[ Downloaded from mme.modares.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.10275940.1397.18.3.24.5 ]

28-19 yoye 03 o leuds 18 0,93 1397 3133 (Yoo Sl (wIdgeo Alxo

A3 ke dalinle =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir TR

9095 (G131 4> 38 90 GaaT i (ST &5 o Dlr o Pl b 9 (S9Kim S
D@ b (531 ouuis” J gus” Sl oalaial b

2 5alla gane ol gasaas LAl g e

Ol el (gimbo oS3 (Sl g syl polis )8 -1

Ol oy (inine oK (SlSn s )lydlial -2
mahmoodabadi@sirjantech.ac.ir 7813733385 _iuy §siio ¢\l yous

LRV Al Ol
b (oalj] )3 93 Belas s Sy )3 S5 (66 08 J S sl ol 5 (gl S ppie Slase S (293 b, lie ol 5 S otag, Ao
. . . . . T - 1396 31 01 :cdl,

oot &y (295 S5 (99939 93 P 2 &5 (G118 s 93 Oloiuday (SIS gy (Db 50 sl 0 Sl Ak p e e el 2
: a ¢ . o e = . P . 13960».@507 Y
o jlogi (639)9 b (glp (w5l Cugis Bl 3l eslatel bl oud a3 S e > il oo (5B oS- ST gl iy g Cannn 1396 1241 02 il > 4
Ul sl b oad asle (gl clapiums whad Sk g5 lapium She (1:ke jloibid g oo fols gl Hgige SLs/REY
S el (35 sty Gl el 0ad Jlosl Blail (pled (lul sl Sebl (6yeT elate ol slp Wsde Sy Sy Jo
Py O o 2ol Gan 63 )59 Egetme winysSdl cpl )3 anl o 03 IS0 LS sorinn (ilodingg winyeSIl oniS S S e Slaye Jilas
038 558 camlio Lulps bl 45 bl )l 43,5 15 ool 3,90 Ban @l lgic & 4h Olid pwizmen g pl g odd (odnyid At b (g3l8 oS

S st )

oo i JSitio cnl U sl edili ooy 365 008 S it alpd S My S i el o (0 (primed 5 ol Coal Sl )
SNl 423 93 el s

350 LB gl (19 &b g aly @l ((Soluan gled ol 1 2l90 29y (558 &5 sl 0 Doty S oo Slaye Sl (065l
lie S5 (g At Slapans b gl 5 ond Jlosl @3] 4353 93 3l i e Juols badyy Jio Culeg o sl dless s

Gl 0l

Moving least square online predictive model for two degrees of freedom
suspension system using optimal adaptive fuzzy controller

Mohammad Javanbakht, Mohammad Javad Mahmoodabadi”

Department of Mechanical Engineering, Sirjan University of Technology, Sirjan, Iran
*P.0.B. 7813733385, Sirjan, Iran, mahmoodabadi@sirjantech.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper The Moving Least Square (MLS) interpolation method is proposed for approximation of adaptive fuzzy
Received 22 November 2017 controller parameters for two degrees of freedom suspension system and each one has two inputs, one
Accepted 27 January 2018 output with twenty-five linguistic fuzzy IF-THEN rules. Fuzzy systems are designed by using five

Available Online 21 February 2018 . ) : . . - . e
variable Online 2% February Gaussian membership functions for each input, product inference engine, singleton fuzzifier and center

Keywords: average defuzzifier. The constructed fuzzy systems is composed with adaptation rules. For this purpose,

Predictive Model Lyapunove approach is implemented for stability of the adaptation rules. The Gravity Search Algorithm
Moving Least Square (GSA) is implemented for achieve the optimum controller parameters. The relative displacement
Optimal Adaptive Fuzzy Controller between sprung mass and tire and the body acceleration are two objective functions used in the
Gravity Search Algorithm optimization algorithm. Since, choose the suitable controller coefficients are important and when the

Two Degrees of Freedom Suspension System . .. .
9 P 4 parameter of the system change, Optimum coefficients of the controller will also change. In order to

solve this obstacle, the MLS predictive model is purposed that is interpolation method based on a radius
of the neighborhood, a basis function and a weight function for points of interest. Finally online model
is implemented on the two degrees of freedom suspension system and results compared with the offline
optimal systems.
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Fig. 1 The model of two degrees of freedom active suspension [4]
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Fig. 6 The control force for m; = 100, m; = 150, m, = 200, my = 250, my = 300 and m, = 350 for the vehicle suspension system
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Table 2 Different masses with optimal design variables in the two degrees of freedom suspension system

ae >hb sl sie

F(e,é) G(e,é) s) s pr
-11229.5443 -10854.2557 7.87216899 -2.55297638 100
-11842.3064 -11021.0613 1.66146539 -8.42767166 150
-11185.5542 -10231.1275 712741010 -1.03041406 200
-11676.6590 -11336.9383 -6.37236314 -5.558566094 250
-11967.3935 -10427.8065 5.27679824 -1.98000383 300
-11842.3064 -11021.0613 1.66146539 -5.42767166 350
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Table 3 The optimum values of f; ;, and g; ;, in the fuzzy systems F (e, é) and G (e, é) for m; = 100
s fiyi, 4inge polio b gy, e polie

fis = —11305.89 f,s = —3623.17 f35 = 0.07 fas = 3654.13 fos = 10332.63 g;5 = 0.53 g,5 = 0.63 g35 = —0.80g,5 = 0.03 ggs = —3.79
fia = —11380.43 f,, = —4238.89 f;, = 0.96 fasa = 4007.88 f5, = 10955.54 g,, = —0.22g,, = 0.16 g3, = 0.59 g,, = 0.75 gc, = 0.99
fiz = —10178.11 f,5 = —4968.66 f3; = —163.93 f,; = 3170.16 fs; = 11748.99 9,5 = 0.63 g3 = 0.24 933 = 0.51 g,; = —8.28 g5, = 0.67
fiz = —11970.74 f,, = —4425.34 f;, = 315.56 f,, = 5083.51fs, = 11776.94g,, = 0.72 g,, = 1.72g3, = 0.19 g,, = 0.63 g5, = 0.91
fin=—11421.60f,, = —2761.94f;, = 0.76  f,, = 4277.69 fs; = 11113.38¢9,, = —5.11g,, = 0.33g5, = 0.81 g, = —1.59g5, = 0.78
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Table 4 The optimum values of f; ;, and g; ;, in the fuzzy systems F (e, é) and G (e, é) for m; = 350

W fiyi, aise polie & i i, dorte polie
fis = —11.38.87 f,s = —3983.55 f;5 = 0.85 fas = 2620.28 f55 = 10867.14 g,5 = 0.95 g,5 = 0.83 g35 = —2.30 g45 = 0.35 gg5 = —9.09
fia = —11456.31 f,, = —3591.86 f;, = 1.05 fasa = 4321.85 f;, = 10579.28 g, = 0.63 g,, = 0.77 g3, = 041 g,, =082 g5, =0.33
fis = —10571.31 fps = —3935.98 fa3 = —290.21 f,5 = 2507.19 fuy = 11059.94 g,5 = 112 gps = 0.86 gas = 0.37 gas = —L.65 gos = 0.15
Fiy = 11711.67 fpy = —4179.26 fop = 311.86 f,, = 4899.13 fo, = 11264.52 g,, = 0.58 gpp = 0.24 gy = 1.12 g, = 0.98 ge, = 0.78
fi1 = —11135.14 f,, = —2190.57 f;; = 0.38 fiy =4651.37 f5; =11001.17 g,; = 7.01g,; = 040 g3, = 0.53 g4 = —2.59g5; = 0.85
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Fig. 7 Comparison of the time responses of the relative displacement between sprung mass and tire in predictive MLS model, offline model and
Bouazara [4] for the vehicle suspension system
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Fig. 8 Comparison of the time responses of the body acceleration in predictive model MLS, offline model and Bouazara [4] for the vehicle

suspension system
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Table 5 Comparison of the integral of the absolute values of graphs in Figures 7 and 8
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