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2 Karnopp

® Modified Skyhook Control
* Ground-hook
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! Magneto rheological damper
2 Bi-viscous

® Bouc-wen

* Sliding Mod

> Hybrid Control



Sy 5 oS 1) Jld g Jldpd slapianw o WS 05,06l pls S o Lais g0l g0
Sl 0aisS ey (63959 3y i b 0950 b ajeSns jetd 4l p ol purbline g4
00iiS e Sl jslaie (nl (6l S oo Joo b 5l Brae bosisS e gl cupd oS
Seoliys Lo 4 oS e ol sla S 5l wadioe 0, 0y omsblie Jlow 4 jgne
oaS 1en [YO] Conl (65, 05 Gpan g S JLem & gy Sloj el w0l a5 ué
oozl Jladaas sulad slopiu ;5 Lan dind odsS e £55 o jools a5 35 Sy 5 yho
2 2l U8 g J slapiacw (0 gy Jladie JuS lp ad 4l a5 jsbles gl oo
onlio u>_J,MS Cylgd &9 L .ol saoolail S5 ‘511,_.5 sl g, 5l Jled doss sl e
4 ‘_,,Jf.S ng.’;!);;wl Aol Jles C;LQW L ocols, LB &‘53‘50 Jedaas 6L‘°W > Slos
L Jddes slapinnw 10 oS Golas ol b el Jlad slapins alin Jldaes sl
s xS0 8 0gr ke Bl o aiiSlhe gle Bro el 4 gy Gl Glo

A2 co psd ) 0aiiS e ol e o po il Jleddas slapiiins jo 0aisS S

Coond (sl 385 (55l el pls ] e slooaST e Jleddoss §uded it Lol iso
b sl b ol g S S Sl S i S Gl 3 et 2
a aily [ ol olgse Lol aiias aialy o 4 boaisST e Ygone 0,50 8 4293350

Candls 5 Olld g Condge



:Ls'bo.).;.;ﬂﬁ.n &‘54‘
Shol glooasSl,e 0

eblizog wSU Jlow b oaisST o o

Joabisls il L oosSTe o

siie Sladizg, b oS e

bl Jloas 4 340 005 T pro 1 F-)
o055 glio o alli s ( Sy aile cilisee sloaba> o diaden SVl 5l ealitl o555l

o5 ga ool g a3l 5 o3l Slabs )| s sl

b sl ogtion el el 0aiS e Jlazslay 4 (blise Jlow & 4200 00T e

dol ol g g0 oolaiwl (Oblug JpuS cod ials Cyz o) 5 sleasl,y 5l slos s
e Sl (sgian plail s 290 [YV] (oS boseels (Jorosil 12 00T Jol
00aiiST s gty 5| Sgliie Syt 6o 00iiSTiae pl sl [0 slalSl o Siis oS
g 9 axbl w5 esp gpele (SUlKe Sl gl g el (Jsene (Sgy0en
00T 55 ol ST 5 S el 0B LSET okirad o] 55 4 oliiag 2SI
2 95790 L jguins Byl jl aS solr Luylyl b cdillae jglaiedy (redle 0aiiSThe (59,5 Jladaoss
Slr P ssbar a5 ey Joe b Glowl Joe 02 )58l Lasgi 5wl oo 005850 J555 5,09
Ol Sl el &5 (SOl by bapi sl (nl 0gdo0 JpuST el Sk jshaie

L)“')Jl )J‘)J odwl g9 A uslhol.a «59.»...: w..cblS —>g0 aS "’s”"‘SLS“ él.?u‘ ‘) 09.»..:‘54 ‘suu-bl—t.’.@

! Magneto rheological damper (MR damper)
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comparing suspension deflection
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comparing tire deflection

0.12 T T

0.1

0.08

0.06

z -z(m)

u-r

0.041

0.02fF

LY L

= SASS

ﬂ EmEEnm PSS

-0.02 L L
0 2 4

time (s)

JWd,e 5 Jdaas 3lss piagw 10 00l 4 s Blas i 0y jeme olule anglie :D-0 S

comparing suspension deflection

—— SASS
008- ” EEEEEm PSS 7
0.06F 1
0.04F s 1
E oo2p R ]
g L —
N Y
-0.02} ] -
0.04} ]
-0.06} i 1
]
_0.08 L L L L
0 2 4 6 8 10

time (s)

Jbd e g Jldanas Golad pivw 10 Budad pivon aals Ol sy Ao lie :#-0 SUS

A



finr (N)

MR Damper force

1000 L L} L L}

500 .
0 A~ P""

-500F .
-1000f .
-1500F .
-2000 L L L ﬁ L

0 2 4 6 8 10
time (s)
L,;mi.'al;.s‘m JL:....; 4 Mo oA.l.;S‘).:.c (59).3.3 V-0 wa)
adaptive parameter
2.5 L L} L L}
— datal
2t i
— datad
15 — data5 -
data6
L) —— f ’
0 5 — data9 |
0 -E/

-0.5F \ -

1k -

-1.5F .

_2 L I L I
0 2 4 6 8 10
time (s)

~

9 (_gl.a:).';a‘)li @‘)‘i""z’ A-0O JS..»

£



ools Hlas -0 UKo o aS oyl cewlie Jl8, cwndlise Jlow 4 jemme 0S| (694,9 5L

3 oo 0 Sles oleiing Sy Ay 9wt sgazme b JUSew plas a5 W Ol oo cnlple

ol 00ls ylid 095 5l ol ulazel ol

15F

v (V)

0.5

2 4

8 10
time (s)

ol 0S4y Jlasl 5LJs -0 JSs

Soleaiy (S Glesigy (2955 LS amslie 0-0

Bgd oo il e Olanye JIKGI Lo 3l coliwl b (29,5 gl awlio 4 ion cpl o

Sledg, 51 SO o 5l &Sz 725, 25— 27y, 2y

Zr s e slp b Sl JIS

9 peiiome i 6318 Ly 0uisS sguze b o 95y (silw s o sty (il b (J S

el oo oolo HLaS VY0 Ko BY + -0 JSKb 50 csloe] Cansdds puine mé Shdat o316



-3

X 10 comparing body displacement error
5 T T T -,
w e w foedhack iIneanzation
innefeedbhack lineanzation with saturation A
4} == =direct adaptive fuzzy S s
w— indirect adaptive fuzzy 2
3F J
~
£
oy
N
2+ -
1 B ‘l“lﬂmmn'-l-----'----l- =
0 1 1 1 1
0 2 4 6 8 10
time (s)

S lais, plet win obule slas Slay e JIK5) dnslie 1) +-0 S

comparing body acceleration error
25 T L] Ll T
== «feedback linearization
v feedback linearization with saturatior i i e et a
20| === direct adaptive fuzzy -
= indirect adaptive fuzzy
15- :)'lllllllllIlllltlllllllllllllllﬂ
>
10+ 8
5 -
’\Iﬂl-D-l-ll-ll-i-l-l-l‘l-'!-UJ
0 L 1 1 1
0 2 4 6 8 10
time (s)

SIS o, ples s it sl Slasya J1K51 dslio ) 1-0 S

A



X 10-3 comparing tire deflection error
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Abstract

This Thesis uses, a semi-active suspension system for a quarter car model, using the
nonlinear effect by magneto rheological damper. In order to supply the required voltage
of the magneto rheological damper, and providing the variable damping necessary for
supplying the active force for a semi active suspension system, as well as analyzing the
transient and steady state characteristics in response to road disturbances. Control
methods such as feedback linearization control and direct and indirect adaptive fuzzy
control have been studied and executed. This study asses the stability of controlling
system in which the validity of controlling method is confirmed through stability
analysis and results of the simulation. At first, feedback linearization control introduced.
Adaptive fuzzy control is an efficient controller for uncertainty of nonlinear systems. At
the end, direct and indirect adaptive fuzzy controlling method due to robust tracking
performance, guarantee of stability and response with high accuracy is suggested. The
inputs of fuzzy controller are body’s relocation and velocity. According to the
simulation results, the proposed control methods provide comfort for passengers while
the vehicle passes a bump, after that, it provides a Vehicle handling which determine the
superior performance of the semi-active suspension system in comparison to passive

suspension system.

Keywords: Semi-active suspension system, Magneto rheological damper, Variable
damping, Adaptive fuzzy control, Feedback linearization, Stability analysis,

Uncertainty, Vehicle handling, passenger comfort

AY



Sharood University of Technology

Faculty of Electrical & Robotic Engineering

M.Sc. Thesis in Control Engineering

Adaptive Fuzzy Control of a Semi-active Suspension

System Equipped by a Magneto Rheological Damper

Samaneh Adel

Supervisor:

Dr. Mohammad Mehdi Fateh

February 2016

AY



