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THE CHOSEN PARAMETERS OF A PASSIVE DAMPING SYSTEM BASED ON
STOCHASTIC OPTIMIZATION ALGORITHM

SUMMARY

Nguyen Thi Thanh Quynh’, Pham Van Thiem
College of Technology~ TNU

The vehicle systems usually employ the passive damping device to dispose of an oscillation. In
passive damper, it is important to choose the design parameters (the stiffness of spring and
coefficient of damper) so that the oscillation target of vehicle is the best in the operating conditions
(typical load mode, the working speed range, typical streer). In this paper, the author proposes a
solution to choose the design parameters based on a stochastic optimization algorithm which is
assumed that this device is an active damper (the damping device is controlled by an electronic
control system). According to design parameters of the passive damper are found by a covariance
matrix and an equation order reduction. The results of proposed method are positive approach
which is proven by the simulation results. Thereby, it will open a possibility for practical

LOG, covariance matrix

applications.
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INTRODUCTION

With the development of electronics and
microprocessors, commercial auto — mobiles
with active dampers become available in the
1990s. Although active damper can improve
the ride comfort and road handing beyond
that attainable by passive damper, the cost,
weight, and power requirments of active
dampers remain prohibitive. Because, passive
dampers are simple, reliable, and inexpensive,
they remain dominant in automotive
marketplace.

When the vehicles move on the street, there
are many factors which affect the vehicle for

Optimization of a quarter-car suspension is
formulated as an H, optimal control problem
by Corriga et al [2] and a simplex direct
search is cmployed to find the optimum
values of two parameters. Camino et al [3]
applied a linear — matrix — inequality (LMI)
base min/max algorithm for static output
feedback to design of passive the optimal
quarter-car suspension.

By minimizing the variance of control force
difference between the passive suspension
and the LQG active suspension with full-state
feedback. Lin and Zhang (4] obtain the

example: actual velocity, aerody ic drag,
road conditions,... they usually change with
the times and effect to the oscillation
standards of the vehicle. The oscillation
vehicle will a constant or a little changing
when it is affected by above factors, the
stiffness of spring and coefficient of damper
must have suitable values.

There have appeared relatively few studies on
optimization of the passive dampers. Li and
Pin [1] employed evolutionary algorithms to
optimize a passive quarter-car suspension.
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suboptimal parameters of LQG passive
suspensions based on half car-model.
Elamadany [S] developed a procedure based

on covariance analysis and direct search
method to optimize the passive suspension of
the three-axle half vehicle model. Castillo et
al [6] use sequential linear programming to
minimize the weighted acceleration of
passenger subject to constraint on the
suspension stroke.

In this paper, we use a stochastic optimization
algorithm to find design parameters of the
passive damper applied covariance matrix in
[5] and equation order reduction in [7)

We consider the passive damping system
which is described in Figure 1.
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Figure 1. The passtve damping system

Table §. The parameters of the passive damping

system [3]
Parameters Meaning
m =500 (kg) The weight of truck
\
m, = 63(kg) The weight of tyre
d
k. ' The stiffness of spring
)
e The cocfficient of damper ‘
! )
The stiffness of tyre

k, = 230(kN / m)

¢ = l?O(N:/m) The damping coefficient
the tyre

First, model of the system based on

D’Alambe priciple
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The mathematical expression in statement
space form as given in Formula (1.3).
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The equation expression for the stochastic
surface road is given in Formula (1.4):

= —ovw+€(t)
E{f(t),f(t)} =20’u1.6(t—r) = Qé(t—r) (1.4)
w=Aw+DE(t) 4 =—av D, =1

Table 2. The parameters of the stochastic surface

road [7]
Parameters Meaning
a= 0_15("1-1) The specific coefficient
of surface road

v=10+40(m /s) The speed of vehicle
w spectral density function ‘
The specific coefficient
of stochastic
6 dirac
Second, we combine the Formula (1.3) with
(1.4) to describe the general mathematical
model which mentions the stochastic factors
of the surface road:
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Problems: we find parameters of the passive
damping systemc, and &, with assume that we

*know the parameter values as mmy;ky

C, .
The proposed solution : It is assumed that this
system is an active damper which it is
controlled by LQR optimization in [5].

- The model of the system
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&, = Az, + Bu + DE(t)
- The controtler
u=-Rg
withR = ' (N7 + 7.5) is defined by solving
Riccati equation:
§(A-BFNT)+ (4~ BFNT) 5 -
~SBF™'B'S +(E—NF'N")=0
- The objective function :

+21_fnf'g’}ir — min (1.6)

.
J =f”grE§+1_t7Fy

The following steps are necessary to choose
the parameters c and &, : the first, we build
the objective functions which correlate with
criteria evaluation of the oscillation, and setup
the general objective function which form the
Formula (1.6), the second, it used reduced
method to solve Riccati and Lyapunov
function defining S matrix and X matrix, the
last, we find two matrix A and R to
substitute the objective function which
defines coefficients ¢ and & .
PERFORMENCE

The objective function

We define optimal parameters which concern
with criteria evaluation of the oscillation: the
smooth motion, the fast ability stick to surface
road and working space of the suspend
system. Therefore, the target funtion is given
in the Formula (2.1):

J=pJ, +pJ,+pJ; +pJ, = min (2.1)
where :

J, : The target funtion evaluates the smooth
motion

J, : The target funtion evaluates the relative
shift between the vehicle body and wheels.

J, : The target funtion evaluates the relative
shift between the wheels and surface road.

J, . The energy costs of the controlled
function

P (.:1,2,3,4) : The equivalent weights of
the target functions.

The objective function J,. The smooth
motion evaluates based on the average

126(12): 99 - 105
squared acceleration of the passenger
compartment.
J‘=E{y'|'}=E{z'f}—rnunw1lhEis a

mathematical expectation
> 1

4, =Y A(2i)z, +—
T m,

A (2,i) - ml H(z)}x, 22)

A(Z,i)l—milﬁ(a)}zlm
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The objective function J,. This evaluates are
the average squared acceleration of the
relative shift between the vehicle body and
wheels.

J,=E (y] _3/7))} = E{(x‘ _""1)7} — min
= E{nz, —2x|:r:+xgru} (2.3)
= x(11) -2x(1,3) + X(3,3)
The objective function J,. This evaluates are
the average squared acceleration of the

relative shift between the wheels and surface
road.

Jy = E{(% —yn)j} = E{(xz —a:s).l} — min
=E {:J:J:t:J -2z, + :csa:ﬁ} 2.4)
J, = X(3,3) - 2X(3,5) + X (5.,5)

The objective function J,. The energy costs
of the controlled function

= E{u’} = E{(R(‘L)I‘)’} — min
b b .
= ZZR(Z)R(j)X(t,J)
=
The following, the general objective function
}is in the form Formula (1.6)
J=pd+pd, +pd +pd,
=nE{it}+ar{ln -l | +ak{ly -uf} ()

=E{pi+a (-] +afs -a) +Pm’}

(2.5)
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Solving stochastic optimization problem

The solving stochastic optimization problem
susbtance is that Riccati and Lyapunov
equations are solved to  define
S and X matrixs.

The Riccati equation is defined that:
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-1 art U
S(A-BF'NT)+(4- BFT'N ) s-
- SBFB7S + (B~ NF'N") =0
To define S matrix, the equation

reduction is reduced.
The separate S, E, N, A, Band D matrixs,

order

we obtain :
s, E, N,
$=lsr £ M=o
e e o @9
o A “|p,
Substitute (2.7) to Riccati equation
Sn Sm: Ax DI B1 F-! N1 i
st s flo a4l ol" |of |
14 2] [Blpiy ol [5 5
Mo 4o [~ ] 5
- (2.8)
S S F" B 0
5" s, |2, | Ct
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The result, four equations are obtained :
) T
S(A-BFN)+A-BF'N)'S -

S, BFES, +F, ~NF N =0
(2.10) is the Riccati equation
S.D+E +

A+ -BrN) —sﬂB‘r'le=o

N .11

(2.11) is the normal algebraic equation
STAT+ DTS +ETST +

+[ A=BF'N[)-BF'gs =0
(2.12) is the normal algebraic equation

S A +ATS +

H$LD,+ DS, + S BF'BIS +E )=
(2.13) is the Lyapunov equation
where S_;S,, ;50 ; and S

(2.10), (2.11),(2.12), (2.13)

Next, Lyapunov equation is solved 1o define
covariance matrix of state vector as given:

o @1

g AT€ TOOLS Of
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(A-BR)X + X(4— BR)' +DQD” =0 (2.14)
To define X matrix, the equation order
reduction is reduced and X, R, A, Band

D matrixs are seperated:

X, X |r| |4 D
=|x:, x R[4 o 4
B, 0 (2.15)
B=(¢[P=\n,

Substitute (2.15) to Lyapunov equation
(2.14). The result, the equations are obtained :

(4 -BR)X,+X,(4-BR)
HD,~BR)X[+X,(D,~BR) =0
(2.16) is the Lapunov equation
(A-BR)X_+D-BR)X, +X A =0 217

(2.16)

is the normal algebraic  equation
2.17)

AX,, + X AT+DQDT =0 @u8)
(2.18) is the Lapunov equation

where X_; X and X:, i X, are roots of

(2.16), (2.17), (2.18).
With R matrix define in the Formula (2.19):

A
A iR =F'(NT+BS )R =FBS,

The results are obtained by the algorithm
which presents in Figure 4
‘ x 10" The retatonship J241

\x 10" Tha relatonship 1<t

Iy

A

a2l
o o e 2w 2w
€1, Hum

210°  The tofanonship J3e x10°  The telationship 34 21

Yoo

T we T W 0 T W
) 2. N et ykm
Figure 2. The relationship berween ¢, and J, ; 3,

110" relatonaivg 33 1

¢ 10" The aliondblp 711

vo1s 2 28 3 a8 1 185z 2% 18
k1, Nom e K, Wk ‘

210° The relabonihip 4341 « 10° The 1elowanabip J.11

T 1 Z LN

25 1 35 1 14 2 1 35
X, Nadm A1, Nom ‘

o
Figure 3. The relan:;r:ship benveen kyand J) 3,
Ifk is increased, then the objective function J,
is decreased that the average squared
acceleration of the passenger compartment is
minimum (see Fig 2). However, Ifk is
increased (see Fig 2), then the objective
function J; is increased following that the
working space of the suspend system is
extended so that the stiffness of spring makes

decreasing smooth motion (see Fig6).

The coefficient of damper ¢, effect to the
oscillation standards of the vehicle. Ife is
increased (see Fig 2. and Fig 5), then a good
ride comfort and road handling is extended,
and the working space is smaller. Therefore,
the design of the passive damping system is
chosen:

k, = 2.2871e" (kN /m)

and ¢, = 1.2871¢" (Ns/m).

CONCLUSION

The calculation results show that the
oscillation criteria of the passive damper
systems are optimized corresponding to the
design parameters (comtain ¢, and k;) based
on optimal control algorithm LQR. This
proves the assumption that the damping passive
is active damper system is correct. Then, the
equation order reduction is reduced to solve
Riccati equation and Lyapunov equation.

The paper presents details of the process
which is established the objective function by
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the actua) requirements and is given as similar
the Formula (1.6) instead of a constant matrix
of the objective function as usual.

Begin
Add:

The system parameters m,, mak;, ¢,
The surface road parameters g, o, v
The target function parameters p,,
Py Py padi I Ju Iy J

v

Calculate:

Add matrixs:

Ay By, Co Dy, Q, Dy E,

F, N, A=[A; Dy; Zeros(0) A],
B=[B,; 0], D=[0; D]

| Calculate:

| S matrix from the (2.10), (2.1)),
(2.12), (2.13) equations. X matrix
from the (2.16), (2.17), (2.18)
equations: R matrix from the (2.19)

|

Fig 4 and Fig 5). This allows that the
preliminary designing damper system i
ensured reliability.
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Figure 5. The relationship between ¢, and J
x 10" The relavionship J-k1

15 7 25 35
ki, Num o
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With the optimal parameters ¢, and k,, the
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TOM TAT
XAC PINH THAM SO CHO HE THONG GIAM CHAN THY PONG BANG
PHUONG PHAP TOI UU NGAU NHIEN

Nguy&n Thi Thanh Quynh’, Pham Van Thiém
Truomg Dai hoc Ky thudt Cong nghiép - DH Thar Nguyén

Trong cic hé lhong dao djng dac biét Ja hé |h6n g giam chan thy déng, vige quan trong 1a lva chon
tké (da cieng nhip va hé 56 can ciia gidm chdn) sao cho cic chi tiéu dao dng cua
xe dat gia trj tot nhit n'ong diéu kién vén hanh (ché dp 1ai dac trieng. dai 16 do lam vige, logi
dmmg van hanh phd bién). Trong bai bao nay tac gia s& dé xuft mot gidi phap lya chon cac tham
s6 thict ké dua trén thudt 104n 161 wu ngdu nhién bing cach pia thiét ring hé thong giim chan 1a
tich cyc (hé lhong giam chan dwe diéu khién bér met hé didu khién dién 1), Theo d6, cac tham sb
thiét ké cua hé thong giam chén thy déng s& dugc xac djnh dya trén ma tran covariance va phuong
phap gism bic phuang trinh. Két qua cua phuong phép rét kha quan thé hién qua cac két qua mo
phang, qua d6é mé ra kha ning img dung vao thyc té.

Tir khoa: Hé thong giam chan, 10i 1en ngdu nhién, LOG, ma irgn convariance
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