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Comparative Evaluation of Sky-Hook Controllers for a Full
Car Model with Active or Semi—Active Suspension Systems

S
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Abstract : The controllers for a full car 7-DOF model with 4 active or semi-active suspension units are
designed and evaluated in this research. The control algorithms for suspension systems, such as full state
feedback active, full state feedback semi-active, sky-hook active, sky—hook semi-active, and on-off suspension
systems, are analyzed and evaluated with respect to ride comfort. The vehicle dynamic performances are
expressed by response curves to a bump input, performance indices for asphalt road input, and frequency
characteristic curves. Heaving, rolling, and pitching inputs are applied to the vehicle dynamic system to evaluate
frequency characteristics. The simulation results show that the ride quality of the sky-hook controller
approaches that of full state feedback controller more closely in semi-active suspension system than in active
suspension system. For the implementation of a vehicle with sky-hook suspension control systems in this
paper, 7 velocity sensors are required to measure the states.

Keywords : full car model, semi-active suspension system, sky-hook damper, frequency characteristics
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Fig. 1. Modeling of 7-DOF vehicle with 4
semi-active suspension units.
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Table 1. Parameter values of 7-DOF system model.

parameters values
M 1460 kg
I 460 kg - m”
Iv 2460 kg - m°
ml , m2 40 kg
m 71 kg
ki, ke 19960 N/m
k3, ks 17500 N/m
by, b2 1290 N - sec/m
(semi—active) {200 N - sec/m)
bs, ba 1620 N - sec/m
(semi-active) (200 N - sec/m)
Vnin 200 N - sec/m
Vinax 5000 N - sec/m
I 50 kg - m°
ktl, kcz. kt3. km 175500 N/ m
01, P2 1
P3 s Py, O5s , Pp 500
o7, Pg, Py, P1o 3000
P, P12, P13, Py 3x10 77
ab 075 m, 075 m
c d 10m, 1.8 m
€ g 0,75 m, 0.75 m
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Fig. 2. Active system responses when right side of
the wvehicle travels over a bump with

10m/s speed.
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Table 2. RMS values in performance indices obtained
from system responses to the asphalt road
input by means of the controllers designed
with ride comfort preference.

control Road data : Asphalt random input
logic N Sky- Sky—
. | Semi-
performancy Pass. | Active . hook hook |On-off
) active . -
index (active) | (semi.)

E(2Y) 100 | 336 | 413 | 403 | 454 | 507
B(6%) 100 93 | 236 | 177 | %6 | 387
E(¢%) 100 | 502 | 559 | 526 | 57.2 | 642
E([zq—2z)%| 100 | 1787 | 1675 | 1747 | 1656 | 1850
E(lzo—2,]9| 100 | 1569 | 141.1 | 1667 | 1582 | 171.7
E(lzg—2]%)) 100 | 2634 | 2285 | 1671 | 1667 | 1948
E([zq—209| 100 | 2324 | 2230 | 1945 | 2014 | 2488
E([2,—2z41%)[ 100 | 1335 | 1275 | 1304 | 1262 | 1292
E([2;— 20| 100 | 1275 1193 | 1293 | 1253 | 1283
E([23—25)%)| 100 | 1419 ] 1332 | 1173 | 1184 | 1248
E(lz;—24)9} 100 | 1619 | 157.1 | 1561 | 1549 | 1683
Jovg 100 | 491 | 564 | 525 | 572 | 675

(a)

(b) (c)
a9 5 =3 o3 el (a) 3 4, (b) EFH YY
() I3 43
Fig. 5. Types of road disturbance. (a) Heaving
input, (b) Rolling input, (c) Pitching input.
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a ! lateral distance from front right suspension
to sprung mass center
b . lateral distance from front left suspension to
sprung mass center
bi ! ith suspension damping coefficient
c ¢ longitudinal distance from front suspension
to sprung mass center
d ¢ longitudinal distance from rear suspension to
sprung mass center
e : lateral distance from rear right suspension to
unsprung mass center
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fi ! interacting force between sprung mass and
each unsprung mass

g  lateral distance from rear left suspension to
unsprung mass center

I : roll moment of inertia of rear axle

Ix ! roll moment of inertia

Iy : pitch moment of inertia

ki : ith suspension stiffness

kti : ith tire stiffness

M : sprung mass

m ! rear unsprung mass

ml : right front unsprung mass

mZ2 : left front unsprung mass

ui : ith control force

vi ! ith variable damping coefficient

zc : vertical position of sprung mass center
zi @ vertical position of unsprung mass

zoi  vertical position of ith tire

zsi @ vertical position of sprung mass at four corners
¢ : roll angle of sprung mass

: pitch angle of sprung mass

: roll angle of rear axle

e1 : weighting factors in performance index
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