)

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 11, 2023 907



Minyoung Kim + Chunhwan Lee

27

HX Hz

24

21

18

15

Crest Factor

40 30 20 10
Velocity (kph)
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Fig. 2 Crest factors according to speed bump shape
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Fig. 3 Standard for installing speed bumps
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(a) Relation between speed bump wide and VDV
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(b) Relation between speed bump height and VDV

Fig. 4 Vibration response(VDV) of UAV according to
various shapes of speed bumps
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Fig. 6 Results of ride comfort with velocity control when
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