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Linearization Procedure of Multi-DOF L
Nonlinear Equations of Motion Straight ahead at
Constant Speed?

Definition of Motion Equations
Degrees of Freedom: NO
Sprung 6 (Translationx 3, Rotationx 3)
Unsprung Vertical 1 x 4 Places
Steering Angle 1

Calculation of Cp at Balance of Motion
Calculate the following using auxiliary equations
+  Steady State Turning: Equivalent Cp in

account of Roll Stiffness
*  During Acceleration / Deceleration:

Equivalent Cp under Quasi State 1)

Definition of Tire Model
Magic Formula
(Pacejka: Compliant to “Tire and Vehicle
Dynamics 2012”)

Linear Analysis Execution

* Eigenvalue Analysis

Linearization processing *  Frequency Characteristics (Bode Diagram)
Motion Equations: Calculation of State * US/O0S Characteristics etc.
Space Matrix by Taylor Expansion l

* = Ax+ Bu

Tire model: Calculation of Equivalent ( End Analyss )
Cornering Stiffness by B Partial Differential

Fig.1. Analysis Flow of Linearized Model
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Fig.2a Body Coordinate System
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Study on Linearization Method of Nonlinear Vehicle Mathematical Model
consisting of Vehicle Equations of Motion and Nonlinear Tire Characteristics

Masaki IZAWA, Kazuhito MISAJI, and Ichiro KAGEYAMA
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Lyg + L,(p* =) + Uy = I)rp = M,,
L7 —L,p+ (Iy - Ix)pq + I,qr = M,

® i T—fLiThn LAEEORR

Yu éMedium Coord. Y [
Heave Roll -Pitch @ =p+qtanfsing + rtanfcos @
0= gcos@ —rsing
Fig.2b Medium Coordinate System Y =rcosp/cos@ + qsing /cosb

& AT 7T ROEH TR
AT TV RIIAEAINC KL HED R
Wz,
I8 + C8 + Ko(8 — @) = E(Cppr* Brr + Copr - Br1)
7277 LEBEdR @Y £=0 & LTHIR
R & B EEPEMmepEic me L@,

Sy

UUTIC/ERfTE, E— A F&2RT.

. . . o 2 N
Fig.2c Tire Coordinate System & JANTal)
Fpoup = —Ki(Zoup — Z118) —
3. 2 E# e Cii(W2ii g — Waii )
e e S 7D e — R ..
= VITERA B R OREW 66 2 =~ 7=72U ii = fr,fl,rl,rr
Tablel Model Parameters o X AYHEhH
Fyoiir = ~Cyuf
yO0ii_ piiPii
Sprung Mass m, 1250 [kg] -1
Unsprung Mass my 30 [kg] Bii = tan (voii_M/uOii_M) - Sii
Moment of Inertia L1y, 1, 680, 1920, 2580 [kgm?] f: fi L/ il = fr ) fl ) rl ,TT
Tire Moment of Inertia Ly, L 1.0, 1.0 [kgm?] = N _ _
Product of Inertia Ly Lz, Lz 0,0, -18.0 [kgm?] K@H#T{i 6” = O, 67”1” =0
Spring Rate Kpr) Kpt, Ky, Ky 50,50,22.5,22.5 [kN/m] [ J ft%ﬁ )\7']
Damping Coefficient Crrs Cr1 Gy Gy 2.4,2.4,2.4,2.4 [kNs/m] F _ K
.s = — . Z .s —_— Z .s
Tire Spring Rate Ktire 265[kN/m] z1i M ilre( Lii M OLL‘M)
Cornering Stiffness By (O 55,55,60,60 x10° [N/rad] 722U ii=fr,fl,rl,rr
Tread Ters Tee Tt s T 0.765,0.765,0.75,0.75 [m] ® &ingﬁ_@ﬁ$%ﬁ
Distance between Axel
e Lev, LpyLyg, Ly 1.02,1.02,1.56,1.56 [m] 21ii u= _(Fzzii M= leii M m19)/m1
Distance bet N ‘s
Unsprung mass and €OG s HayuHiruHarmHy 016, 016, 016, 016, 0.16 m) 72720 ii=fr,fl,rl,rr
Tire Radius Ry 0.32 [m] Y Ejj
Steer System Properties I, K Cs 0.05[kgm?],127 [Nm/rad],4[Nms/rad] .
Tire Slip Angle i [rad] Fyg g = —mygsin 0
Steering Wheel Angle o [rad] Fyg B = ng sin (p cos 0
AN N’ = —
ME‘E%T%@K% (%0) 1) FZgB = myg Cos(pcosg
S S _
ARifr JERi L fefe rl o Atk rr TR L g mANERE & L
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BE L2 A7 EOBR0 TR 1 Eht 2 g =-980665 [n/s’]
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Fig.4 Tire Equivalent Cornering Power
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Fig.5 Comparison Results
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Fig.6 Equivalent Cornering Power
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Table2 Parameters on Steady State Turn

Y N I R
Ay[m/s?]
fr

fl rl T fr fl rl T

0 4009.7 4009.7 2707.9 2707.9 55114 55114 59324 59324
1.000 42956 36982 25752 28662 57945 50823 56061 61999
2000 4597.4 3398.0 24289 3011.0 59596 45722 51541 63083
3000 49028 30951 2280.3 3156.9 59634 39826 46149 62666
4.000 5213.8 2788.1 21284 33047 57698 33297 40016 60510
5000 55322 24756 19722 34549 53296 26317 33288 56327
6.000 5860.7 21558 1810.0 3608.2 45704 19084 26124 49761
7.000 6202.8 1827.5 1639.7 3764.6 33762 11807 18709 40379
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Fig.7 Steady State Turn
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Fig.9 Comparison of Frequency Response
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