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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionThe industrial ontextManufaturingDamper prototypesMass-produtionHeliopter underarriagesTesting benhes
Tests & Validation

Testing benhesTesting arsSensors & aquisitionboards

Researh & Development
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionThe ollaboration ontextSLR team - GIPSA-labSemi-ative suspension modeling and ontrol
◮ [Sammier, 2001, PhD. thesis℄Ative suspension ontrol toward Global Chassis Control
◮ [Zin, 2005, PhD. thesis℄Robust multivariable LPV automotive Global Chassis Control
◮ [C. Poussot-Vassal, 2008, PhD. thesis℄Robust vehile dynamis LPV ontrol : omfort and safetyimprovement
◮ [A. Lam Do, PhD. thesis℄ (in progress)TEC Monterrey (PCP program - 6 months visit)Magneto-rheologial (MR) dampers modelingSemi-ative damper ontrolS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 5/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionThe role of suspensions SpringChassis holdingDamperMinimize :sprung massvibrations
◮ Comfortwheeldisplaements
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionVarious suspension typesPassive
Most widely usedsuspension typeSimple and eonomialCan be optimized ◮CRONE approah[Moreau, 1995℄,[Oustaloup et Mathieu,1999℄

AtiveWidely studied, rarelyused [Hrovat, 1997℄,[Karnopp, 1983℄,[Sammier, 2003℄Expensive, high poweronsumption, highperformane
Semi-ative

Under development,already usedModerate ost and poweronsumption, improvedperformanesS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 7/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionPrevious studies on semi-ative suspension ontrolClipped semi-ative suspension ontrolLQ : omplex, state measurement
◮ [Tseng et al., 1994℄MPC based : involve optimization, state measurement
◮ [Canale et al., 2006℄, [Giorgetti et al., 2006℄, [Sammier etal., 2003℄
H∞

◮ [Sammier et al., 2003℄Dediated semi-ative suspension ontrol
H∞/LPV ontrol
◮ [Poussot-Vassal, 2008℄, [Do et al., 2010℄ADD, Mixed SH-ADD : easily implementable, de�etionveloity measurement, omfort oriented
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionPhD ontributionsControl oriented damper models
H∞ observerUnknown input observerFew sensors requiredLPV/H∞ suspension ontrolLoal(damper) and global(vehile) ontrolAdjustable performaneDamper non linearities/abilities (LPV)System developmentSensors and atuator hoieVehile preparation (ables, sensors, dampers, ontrol boards)Control boards programingS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 9/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives ContextObjetives and ontributionPubliationsConferene papersVehile modeling and analysis
◮ 17th IFAC World Congress 2008
◮ 7th EUROSIM Congress on modeling and simulation (o-author)
◮ "Journées Automatique et Automobile" (JAA GRDMACS) 2007Observer design methodology
◮ IEEE Multi-Conferene on Systems and Control 2009
◮ IFAC Symposium Advanes in Automotive Control 2010
H∞/LPV ontrol strategy
◮ European Control Conferene 2009
◮ 11th Mini Conferene on Vehile System Dynamis, Identi�ation andAnomalies 2008Journal papers in preparation�Full vertial ar observer design methodology for on-boardsuspension ontrol appliations��Semi-ative H∞/LPV ontrol for a full vertial ar equippedwith industrial hydrauli dampers�S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 10/60
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives DesriptionModelingSystem desription
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives DesriptionModelingIdenti�ed damper modelQuasi-stati damper behavior[Guo et al., 2006℄F (t) = (A1ud + A2) tanh(A3żdef+A4zdef ) + A5żdef + A6zdef + A7
◮ Constant parameters Ai identi�ed fromexperimental data
◮ Damper non-linearity & hysteresisDynamial damper behaviorI (s)ud (s) =

G
( s
ωd)2

+ 2ζd s
ωd + 1

◮ Atuator bandwidth
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives DesriptionModelingThe vehile modelVertial full-ar model (7 DOF)
{m  , I  ,  I  }s x y

{m     }us 1

{m     }us 2
{m     }us 3

z s

zus 1
zus 2

zus 3
z s

xs ysDi�erential equations














ms z̈s= −(Fs1 + Fs2 + Fs3 + Fs4 )musi z̈usi= Fsi − Fti , i = 1, ..,4Ix θ̈= (Fs1 − Fs2 )tf +(Fs3 − Fs4)trIy φ̈= (Fs4 + Fs3 )lr−(Fs2 + Fs1)lf 





Fsi = ki zdefi+F (zdef , żdef , ui )Fti =kti (zusi −zri )zdefi = zsi − zusiF (zdef , żdef , ui ) linear for synthesis, nonlinear for simulationsS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 14/60
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsHierarhial ontrol arhiteture
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsArhiteture harateristisFull-state observerTo redue the number of sensorsGlobal vehiule ontroller
H∞ LPV state-feedbak ontrollerLPV to ensure dissipativity onstraintDamper fore referene generation for eah damperComfort/roadholding trade-o� optimizationLoal damper ontrollersMixed H∞/H2 LPV dynami output feedbak ontrollerLPV to aount for damper nonlinearitiesS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 17/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsControl arhiteture
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ρv (ẑdef , ˆ̇zdef ,F ∗)

�

�ontrollers ontroller�
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsFull vertial ar observer [Koenig, 2008℄Measured variables :4 unsprung mass aelerations, 3 sprung mass aelerationsFull-ar linear model :
{ ẋ = Ax + Dxvy = Cx + Dyv Full-state observer :

{ ż = Nz+Lyx̂ = z − Eyė = ẋ − ˙̂x = Ne + (PA− KC − N)x + (PDx − LDy )v + EDy v̇Where P = I + EC and K = L+ NE .Stability onditions :
{ N is HurwitzN = PA− KC Deoupling onditions :

{ EDy = 0LDy − PDx = 0LDy − PDx = 0 may not be solvable or lead to inonvenient poleplaement ⇒ H∞-observer ⇒ N, L and ES. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 19/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation results
H∞ observer synthesisMethod1 E parameterized s.t. EDy = 02 N = PA− KCė = Ne + (PDx − LDy )v ⇔ ė = Ae + Bv

H∞ disturbane attenuationAppliation of the Bounded Real Lemma [Sherer and Weiland, 1999℄




ATP + PA PB CT
∗ −γI DT
∗ ∗ −γI



 ≺ 0+ Observer pole plaement [Chilali et al., 1999℄
D =

{z ∈ C : L+ zM + z∗MT ≺ 0}








L⊗ X +M ⊗ (XA) MT1 ⊗ (XB) MT2 ⊗ CT
+MT ⊗ (ATX )

∗ −γI DT
∗ ∗ −γI
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsExperimental set-up and measured variables
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(Renault Laguna GT)Notation Desription Full sale Used in...z̈us1,2,3,4 Wheel vertial aelerations +/- 50g ◮ Observer inputz̈s1,2,3 Chassis vertial aeleration +/- 5g ◮ Observer inputzdef1,2,3,4 Front left suspension de�etion 0-20m ◮ Validation
θ̇, φ̇ Roll and pith veloities 0-150deg/s ◮ ValidationF1,2,3,4 Damper fores Con�dential ◮ Loal damper ontrolS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 21/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsReal time estimation results from experimentsDe�etion veloity (front left)
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsReal time estimation results from experimentsUnsprung mass veloity (front left)
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsReal time estimation results from experimentsPith angular veloity
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsReal time estimation results from experiments
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsControl arhiteture
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsLPV damper modelStati damper model ◮ Nonlinear stati gainF = (A1ud + A2) tanh(A3żdef + A4zdef ) + A5żdef + A6zdef + A7
= ρd (zdef , żdef )ud + F0(zdef , żdef )Damper dynamial behavior ◮ Bandwidth haraterizationD(s) = ρd (zdef , żdef )

( s
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1

( s
ωd )2 + 2ζd s
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żdefzdef
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsController synthesis
- DamperKd (s) 3
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Mixed H∞/H2 LPV synthesisTraking performanes ◮ H∞ onstraintControl signal energy bound ◮ H2 onstraintStability of the losed-loop LPV systemS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 28/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsDamper ontroller synthesisDamper model D(s) = ρd (zdef , żdef )
( s
ωd )2

+ 2ζd s
ωd + 1Generalized system
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsSynthesis inequalities
H∞ performane for LPV systems (Bounded Real Lemma)[Apkarian et al., 1995℄, [Sherer and Weiland, 2005℄





AT (ρd )P + PA(ρd ) PB C∞T
∗ −γ0I D∞

T
∗ ∗ −γ0I 

 ≺ 0
H2 performane for LPV systems

(

AT (ρd )P + PA(ρd ) PB
∗ −I

)

≺ 0, ( K CT2
∗ Z )

≻ 0, Tr(Z) > σ0Pole plaement onstraints
D =

{z ∈ C : L+ zM + z∗MT ≺ 0}
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsLPV ontrol - Polytopi approahPolytopi approah [Apkarian et al., 1995℄, [Sherer andWeiland, 2005℄Extremal parameters ◮ polytopeSingle Lyapunov funtion ◮ onservatismSynthesis ◮ one ontroller for eah vertexLPV ontrollerKd (ρ) = 2p
∑k=1αk (ρ)Kdk

αk(ρ) = ∏pj=1 | ρ(j)−Θk |
∏pj=1 | ρ− ρ |

-

6

ρ1
ρ2

K(ρ1, ρ2)
K(ρ1, ρ2)K(ρ1, ρ2)

K(ρ1, ρ2) K(ρ)

S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 31/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsExperimental set-up

Testing benhRamp de�etions (żdef = 0.05m/s)Dspae aquisition & damper ontrol boardClosed-loop damper (measured fore)S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 32/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsExperimental results : LTI ontrol
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsExperimental results : LPV ontrol
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsExperimental results : synthesis
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsControl arhiteture
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsObjetivesMinimize the H∞-norm of the input-output relationsRelation Frequeny rangezri 7→ z̈s , i ∈ [1, 4] [4-20℄Hzzri 7→ zs , i ∈ [1, 4] [0-5℄Hzzri 7→ zusi , i ∈ [1, 4] [0-20℄HzMx 7→ θ [0-5℄HzMy 7→ φ [0-5℄Hz[Sammier, 2001℄Compute ahievable semi-ative fore referenesEnsure the dissipativity onstraintS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 37/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsGeneralized plant
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsSheduling strategy to ensure dissipativity onstraint
Damper force range

Damper force vs deflection velocity

Ahievable damper fore rangeF (umin) = (A1udmin + A2) tanh(A3 żdef + A4zdef )+A5żdef + A6zdef + A7F (umax ) = (A1udmax + A2) tanh(A3żdef + A4zdef )+A5żdef + A6zdef + A7Dynamial fore referene saturationF = min(F (umin), F (umax ))F = max(F (umin), F (umax ))Frea = min(max(F∗, F ), F )Parameter alulationWu(ρv ) = ρv = (ρv − ρv )min(ǫ, |Frea − F∗|) + ρvExtension of previous results [Poussot-Vassal, 2008℄Full vertial arStati state-feedbak ontrollerIdenti�ed damper model based shedulingS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 39/60
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsComplete ontrol strategy simulationsSimulation of the whole system :Nonlinear vehile modelObserver ⇒ State estimationLoal ontroller ⇒ Fore referene trakingGlobal ontroller ⇒ Fore referene generationVehiles under study :1 Passive linear damper with minimal damping rate,2 Passive linear damper with maximal damping rate,3 Ative damper,4 Semi-ative LPV ontrol,5 Semi-ative ADD ontrol (Aeleration Driven Damper)[Savaresi et al., 2005℄damping rate= { max if z̈si (żsi − żusi ) > 0min if z̈si (żsi − żusi ) < 0S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 40/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsTime-domain simulations with random road disturbaneAhievable fore range and fore referene
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsFrequeny-domain simulations of the nonlinear vehile modelClassial alulation method [Savaresi et al., 2010℄
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsFrequeny-domain simulations of the nonlinear vehile modelClassial alulation method [Savaresi et al., 2010℄
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetives IntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation resultsPerformane riteriaPerformane riteria :PSDf1→f2(X (f )) = √

∫ f2f1 X 2(f ) · dfComparison to nominal passive :z̈s/zr zs/zr zus/zr ψ/zrAtive H∞ 11% 17 % 24 % 2%LPV H∞ 8% 15 % 22 % -2%ADD 18% 7 % -7 % -4%S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 44/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSummary1 IntrodutionContextObjetives and ontribution2 System analysis and modelingDesriptionModeling3 Control strategyIntrodutionObserver design and experimental resultsLoal damper ontrol and experimental resultsGlobal vehile ontrol and simulation results4 Conlusion and perspetivesS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 45/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesConlusionContributionObserver design methodologyComplete and �exible suspension ontrol methodologyImproved omfort and roadholdingAdjustable performane spei�ationsAhievable fore refereneLoal damper ontrol ⇒ NonlinearitiesImplementable ontrol strategyPerspetivesVehile ontroller : implementation and tests in pratieGlobal hassis ontrolFeedforward ontrolS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 46/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesConlusion
Questions
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesExperiment 1 : protoolSine de�etions : various amplitudes, frequenies and ontrolsignals (onstant)Sine wave Freq. [Hz℄ Amp. [mm℄ Control [%℄Sine 1 1.5 1 0, 33, 66 and 100Sine 2 1.5 10.5 0, 33, 66 and 100Sine 3 1.5 21 0, 33, 66 and 100Sine 4 12 1.4 0, 33, 66 and 100Sine 5 12 4.1 0, 33, 66 and 100Sine 6 12 6.9 0, 33, 66 and 100S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 48/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesExperiment 1 : results
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesExperiment 2
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesIdenti�ed model validation : fore de�etionMinimal ontrol signalOther sine de�etions (di�erent amplitudes and frequenies)
⇒ Max relative error : 5.3%
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesIdenti�ed model validation : fore veloity
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation results : LTI vs LPV ontrollerDamper fore and traking error :
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation results : LTI vs LPV ontrollerDamper ontrol signal and de�etion veloity :
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulations
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation resultsMean relative error :
ǫr (F − F ∗) =

∑nk=1 |F (k)− F ∗(k)|F (k)
◮ F ∗ : Fore referene
◮ F : Damper fore
◮ n : Number of samplesResults : Case MRE∗LTI 11%LPV 5%

∗ Mean Relative ErrorS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 56/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesWeighting �ltersSystem Filter (Frequeny unit : Hz)z̈s 7→ z1 Wz̈s = Gz̈s ss+2πfz̈s fz̈s = 4Gz̈s = 0.01zs 7→ z2 Wzs = Gzs 2πfzss+2πfzs fzs = 5Gzs = 2
θ 7→ z7 Wθ = Gθ

2πfθs+2πfθ fθ = 5Gθ = 2
φ 7→ z8 Wφ = Gφ

2πfφs+2πfφ fθ = 5Gθ = 2zusi 7→ zj Wzus = Gzus 2πfzuss+2πfzus fzus = 20i ∈ [1, 4], j ∈ [3, 6] Gzus = 1w∞ 7→ zri W−1zr = Gzr 2πfzrs+2πfzr fzri = 20i ∈ [1, 4] Gzri = 1u 7→ zj Wui (ρvi ) = ρvii ∈ [1, 4], j ∈ [9, 12]S. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 57/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation results : Sprung and unsprung mass positions
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IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation results : sheduling oe�ients
0 1 2 3 4 5 6 7 8 9 10

0

0.2

0.4

0.6

0.8

1

Time [s]

S
us

pe
ns

io
n 

1:
 s

ch
ed

ul
in

g 
co

ef
fic

ie
nt

s

 

 

α
1
(ρ

v1
)

α
2
(ρ

v1
)

(α1, α2) = (1, 0) if F ∗ ahievable
(α1, α2) = (0, 1) if F ∗ not ahievableu automatially dereased if F ∗ outside the damper fore rangeS. Aubouet - PhD. defense, Otober, 25th 2010 Semi-ative suspension modeling and ontrol 59/60



IntrodutionSystem analysis and modelingControl strategyConlusion and perspetivesSimulation results
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