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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, a new approach has been presented for dynamic control of active suspension vehicle
Received 12 October 2015 system subject to the road disturbances. The active suspension system (ASS) which has been considered
Accepted 10 December 2015 in this paper is operated by a hydraulic actuator. The input of this hydraulic actuator is a servo valve. In

Available Online 27 January 2016 other words, both mechanical equation of system (related to hydraulic actuator) and its electrical

equation (related to servo valve) are considered. Therefore, the equations are complicated and only the

Keywords: . . . . . .

Active Suspension System input current of servo valve is accessible as the input control signal. The proposed approach is based on
Dynamic Sliding Mode Control dynamic sliding mode control (DSMC).In DSMC chattering is removed due to the integrator which is
Chattering placed before the input control signal of the plant. However, in DSMC the augmented system (the

system plus the integrator) is one dimension bigger than the actual system and then, control of the plant
is more complicated. But, its advantage is that the input control signal is obtained from a dynamic
system or a low pass filter, while the robust performance (invariance property) of the system is reserved
even in the presence of disturbance. Another advantage of proposed approach is that the desired output
force of the hydraulic actuator is obtained by the controller.

s Sy Ll [4] 2ty anlss olugi Cool (slggails 5 iy b ezl
Dlezan 5 ools Baels ool i Ll b, oy wlsiogn Jub 3ol L el
Sy sl p linizs [6-1] ams mals 1) 5095 4 olid g olwls 70 Om Slallas Golad phs (b 50 T LS Gelod o Al
3 [7]) sl o plol s i, b Jb ules slpaioss b O 2 sl [261] ol s 5095 cslio clie QU5 5 i
(ol oanlinl, o] U5 gzl 9 @iz & b & ol 5L 3390 f5 Gl e b 095
Sl S mae sblye 5 (Ko (Sols asd Sl S o Lalyd )0 9,095 ceslie Colan sl Ll 0a)S el 9005 diny Sl
et s5my o 41 [B] ol sl & i 1 pilinis S g B Sl [ a5 Al b s ol i
o el b ablie gy gorei,nd lpl i) Gl S wape 00 50%57 @ Glple s eos ool P Slee s 8 slayally sy
a5 el 53 4 oY [B] wilios g 5 ALazél lSlo e b skl

1- Active Suspension System (ASS)

6- Road Terrain 2- Soft

7- Dynamic Sliding Mode Control (DSMC) 3- Stiff

8- Sliding Mode Control (SMC) 4- Passive Suspension System (PSS)

9- Invariance Property 5- Spring and Damper
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14- Hydraulic Actuator

15- Servo Valve

16- Body (Sprung)

17- Wheel (Un-Sprung)

18- Stiffness

19- Suspension Deflection
20- Tire (Wheel) Deflection
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- Robustness

- Robust Performance

- Sliding Phase

- Chattering

- Boundary Layer

- Adaptive Boundary Layer
- Higher Order Sliding Mode Control (HOSMC)
- Relative Degree

- Takagi—-Sugeno

10- Asymptotically

11- Sign Function

12- Quarter-Car Model

13- Kalman Filter

O©CoOo~NOOT D WwWwN -

52


https://dorl.net/dor/20.1001.1.10275940.1395.16.2.31.6
https://mme.modares.ac.ir/article-15-10296-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10]

[ DOR: 20.1001.1.10275940.1395.16.2.31.6 ]

oo oS e

Jla Sl i (5132 SSpolied a3l Zalla 0348 S 31y

Body
ks$ b Zg
H 4
Tire

Terrain
Fig. 1 Quarter Car Suspension System
9095 Rz o Galw e 1 S
Output
S
/ : Input
R | : E
" r
Fig. 2 Backlash of Hydraulic Actuator
SSelapied S e 1 S5zge AN 2 YK

- /ﬁ/ Py

Z
Servo Valve L

Fig. 3 Double Active Hydraulic Actuator System

55 Sppien Sy 53 U5
X1 =Xy

b k b k
.7.52 = ——sz __le +—SZu +_SZu +f—a

mS mS mS mS mS (6)

g 5 Dyge 4 Ol i |y (2) Woles &5 sl g 3L

b k b b
=Dk (B by,

my my my My
k k
+(_ > — t)Zu_fa + fais
m, my my (7)

Dy go 485 G o mal Gloie

b, k
Fais = m—lzr + m—;zr (8)
S o0 sl ) Dygo a1 (4) doles e 4o
fa = —,Bfa—aA?,xz + C(A%Z.u + yApxspg(xSpafa) (9)
S sk &
g= |p.— By (xsp)fa (]_O)
Ap
53

45 (5 yeiiie Laid 109 g0 00l ST 5l g 009y sl 9,955 (59, 1 1oy guins
5 simosls ol 4 45 ol ] Bt 5 2y o 5 Sl BB o s
SVolre sl ool ools plis 1 Ko jo Jsle cpl ogd oo ad 5 Ll
el o5 Djgo a5 0SS oo JW 1) (Sdg e Syme a5 (S Sl Sl
28l Ol 3 s ol 6999 oS Sl SS e

_ (—xsp + isy) (3)

Xsp = -
35 Xep el T (SlSe oy BT 5T d g0905 Ol by oS
Jaie Sy e a1 o5 03g (255 b 5) Tt e almle

Lol 5 D50 5 (Slgpaed S e (Sealins DYolee 109l o0

Bkl (xs )fa
.

: . . 4 . = -
S8 po a8 cl (oSl el (2o )0 0929 (B Sk Big &b &S
Soygo 4 S ol j0 oo okl polis ol oo eols lis 2

fa = _aA%J(Z's - Zu) - Bfa + VApxsp Ps -

Q4 Comd @b pl (2 Gie a5 dpled Cds e a=b =01

L olgie a sy 09d oo ovalice (4) 5 (3) SVolae 5l a5 jshiles

coi P9 Py aS .l oo ools lis 3 s o i JLsle opl 0g

9 Y ey LB P g By g 009 Symme (SASTL g e JLAS (59
6 ) 5

Ozl g 009 (g hw Ay ogdle 4 il 0 Ty adw b

o Be & Sk @ s f = aCtp‘a = 4£e Y= aCdW\/%

: 7 . o
oo Crp «Sgyaed joidew o Vi Sgyoin (085, oz Sial38l
) 10 c 9 (e . 8 ...
WLQ‘J 9O 9 00y s y9PWo C.’a.».v ubd‘; W « 4L~L7u - Cd v
Lol S0 89, S P

Pl O g0 g0 -3
fo & @S0 28 Jol p 5o el dlo e 5o ol (ooloiiy s,
B e JuS ookl b Syge cnl 5o bl (1) e 5395
Sove a hfa s o Sz osn s Bl ool i (Sealyo
525 Zs om) 5,095 Ay SLl 5 S s (alnlr a5 1S e ailone
solys ol bl yidn 4z yo J2l) o ax oS aigh |Sea yho 4 (Z
D

PR CRRS OO RS 1 R | S FUEU S W RS F-0%) I PPN LR
Sosb Llsy G oSl Koz e g Slo 50955 b
Jol o8 5l a5 1, fy sl jlaie (4) dolas ;3 fy o5 puledn (oS
Sled JLis el ool sy

(1) doles jo 1) 25 2l (sl e c(soloiin g, Jlose! (s
oS (o R 8

X1 = Zg (5)

Xy = Zg

ol plo

- Input Current of Valve

- Mechanical Time Constant of the Servo Valve

- Spool Valve Displacement

- Backlash

- Pressure in the Upper and Lower of the Actuator Cylinder Chambers
- Piston Area

- Bulk Modulus of Hydraulic Fluid

- Leakage Coefficient

- Discharge Coefficient

0- Spool Valve Area Gradient
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