58

ISSN 1392−1207. MECHANIKA. 2022 Volume 28(1): 58−66

Research on Vibration Reduction of Half-Vehicle Active Suspension System Based on Time-delayed Feedback Control with Wheel Displacement
Yong GUO*, Chuanbo REN**
*School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China,
E-mail: guoyong20080808@126.com
**School of Transportation and Vehicle Engineering, Shandong University of Technology, Zibo 255000, China,
E-mail: chuanbor@sdut.edu.cn (Corresponding author)
http://dx.doi.org/10.5755/j02.mech.28809

1. Introduction
Vehicle suspension system behaves as one of the
most important parts of modern automobile, and its vibration isolation performance has an important influence on the
ride comfort and driving safety of vehicle. In general, the
conventional passive suspension system consists of elastic
components and damper with fixed parameters. Although it
has the advantages of simple structure and low cost, its
structural parameters cannot be automatically adjusted with
the complex and changeable external conditions and different driving states of vehicles. The suspension system can
achieve the optimal performance only under a specific combination of speed and road conditions. Aiming at the limitation of traditional vehicle passive suspension system in coordinating vehicle ride comfort and safety, experts and
scholars at home and abroad have continuously developed
various active and semi-active suspension systems with
good performance on the basis of traditional passive suspension systems [1-3] in recent years. That is, according to the
driving condition of the vehicle, the actuator can exert control force on the system to improve the ride comfort and
safety of the vehicle. However, with the application of active and semi-active control, the suspension system will inevitably appear a series of delay factors such as signal acquisition, transmission, controller calculation and actuator
delay. The existence of time delay will inevitably reduce the
performance of the suspension system, and may even lead
to the instability of the suspension system, thus affecting the
safety of vehicle driving. Song and Xu [4] investigated the
stochastic preview control with time-delay consideration for
an active vehicle suspension system with look-ahead sensor,
simulation results demonstrated that time delay should be
considered in the stochastic preview control of an active suspension system, especially when large time delay exited. If
the suspension system with time delay was controlled by the
optimal controller designed with no consideration of time
delay, instability in responses might occur and the control
effects possibly got worse with preview time increase. Kou
and Fan et al. [5] designed a kind of the semi-active suspension with EHA to improve the ride comfort and stability of
the vehicle, which the results show that the EHA semi-active suspension has good damping controllability, However,
with the increase of time delay, the "jump vibration" phenomenon happens to the suspension system. In order to improve the control accuracy and stability of suspension system, the time delay compensation technology and modern
control technology are combined to reduce or eliminate the
adverse effects of time delay. [6-7] However, with the in-

depth study of time-delay by other scholars, it is found that
time-delay can change the effective frequency band of saturation control, if the time delay is adjusted as a feedback
control parameter, the vibration control effect of the main
system can be effectively improved [8-9]. Olgac and HolmHansen [10] firstly introduced the time-delayed feedback
control into the dynamic vibration absorber and proposed
the concept of time-delay resonator. The results show that:
by choosing the appropriate feedback control parameters
(feedback gain, feedback delay), the delayed resonator can
completely absorb the vibration of the main system under
harmonic excitation, and the vibration of the main system
disappears. At present, some scholars have studied the vehicle suspension control system with active time delay. Du
and Zhang [11] constructed a two-degree-of-freedom vehicle active suspension system with time-delayed state feedback control. The optimal objective functions are the sprung
mass acceleration, suspension dynamic stroke and tire dynamic load. The dynamic performance of suspension is discussed and the influence of time delay on suspension performance is given. Liu and Sun et al. [12] constructed a twodegree-of-freedom vehicle suspension model based on timedelayed feedback control with vertical acceleration of vehicle body, and the particle swarm optimization algorithm is
adopted to study the optimization of time-delayed feedback
control parameters of vehicle suspension system under different road harmonic excitation frequencies in finite frequency band. The results show that: compared with the passive suspension system, the acceleration amplitude of the
vehicle body in the finite frequency band can be reduced by
at least 19.6%. To sum up, from the perspective of the utilization of time delay, it is rare to introduce time delay into
the field of vehicle engineering applications，and the key
to improve the performance of suspension system is to obtain the optimal feedback control parameters. However, the
research on time-delayed feedback control of vehicle suspension system is still in the stage of basic theory, and the
main problems are as followings:
1. The research on time-delayed vibration reduction control strategy and control effect of vehicle active suspension system is mostly based on the 2-DOF vehicle suspension system with single time-delayed feedback control
such as vertical acceleration of vehicle body. There are few
researches on the time-delayed vibration reduction strategy
and control effect of vehicle active suspension system with
multi-degree of freedom and multi-delayed feedback control based on other time-delayed feedback objects (such as
wheel and engine).
2. Usually, only the local vibration reduction effect
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of the vertical acceleration of the vehicle body near a resonance frequency point under the optimal time-delayed feedback control is concerned in the vehicle active suspension
system. There is no accurate understanding of the pitch angular acceleration, the output of suspension dynamic travel
and tire dynamic displacement which affect the control performance of vehicle suspension system under optimal timedelayed feedback control.
3. Compared with the fixed form of road harmonic
excitation, the vibration reduction effect of vehicle active
suspension system based on time-delayed feedback control
under road random excitation is less significant than that under simple harmonic excitation. In view of this, in order to
deal with the problem of complex time-varying excitation
such as external multi-frequency, the general calculation
method for solving the appropriate time-delayed feedback
control parameters still needs to be further explored.
In order to further improve the vibration reduction
effect of vehicle active suspension system based on timedelayed feedback control under road random excitation, in
this paper, the mechanical model of 4-DOF vehicle active
suspension system based on double time-delayed feedback
control is studied. The optimization strategy of equivalent
harmonic excitation combined with particle swarm optimization algorithm is adopted to obtain the optimal values of
time-delayed feedback control parameters (feedback gain
and feedback delay) of vehicle active suspension system under the road random excitation. The time-domain simulation
results show that: compared with the passive suspension
system, the vehicle active suspension system based on the
time-delayed feedback control with vertical displacement of
wheel can significantly improve the ride comfort and stability of the vehicle under the optimal time-delayed feedback
control, which provides a theoretical basis for the selection
of time-delayed feedback control strategy and the optimal
design of time-delayed feedback control parameters of vehicle suspension system.
2. Mechanical model of time-delayed feedback control
for vehicle active suspension system
In order to simplify the research problem, the vehicle vibration caused by road roughness is mainly studied in
this paper without considering the influence of unbalanced
force generated by engine and transmission system, as well
as other factors of the vehicle itself on the body vibration.
The mechanical model of active suspension system of vehicle based on time-delayed feedback control is constructed
on the basis of vehicle passive control suspension system
with magnetorheological damper as active control actuator
by referring to the vibration reduction mechanism of timedelayed dynamic vibration absorber, as shown in Fig. 1 and
the design parameters of vehicle active suspension system
are shown in the Table 1.

Fig. 1 Half-vehicle vibration model: where utf is feedback
force of the front suspension; utr is feedback force of
the rear suspension; a is distance from the center of
mass of the body to the front axle ; b is distance from
the center of mass of the body to the rear axle; mtf is
unsprung mass of front suspension; mtr is unsprung
mass of rear suspension; ksf is equivalent stiffness of
front suspension; ksr is equivalent stiffness of rear
suspension; csf is front suspension damping; csr is rear
suspension damping; ktf is tire stiffness of the front
wheels; ktr is tire stiffness of the rear wheels; mc is
body mass; Ic is moment of inertia; xsf is vertical displacement of the sprung mass of the front suspension;
xsr is vertical displacement of the sprung mass of the
rear suspension; xc is vertical displacement at the
mass center of the body; φc is pitch angle at the mass
center of the body; xtf is vertical displacement of the
non-sprung mass of the front suspension; xtr is vertical displacement of the non-sprung mass of the rear
suspension; xqf is road roughness of the front wheels;
xqr is road roughness of the rear wheels
Table 1
Model parameters of vehicle suspension
Parameter
mc, kg
mtf, kg
ktf, N∙m-1
ksf, N∙m-1
csf, N∙s m-1
ctf, N∙s m-1
a, m

Value
690
40.5
192000
17000
1500
100
1.3

Parameter
Ic, kg∙m2
mtr, kg
ktr, N∙m-1
ksr, N∙m-1
csr, N∙s m-1
ctr, N ∙s m-1
b, m

Value
1222
45.4
192000
22000
1500
100
1.5

According to the control model of time-delayed vibration reduction control shown in Fig. 1, the coordinate
origin is selected at the respective equilibrium positions of
the wheel and the vehicle body, and Newton's second law is
used to write the dynamic motion equation of the body suspension system:

mtf xtf + csf ( xtf − xsf ) + k sf ( xtf − xsf ) + ctf ( xtf − xqf ) + ktf ( xtf − xqf ) − utf = 0




mtr xtr + csr ( xtr − xsr ) + ksr ( xtr − xsr ) + ctr ( xtr − xqr ) + ktr ( xtr − xqr ) − utr = 0

..
mc xc + csf ( xsf − xtf ) + k sf ( xsf − xtf ) + csr ( xsr − xtr ) + k sr ( xsr − xtr ) + utf + utr = 0


I cc − acsf ( xsf − xtf ) − aksf ( xsf − xtf ) + bcsr ( xsr − xtr ) + bksr ( xsr − xtr ) − autf + butr = 0 

(1)
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When the body pitch angle φc is small, the expression of the vertical displacement at the end point of each
sprung mass of the body suspension is approximately (2):

xsf = xc − ac 
.
xsr = xc + bc 

(2)

Eq. (1) is simplified and identified by matrix equation:

 + C +  +  U =  t  q + Ct  q ,
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3. Research on vibration reduction strategy of vehicle
active suspension system
3.1. Selection of time-delayed feedback control strategy
As shown in Fig. 1, the time-delayed feedback object of utf (t) and utr (t) is body or wheel. However, in practical applications, due to the flexibility of sensor selection, the
type of time-delayed feedback (time-delayed feedback control signal) mainly includes the single time-delayed feedback type of displacement [13], velocity [14] and acceleration [15] and the combination of them [16]. As the time-delayed stability and time-domain response characteristics of
1/4 vehicle active suspension system based on time-delayed
feedback control in the effective frequency band are demonstrated, if the vehicle body is taken as the object of timedelayed feedback, under the optimal time-delayed feedback
control, the performance evaluation indexes of vehicle active suspension system can be improved to varying degrees
based on the time-delayed feedback control strategies such
as body displacement or velocity. However, in the effective
frequency band of vehicle vibration caused by road roughness, there are system stability switching and instability phenomena. If the wheel is taken as the object of time-delayed
feedback, under the optimal time-delay inverse control, the
active suspension system of 1/4 vehicle based on the timedelayed feedback control of wheel displacement is stable in
the effective frequency band of vehicle vibration caused by
road roughness, and the ride comfort and handling stability
of the vehicle are significantly improved under random road
excitation.

3.2. Selection of design variables
To take the control force utf (t) and utr (t) with timedelayed feedback based on vertical displacement of front
and rear wheels as an example, the expression of time domain function is shown in (4):

utf (t ) = g tf  xtf (t −  tf )
,
utr (t ) = gtr  xtr (t −  tr ) 

(4)

where: g = (gtf, gtr) is the feedback gain and  = (tf, tr) is
the time delay. For the time-delayed feedback control forces
based on different types of wheel time-delayed feedback,
the value of the feedback gain is quite different from that of
the time delay. The overall effect of vibration reduction is
also different.
3.3. Frequency domain response transfer function
Let the root of the characteristic equation of Eq. (3)
be s, after Laplace transformation, and the result can be
written as:

( s 2 + Cs +  ) (s) +  U(s) = [ t + C t s] q (s). (5)
Let   U (s ) =  1   (s ) , then:

( s 2 + Cs +  +  1 ) (s ) = [ t + C t s ] q (s ),

(6)

 − gtf  e − s tf
0
0 0


− s tr
0
− gtr  e
0 0

where:  1 = 
.
− s tf
gtr  e − s tr 0 0 
 gtf  e
 − a  g  e − s tf b  g  e − s tr 0 0 
tf
tr


The transfer function matrix H(s) can be obtained
from Eq. (6):

 (s) =

 t + Ct s
 (s)
=
.
2
 q (s)  s + Cs +  +  1

(7)

The frequency response transfer function of vehicle vibration can be obtained by taking place of s by iω, that
is:

 (i ) =

 t + Ct (i )
 (i )
=
.
2
 q (i ) −  + i C +  +  1

(8)

3.4. Selection of optimization objective function
In view of the fact that the vertical vibration and
pitching angle vibration at the center of mass of the vehicle
body are important performance evaluation indexes to
measure the ride comfort and ride comfort of the vehicle,
the minimum dimensionless weighted sum of the amplitude
frequency characteristic function values of the vertical acceleration and pitching angular acceleration of the vehicle
body is taken as the optimization objective function to measure the vehicle driving characteristics. The optimization of
objective function is shown as:
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MinJ (g , ) = c1

 ( i ) x

c ~ xq

max  ( i ) x

− min  ( i ) x

c ~ xq

c ~ xq

− min  ( i ) x

c ~ xq

 g tf  gtf  gtf

 g  gtr  gtr
s.t.  tr
 tf   tf   tf

 tr   tr   tr
3.5. Selection of constraint conditions and weight coefficients
The constraint condition is in the range of feedback
gain g and feedback delay τ. Obviously, the selection of
time-delayed feedback control parameters should meet the
requirements of vehicle ride comfort. The output response
of suspension dynamic travel and tire dynamic displacement
should also be considered. The numerical search range of
the above two kinds of parameters are to be set: the feedback
gain g tf and g tr are 1.5 times of the equivalent stiffness of
the front and rear suspension, g tf and g tr are -0.5 times of
the equivalent stiffness of the front and rear suspension. The
numerical search range of time delay  = (tf, tr) is assumed
to be 0 ≤  ≤ 0.5. In expression (9), c1 and c2 are weight coefficients. The selection of the weight coefficient reflects the
importance of the vertical acceleration of the center of mass
and the pitching angular acceleration of vehicle body. Equal
attention to the optimization is paid to them. The weighting
coefficient c1 = c2 = 0.5 is taken.
4. Optimization of feedback control parameters of vehicle active suspension system
4.1. Time-domain model of road roughness
In the process of vehicle driving, the feedback signals of vehicle suspension control system are all time domain signals. Establishing a reasonable time-domain model
of road roughness is one of the most important issues in the
follow-up study of vehicle ride comfort and stability. At present, the main methods to simulate road random excitation
model at home and abroad are harmonic superposition
method, filtered white noise method, Fourier inverse change
method and time series model method. In view of the time
delay vibration reduction effect of vehicle body under the
condition of road harmonic excitation is remarkable, the
time domain model of random road excitation based on harmonic superposition method is selected in this paper. That
is, the road input spectral density is converted into a series
of discrete sine waves. The random harmonic superposition
algorithm is used to sum the sine wave functions corresponding to each time and frequency cell in the effective
frequency band and the sum is expressed as trigonometric
functions [17-18]. The time domain model of random road
roughness as shown in formula (10) can be obtained:
k

xq (t ) =  2Gq (f mid − j )   f j 
1

 sin (2 f mid − j t +  j )(j = 1,

k ).

+ c2

(10)

 ( i ) 

c ~ xq

max  ( i ) 

− min  ( i ) 

c ~ xq

c ~ xq

− min  ( i ) 

c ~ xq






.






(9)

As shown in Eq. (10), Δfj is the time frequency interval, Gq(fmid-j) is the road roughness coefficient, fmid-j is the
interval center frequency, θj is the random phase angle uniformly distributed in (0,2π).
4.2. Optimization of feedback control parameters of vehicle
active suspension system based on time-delayed feedback control
Set the vehicle speed ν = 60 km/h to drive over the
C-level road, the road roughness coefficient is Gq(fmid-j) =
256×10-6 m3. Generally, the frequency range of vehicle vibration caused by road roughness is about 0.25–15 Hz. In
this paper, the lower limit and the upper limit of the time
frequency of the road acting on the tire excitation are taken
as f1 = 0.25 Hz and f2 = 0.25 Hz respectively. According to
the product of time frequency and space frequency f = vn,
the lower limit of effective spatial frequency n1 = 0.015 m-1
and the upper limit of effective spatial frequency n2 = 0.9 m1
of road roughness power spectral density are obtained. In
order to avoid frequency aliasing, according to the constraint of sampling interval Δl, Δl can be selected as 0.015
m-1. The effective spatial frequency interval (n1, n2) of road
roughness power spectral density is divided into k = 59
small areas, in turn, the center frequency of each space cell
is nmid-j = 0.015j+0.0075 for j = (1,2,…59). Then the interval
length of time frequency is ∆fj = 0.25, which leads to fmid-j =
0.25j+0.125 for j = (1,2,…59).
Finally, according to the constraint conditions of
the time-delayed feedback control parameters and the timedomain model of the random road roughness, the equivalent
harmonic excitation method is used to construct the particle
swarm optimization algorithm with J(g,) as the fitness
function, so as to obtain the optimal value (gop,op) of the
feedback control parameters in the effective frequency
band. That is, in the effective frequency band (f1, f2), a series
of discrete frequency points are selected at equal intervals
and the band is divided into multiple cells. Taking the harmonic excitation at the center frequency fmid-j = 0.25j+0.125
for j = (1,2, …59) of each cell as the optimization strategy
of the equivalent harmonic excitation of the whole cell, a
particle swarm optimization (PSO) algorithm with the minimum dimensionless weighted sum of the amplitude frequency characteristic functions of vertical acceleration and
pitching angular acceleration as the optimization objective
function is constructed. In the optimization process of timedelayed feedback control parameters, the fixed form of
time-delay feedback control parameters (local optimal values) obtained by Fourier transform and frequency domain
analysis methods are usually difficult to effectively deal
with the characteristics of road random excitation condi-
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tions. In order to further improve the vibration reduction effect of vehicle suspension system under random excitation
of road surface, according to the frequency function expression of vertical acceleration and pitching angular acceleration of vehicle body shown in Eq. (11):


 c (imid − j )
  (imid − j ) x ~ x =  2
c
q
 q (imid − j )

.


(
i

)

c
mid − j
2
  (imid − j ) c ~ xq =   (i
q
mid − j )


(11)

the amplitude |xq(fmid-j)|of the road excitation at the center
frequency fmid-j = 0.25j+0.125 for j = (1,2,…59) of each interval is assumed to be the peak value of the road excitation
in the effective frequency band (f1, f2), which can effectively
reduce the amplitude of vertical acceleration based on the
center frequency of each interval in the whole frequency
band. Therefore, on the basis of this optimization strategy,
200 particles are randomly selected for iterative optimization, the optimal value of the time-delayed feedback control
parameters of the vehicle active suspension system in the
effective frequency band is obtained, i.e., (gop, τop) =
= (-5552.3N/m 22017N/m 0.2591s 0.0001s) and the amplitude frequency characteristic curve of the vertical acceleration of the vehicle body in the effective frequency band as
shown in Fig. 2 are obtained.

5. Stability analysis of time-delayed feedback control
for vehicle active suspension system
After the introduction of time-delayed feedback
control, the feedback gain and feedback delay will affect the
stability of the system. In order to ensure that the vehicle
active suspension system with time-delayed feedback control can work in a stable state, it is necessary to analyze its
stability. In this paper, the frequency-domain scanning
method is applied to analyze the stability of vehicle active
suspension system based on time-delayed feedback control
of wheel displacement, so as to obtain the corresponding
virtual root and time-delay value [19]. Then the complete
stable interval of the system can be obtained. The analysis
process is as follows:
Firstly, the characteristic equation of vehicle active
suspension system based on time-delayed feedback control
with the vertical displacement of wheel can be obtained
from Eq. (6) as follows:
det ( s 2 + Cs +  +  1 ) = 0.

(12)

Secondly, the feedback control parameters of the
vehicle active suspension system are successively substituted into the characteristic equation (12), and the relationship diagrams of |z| and ω as shown in Fig. 3 can be obtained.

a) The module of z1
Fig. 2 The amplitude frequency characteristic curves of the
fitness function in the effective frequency band
The frequency domain simulation results shown in
Fig. 2 show that compared with the passive control suspension system, the vehicle vibration amplitude of active suspension system based on time-delayed feedback control
with wheel displacement is significantly reduced under the
optimal time-delayed feedback control. The corresponding
amplitudes at f=8.8750 Hz and f=12.8750 Hz are reduced
from 0.9883 and 0.8139 in passive control to 0.3794 and
0.5273 in delayed feedback control respectively. 0.9883 is
the peak value of the passive suspension system before optimization in the whole frequency band and 0.5273 is the
peak value of the optimized suspension system with timedelayed feedback control in the whole frequency band. In
addition, the amplitude frequency response curve of the vehicle active suspension system based on the time-delayed
feedback control with the vertical displacement of wheel
changes relatively gently in the effective frequency band.
The vibration reduction effect of vehicle body is remarkable. Therefore, the vibration isolation performance of vehicle suspension system is significantly improved under the
optimal time-delayed feedback control.

b) The module of z2
Fig. 3 The modules of z in vehicle active suspension system
based on time-delayed feedback control of wheel displacement
Finally, the crossover frequency ω and the corresponding time delay are calculated. It can be seen from the
diagram of |z| and ω shown in Fig. 3 that the real root has no
cross frequency in the vehicle active suspension system
based on time-delayed feedback control of wheel displacement, it means that the whole system has no ride through
frequency. Therefore, from the stability analysis of the
above vehicle active suspension system, it can be seen that
the vehicle active suspension system with time-delayed
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feedback control of wheel displacement is stable in the effective frequency band.
6. Time-domain simulation analysis and verification of
road surface under random excitation
In order to verify the correctness of the theoretical
results, it is necessary to conduct numerical simulation analysis and verification of the time-domain response of the performance evaluation index of the vehicle active suspension
system under road excitation according to the optimal value

of the time-delayed feedback control parameters. With the
C-level road roughness as the excitation and the help of
Matlab platform, according to the optimal value of time-delayed feedback control parameters, the performance evaluation indexes of vehicle active suspension system based on
time-delayed feedback control of wheel displacement, the
simulation results of vehicle body vertical acceleration,
pitch acceleration, suspension dynamic stroke, tire dynamic
displacement and other performance evaluation indexes are
compared and analyzed. The time-domain simulation results are shown in Fig. 4.

a) Vertical acceleration of vehicle body

b) Pitching angular acceleration of vehicle body

c) Dynamic stroke of front suspension

d) Dynamic stroke of rear suspension
Fig. 4Time-domain simulation results of various performance evaluation indexes of vehicle suspension system
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e) Front tire movement displacement

f) Rear tire movement displacement

g) Vertical displacement of vehicle body

h) Pitching angular displacement of vehicle body
Fig. Continuation
6.2. Results and discussion
According to the comparison of root mean square
values of performance evaluation indexes of vehicle passive
suspension system under random road excitation and vehicle active suspension system with time-delayed feedback
control as shown in Table 2, the following conclusions can
be drawn:
1) Compared with the passive control, the time-delayed feedback control significantly reduces the amplitude
of vertical acceleration and pitching angular acceleration at
the body mass center. The corresponding root mean square

values are reduced from 0.41183 mm/s2, 0.00032 rad/s2 in
passive control to 0.0031511mm/s2, 0.0000025 rad/s2 in
time-delayed feedback control. So the optimization efficiency is 99.2439% and 99.2053% respectively.
2) Compared with the passive control, the time-delayed feedback control reduces the amplitude of the front
and rear suspension's dynamic travel significantly. The corresponding root mean square values are reduced from
1.8859 um, 1.9468 um in passive control to 1.02456 um,
0.89616 um in time-delayed feedback control. So the optimization efficiency is 45.6735% and 53.9667% respectively.
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3) Compared with the passive control, the time-delayed feedback control significantly reduces the amplitude
of the front and rear tire movement displacement. The corresponding root mean square values are reduced from
1.8283 um, 1.8707 um in passive control to 0.98189 um,
0.91653 um in time-delayed feedback control. So the optimization efficiency is 46.2939% and 51.0067% respectively.

4) Compared with the passive control, the amplitude of vertical displacement and pitching angular displacement of vehicle body are significantly reduced by time-delayed feedback control. The corresponding root mean
square values are reduced from 0.50885 um, 0.32547 um in
passive control to 0.19115 um, 0.15421 um in time-delayed
feedback control. So the optimization efficiency is
62.4348% and 52.6182% respectively.
Table 2

Comparison of root mean square values of performance evaluation indexes of passive suspension and active suspension
with time-delayed feedback control under random excitation
Performance evaluation index
mm/s2

Vertical acceleration,
Body pitch angular acceleration, rad/s2
Dynamic stroke of front suspension, um
Dynamic stroke of rear suspension, um
Front wheel movement displacement, um
Rear tire movement displacement, um
Vertical displacement of vehicle body, um
Pitching angular displacement of vehicle body, um

Passive suspension

Time-delayed feedback suspension

Rate of change

0.41183
0.00032
1.88590
1.94680
1.82830
1.87070
0.50885
0.32547

0.0031511
0.0000025
1.02456
0.89616
0.98189
0.91653
0.19115
0.15421

99.2349%
99.2053%
45.6735%
53.9667%
46.2939%
51.0067%
62.4348%
52.6182%

7. Conclusions
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Y. Guo, C. Ren
RESEARCH ON VIBRATION REDUCTION OF HALFVEHICLE ACTIVE SUSPENSION SYSTEM BASED
ON TIME-DELAYED FEEDBACK CONTROL WITH
WHEEL DISPLACEMENT
Summary
In this paper, a strategy of time-delayed feedback
control based on wheel displacement and an optimization
method of time-delayed feedback control parameters based
on "equivalent harmonic excitation" are proposed for vehicle active suspension system with time-delayed feedback
control. In this way, the optimal values of time-delayed
feedback control parameters of the vehicle suspension system in the effective frequency band are obtained. Finally,
through the stability analysis of suspension system and the
numerical simulation analysis of the time-domain response
of the suspension system performance evaluation index, the
effectiveness of the time-delayed feedback control strategy
based on the wheel displacement and the superiority of the
optimization method based on the "equivalent harmonic excitation" are verified. Therefore, it provides a theoretical basis for the selection of time-delayed feedback control strategy and the optimal design of time-delayed feedback control
parameters of vehicle active suspension system.
Keywords: time-delayed feedback control, equivalent harmonic excitation, active suspension, optimal values, stability.
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