Transactions of KSAE, Vol. 28, No. 2, pp.109-115 (February, 2020)

’m Check for updates

Copyright © 2020 KSAE/ 171-03
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2020.28.2.109

(8&=2>
& It HoA|2HS 25t AF F nE Y
gz uHsg8ss5d
57| DR/ L 7| A3

Development of Vehicle Roll Model for Active Suspension Control System
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Abstract : This paper presents a vehicle roll model for a vehicle equipped with an active and/or semi-active suspension control
system, such as ARS(Active Roll System) and ECS(Electronic Control Suspension). First, the second-order roll dynamics
equation with lateral acceleration sensor input is derived, and, then, it is reduced to the first-order system upon consideration of
frequency response characteristics. Roll moment generated by ARS is applied to the roll model as additional moment input, and
damper characteristic variation by ECS is reflected on the time constant of the first-order roll model. The proposed roll model is
verified by experimental vehicle tests and CARSIM simulation. Results show relative improvement in estimation accuracy,

compared to previous approaches.

Key words : Vehicle roll angle(XF&F & Z}), Model order reduction(’22 2} F24~), Active roll system('ss & A28,
Electronic controlled suspension(Z1 24| & 71743]), Vehicle model(XF5F 2 2)

Nomenclature L.ME
o] : vehicle roll angle at c.g of vehicle, deg 2] 2 £528 X3 To 2 ek A Ey
w, : vehicle yaw rate, deg/s o B3l w1 o) o] wawEc) Adurzol
vs, v, : longitudinal/lateral velocity at c.g of vehicle, m/s On-road 73 A8l 4] 23k Qo o5t ulak 7] =
@y, sensor - 1ateral acceleration from sensor, m/s’ S F2 1 Hzo|s+e] FI¢ GhojA] 2 58 A
L : vehicle roll inertia, kg-m’ 71t} 3 14 Fo A= F A 2L FH I E W
C,  :vehicle roll damping coefficient, N-m-s/rad Aol A=W, oju] W Foll A eF o g9 at% o]Fo]
K,  :vehicle roll stiffness coefficient, N-m/rad A Lo} ZpeFe] vk A7) Eobg s 4= ik
my : vehicle sprung mass, kg o] ¥l Aol A 2pge] P SAES T4 s
h : height from roll center to c.g, m A&, & & APAI= 55 & AJA=H(ARS) 2
g : gravity acceleration, m/s’ A=A o] g 28 23 FAXpA| o] A=A (ECS)
© : road bank angle, deg 1} e FE/MNbeE ) AloA| Bl Ee] 485 o] ¢
Kpc gain : DC gain of first-order roll model o} 2 T 13 &g 55 I} Ao] A ~H
T, : time constant of first-order roll model E9] A go] Sy o] 7l 9o H} Ao] A o]
Mygs : ARS roll moment, N-m w23 AEA W ZS et =0 A AE] Aloko] QFLE]
Dy :front damper damping ratio L ok & ATt M = vheke 3 A H Aol 5
D, : rear damper damping ratio Aol 2 wulE 4 e dlA A 2fEke] B AES
kr : time constant tuning gain
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vehicle

[ Inertial sensor ] [ ARS ] [ ECS ]

l

: !
. Front/Rear FL/FR/RL/RR
Lateral ARS roll :
acceleration ro damping

moments forces

Ay sensor(s) Mygs(s) Ts

second roll dynamics model
1xx¢ + C¢¢ s K¢¢ = hmsay,sensm' +* MARS

reduced first-order
roll dynamic model

Kpc gai
¢(5) = Tzﬁzl{l (hmsAy,sensor(S) i MARS(S))

Fig. 1 Vehicle roll model structure
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o} 3 4730 A= ARS/ECS7} ZH2; wked sl x}ekol| A 9]
S|
=

7}
At E 7 4 2el =F Il thsh

A} A7) Carsim A EH o] ASS S8l 24l Fs
S5 A, Assith 1 A4y 7] B din]she] A<t
E R0 /fE & 7 F4 e s gelEglt
2. Kie] AlAH U B

E AT 22, 9y 9 F 3d ddeRE
oo A RES ARSIt 2Fge] A 3]sk A
T, AAl=ol o 3] mpgEo R F Awo] wAgh
t}. Fig. 29} o] & SAlolA] Al 229 v} Hy
oWk F RUE FASAl o A A sl & ek whd
of o3 RHlE, Fol o5k RHEY) & ATEES
WA A] 7] = 24 Sprung mass 2] & 23} A 3]-2-F 1A 4
= A ()2

IxxdS = _C¢(i) —Kpp + hms(vxwz + 1'Jy) cos(¢)
—hmg(gsin(e — ¢)) (1)
g, F7EE = AN ASA = A ()] w5 AR

= AR v, +o, 3 T TR AR gsin(o—¢) S

s 2 Q)9 Lol vebd 5= 9

b

b

Ay sensor — (ﬁy + vaz) cos(¢p) — gsin(ep — @) 2)

()t opje} =

(D> A mHell M= o fFaid ol A dabs

o8 F RHE FZH (1) A (3)FF 2ol zrEfehAl 1

At

Ixxd; + Cqbd) + K¢¢ = hmsay,sensor 3)
Inner side outer side zZ

mg(Vy, + v, w;)

>

K¢ ¢+ C¢¢ = Mz

Fig. 2 Vebhicle roll dynamic model
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Fig. 3 Fast Fourier Transform(FFT) result for measured vehicle roll
angle in handling situation (sampling 100 Hz)
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Table 1 Vehicle model parameters

Sprung mass () 1784.811 kg
CG height from roll center (/) 0.57 m
Roll inertia (/) 873.8 kg m”

Roll stiffness coefficient (/) 145720 N-m/rad

14572 N-m-s/rad

Roll damping coefficient ( ()

o

lateral acceleration[m/sz]

Roll angle[deg]

Time[s]
Fig. 5 Experimental validation (upper: lateral acceleration & ARS
roll moment, lower: roll angle, 90 kph lane change)

AYG
= = = ARS roll moment

lateral acceleration[m/sz]
A dH o v x oo
T

Roll angle[deg]

Timel[s]

Fig. 6 Experimental validation (upper: lateral acceleration & ARS
roll moment, lower: roll angle, 120 kph lane change)
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