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Summary

Title: Study on the modeling of tire characteristics and the influence of tire

characteristics on vehicle dynamics

In recent years, the various driving assistance systems and control
systems aiming for the future automatic driving have been introduced to the
vehicles in market very rapidly and their functions are becoming diversified
and highly functional. In the developing phase of those systems, it is necessary
to verify and improve the performance to the functions as expected with
respect to various driving environments, scenes and driver operations. However,
it is almost impossible to carry out them experimentally by using actual
vehicles and systems in terms of manpower, time and costs. Therefore, recently
the simulation calculations are utilized very frequently for the developments of
vehicles and sub-systems, where it is a major premise that the vehicle
dynamics behavior, which is the most fundamental and important function of
the vehicle, can be accurately simulated. However, in most of vehicle and tire
dynamics studies in the past, a flat and even road surface is assumed, so very
few studies considering the road undulation and unevenness have been reported
and the understanding of phenomena and the elucidation of mechanism are
insufficient.

Considering the above mentioned backgrounds, the author have
developed the tire models which fits to the experimental results from the
standpoint that the accurate tire models are most important for improving the
accuracy of analysis and simulation of vehicle dynamics behavior. In addition,
the studies in which the developed tire models were applied to the vehicle
dynamics analysis have been performed to verify their effectiveness. In those
studies, the emphasis was placed on the phenomena especially on uneven roads.
This paper reports the results of those studies.

This thesis consists of seven chapters including introduction and
conclusion.

In Chapter 2, the software system that can create so-called Magic
Formula tire models that closely agree with the experimental data was
developed and as an application, the quantitative differences of tires for
passenger and commercial vehicles on dry, wet and ice roads were presented.
The Magic Formula is the tire model at steady state conditions and is the

identification model using the experimental data.




In Chapter 3, the new tire overturning moment model was developed
which can reduce the errors with measured data than the former model. The
new model is an identification model in which the error between the former
model and the experimental data was expressed by the same equations of side
force of Magic Formula. Then, the new tire model was introduced to the
vehicle rollover simulation. It was confirmed that the closer simulated results
to the experimental results can be obtained when the new overturning model is
used.

In chapter 4, the simulation model of the vehicle braking performance on
undulated roads was developed and it was validated by the experiments. In the
simulation model, the braking force characteristics of the tire were expressed
by Magic Formula. Then, the relation between the suspension longitudinal
support characteristics and the stopping distance of the vehicle was analyzed
by the experiments and simulation, which was not elucidated. It was found that
both the longitudinal stiffness and the damping characteristics of the
suspension influence the stopping distance.

In chapter 5, supposing the tire cornering on uneven roads, the responses
of side force and aligning moment under time-varying vertical load were
investigated by experiments at first. It was found that those responses cannot
be explained by steady state characteristics. Namely, the waveforms change as
the frequency increases and the average value of side force decreases not only
by the static loss but also by the dynamic loss. Therefore, the new transient
response model was developed. In that model, by referring the concept of the
tire string model with tread elements, the equivalent slip angle was newly
introduced by using the lateral displacement of the string at the leading edge
and the intersection length. Then the side force and the aligning moment were
calculated by using the equivalent slip angle and the vertical load in Magic
Formula. In addition, the function representing the relationship between the
equivalent slip angle and the intersection length was newly proposed.
Regarding the response of the side force, it was confirmed that the new model
agrees well with the experiments in the range of wavelengths of undulation
longer than about 1 m. As this model can be applied to transient vertical load
fluctuations up to the large slip angle range, this model is the culmination tire
model of side force and aligning moment in this study, which also covers the
nonlinear steady state characteristics.

Chapter 6 showed the results of the application of the new tire transient
response model developed in Chapter 5 to the vehicle dynamics analysis. From

the simulation results of the vehicle behavior when the sinusoidal steering




angle was given on undulated roads, it was found that the average value of
vehicle lateral acceleration decreases on the undulation of long wavelength, but
that it conversely increases on the undulation of short wavelength, if the
transient property of tire side force is considered. If only the steady state
characteristics are considered, it decreases regardless of the wavelengths. The
mechanism of these changes can be understood by analyzing in details the
fluctuations of the tire state variables such as side force and intersection length

of four tires.
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Chap. 2 Chap. 3
-Development of tire modeling -Development of high accuracy
method which agrees well with model of tire overturning moment
measurements -Improvement of simulation accuracy
-Evaluation of characteristics of of anti-rollover performance
different tire/road combination

Increase of accuracy of
vehicle dynamics simulation
Less investigation of

vehicle and tire dynamics Irr:I‘I’ gsgf;n;% fnf,ggzg
on uneven roads

Chap. 4 Chap. 5

-Development of simulation Modeling of tire cornering characteristics under
model of vehicle braking on | |time-varying vertical load
uneven roads

-Clarification of influence of — _ O _ i Chap. 6
suspension longitudinal Clarification of influence of tire transient property
characteristics on vehicle lateral motion on uneven roads

1-1 Issues and Targets of This Study

—— Magic Formula |—¢222-2_

Tire Characteristics -Development of Identification System

Steady state -Quantative analysis of characteristic

values of different tires on various roads
Transient

&4| F. Model of MF |—<hae-4

-Development of simulation model of vehicle
braking behavior on undulated roads

-Clarification of contribution of suspension
longitudinal characteristics

Chap. 3
New Model of Overturning Moment Vehicle
-Development of new OTM model with better %V::Iryhsligs
agreement with measurements —_——
-Improvement of accuracy of vehicle rollover
b simulation
New Transient Model of F, & M, | Chap.5&6

-Development of new transient tire cornering model under time-
varying vertical load corresponding to measurements

-Clarification of influence of tire side force transient property on
vehicle lateral motion on undulated roads

F. : Longitudinal Force
F, :Side Force
M, : Aligning Moment

1-2 Relation and Purpose of Developed Tire Models in This Study
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Experimental Special Simple Complex
Data Function Model Model
Carpet Plot Brush FEM
Magic Formula String

Insight in tire
behavior

Number of tire
measurements

<—— more empirical more theoretical —»

1-3 Classification and Characteristics of Tire Models

Input Output
Longitudinal slip Longitudinal force
Speed of rotation Side force
Slip angle Vertical load
Camber angle |: Tire :> Overturning moment
Turn slip Rolling resistance moment
Radial deflection Aligning moment

1-4  Input and Output Quantities of Tire Models (Ref. 1-3) page 60)
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Butterworth Heinemann, (2012).

BIGERIE, XA YDONFETVICONT, BB HEES Y VR
¥ 7 LA—Advanced Vehicle Control 1993—, No. 9306903, (1993).

Tielking, J.T. et al, Mechanical properties of truck tires, SAE Paper No.
730183, (1973).

miEEIE, 4.2 24 Yy, BEE LY — M —, B#EEI
2, (2002), pp. 117-124.

http://ecust.isid.co.jp/public/product/adams/img/pdf/a car pkg cr.p
df, (FcfEms%EH 2017 411 A 21 A).

CarMaker User’s Guide Version 4.0.6, [IPG Automotive GmbH, (2013).
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F2F

Magic Formula €T JLDEF &
3 A NEERR T
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2. 1 [FLBHIC

A AXOEFREET LV E LT, EBRT — X PR T IERIERHE O M
IR OBNERFERIRIATEDHH D E LT, Magic Formula (LN MF
LWET) LT AEFEET L FY B RNEELLSHVWLNRDS L ITR o
T& 7z, MF I3 =K EZEAD DR 2BEHEECH 0, BEEEEIAITICE
WTHWAT=®I21E, BEEHEEF DL DRBRoNT A—2 %, FERT —X
ZRWEZREFHREICL Y FRNIRD TR BLERNDH D, AREHILIE T HARK
WRT0, RIEICHWDERT — 2%, XA YORIESCAETT 5 KDk
REIZ L W K& 2L 5 RICIERIEED SR,

A YEEORIEICIE, %IRRT D L0 1Tkkx il E N O, £
NoNoHELNLT — 2 DOFEARLRERMILIENENELRY, T—2I1T5
EFND /A RXBHEATHD, FEFETIE, 526N 0HIHE DY K
LEHFEIZE Y MF DR T A — X Oz RO B 5, %472 MF £
TNEAERRT 27211, FIHEOR O FX°, W7 — % ORI AT
729 ZEMIEFWICEETH D, EHAITE o TL, MF ORH/T A —
BN RGN % 5 2 R bt R 21T Yo B L H 5 Y, —J, AEE A
—H—IZBI D HMRRE, BB T, £ ORIEX A YOET L EH
W HLEEE G R AR DR L CEM L, @YX A Y ERIRLZY, XA
YROHEMBEROUREZH TR T AILERNDH L7280, LLETHARZ & &2l
WORGBRBIEICLVERTE L Z ERRILEETN TN D,

ARETIHRING, ERR TR ERSCHE LT E T 57023 LT,
MF [RIERDY 7 87 =7 3 A7 KTHOWTaT 5, A% L= FE
VAT ATER LTI 2 A YT ML, EBRT—4 L O—HENMEN T —
AWDST=T2, FEFEOKREEZIT- T,

HWT, TOYVAT LERHWTER LT, ZA YRESCKEIREN R -
72&& D MFE 5 VERL, 6 OREOEER 2 & BiIRT, 2
DI, FHrDOFA Y LEEOMAEDOEIZEBIT DRMEZE b E, BIED
TEBMNCH G2 LIS EOIEHRE XA Y T 500D, T 55
7, EEERS PR E O EDO R BT, FPHRZEV AT LR
Bl ~DIERN S OIE RIS 2T 2 OREER ELWHFTE 5,
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2. 2 XEDERE
ZOHITIE, REOHERR AT D,

2. 18X NIz LELEFwmTH D,

2. 3HITIE, KETHWAD ERRL T EER LTBERZRT,

2. 4% 'Magic Formula % A ¥YE&5 /L] LEL, MF O FEXE27R77,

2. SHIE TRIEV AT LDBRF] LML, MF DR E NT A —H &K
WA DD, —EDY 7 N7 = TICOWTHHT 5, £77, 5—% DR
FROWIHMIE D 7 T,

2. 6filx 'Magic Formula # 4 YT /VOERL] SEL, BHAEB LD
KME X A ¥ OfEAx OWIH ETORET—% L, 2. 5HITRLEY 7 B
7T HZHWTIER L2, MF ¥ A YETNVERT, £77, XA VEMEOZE

ERENZERIIR LEDOZE LM D,

2. THIZELOTHY, KETHLETELILOMREE LD D,
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2. 3 IHEELEER

ABETHWDERFEFIIROEBY TH D, £2, K 2-1 IZITAETH
WOEERDERZ T, T ORI, HigmHuOmE & & ORI E X
i, HfHOEIREHL A Y Bl O N T X S EART D EM L X DAL
SR PRI R, BT R x Bl EREL R EAR A y i, x fihdls KOy Sl EAS
TOEME e T 5D, AFROBEEERERTH D, 2EL, 44 TR
mNOZ T HMEMEOFREIEET S,

F, : HifZ S [N]

F DAY TREORHTE S [N]
F, c B [N]

F DR Yy THREORT] [N]
F. D (BRERTE)  [N]

G BERY v TR ORI DO BRI
Gy ARV v T RO S O EIRE

my AT %y MR LD I3

M; A T7® v MEEE LRI E IR

M. C TIA =7 FE—A2 N [Nm]

My WAV TREOT T4 = TE—A N [Nm]

M., D FEREE— AN [Nm]

P, D =a—~T7 47 b=/ [m]

R. D A YEEND PR [m]

14 D EATIHE [m/s]
: AU w7 [deg]

a BT A MOV T FEBE LAY v [deg]

a 22—~ Ty R LDV T FEBE LAY v T
[deg]

7 ;A O Bh S %K

X D AN O TREFIIARAY v T

y D F oy N [deg]

K p AU v TER ]

@ o H A VEESHEE  [rad/s]

Magic Formula $7%¢

B, C, D, E, S, S : BRI D MF 173K
BJC) CX) DX7 E()x) AExy va; th ﬁﬁ?&jj@ MF {;‘?\\iﬁ

B,, C,, D,, E, Ey, AE, S,, S : 4810 MF £%%
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B,, D,, Si  FEREE— A 2 D MF #25%
Bt’ Ct’ Dn Et, EO[; AE[; Sht ::Lb—-??;yy ]\I/b_‘/l/@ MF'T;‘?J;&

Magic Formula /N7 X —%

ay~ay7 : FLA Y » TREORLS]XT A —H

bo~by3 : iR v THWEDRIE S /NT A —H

co~cy WAV Y TWRDT TA = TE—A L MRNTA—H
qo~q; : BEAY v TREORFIEII/NT A—H

qi~qus : BEAY v THREORES) RT A —H

so~s3 BEAV v THREDT TA = TE— AL "RT A—H

Aligning
moment

<

2-1 Definition of Coordinate System
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2. 4 Magic Formula 2 1 ¥YET/L

KEITIE, T MUICHN S MF O G RERERT, MF 3R 0fE >
Lk, o BRoEE N fThTE N2 29 | = Z Tld New Delft
version & FEIXNAET IV EFH WA,

2. 4. 1 #MRY)YyTEHEOEER

(1) EFXxAFERX

MF OFe#IE, $hiEME (LT, BICWEEMES) F & Xy o3\ fyhh—
ET, AUy THalNBAL LTEREORIN B LY, R Y v 75 k3B b LT
DOHiZEINE, LTI RTRUEO =AM TR TEXHLE LI ETHD
(RUIORR >V T, RV v FAICEET I =7 F—A 2 FHRICM
BTCERDOLTEY, Z0 Magic Formula E 4T N2 ATHD)
B, FAXICAV Yy TAHANAY v TRKOELLNPNRE 2 LTS IREE
Z, MiAY 7 (pureslip) LFES, AU v 7T 2-11ZRLIZEBY T
HHD, AV v TRIFUTOLIITERT D,

_R,w-Vcosa

K (2-1)

V cosa
ZIT, VIEZAYOETHE, R ITHBEEIREOZ A VIR Y PE
(effective rolling radius) , @/ A ¥ DEELHE TH 5,
Magic Formula |%, A FOHFFREXEZIEARL LTS,

m; ()=D sin|_C tan”~' {B x— E(B y—tan"'(B ;())}_I (2-2)

Mf(X):mf(Z) +85,
r=X+S,

(2-3)

T, MATHIR I E IR, XIFZA YD v TAETIERY v TETH D,
XD B, C, D, E, S, Spli~y v 7 74— =2 74%% (Magic Formula
Coefficients, LA T MF {2 L ME3) LMEINDEHTH D, 7005, Hi
%1 I ORHE, MFREDEZ T Ehl@lcik o 5 Z LIk v, [A
CATEDLT, X (2-2) FHEA (y=m=0) ZiE5 SRR TH 203,
EEEOX A XIZAY v TRV v AN 0 ThH, AitkI1E L ORI
BZIZ 0 ThWee, it KO AmoA 7y b (5, & S, 7 MR
EIMES) EINZ, EAEPICRIZ I RN 215 5,

WIZ, X 2-2 DRI Fo OB 2 FIWT, BRI Hh#R & MF {725
OREROFHZMZ 5, X (2-2) 2L K 1T, D, X mp ORKAE
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RFEDT (2L, 21 . £, pmJEEROEE (=m=0) \ZHF5
BEMOMEE (a—F Vo727 073 2) 13K (22) AL 0N T 5
iz viEoh, %750 BCD, ThdH, SHIT, phoEM & AT
Rt ORI 2 2 Z L AT 272012, FRBE ZUTD X 5 I2FE
nY,

E,=E,,+AE sgn(y) (2-4)
ZIT, senlIyO/F 5 TH D,

WIZ, MEEFY U NAN—ET, AV v TANBILLEZROT 74 =
YITE—=AL N My DFRREZUTICRT, 774 =0 7F—A 0 MY,
W) Fpb=a—~7 47 Fb—/L P,OfEL, FREE—AL TN
DG M, DFITHL E LTS (I (2-5) , X 2-3 (BFIk 2-5) 170
NX—=T X)),

M, y==F-F,+M, (2-5)
Iz,

P(a,)=D, cos|C, tan B, , - E, (B, &, ~tan™ (B,z,))}] (2-6)

a, =a+S, (2-7)

M_(a,)=D, cos l‘can*1 (B.a, )J (2-8)

a,=a+S, (2-9)

(2) MELF VY UNAKREHEOEE

TIESCF ¥ AR R ST, ERUT/R LI MF REDRZhEh i
ol filE & DT LI D0, MF CIESARENME & v o O T
HHELT, TNOLORGFEEZRILL TS, fWEE X ¥ OGN
BEEE LIz, MiAY v TRORI% I ERT), TIA =0 TE— AV MeEk
T HBERFIROBN L D7D, 8. 1ITRT,
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2. 4. 2 HERYyTROAFER

ZATXIZAY v ERY v TRNERFIZCHGZONTWDHIREEZ, EE
A Y w7 (combined slip) & FES, M & ¥ L NAEKGFEEZE LT, #
AR v THORIB N EMDBLIOT 74 = 72— A bOIKRH %
VL, MRV v TREOEN D DMEIZEHME (G& G L TKRD
HENIBEDTHDLN, TNOLOXEBFECLAHET. 21207R7,

2-2  Relation of Magic Formula and MF Coefficients of Side Force

Characteristics
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\ —)
_’;_"Shf a
A P,
a
>

~ S

2-3  Components of Aligning Moment (Ref. 2-5) page 170)
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2. 5 EAEVATLDEHE

MF % A YETNVEAERT 5 &V D Z &iE, ERT — % 2 AWV THIET TR
LT IEIE a8 (A7 L) OfRGE(EREZ M &) Z EITmET
L. Thbb, FERT—F EOELTRE/NIT D, BAREF ORI T
A—HOEHEEEZRDDENI L THD, K 2418, ZOHEEITRD
OB LE-—#HoTn 7 070 —Fv—hart (UTF, 70
7 LERERE AT AENS) o ZOT 10T MERIZIE, Matlab 6 X
% @ Optimization Toolbox & V72, 7283, i kit I21% Toolbox H D
B9%4 Isqnonlin  (Levenberg-Marquardt 54 W7o v—F ) ZFEH L7,

LRI, 2-4 DFFEFIEL LIS 7 v v 7 OFENEICET 55 %
Mz %, 7238, MF 3% < OFESLNRT A—=F B0 Lo TnH 28,
ESINTT —Z OBREHP R+ Th o720, 3%E LI #IHME S A Y)
e, RELETENZYREICNER L 2N &b b, £ TREAD
JFRIRZHY, 77— 2 LB LB MEE L INZ 2D OIEEL D 5720
2, RREEY AT DI~ OERIRCT — 2 EEMRE 2 i 2 7o X568 0 7 Z
T NTH D,

2. 5. 1 REHEDNIO—

PEMCAWTCWERERED 7 o —%, £THET — & ORiTLE %2 3
L (@) , ®IT MF #RE8x bt REIC L v RD (@) , Hi\ T MF R
DWEBLOF v A ARG EZ £ DT MF N7 A =2 %23ET25 (@)
LWV BLDThHoTz, LnL, [RERSEE FERIED B 2ME S — 20
Hol-l=®, REDKELZEICH ESES-0IC, Hi-RitE AT v 7%
mzznziizlie (®) , UFTEAEOHEAT v 7OMMAEMNA 5, 2%
BEAY v T BEO MF X7 A =X %, BENEMAY v TREOET IV EHE
HEAY  FHEEORET — % Z AW ChamatFEIC I VR0 D5 (@) .

(1) T—2 ORINE

WHITCRT LI, Z A YRMEIIHEA e ¥ A 7 ORBEEREIC L JE S
N5, WENSHIIEINDET =X OV 7 v FEEeEANnEn®
NI D, BHRANTET — 2 2 Z D% OFREIZHN D120, &K —
Lo d 5, 70, MEEBBICL VT —XIZEEND /A Ay
WEILD DT, B—/R"2A 7 4V ZOBENFEE ORI LB S Z DB T
FEhid 5, LIcZD7Tay 7 TE, 7 —F ORNEZHM D 72D OIS,
WZT — 2 OBEWSTT-DOME| L HIT/2 S, ik, WET —%
W LHHTITER LTS L, FE{bEAE TIEE O OREIT NS 7
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L0, T—AREXSRESO-BIENMMELS 25720, WEFMHEARTT
— A PR DN IAT o L HICT 572D TH D,

(2) MHEDOHRE
FEFHOMHED 5 BN OMniE, K 2-2 1R LKtk i & 250
BfREFIA L, BET—Z 0 5RE Lz, MF 423 D OMIHHEIXRIET —
B O K (F72138ME) L L, REOHEBCD (A7 4 7% A) BIW
U7 M S, Sy OHEMEIRR AT ORE T — & e AR], Tl LTk
D=, RGBT 285 ¢ & E OWBMEIL, STk 2-2) D8 F A —
BABT 4 DFEREZBIZ LT,

(8) MF #¥OREE
R TR AR FILER 24T 7R o T2 RE T — & EIE & VS, Fed b E
IZEDRTEE v o AR —EDRED MF 258%2kD 5 (K2-5) .

(4) MF/X5A—42 DRTELRERENHE

REAEZFER LI XA YOMEL T v N AOMAEDLEICX LT, £
ZhRD Lz MF 42%8& vy, 8k 1.1 oXEFRETHIE MF 37 A —
BaRODHENTE, #iRY v 7D MF E7AMERINLD (@) |
URIDRIE Y AT LTI, TORDAT v T THEEAY v THEO MF £
JVEAERC L TV, @ONRERS R & ZBRIEO —BUEMEWN T — 203 % -
722, FEOREZEICH ESED-00E %230 LT,

X, @WTRDZ MF RXT 2= 2HHEE L, T XTOREM%E H
WCHE MF RIA—=XERETHENIHDOTHD (B®) . #HETZ
A= TH—A 0 FO@E@DENDOHZ K 2-6 & K 2-7 12T 28, HfHE
DIZRERM EL TS Z ERnbnd, 728, £ 100 FEEO X A ¥ ORIE
T—HERHNWT, EREL@®, @LD FRELILKRLIZE ZA, FHT
UTOEIC@ODOREENA L, FilcAT v 72252 LKV FEE
FEENKIEIZET 5 2 L PR T 72,

- B : K9-40%

TIA = TE—A D §9-80%

LETHRANERES AT L2 HIWTER LT, Flix DX A & i ol
HEDHICEIT D MF 7 V&2 REIZBWTORT,
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Former Identification System

(1) Measured data from

various test facilities Improvement of
Identification Accuracy

(B Re-calculation of MF

d

and definition of initial values

obtained parameters

d

at @ as initial values

@ Calculation of MF coefficients

.

@ calculation of MF parameters

= <

® cCalculation of combined slip
parameters

2-4  Flow of Calculation of Magic Formula Identification

195/65R15
8000 }
o Measured data
— Fitted results
2 4000
Q
g
o 0
(e
Q
S
v -4000¢}
Vertical Load 8kN
-8000 | Camber Angle 0Odeg
-20 -10 0 10 20

Slip Angle (deg)

2-5 Example of Identification of Magic Formula Coefficients
(Side Force)
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Side Force (N)

Aligning Moment (Nm)

225/65R16
8000
Fitted at &) .
......... Fitted at @ g
4000 | © x + Measured data
0
Vertical Load
a000 [T
recrnannRet Camber Angle Odeg
-8000 . .
-10 -5 0 5 10
Slip Angle (deg)

2-6 Comparison of Fitted Results (Side Force)

195/70R14

Vertical Load

—— Fitted at ®
......... Fitted at @
¢ x + Measured data

-100

-200

[ Camber Angle Odeg

-10 -5 0 5 10
Slip Angle (deg)

2-7 Comparison of Fitted Results (Aligning Moment)
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2. 6 Magic Formula 2 1 Y ETILDYERK

AETIL, B CRRZRES AT LEZHAWNTER LIZZ A VYET LD
BlaR L, XA YEMEICBET A b1770 9 2V 0 RIS, XA YHEME
DOREIZ AW EEE 23 5,

2. 6. 1 AAVEEDAEEE

ZAXA=T =N — A=A —THRHBBEIIHNENDLDIE, K 2-8 12
AT EIRT Ty UL FROMEREBE TH D (RTHOK 2-5~X 2-7 DT
— A IARBEE CHIE) , B AEAEEE L2V MEATF— A BITH DN, K
WHEINZIEDT D720, E—=77 4 Ut —27 LT kD — M,
AT =)V BIZRE D A TRIET D 2 &%,

TAZ N hRear s Y — NED, EEOKE ETORMEEZRIET 57
DIZBHE SN L LTE, PL—9—XRBREENDH S, K 2-9 134
Z & @ TNO Automotive (Fi7FIX TASS International) 23FFA 45, FHAH
BILOTHESY A YORBREETHD, ZOHEED T 7 ¥ —EHmIZI3hr
KE T PEROMFTENTEY, ETHORERY A Y ORI G K E i
ICESRT 5281080, Yoy MRETOWEZITRH)IZ LB TED, 72
B, UFTCRTEHEXA YO R IABLIOV =y MNEETOT—XIT,
TNO |ZZFE L TALEE THIE L7z,

FUL hb—F =214 7ORBIEETH L0, X 2-10 13 KAV D IPW 1k
DETAT %, RAES A YORERICHEESNEZLDOTH D, LT TRT
KMELX AL YD RTA B ETOT—H1E, IPW IZEFEL TAREECTHIEL
77

e m— s A BREE L L, AU =—F 00 VT (ESLEKRASE
WEIERT) METAT 5, KB ETOZ A Y ZRET D3 E 2K 2-11 12
AT, ZHUIAERE 150m FEDORRBREETHY, HESENBEAI SN T
Wo, A YaERELTRET L85 (XK 2-11 O FK) 1%, FRfrogt
BT S LTV D, B IS Y 3 53550 1308 60cm, & S 55m Ofi&E I
WOAF—NBUERIRTHY, TOPITKEMZ L CHEIEDLZ LTk,
KB EFHRT 5, ZORBJIr—7NEN L THEE—XIZL D #EF X
o5 (X2-11 o ERKAEM) , BLUF TRt AR KRB E X 1 v Ok
B ETOT—H1%, VITIZEF L TARERE CHIE LT,

LI EDFTRTOIREETOREIZBNT, B ANTEEOHIFIC L0 Hil#E
HDHDREZEAT > T,
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2. 6. 2 A XNKERLZIFEAERAVYOLLE

AETIE, JERENHEA/ NS RERAEICLIZLIEFHVWOR DA X
175/70R13 DX A ¥ (A VYA LML) &, YeRENHRREOFHHEIZH
HIVDHH A X 195/65R15 DX A Y (FATYBEMS) O, RKIAT AT 7
U NEHEIZEIT D, A v TEBIOEAEAY v TREORHEE R, £,
X v NN ERp ST L FOREERICONTHIRRS, HIEICBIT S
A ¥ DZEKEIL 220kPa, ETHEEIL 60km/h & L7z, $hEMEIT, S
A5 LW O HE g & I EENC L DB HEIHAZ BE L, ¥ A1 ¥ AlL 2kN, 4kN,
6kN, # A ¥ BlX 2kN, 5kN, 8kN > 3 /K¥ECH|E % Eh L 7=,

%] 2-12~[X] 2-14 (2 X A ¥ BOFA Y v TREOR% ST (HEVIDOH) , ]
NBLOT A= TE—A L FNOWEME, ZOT—FZHWTIERL
72 ME T VOREREZ R, XA Y ADRKERMERIZ, 81 0K Al-1~
B A3 ICRT, 7ok, M o7my MIRGEME, iz MFE7v2ERD
T, Kb bhnsd X9z, Fifi ClRA_IZFEY AT MLV ER S o€
TE, EBRT—HIZHEFICLL —HLTWD, KRIZ, HEOHE) & hER
PERRICR & B A 525, Kl EIDOAT ¢ 73 A2 (FUSAHL DR
X) LI KRMEDOHFERFNED, XA YA L X A Y BOLEAEX 2-15~[X 2-18
2T, TNHOXIE, RELE MF XTI A—=2ZHWCEELEZLOT
b (A7 4 73xAFR ((F1-5) X ((F1-15) , HEKREIEA ((F14) &
A (P 1-14) ) o MOHNS, ROZENE R D,

1) TV —% T RT ¢ 73 A XM EITK U TEARBISIEINT 225, /)

BYAXTHLZAVAIZZATYBIZLLLT2~3FI/hEW,

2) a—F VT AT 4 7 RANIAEOIENINIKT L TRREEFOR,
INBEZAXDFNRZED EEOMEI/NS N, KAETEBE T2
BILL &L 725,

3) B ) &) O KRMEITATEIZK LT & BIZHFNZHEMT 525, il
B R KA 2 A Y RIOZENIEF NS0, B R KB 3
ME2IEEENRREL 2D,

BWTHEG AV v TR OREZ R T [X 2-19 134 A ¥ B OfilE) ) LK),
X 220 1BV E T T A = =R FORIEE & FIE L7 MF €5 /L
ThHD (XA Y ADREERFERIZX A4 & X AL-5) , #8100 &850 o R
(W 2 BEEEM & 72 I3RS & PFIZAL D & DIE, 2 OFptE iR Oa
B CTHD) 1B LTE, WEMIZLLS &L MF E7 AR5 TV
HZERbNDL, THUIKL, $lENET T A =T E—A L D MF E
TOE, BIEMICEAE—F L TWD 00 —FETKR, —HEE2ED
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ét ZiX, MFOFRRXBREZUBE T2 6EZ2 0050, MET —4
ﬁ@@i%O%%/4X@%@ﬂﬁBﬂ5_kﬂ%(%Lﬁ%ﬁﬁk%
pfEE) , K 0IEboE DR BEOEWIIET -2 2 AFL, TTILDOR

UHEABREMGET D Z ENEEND, KRBT DL T O TIL, #EX

U FREORHEIIHIEN ) LR DA EZRO S Z L 235,

WIZ, ZAXYBOREN LT T4 =0 TF—RA 2 hDX v A AEIFM %
X 2-21 &K 2-22 17T (XA ¥ ADREE A FILX AL6 L [X A7) , X
No, FERRLTEET LT v O RFEMEICBE L CHRIET —ZI2 k< —
HLTWDLZENLND, BEOIKEALTE, Fvy 2 "AT7 AL (Fr N
AIZE VAT D)) BRAETLHAC, O ERT 7 M o6m %
FFon, BARKMEFAORY » 7AER (£5° (1) TOE{LENKE
W, Fl, Fx oo aRnbGzond b, SN T DR O E RN
MR EERTRIZ SN, AV v 7 AOIEM & AR ORED I
PERIRLS 72D, 77 A = 7 — A2 D BN, TN bvr (%
YUORHIZEORAETHET IA = TE—A L b)) BNEAET DA
ELTY 7 RT20, AUy TANRKELRDIZHESTH v VAL HO
WEENKEL 8D,

2. 6. 3 ELIBEICBITIZERELA VYO

ARIETIX, 195/65R15 A AD XA Y D7 = v MEHE L OUKERKHEIZE
T DRI EREIREE A RS, Uy MR EOREEE, X 2-9 OiREREE
EIZEOD T A7 7u Mg BICBOKT 2 2 LICR O BIE L, 7ok, KiE
Imm % HEEE T HBOKSAME Lz, Y=y MEETOMEICHW X A YiX
AIECHWEZLDLEILX A Y B TH DM, KEE ETOREIZIXFECY
ARXDAZ  RVAZAY (XAFVCEMES) Z2FEMALE, A4 PDER
JEIZIRI C < 220kPa & L7228, EATHEIXY = v MK TIE 60km/h, JKAZES

IERRBRAEE OFIFI S 30km/h & LTz, 2K T 5 2 A YT
KIBICRELSHBIND LEDLNLTWVER (0CITIEWIE LY LTV,
ZIZTIE3CITHRE LTz, MEEITRoT-SNEMEIL, Y=y MEETIX

K7 A EER < 2kN, SkN, 8kN & L7223, JKARE b ClrXsmEE) I X

DA EEALEFAN /NS N EEBE L, 2kN, 4kN, 6kN @ 3 /Kk#EL L7,

AAYBOU v Mg ETORAY v FREOHIE ) & AR 2 X 2-23
22412, HERY v TREOHKIEN ) LS ORRZIK 2-25 1TR”TA, R
T A B ETORE L LTV DI, B0 2-12, 2-13, 2-19 &
A —=NEFICICRELTHD, TNOLDOKDOENL, Vo y NEET

-33-



% 2% Magic Formula &7 /L DBASE & & A Y REEMAT
OHIE S LR DR, T A i ETOZEN ST~ 2 FIFE AR
TLIEDBDLND, £, E—IHERTRAY v TR v T AE, R
R 5,

WIZ, #A Y CONMEEE L TOREZ X 2-26~[X 2-28 (2”79, KT A
ECoREE iR L, HIE SN ORKIE L B 2E LIS S 2
EMbND, FIKEEEICBWNTE, AV v TRBEORY v 7 HAOH)N
720N TRAEIZ BV THIEYN ) ERNIEE DR KRIEE RS, FRICBIIRHED
ZARIZFE L, B— 7 DIREIEHIEh I RetE & RIS R & W32 & D fF
MErRT (R4 ECBWTX, E—2#EICHEET 50, ©—7 kb
TR T D) . TORR, BEAY v TRORME (B 2-28) K&
AL, =27l ED R Y v FAIZ B W CIRERRR e B%R A2 ~7 (K 2-19
LSO L)

DL E Tl AR b D E B 2l %2, IFTD 2. 6. S5HEICBWT
N I

2. 6. 4 KEERALVYORH

ARETITMERDIEF D0, "R T v ZIHW LA KREH
2AYXYOHMT—4 L, FNEHANTEK LT MF 7 v ERT, KA
XA X ERABEY A Y ORI ENT, BFEEARFOMNE & ZEXETH D,
ZIZTIE, REMRREES ALY THD 11IR22.5 YA XX A YD, KF
AT A7 7V B LUUKER L CORiI% I & 1R 2 ~d, KR ET
OREIZIE, ATHEF USRI LA XDRAL y RLAZ AV EMEH LT,
T, RIAKETOREIZHW XA Y52 XA YD, KEKETDL
DxEZAYE LS, EATHEETmEEORIE & 612 30kmh, & A ¥ D2E
SRUEIX 705kPa & L7z, MIE L7oEnERTEIE, x5 &3 2 s off ] 5k %
ZR L, 14kN, 27kN, 40kN ® 3 /k#E (HHE{H) & L7z,

ZAXYDDRT A ETORNMEZK 2-29~K 2-31 1”7, RTAK LT
DOPET —% FRZEEARY v 7K 1%, BRHEX A YO LDIZHTIE
HOENRKREL RS> TWVDD, ZORKIIKBE X A ¥ OFAETITFRMAE
A FXITHARTIHEFICRE WD, WBREE (X 2-10) BIERZRE) ST
LESTTEDTHLEEZEZLND, LI - T, EOHEIX LD B EE
TiI7e<, EBRICAE SNTEOYEEEE LTnWD, Kns, HET—#
WXL XHHH00, REINZ MF ITIET —Z 2L —FH LT
HTERDLND, MR v TREORHEITFEHESY A ¥ (K 2-12, ¥ 2-13)

-34 -



% 2% Magic Formula €7 /VOBA%E & & A Y HRHEMHT

LR L T, BKEZRTAY v RKERY v AL HICREREEZRL
TW5, BB, MUFERLIVBEECTCHD, HERAY v THO
FEMEN, HE Y A YICHAT, BAHIEIICEE LT &L 0/ S 7 BRE S
MR EZRTZ &b d (K2-19 L [¥2-31 DL#ER)

W, #A¥EDOKERETORMZX 2-32~([X] 2-34 |12~ T, fiXY v
THREORFEIX R T ABE L L, AV v 7TRBIORY v 7O
DI/NS 72 fEICBW T, HB ) EREIEE DR K Z R SIT SRR Y A ©
ERICTHHN, ©— 27 UBOBIERIL, FTHES A VICHNTIEFRIC
REVW, ZOEMBE LT, KUEXYA YO Ly NEANOEEHE 35
AAXITHA_NTREWED (BIZELQUEREWZ EIZERT D) , Kige
Ny Nk OBEREICHIT HKOBEAENELL, 20D, LVFHLT
KBRDEMBTHDLEBZOND EEAY v TREOFRHME SR X A v (X
2-28) LIRROMEIM Z T2, WET —% & MF O, ®HIEX AV
IZHARTEDRERDPVEERALN D, MF IR EY A Y OT — & 2R
ELTHBEINTZLDOTHDLI0, KREEY A Y OKER EORMEELZ XD
EREIZRBLT 5729121%, MF O FRKXOUEDBMETH D & Bbihs,

2. 6. 5 FERAEZIANVERBEHEIAVYOLEK

2. 6. 2, 2. 6. 3HEBXO2. 6. 4HIZBW\T, EHEXA
Y ERMEY A YO RBEEICB T 2HET —% &, ThaRKICERL
TR ST R D MF Z2or L, FEOELEZ#wm U720, 22 TIEENLLD
R DB WA EREMICHRET 5, BEOEEIMEEZRET D ¥ A Y &
LT, Bitg NI ERETIDAT 4 7R AL ZENLORKENRKBEETH L2
W, fFole MF ZHWTEHE K (F14) , ((F1-5) , ((F1-14) , (fF
I-15) ) L2 b5, 72720, FBHEX AL RKUEY ¥
TIEMEOHMHANKE S B 5720, EOEEREITH F D EHRN 7R
W, TZT, FNOLOEEMETHR L CERELEZLD %, K 2-35~X 2-38
R, 7ok, MOEZFE L ERMEATEIE, #4YB2 5kN, # 1%
C234kN, ZAFYDEEMN40kN ThHDH (v 81307 ) . HMrso0e
HZEwLLTICEET,

1) BAEXAVYOEHILT L= 72T 40 732 AL, RIAK, U
= v N, KEEOIEIZIKTL, KEETOMEIT NI A KO 4 F155
ThHhbH, KMEX AP HEKEETIIFR LS RIA KO 4 BRETH
LN, FHEZA VLD L, FUKGDLETOEME 4 BIFRE
Th D,

-35-



% 2% Magic Formula €7 /VOBA%E & & A Y HRHEMHT

2)

3)

4)

5)

6)

TU—FV TAT 4 7R ALRRY, FHEXAYOU =y MNKE
F OO COESLa—F VI 2T 4 7 AL, RIAKEA
EDETEV, ZOBIKREESY 4 Y THRECTH D, ZDOHH
LT, AV TARHEEINDZLIZEY, Ty MEOKEE
TO MLy FEHNOHEKRIEDZ I L2728 B 7 A EIZITVIREEIC
IRol=Z &, KREE T ORSATIT D ERT — X B I D 72
72, MF ORIEIZEB W THAESTORER KM S U o lz 2 &
ﬁ)%zgh‘éo _ME@F%&% b, Egba—F Y 2T
4 7AXACEALTIE, BEREBIZEIDZ2ZITIZEAERNEERD
REXThbH, Ik, f“amafairf\t77‘/%7/1/71680)5'4’ﬂ7®j3%
TN IINCED AT 4 TR ADEITIE, Z A ¥ L i O BEER
NEENTELT, Eba—F Y 727 0 732 ANRKHEIREEIC
WEINRNEVWIRERE B LTS, —J7, HlE T
(CRAE LT KEDO R K2 Lo C#EITd5) Ik, 71
=X T AT 4 TRATT =y MK TIIES T2 0z 5,
FHHEL A YBLIOKEY Y OERILRKHE L, FI7A8%
IZHEAR OB CTIIRELS D LU I5S%EETH S, WX A Y OL
T, FIABTIIREESY A YIIEHES A YO 7 555, KEEK
Tk SsERETHD,

FHEXY A TEBIOKMEY A YOERLEKRKENL, FT7A4KIZ
AT TIIFI LS RESEA L, 2HRBETH L, MZ A TD
e TlE, FIABTIEREESY A YIIEHES AT 6 FHl, ki
KT 6FRETHD,

FRHEX A Y LT —Z B0, KEImm BEDO T = v Mg ET
DIEHUL KR HE 136 T OERI bR RS, FI A8 Eo 8 #
FREICHEADT S, 72720, U=y MEOKESCHMOEITHEIZ X
D ZOEIIRELS BT HEEZLND (e, " FaTL
—= VTN E L EEOZNLOMIT 0TI

EFL3) & 4) OREND, XA YD R oK T
OflEIE L OBEMIREIIE, FIA B ED 2 BT T5Z &1
725, I RBIEOHIENR L OBERGE X, FAEIZH~T 5~7
FETHL (RMNEOREHEME R, BHELD 14~2 EE
FEEWEEBZLND) . U EDOSITFRIC, ZelEEH 218K E
HHIRBORNLE |, + BB I REZELTHDHEEZ D,

-36 -



%5 2% Magic Formula &7 /VOBA%E & Z A v ReEMET

Trailer Type Tire Test Facility (TNO)
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2-10 Trailer Type Tire Test Facility (IPW)
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2-11 Tire Test Facility on Ice and Snow Road Surfaces (VTI)
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2-12  Braking Force Characteristics of Tire B
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2-13  Side Force Characteristics of Tire B
(Dry road, Camber angle 0 deg)
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2-14  Aligning Moment Characteristics of Tire B
(Dry road, Camber angle 0 deg)

_4] -



% 2% Magic Formula &7 /L OBH%E & & A Y RetEApT

300

| |
— Tire A //
---TireB ’

N
o
o
\
\
\

=
(=]
o
N
N
\
\

Braking Stiffness (kN)

0 2 4 6 8 10
Vertical Load (kN)

2-15 Braking Stiffness Dependency on Vertical Load
(Dry road, Camber angle 0 deg)
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2-16 Cornering Stiffness Dependency on Vertical Load
(Dry road, Camber angle 0 deg)
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2-17 Maximum Braking Force Dependency on Vertical Load
(Dry road, Camber angle 0 deg)
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2-18 Maximum Side Force Dependency on Vertical Load
(Dry road, Camber angle 0 deg)
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2-19 Relation of Braking Force and Side Force of Tire B
(Dry road, Vertical load 5 kN, Camber angle 0 deg)
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2-20 Relation of Braking Force and Aligning Moment of Tire B
(Dry road, Vertical load 5 kN, Camber angle 0 deg)
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2-21 Side Force Dependency on Camber Angle of Tire B
(Dry road, Vertical load 5 kN)

195/65R15
100 -

50

Aligning Moment (Nm)
o

Camber Angle
-50 ---- -5deg
« —— Odeg
& reessseen Sdeg
200 b—
-15 -10 -5 0 5 10 15

Slip Angle (deg)

2-22  Aligning Moment Dependency on Camber Angle of Tire B
(Dry road, Vertical load 5 kN)
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2-23  Braking Force Characteristics of Tire B
(Wet road, Camber angle 0 deg)
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2-24  Side Force Characteristics of Tire B
(Wet road, Camber angle 0 deg)
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2-25 Relation of Braking Force and Side Force of Tire B
(Wet road, Vertical load 5 kN, Camber angle 0 deg)
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2-26 Braking Force Characteristics of Tire C
(Ice road, Camber angle 0 deg)
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2-27 Side Force Characteristics of Tire C
(Ice road, Camber angle 0 deg)
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2-28 Relation of Braking Force and Side Force of Tire C
(Ice road, Vertical load 4 kN, Camber angle 0 deg)
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2-29 Braking Force Characteristics of Tire D
(Dry road, Camber angle 0 deg)
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2-30 Side Force Characteristics of Tire D
(Dry road, Camber angle 0 deg)
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2-31 Relation of Braking Force and Side Force of Tire D

(Dry road, Vertical load 40 kN, Camber angle 0 deg)
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2-32  Braking Force Characteristics of Tire E
(Ice road, Camber angle 0 deg)
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2-33 Side Force Characteristics of Tire E
(Ice road, Camber angle 0 deg)
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2-34 Relation of Braking Force and Side Force of Tire E
(Ice road, Vertical load 40 kN, Camber angle 0 deg)
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3. 1 [FLHIC

A XYOEFEFHEICE L, BIEICBWTH A YORETH605 7105 5,
Aife 11, K6)1, 7794 =0 TF— A FBIREZA VY ~DANTETH S50
EffEOF 4 53 I OFHECH AR Zwm U T& 7z, EV D2 n/iidn—1
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F—A b)) A== —=2 7 F— A b (Overturning Moment, VL T,
OTM & IE) FEIENZ2 D TH Y, Wiy L b BEmEEMRITIC BV TEE S
D Z LIy, FOBBITEENNINWZ ETHD EEDIDA, Hi
FILFEICH M OFTLES), ZREIMERCERT B2 615,
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RAZENIDNR Y REWZ ERDONo 20T LVOWRBIZET L, ERIHEIZ
LT O0TMETNVEFIZICHB T HZ ENTE L, ZOET MIEE
BREIEET N TH D0, H OTM ETF LD/ T A—XDFHEIL, H2HET
BA%E L 72 MF O[EE Y A7 MMTEM LT,
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3. 2 XKEDERK

ZOHITIE, REOHER AT 5,

3. 1Hix NILHIT) LELEFmTHD,

3. 3HITIX, RETHWDERTE LER LIBIERET T,

3. 4filX TOTM DORIERR &85 FIEIC L 2ET /M blaat) L,
H— N == TH— A BB ETDHRERNEHAL, WET—F 6%

Y,

3. S5HIX TOTM 0T VS L, RFZETH-IZBER LT
T INZ DWW T 5,

3. 6L THEmOMEREIEIC OTM N 52 2 Epiast) LEL, #Hilj
DEBBRBRBINEEICEZ DA — "= —= T — A DB LR
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3. THIZZELOTHY, AETmLETELILOMREE LDD,
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WA PEFE R D EFeZ 7T, ZAUIFTE CTHWZEER S F U TH 50, OTM
ZEBMLTHD,

F, : B8] [N]
F. D W (BREATE)  [N]
K, D Z A YHERIPE [N/m]
M, A —N—H—=rFFE—R |} [Nm]
P, L ma— T v I AT T [m]
P, R a—~ T I AT T T [m]
R, D A A YERWEEES [m]
a AU v [deg]
: AUy T OB
y D XY N [deg]

OTM D Magic Formula
Bu, Cus» Duy Ewy AEuw, Syms Swm i B’R=a2—~xF v 7 AT TT7D
(5%
mo~myy : OIMBER =2 —~<FT v T RT T T DI/INT A —X
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Overturning Moment

3-1 Definition of Coordinate System
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3. 4. 1 OTMDREAH=XL

F—N— == TE— A MIxBEYDE—A N THY, #14F
O DB RE ORI TND Z LI XV BET D, 32 iZ
L DOREA T = X L ZAEKINTRT D, ERITZ A YIZx v o AR E
INDZ LI DMERLOBTIVES &, SOITENPMERLIZEED
EAVERIZEV AL TIT KON EESNTELOTHLEZ IO
T332 ek, ZoMTNh&EI=a—~F v 27 A2 T 7 (Pneumatic
Scrub) &FREH, FEERAYIZIZ OTM ZWME THRT L Z LICLVRDD Z &
MTED,

3. 4. 2 OTM DJAIEHER

ZC, AHFIEIZHWE 265/70R16 A XD XA ¥ (XA ¥ B LML)
@0ﬂ4@@*#%%l33~.35_r¢ RBBED, 215/70R16
%4X@&4*%54?Akﬂ%ﬁ@ﬁ%%ﬁﬁﬂuﬂﬁW-MH~“AE”
HEZIT T 7 v by FAGREBREERE (¥ 2-8) & e, 225E1E 230kPa,
%ﬁa_f“ T 60km/h IZRXE LTz, BN DZ EIFLLTOEBY THD,

1) FFEMEVE XI2IE OTM ORAITHERA/ NS WS, RESIN

DI LTy TR 5,

2) F¥ o N\AOEELREL, FEMBROBREEIFRREZRT AT v
& OTM DIENRRELSENT D (Frv AR5 E OTM
(It L OB A C T R D)

3) OTM TR U » 7 ANHEMT DI L7z > TEfd 5 W9, L
{EL7=f 1) 22 79,

LED X 512, OTM IXFEFIZIERIEHE D R A2 7R3 2 & 3%,

3. 4. 3 BEFERIZKBZDETINELOEE
ARIETIE, WERNOLEONTEEAI=RLZEIVHE SN S OTM (f
ZETIVEMES) &, BIE TR LT OTM ORIEEO B %1772 95, LLTF I

BHETNOHRATH D,

F
P =-R, tany——- (3-1)
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ZIT, PG ETMCE VA L= a—~F v I RS T T, RITH
faf BEP-FE  (Static Radius) & FRIEIL D & A Yloliisih & B O BEE, 713
Y N, RIS, K 3X A YOREMETH S (K32 2H) , FHAEIC
BOWTH A Y ORERIME & § BRI, & A P IEEERRE OB EE 2 V72
(3 3-1) . FHEE, BERIE LEZ2 AW TER L7z MF (55 2 2%
) 2HWCEMR LR (K3-6) , HERMRE, TREHWTRDIE=a2—
~F v I RT T TOEBMEE DL A, K3-7TIRT (14 FAORKRIIN
All-4)

P, =—= (3-2)

ZIT, MiZA— === T = A b, FAIMEBEORIEMETH D,
Ko, fET VICKVEE UM, MEEREERIT—%To00
DIED NI RE W L3NS,

ZZTCHRFEL LT, AERESET V2 HWBEONEH 4255
(U, B B RS & BRI 2 B TR <, REMONRT A—& L LT
OTM OEBRIEICFEETHZ ea2E2E Y, ZOETFLEMSRETT IV
MRS, T OFHEREE EREME O E K 3-8 TR T (XA ¥ ADRER
I ATLS) . 2 OFERIL, K 3-7 BE O A4 R LIZSETLED G,
ERAER EO—HEIIN RV ESNTNDEN, EERERBELZEZLT
WL ZEERLTWD, Thbb, XA YIXKE &S TEML TS EE
Z27-3. 4. 1HTHRRZ A =ZXLTIE, OTM OFeMEZ 5312133 T
XRNWEWNWIZEEEHRL TN, £2C, TIZETALEZHKETDHHD
et 177827,
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Camber Angle \
\

Overturning !
. . Moment
\\ Static :
-Radius
N
\.
\.\

y<

Y Z
(OTM Caused by Contact Point Change due to Camber Angle Given)

Camber Angle

Vertical Load

Overturning
Moment

Side Force

y

Pneumatic Scrub

Image of Vertical
Load Distribution
in Contact Patch

(OTM and Tire Lateral Deformation under Side Force Acting)

3-2  Schematic Sketch of Cause of OTM Generation (Front View)

- 66 -



H3H A—N—H—=r Tk MHEOET AL L ERTHESENREIC G 2 5

265/70R16
500 o
W vv,vv
x X308 % vvv
MW)‘X »‘V‘Mi‘
250 ¥
— ”
= %
2 a?:m 0000
— O sx"’s(’g“
E vv x"xxx’s(xx)o(
o Vertical Load %
> 4.4kN
201 . 7.5kN IR
s 9.8kN M A
-500
-20 -10 0 10 20
Slip Angle (deg)

3-3  OTM Dependency on Vertical Load of Tire B
(Camber Angle -9 deg)
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3-4 OTM Dependency on Vertical Load of Tire B

(Camber Angle 0 deg)
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3-5 OTM Dependency on Vertical Load of Tire B
(Camber Angle 9 deg)
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& 3-1 Tire Lateral Stiffness and Static Radius of Tire A and B

Tire Tire A Tire B
(215/70R16) (265/70R16)
Lateral Stiffness (N/mm) 129 135
Static Radius (mm) 319 350
265/70R16
10000
WMMM
Ew i ';;,'“:0
5000
z
)
(S
o 0
L.
]
.'5_", Vertical Load
5000 Ml et ° 4.4kN
) o i,g}‘? = 7.5kN
.................... [Ahet’s2 » 9.8kN
-10000
-20 -10 0 10 20
Slip Angle (deg)

3-6 Side Force Characteristics of Tire B Expressed by Magic Formula

(Camber Angle 0 deg, Plots are measurements.)
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3-7 Comparison of Pneumatic Scrub by Simple Model and
Measurements (Tire B, Vertical Load 9.8 kN)
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3-8 Comparison of Pneumatic Scrub by Simple Identified Model and
Measurements (Tire B, Vertical Load 9.8 kN)

-70 -



FEIE A== == TE—RA L NEEOET AL & iR 5 2 D

3. 5 OTM O$ETILESR

3. 5. 1 HOTMETFILOAER

HETNVORFOLDIL, FTHEET ML b=a—~FT v I AT T
TEEBRNPORD -2 a—~TF v I AT T TDE (Pyy—Py,) i,
ZDOEIFETIMEDRBEEL VI ERND, BR=a—~TF v I AT T
(Residual Pneumatic Scrub) &4 Si1f 7=, TOREEREZK 3-9 1Z/RrT (XA ¥
ADFERITH ALG) . K26, ZOTAKIZIA Y v T AT 28 DIRIR
WICESEITWBZ ENbnd, I T, BR=oa—~T v I AT T 7 %k
JIOMF ERIUHREA (2. 4. 1HEHSH) CTROLEHT-2 0TM 7 /v
BEUTOE IR LT,

F
szsz—RLtan}/——y—P, (3-3)
F K,

ZIT, PR ETMIE A a—~F v I AT 5T, PIER S 2 —~
FOIARTTTTHD, PEUTOXIICERT D,

P(a) =D, sin[Cm tan™ {B e E ,+AE )( B, y—tan(B,, ;())}+Svm (3-4)

r m

x=a+S, (3-5)

FROBEIIME E v AT L, BLFORICHE-> CTEHET 5,

K =my (3-6)
Ry=my, (3-7)
Cm: mo (3-8)
l)’Vl:(’anz2 +m, Fz)<l_m15 7/2) (3-9)
B, C,\D,=mysin[2tan™ (F, /m,)|(1-ms| 7)) (3-10)
8, = Punn (3-11)
CmDm
E,, =mgF." +m, F, (3-12)
AE, =—(m6 Fz2 +my Fz)(mlﬁ 7/+m17)sgn(a+Shm) (3-13)
Sim =mg F.” +my F,+myo Fy (3-14)
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Som = manz +my; Fz+(m13 F22 + m14Fz)7/ (3-15)

::Ty Bm, Cm, Dm7 Em’ AEm: Svm; Shm 63:?%1&:1*7%‘)&2??7\‘
@{7?\\;&, mo~~mjg ISR a—~F v T AT T TDONRT A= THY , RIE
TRANBFHFIC L > TRD B,

3. 5. 2 ETLOEAFEHEEBER

AIECR LIEFRADONRT A =2 ZREFFEICLV RO LD, K
3-10 ICRTEETr 7T A%, H2FETHRE LIZFEES AT ATz
7o FITEICHLERMET — 1%, OTM OMICIZHIHIE & L < ORERIM: & &
TEFRETH D,

X311 ICHETNMCEVFE L= a—~F v 7 A7 57 LHEMDT
A RT (XA Y AORERIIX ALY , #ifi TR L7257 Lo 5 [F)
EETT /B L, BIEMEICHEFICEILS —HLTWD Z Enbnd, ki
HINZHTET VL TRAE L7z OTM & REME O ik %, X 3-12 &[X 3-13 12777
(Z AV ADFRERITHALS EXANY) , A TADO—FITREN LD
HOD, WU THEMEIZHEFIZES —FH LTS,

ZIZETIE, FATYDF—NR—=H == T =X OV DDOET
IEDFIEEFEREZ R LD, KEICBW A —R—F—= JF— R
k2N EE W EEN | G 2 DR A RRETT D,
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3-9 Residual Pneumatic Scrub of Tire B (Vertical Load 9.8 kN)

Magic Formula of Side Force
(MF Identification System)

¥

Measured Calculation of Residual
» Pneumatic Scrub <=
(Eq. (3-3))

Calculation of Residual Pneumatic
Scrub Coefficients
(Eq. (3-4), (3-5))

~ >

Calculation of Residual Pneumatic
Scrub Parameters
(Eq. (3-8) ~(3-15))

~ =

Calculation of New OTM Model
(Eq. (3-3) ~(3-15))

Lateral Stiffness
Static Radius

3-10 Procedure of Identification of New OTM Model
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3-11 Comparison of Pneumatic Scrub by New Model and
Measurements (Tire B, Vertical Load 9.8 kN)
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3-12  Comparison of New OTM Model and Measurements
(Tire B, Camber Angle 0 deg)
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3-13 Comparison of New OTM Model and Measurements
(Tire B, Camber Angle -9 deg)
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3. 6 HEOMEELREIZOTM A5 X 32ENKRE
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SHDLZ LI, BICHEEOE VR W TITEE R MRER FRETH 5,

VI b s AaRE 2, AECITEDSOMEEEREICTT 54— "= —=
VITE— Ay NOREE, TR X OMITRIICRET 5,

3. 6. 1 BFAKELER

fEMT RIS L L= DIE, B TR L7z 2 A Y BE2EET 5, PEXED 3000ce

7 AD 4 gEE) 0O SUV H.Cdb 5, FEHE DM MERE DR FiE & LT,
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RO TR A BRFGHEE & L, 2D & & O KARNNHE EE % s 78 PR SRR INs FE
LERT D,

VR a b—va VRHETIRILEBENT ) 7 b ADAMS & v, S 1Y
EFEFNAELTL 1) OTMZBELRWET L, 2) 3. 4. 3HTHE
L7ffisET /v, 3) 3. BHICTHRELIZHET L, O3IFEDOET V%
W BHR 2 S0 L7z, BHRIC K 2 3Hl RIS HRBRICHE T, X 3-14 12
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X 3-15 IR HGED Vorlkmh O & X(21E, v— /AR (HxE) LT
LE 70, Vekm/h ZFRFGEHEE, D & & DO KN & 6578 (R AN
WE L LTz, 2B 3-151%, 3) O OTM E7 % HWTCEHE L7okE R
Thy, RFEEITEREREFL 58kmh ThHo7o,

1) BXO2) OET/OFHE LM 58km/h TR L 72 REO g KAFNHE
JE L FEERBRGE RO A 3-16 \ZRTH, HrETL, #HEET L, OTM
RLDOEAYETNADIAIL, ERERICIVIEWVEZRL TS Z LD
Mo, F7, 1) BIO2) OFFMT K HEETIE, EEER RIS E
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3-14 Steering Wheel Angle Input at Fishhook Turn
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3-15 Evaluation Criteria of Vehicle Simulation Results
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Vehicle Speed : 58km/h

9.0

Lateral Acceleration for Rollover (m/sec?)

3-16 Comparison of Lateral Acceleration for Rollover between

Calculated Results and Experiment
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Vialb—TarETAERBLEN, XA YOHIEFREOET VX
% 2 B T4 L 72 Magic Formula & H V72,

Kim XL OARBELETIE, FEFHEER (9020 Ob LK) TOHM
LAY OB FFEICEAT 2L MET S, £ 2T, EBEOKEM
DT — AT MV EFHRTFER Y L, R SCOARFELRE CTHRY
o IRV DOEEELM 4-1 27T, MFPOBEMRTRT A~H X,
[SO8608 THILE SN/ m MM OFMEETH D, M 4-1 I2BWT,
AREIL 0.75m LR LTHLIB I NIEERICHWZEKmO >0 EE
THV, Y2l —v a3 TE05m~2m OFHEE R L7,
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104

D

Unpaved Bad Road

o

> 103 A

: N

> Cobblestone

> 102 RN

5 10 AN A\ H

g Unpaved Road \%

= \\ A\l Chap. 5

3 101 \ \ 1.04~16.7 m

a N\

£ Chap. 6

@ 10° |— Meishin E 1.0,3.0m

& Highway

2 . Chap. 4

s C 0.75m

(measurement)
A B
10-2 O0—<C
0.01 0.1 1 10
Spatial Frequency (c/m)
4-1 Power Spectral Density of Undulation of Various Roads and

Analyzed Wavelengths in This Study (Ref. 4-4)
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4. 2 XKEDER

ZOEITIE, RKEOHRZHAT S,

4. 18X NFLowic) CELEFmThd,

4. 3T, AETHWD ERFEHEER LIEEREZRT,

4. A€ THEHEHES I 2L — a3 FTILO%R) L, EFL
{LDFTEE & 72 HDIE &5 2 HF L OSER AR,

4. 581 =7 VoOERRMRGEE] CEL, ALY Iz —y 3%
FTNOHFEFER L ERER AT 22 L1280, T VOMIEEZITR ),

4. 6 Hilk TH il R R & 1 D 220 BHIEEREIC 5 2 D5 L 5L
CREL, HmOBEHZEMEOKIE O R AL H LR, EB L FE Ot
BIOVvIal—ya itk amatERs R~y

4. THEIXELOTHY, KETHLEU T LORMEELFE LD D,
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4. 3 FLHEBLEEZR

AETHWDIERTLFIIRO LBV TH 5, K 42 EXIZ, AETHW
ZEgH FICFUS A2 A L, AKEJFIDS x dh, SRE TN y il oD 1 [ AL
ROEF L, B LB pEE) T T L OEE O 3 B EZ R, Bl o EE
HoHlEhH S 2T ML TWD DT, EZho HBEIXIER Eomi, E
T vy FES), TR T ORI & BT ERR KO, Jiikim o BIEsEE) O FF 9
HHETHD, K 42 TR, #HBHFRACERT RS EZRT, i
DY T 4w I AfiZ7ar b, ridV 7 ThoD,

x X EEOORMZALE  [m]
xp X ITRTEOOFENE  [m]
y X EELO ETFAE [m]
v ¥ ERTELO ETNE  [m]
0 ERhR Oy FA [rad]
o, @ @ ZAVEHEEE  [rad/sec]

HjgjNFA—4, BEiE 54D
b L RA A=A [m]
by, b, B EHHEL, FZEIHEOEEE  [m]
¢ ¢ 1 T T Y= OWEMRI [Nsec/m]
Oy Co AN T a VR T OBERREL  [Nsec/m]

h SFhERELEEy FHOLMOEBRE  [m)
h, D E ey FHLEOEBE  [m]
I ER oy FEETE—A 2 b [kgm?]

I, I, : ZAYIRANOEREMEE— A~ [kgm?]
ki kAU a v oIFRER [N/m]
kg kg VAR T a3 VEIEFROIZRER  [N/m]

m DX EEE (ke
my, m, :IXRTHZRE ke
v : HOE [m/sec]

Vop Yor : BSIHI DAV O LT HRAENMAT]  [m]

7L —FEF

cr T L—FMENS Ty N T L—F% ML ORI
[Nm/MPa]

cr VT OTL—F b OTry MIXT A ]
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Py 7 U—FE (v AZ VY A E) [MPa]
L, Ty T L—x kLo [Nm]

&+ ¥R

a,~asg . #ill @) 7] Magic Formula /X7 A — %
B, C, D, E : ifil#h/}j® Magic Formula f#%%
Fy, F, :l#E7) [N]

Fy F, :fHE (BNEAMTE) [N]

Foopp Foop @ FRIERFOMTE GRIEATE)  [N]
hy, hy o ERECEES [m]

hiofy hior FEIERFOFEMIE L [m]

ki, ke D HETRES [N/m]

Roi~Rey ANEDS D LD faf EAKAFAREX
Ry, Rer  : ARNEN D £ [m]

S S P AU TR ]
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(Degree of Freedom of Motion)

y
xJA.a

4-2  Coordinate System and Model Representation
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4. 4 EHEHEBSSAL—2aVETILOMRR
4. 4. 1 ETILOBELRE

— FEHECHEHEL TWAEMIC T L —F 28 S ® -84 O H &)
WG ZimT 520, WA2 IR LE “N=Th—FT V" &2 5,
ZhiE, HEIEAELAIHTHY, EADZ A YIZFEL 5> R0 K% &
7L, I EEREEZMERE L2 EIET D ERET D LY
T5 (EWo3a—, v—/b, HEFMOEBHIBZZRN) . LoTI D
ETME, BREEEO ETERiIBBIOE vy T, FIZOITATE &
DETERIZBLOY, FIEOXATV/IARANDOREEZZE L, & 9
BHEOEHET L THD (K42 EX) , LFT, ZOFET VDR
M BEREE, AJTOIY BWF 2T 5,

(1) EWETIL

Fh FPEE LT TEREE, EFTBLORIZ TR 2T ke ¥
VR=IL Lo TRHEAESINTWS, E T HFMIFH AR a roEiTh
L avy I T 7Y —=R"ERDL, iR FAITT AR T g ORFTER
(a7 o947 R) EEEREE2REDT, BEE TR TEREITS
AVITHYTIHMEIZRICE > THEGIATWD (X 42 TH)

(2) 4% /RANLDEEER Yy TE

H AN ERERE) LT 2 R (HIBRSE) ) 23 ER 3 B CHsEh L C
WAHIRAE) DEIERERICH Y 35 R S ITA RN 0 R &M, #
7 O A A JVHLLD E T o R (R ) Tl (4246 T,
ZOBENEN Y ERIT, fEmE (LT, HICHEEMES) © 3 KE
HoEbT (K 4-3) , M43 ixfmBEEE LI CORT R, WH
XL CIRIEERMZBERTHY, TOEBROMEE 2 X A Y OHtiEh
EET D, BANEN Y LRIT, BHEEERFOETERE L ¥ 14 ¥
DOEELEEN DR D, HERFO X A Y DRV v FHEX, HHENY
MR XA Y OREEHES L OETHEICI Y ERSND,

(3) 24 ¥HEH

Bl D7 U — X BAIERFIC Y A YR AT D68 D1E, 5 2 & CTHE
L 7= Magic Formula # % (X 4-4) . o, "—T7 W —FET V%
AWTWb72®, Fx o A" AOEREEILE X80,
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(4) BEASHY

AREETIEIEFHEE & U<, #ET7 M OWBm RN A RIS
STEHE AR T 5, TOREDO EFEMD, ¥ A vEMSIZETH
MADELTIABND, 22 TRV B> Q0 OREIL, EE
IZX L TH/hENn DO Th D72, Bm OHELT I RO 8288 Ik
HWTEDERET D,

(58) FL—FHmELITL—F LY

TU—FME (A XV CHMIE) OANIE, EBEORMER &
T5, MERKEEAL, 7L —FMELHBERKOBICLY 7L —
XM EHETL, CoBRBITZ T FoT L —F% LY REET
LZHBFRETHY, VT OTL—F% M2 L, BlOFEEANT T 0
YRhOTL—F b AZICHBIT S E LI,

4. 4. 2 EEAHFERX

FERTHEREZEZFICESOWTERLEYIab—va VET L
O, EEHHRERXEUTICET, Y a2b—ya VHETONESEMtT
VHARKEICBT S, H5EETOERFETRETHY, T0#% IR
DEDO ETHMEMET V—FHENATSIND, N EEHEEDOH
JEMRN 0D ERENKT T 5,

(TRLEDFIE, LT, > Fi#EE

mi+mh6+k(x—x, )+ e (-5, )+ b, (x=x, )+ e, (i-%)=0
(4-1)
mi+k (y=b,0-y,)+c,(i-b0-7,)+k (y+b,6-,)
+e(y+b0-3.)=0 (42
i+ (1 +mh? )ik b, (y=b,0-y, )= b, (7,6~ )
vk b, (y+5,0-3, )+ ¢, (74,6 -3,)=h,(Fy + F,) (4-3)

(LT DEIEE, L FH#EE L LS A /3o /L D)o R

mpsy —kylo—xp)-e li-i)=-F, (4-4)

mi, —k, (x—x)-c, (x—% )=—F (4-5)

rer xr
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m =k (y=b0-y)=c (p=b 60—, )+ ky (v, -y, )=0 (4-6)
m,5, ~k,(y+5,0-y,)=c, (7 + 5,0 3, )+ k, (v, = y,,)=0 (4-7)
Lyddp = Fyhy =Ty (4-8)
I 0, =F.h, =T, (4-9)
TL—F pz

Tyy =8 -c, (4-10)
Ty =Ty -Cpr (4-11)

S A TEB ) (7 g > 2 XL FE )

D=a,F}+a,F, (4-12)
F? F.

BCD = M (4-13)
exp(aSFz[)

C =1.6887 (4-14)

p=BCD (4-15)

C-D
E =agF} +a;F, +ag (4-16)
E
(p:(l—E)s[+§tan (Bs;) (4-17)
F,=D sin{C tanfl(Bgo)} (4-18)

AL YDXY v 7F, Ryl BRIEIYFPE (72 i

(T fEEITr)

R o
s, =1~ (4-19)
Xi
F.-F_.
%=%+LL4Q (4-20)
kti
Rei = Rele?; + ReZin + Re3in + Re4 (4'21)
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195/65R16
0.32— r / .

0.31

Radius (m)
o
=]

0.291

0.28 ' : ' \

0 2 4 6 8
Vertical Load (kN)

4-3 Effective Rolling Radius and Static Radius

(Plots are measurements.)

195/65R16
10 T T : .
Fz=8.0 kN
6.5 kN
gl M, - 5.0 kN _
= - 3.5 kN
c 2.0 kN
0 ¥ g
6 [ % -
g : et X x
: o,
LL pF % 3¢ ¢ s
g, 4t %m*"*“**%ﬂe.x-
S ; ....... %*)ﬁ-km_%%&%**
g
0 ; 1 1 1 L
0 0.2 04 0.6 0.8 1.0

Slip Ratio
4-4  Tire Braking Force Characteristics Expressed by

Magic Formula (Plots are measurements. )
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4. 5 ETILOERERKRIL
4. 5. 1 ZEEHAODAE

FROETNOZY M ERIET 72O, FEHIZ X 55 & 5 L
7. HEXE 2500cc 7 7 A @ FR FHHE 2 AV, AT iEIcX 4-5 12
AT EOICHABZERE L, BEFEINLLLXA YOI A XX
195/65R15 T o 7o (L4 T ORI J7 AEEE X (3 LL T OBIFRIC LY K
Wi,

i =Xy (4-22)

ZITxFIFEREOREETH Y, I R 2 VD THRIE L
oo XpIXER EEREORT TV T F v 7 VORI%RGREETH Y,
V=P =BG KV FHI L7z, 728, # A ¥ OREEARE o T
D EHTKRDT,

0=, + 0y (4-23)

I TwplIX 45 du—F ) zra—Z I XB5FBMETH D, A
TTV Ty I NVEEOETH LD, TR LT H2ATTY
TF v I NVOMEE o, k, L—F—EAFOFRMEN S FE L TH
EL7,

XA XYOREMEIT, 07 7 —LICEELEZ L —VF—ZNMF (X
4-5) IZE O RANVOEFEEF L E BEFOEREZ KD, Z14vOHtlE
NEHLEEHNVCTHET 2 Z LIk, B, 7L—FFRD~ A
2 A MESRIE LT,

EfTHELHBDAE
TARI—=AND, M4-6 ITRTHA L EROToT7 740 (R
0.75m, W#RIE 15mm) OEEmZ M\, Gmax HlE & MEIENDET A M &
Fhe L7-, Gmax filEh &%, ¥ A v e v 7 T xEERECEILETE
DX R TANRNDBTL—=%28ETLHLENIBEDTHD, K4-712
~AZTY A MEOH EZRT . ABS ITEMELZR VWIS ITRE L,
Eoo& 2Rl 3252b7ar MIOT L —XD AR ZEE 7,
WE—ETEMTLER, >RV BERICFRATIERNTY L—XEFE%
B L 7=,
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A IPTHKICET D EE OH @A
4. 5. 2 EERLHEODLE

V3alb—ya VEMETIE, R4 THERE JLUER) O HH
HIERTTNVORMEEE AR (Z7rry b7 L—%0r{EH), &
BRciivnmry ¥ A VYOZERIEE 150kPa [T E L7o7-0 (FEUEH X
200kPa), #tiXFAEE k% 130kN/m & L7c, # A VY OEKIENZET
5 &R IZ W =Y SRR (Magic Formula) H 2835 E 20605
2, TITIER41DEEZH W, 7L —FMEATIZH 4-7 12T
HIEMAE AV, Bl OPEE S ER & [H T 48km/h & L7, Gmax il
HTIEIRIZANTFA Y ER Yy 7 SHE20WED, TR TOLETEARE
FHAETCIEMEE DT NICED S, ZokELBNIETND
(X 4-7),

A AYRE, BHEESIRZYATYORY v 7RO, EBRLFHHED
gz M 4-8~4-11 IZ- 7, B2 0 OEEN—E (0.75m) D7
D, B E O L0 S o BT o AN E S E AT
L, KMo EHIZ, ZOANEEEZ R LI, K 4-9 OFEBRERNS,
W25 O NN JER N IX R TEAERE S (12Hz (F¥0) 5T,
AATXYDORAY v TEROBENBBIZHEMT HETDBIERIND, —F,
X 4-11 OFHEHKRICBOVTHLZOEMOEFIZIRELS —HLTWD,
¥, MEAES R R T R, AU v FROE(ITEBEE T
e, UEOERBREFHEOKT NS, BB LIZV I —va v FE
TX, EEHBKIC BT 2 Bl O ENBLG A THIFTRE Tdh D &k T
x5,
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Rotary encoder

Laser
Displacement
meter

4-5 Measuring Devices Used in Experiments

p-p 15 mm

\
\\

\\ Q’,\‘Dd\

4-6 Profile of Test Road Surface

-
-3 n ] o
I I I
| 1 1

Brake Oil Pressure (MPa)
N
I
|

05 1.0 1.5 2.0 25
Time (sec)

4-7 Measured Time History of Brake Oil Pressure

o
o

-94 -



FEFA

|

233 1T 2 HUl] Dl EhEBE

% 4-1 Parameter Values of Standard Vehicle
b (m) by (m) b (m)
2.68 1.22 1.46
m (kg) Lkgm®) | Mike) | M, (kg)
712 1500 45 42
h (m) hy () oy (m) 1or ()
0.25 0.3 0.3 0.3
ks (kN/m) k, (kN/m) cr (Nsec/m) ¢, (Nsec/m)
27 28 1000 750
k . (kN/m) k. (kN/m) ¢y (Nsec/m) | cx (Nsec/m)
200 390 2400 800
kg (kN/m) kv (kN/m) Iy (kgm’) 1, (kgm’)
190 190 1.1 1.1
¢ pr (Nm/MPa) Cpr
150 0
R R R R4
-1.818E-14 3.919E-10 -2.973E-06 0.3153
aj ar as ay
-22.615 1232.2 -0.007239 276.33
as aes ayz as
-0.002958 0.001176 -0.01911 0.75374

The units are indicated in parentheses. But the parameter values of Magic

Formula (a;~ags) were derived when the vertical load is expressed in kN

and the slip ratio in %.

-95-



F4 R JEEHEERIC I D E OflEERE

Front Tire Vertical Load

Front Tire Slip Ratio

o
en

e e o
N w o+

e
-

17Hz 12Hz 10Hz
* 1 *l * 1 1
il
I
I
Vehicle Speed
0 0.5 1.0 1.5 2.0 2.
Time (sec)
4-8 Measured Results of Tire Vertical Load of Front Tire
and Vehicle Speed
17Hz 12Hz 10Hz
¥ v ¥

L

L] ¥

0.5

Time (sec)

4-9 Measured Results of Slip Ratio of Front Tire

15

Vehicle Speed (m/sec)

1.0 15 2.0 2.5
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AR RIS B EE OHIEEGE
1 7*HZ 1 Z*HZ 10*Hz
- 8 T T 15 —
4] Q
o q n ]
3 ﬂ @
38 l10E
T~ | o
2=’ I i
£ 1 o
- 9 L G
k= Vehicle Speed =
g Q
LL 0 1 1 L 1 >
0 0.5 1.0 1.5 2.0 2.3
Time (sec)
4-10 Calculated Results of Tire Vertical Load of Front Tire
and Vehicle Speed
17Hz 12Hz 10Hz
0.5 ¥ A |

=

w© 0.4} -

o

2 0.3} §

(/4]

292l §

|—

whd

§ 0.1} J\/\’\ i

& UL

0 1 L

0.5

1.0

15

2.0 2.5

Time (sec)

4-11 Calculated Results of Slip Ratio of Front Tire
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A JTHEIC I B O R B
4. 6 HEMERWPFELBES>RYNHBMRICSAIFELEE

AETIX, ERETALEZAVWEY I 2L —Ya VEFRICK D, Wl
EREECKE IR, HEERIC S 2 A B AP ERERT,
W TR 2l EHREE L FIEEGE O BIFR I, EBRME L Okt &
B L7z, EERI L OFHE CoOHEE Y)E I 50km/h Th 5, ATk
L7k 91, ERTIEIRN T A N TEREEE L2 ERT 5720, ¥
A YRy 7 LAEnEH2C7 v—FHELZHFHET L, LarL, BEIREL
ETNANTIERIA NOREKETIBSEL LT, A —7 1 —7
MW7 L —FMEDORERIER LINA ) TE R, £ 2 TRFE TIZ,
T LU —FMEIZ 0SB TH LMD EXNY, Utk —CMHE (Pyga) &
BRHEIICEELE, Praga DEZRZICHMSECHELZBRVIEL,
Ty 7 L 7R Fe KT R oD ) B 4 Ik B R A ) B BERE M O FR A & L
oo LAT, HIZHE IR BRREE & MRS,

4. 6. 1 ERNEZFHOREDERERLHEOER

F 41\ T EEROE LR OH BRI 20.52m Tho72 (OF
W ToEIREREIX 16.99m), — 7, FERTOERERE O 1 EHEIX
18.13m LEFEBR IV /NI RETH 72, M4-121TEREFHEOL
WCTHLIN, EILHEHOZEZ TN ENOERERIZHT 2 %HEFETRHRL
Thod (FILEHENE WP IE), X 4-12 OFHEE O ELEF ) H DL
HNRFZ, LT THD,

(A) Z A YvzEKES (ky=215kN/m)

(B) #A4 V2EKIEG+T 7Y =" BENK (¢=1350Nsec/m)
(C) ARy v a7y vafl (ky=330kN/m, c,;=800Nsec/m)
(D) #AYELREEG+T 7Y —=NBEHIKR+T v > 2 i

EERE R R CTHEERICETD 203, FHER R ITH W EHE O %5 DO fH
MafhfblTniseFIxond, LEmMERREEDO S L, Z A
YEREET 7Y =NERENIZAYOMBELIIEEZEL G5 2
L7, {FILEHE S OBRRITERNICOHEMTE L, bbb, 24
YERIEDE W ERETRERDPRELS R, I YOMELEH RS
2%, MEBMES RoTLRIZZA TRy 7 LTS RDI2D, 7
V=% HEZRE S TET, flEFIEBEEIRES 2D (F—2 (A)),
T = RNBREIPREDCEMEZIHBINZ N D720, 714 TER
ENEWRFE O BE 525, 7—A (B) ¥, 7—* (A) (k&
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LA E, BENEZRELSTLHZLICEVMELTVWD Z LK
4-12 b oD

LaL, 47L;</\//a > DT & B OB (r—2 (C))
B LT, EEMICHEST L Z EIFE LW, IRITE D FEMZR
BEtE2 A 5,

4. 6. 2 HARYY3 MMEXEEHEEDE

r—A (C) B AR v a vy Ty v amzEBR LR (47
TanbttuR— LT vl TEE), AT g ORI &
P Sy s T AL U T, BiTRE SCRRFME S E ILBRBE OB 2B R 5 7
D, AT LY ICHEEEZE(LSETRFOY I o2 b— 3 VT &2 3F
i L 7=,

(a) ZEUEH (k,=200kN/m, c,s=2400Nsec/m)

(b) ky=330kN/m, c, =2400Nsec/m

(¢) ky=200kN/m, c,~=800Nsec/m

(d) kys=330kN/m, c,;=800Nsec/m (7 —A (C) EL[EL)

—E T L —%HME (Pyya=8.62MPa) # 5z CEHE L L & D, Hi
oA Y v FREFTRTAEEE X, 0, [TRT ETOEAREEM
LETOGEZX 41313, AV vy 7RO =T KO X, B/NS 0T
MNEDOE—=I7DEZDOEDOHL/NINZ ERLND N, ZidX (4-19)
MORGICHETEHETHDL, RBINIE, ¥—ZJHORENST
—Z () T ETV—FWMELZENT LA YRy T 5
N, WICE—Z7EO/NI N —2 (d) FLY 7 L —FEZHNS
T2 ENTE, ZOLDEILERNES 222 2BRL TS,
LB — A (a) ~ (d) O & KM AR O 1 FEEEO G E LI
ZhEN 20.52m, 20.22m, 21.05m, 19.70m TH Y, X 4-13 O A )
v TRE—THEO KRN EEEBRBEOIAN A —FH L TWD (B— 7 fER
INE W ME IR EEENE ),

RIS, FR ke 7ery MERTEHEEDOH% T RERB OB 2B 2 7B
WiZR2HHEET LT, ¥—A (a) ~ (d) LRUHEEELEFEE L
RO, [ XRT~D AN (HlEhHZ2BE) 2T 2R T#EE (-
FLO &, 2 ) OFREBICEOFEMREK 4-14 18T, Zh e
4-13 Z g3 5 &, TR TRIEEE OB AR HfTa (11~ 14Hz)
TONMFHENNDRVIEE, K 4-13 DR v FRE—IJALETOIE
RFATREEN NS, EIEEHENELS R VW BlRRH D, 372
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bbb, AR g Uik SERRE LT IR ERRE & O BRI, M L
RO W FFEABE L TRV, XA TATRIESOMMHEREICER TS
VERBHDZENbIoT,

4. 6. 3 BEShYDEE

%I, B )R OREE ERE (W) &, & 1LEEEO &%
FHREICE VAR ERT, K 4-151%, VAV ERBROEE &R
g2 TN ENEL STz Red, Bl )3 50km/h o H 5 oD 45 1k B
EEBLEZLOTHD, MO T, FHEIZBIT D& kR (CFi
A IR BEHE, 16.99m) I 2 TN EN DO E O L EEEO NS O,
AR IR FEBE I )T T D %R TH D, KFIZIX, SR EE L HEF
HIER TR FE D HIBEBRMERE D E Mmoo AN EEEE O NIR L,
e B TIE, MBI RICEIR Y A P E & OB, FICRZLTWD
HEEDOHDEREZ R L THDH, ZORENS, HEmMEE L SRV
ENOIRELERE2LOOANNERED?, X2 T LT oEA RS
(12Hz fHi) #@i T 5546 (HSRVEE 1m BLF) 12X, BEO
IRV IEE O LS > TEILEBENS2ICEmMT 5 Z &b
MND,
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|

P o ®
© o o

g
(=)

Difference Ratio of
Stopping Distance (%)

A N o

o o o

-6.0

Calculation —

(A)

Experiment —

o

(B) (C) (D)

4-12  Comparison of Stopping Distance between Calculation and

Experiments

Front Tire Slip Ratio
© o ©o
N -3 [+}]

o
o

-
N

-
o

m; Longitudinal Velocity
(m/sec)
(-]

-

1.3 1.4 1.5
Time (sec)

4-13 Influence of Suspension Longitudinal Characteristics on

Slip Ratio and Longitudinal Velocity of Unsprung Mass

- 101 -



F4 R FERHERICIT S HEl DR EPERE

1.2
10 A
vl \
0 0.8 I X
o o
E 06 : N
e ‘; \u\
£ 04 P e
N v - G, ~
0.2 > o
r
0.0 < Frequency (Hz)
90° 5 10 15 20
45

Phase (deg)
o

IS
[

90 J,,

4-14 Frequency Response of 2 Degrees of Freedom Model
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4-15 Influence of Wavelengths and Amplitudes of Undulations
on Stopping Distance
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RETIE, BEITIEE A EHFERBIO R, FEEHEEE FCo il o) @it
BEL v U—EREORGRE, AT X ORI LR 2 W
HELT, TORFRERELUTICEED D,
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2)

3)

4)

AR ECOEROEERBIERSE O 2 2 L—y 2 V7 LEBIRL,
FERZ XD 2O HER LT,

UMM & HEMERE & ORRE, BT VEMRIS JOSERRIZ L VR,
i 2 DERFHEDO T HE A EEINR LTc, FHRIZEITH D08, &
B RIIERMSEROFEOMMmEMlRRDOL TV D,

YAV g CORR SRR HIEMEREORIR A2 2 S 2 b—a T X
VRN LTSRER, T ORME L ISR OMRFED BEGR L TR Y, 13 kI
DT THIRIREN D, TIATNIR$ % iR HE DA IREIE L DA AR
PEE BT DUENRH D Z L vl

& © 220 ORI L OMRIE & HlBhE LR RIR A, ET AEHREIZKY
RUT, B E DR ENSIRE DB DO AT A K
2N, XA TFTEToOEAREEAEBET 256121, Bro oA
DIRIE OHINZ L7e 23 o TIE IR FRBEDS 238N 5%,
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5. 1 [FL®IC

AIEEER, BB O a—F U > 7R 2 BRERIICE U ic B v
T, BEIZFHTHLERELELORNIEFEAETHS, LIL,
FEROBEITITRR L 725 00 LMD FEAEL (K41 58) , HljiC
At - BRI EE NN D Z LI L VAT DX A Y OSEfTEOE(LLL
G, B DA TR WD S ICERT 2 ehE M ELLN N> Tn
o

HEIEDa—F U U R ZmT 2BICHNOND Z A4 Y DOR)
T IA =T RAL FOETNAVICEL TR, TOE T RO L E
BRI LORRETHDLIN, AV v 7 AOEEICKT 2 BERMEEZS
BLZbObLEZITOND, LavL, ShiEMmE (LT, KETITHIC
fELEMES) OFHEL UL, FEAEDEEZOEERED 2%
EELTCWDS, MS5-1 0 EORIE, AV vy TH—ETa—FU 7
LTWa XA Yot (F,) LmE (F) OEFFEELZEXICRL
TbDTHDH, ZZT, mEND HMEEFOLIZIEZRERICE LT &
THE (HETOX) , BBOIZZOIEHEMRICLYE EOKD X 5 ITE
L, ZDOFEME (Fyae) EAEOFLEIZST 28001 (F,)
LWL T L, TV DEAZT 4y IR RAENRES, ZOMBKRED
&, i E OO 2R JE I B BRI DE SR E Y, IR E b AL
LW, 2B, M5-104EOKORY v 708 1° OO IT=
—F VT AT 4 TR AELNEN, TN EMETCHRLELDF2—F
U TR B ETFEND, a—FT VU T AT 4 7 X ANEROE A2
—F VTR EIE Ml E R, AXT 4y 7 a A FFEAE LR, E
MIRICE BT D I, b FAM ST T B ERRIRICES LT
WHKmE EEa—FT VU 7T 522 HELELOTHLT=D, 11
MO EZBOMICH A YHETTOHERL, AETIE > RVIEE L
M55,

TR XD, EBEO X A ¥ TIEXEEHOBEIICE > TIRE R
TERZEL, ZOYHELAZT 4y 7 v AL BIZEDT 5, O
Wy EEAF Iy s a ALIES, ZOERGFEIIT, @A G ELH
DX A Y Da—F U TR EE ZH561%, € ORERMELZZE
LARTNIERLRNWI E2EWRT 5,

ARETIE, BEMNRNELSH N a—FT Y v VI E 2 B85 E
BRA - MEATEOICHRET LR 2 MET 2, ok, R LRV R
DHEFFHIZIH 41 LT B TH DL B 7ITHIE LINE TR,
HEE#H I 2 —Ya ViBWTHWSORD Z E&REEL, A b
Vo TETNEMNENDZATYONFETVOMLE AW, EHICF
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NERBIEEZLOTHL720, LTFTICA N 72T LVOMELZ R
AW CIRERN M ELAESRFO a2 —F U o F RIS Bl E DR
EXOMBEREBLIOKRMIED HIYZ 7T,

5.1.1 AMIVTETFILDOBE

2 A Y OBPERMEOMITITIE, AU T ET IV (string model F
721X stretched string model) & FMEIEN D NFEETANELEL b T
El, ANV U T ETNVTIEDANBRT LB, A4 VILENDEZF-
2R THDERELTZNFEETILTHY, von Schlippe & Dietrich |Z
LV 2O I — DT ODIcERZRINE Y, Z D%, Segel™?
< Pacejka®™ LI XV REMI R M CET VOKRDNMZ bz, 4V
CFNDOET VIR 52IZRT LI, ANV T OHRDOET IV (A
KU 7 DF LV D EBRT bare string model & & FEIENLS) TH 503,
Pacejka (IZ DA MY V7 bbby REREZMITMATZET VE AN
TR 24T e o Tc, 7212 L, TNO OFHTIZZ A ¥ OB ERNE D
I—EBICHT IO ET IA =TT — A hOREER -
DTHY, WMEOBENLEENIZEL TWRhoTe, REBICHK 5-4)
ZiE, ANV TETNICHET DI EDOMENLMEMER, RHRAICZEEL
<IN Tn5,

5.1.2 BEOHMREZTOBMEABLIUVARAHAROEH

WP W EEABRE O 2 —F U F R E P o T2l R OB S I
FEEIT DI NDS, SCHR 5-4) D 277-286 ~X— T, faf A B OAE S
DOIWERFPEIZE T 2R B SnTnsd, 22T, A MY 7 =E
FAMC MLy REFEZMMLEZET LVEAWTSE TR ZEH L
TWAEN, EEOHETIIA NI VI ORDET LVERNTEY, S
SICHEMENOWEY 2 BE T 57202 A Y v 7 A Z2 /NI R
ELTWD, £lc, WEAEBKOMHET T4 = TE—A 2 F&Gh
BT D700, Bpax A2 BT 544 YHMEOELEEL X A T
ETHEECRLAEME2ZEICHEL CHEAT 2 FEXZ2U 0 B2 50
TRH Y, S OICHEME N OB GA L R WD LA o Hm oo g
ZHICAT) —LTBLLERNLL, LIER-T, AU v 7ARH/N
REPHICIRESN TSI EBIW, TET AHEOEMEI NS, Hili
HE I 2 —Ta BRI 24 Y ETLELTIEHES
PN EEZD, T, ERERLOEBLRIN TV RNWED, TF
WDFELBENRRAES LTV D LTV 2720,
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SCHR 5-5) CIE, BEEEBENTICH WD X A YEFRETE T VICE L
THESIN TN, EZTEXA Y Z 1L RERLRELTHH- T
WD, BT 5L 912, AV vy T7ANRRKELS RoTHEITITFER
R E—H L7l D,

WEN R ELTEEO 2 —F U > F RO ERERICET 2B ED
WMENR YT R o Teled, KIFFRTIEEEO XA YO T
A=V T EF—RAY MDOICEFEFHEDOHLTHHTE 20N EN%,
ETAY v TAPBNLHBE TOERIZCEDVFARD, N TZDORER
i E AT, FERE BT DICEETNLVORESL, AU v TFANKE
7R IR C O MFHCE T,
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Side Force

Average va!ue Fy ave ks
L2 J / 4
\\ /
Static Loss §
E Constant Slip Angle
-]
i
Vertical Load
- 1 T
time Vertical Load
- .:") >
a‘n
o
?D Pz

5-1 Cause of Static Loss of Side Force

5-2  Tire String Model (Ref. 5-4) page 215, 217)
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ZOHEITIE, AEOMEKAZHRHT D,

5. 1HIX NIvwilc) LELEF®RTH D,

5. Sgﬁfii, Kﬁfﬁﬁb\éifﬁga%&ﬁ%Lf:@i%j—ﬁ%ﬁ—\“g"o

5. 4FIT TRBROFGIELREMR] LB, MW E LB RO
ZAYa—=F U ZRBEORIEZIT 2 O T2 0B YR L 2 32REAEE &
BoN=T — % O TIEIC O VTR 5, &IZ, KEMICEL
HER R ZRT LILICELEELITR I,

5. S5 HIE MUNAY v FAMIEBICEATRERET VORI &M
L, BEDOA NI Z7ETNOMIE TR S, W EZ B KO
AAXYDOa—F ) VRN ZERRT 5 FEZREETHI>N, @MHTE S
2y FAOHMEEZ BN RFGEEICEE L TWD, £/2, EFT/ALTHW
TWAHNT A= OEWFEEZRII L, A & EREROE, Zh
ICHESIBE LIRS,

5. 6T TRRY v 7 AfEEKE CEHATERET VORI &8
L, 5. bHitR LR e E 2, KAV v 7 AiEEE T H
TEDHLICHBLIEET AV EEL, $EFEULL, ERBER L O
EEEL R,

5. 7THITELDTHY, AR T UETELILOMREZELD D,
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5. 3 FUREBLEER

AKETHWDLERFLEZIIRDO EBY THDH, £, ¥ 5-3 IZHEER
DEHFRZTRT, F2EBIOEIETHW L EN TRAEDOHEFRD
JEIEZRTH DN, FAVYHRBEHENOLZITHHEMEO M EZIEE L,
I DE—RA L N THDLT T4 =2 7 F— A2 MIERE L, WH
D HFMEIEET D, B, ¥4 YOEITHEEL 3 —AREEMPICEL
L2RWKRIEL (EFRIE) , 3 —ALA ) v 7 MIEE Ly, AETI,
ZOXHRREICE T3 —AF, LVEEIH LN A v T
ERETHEIZIT D,

. 1 a—F VT AT 47 XA [Nideg]
Cor : VXAl [¢]

Cu, 7 T7A=2T AT 4 7FA [Nm/deg]
F, B (A R+ — ) [N]
F,, : F,DFEOR7 [N]

Fyave @ BRIDONY¥IfE  [N]
Fogm  BEIIOX A F v 72 [N]
Fysa : Magic Formura (2 X 2887) (EHfE)  [N]

F. D (BREATE)  [N]

F : BETE O LME [N]

E D BENFEORIE  [N]

M. T IA = T7E— A N [Nm]

M., :F,OBO7I7A4=7F—AF [N]

Mowe : TI5A =0 TE—X 2 FOTHE [N]

M TIA = TE—AL FDEAF Iy 7R [N]

M. o : Magic Formura iIZ L D7 94 =7 F— A b (EFHE)
[Nm]

M. BRI AT IA =T EFE—A L b [Nm]

M.y VX ARMRIZEDTIA =0T E— AN (VAR
H)  [Nm]

R DR ORI [-]

t  BER [sec]

v D EITHE [m/sec]

v 0 A RY 7 T OVHHN I O BN [m)]
D A A YHERENEREE  [m]

a 2 AV vTH [deg]

a FHEMAY v A [deg]
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o) . ¥ fn K (relaxation length)  [m]
oy : AV T O0RFEOREME  [m]
o . 7K (intersection length)  [m]
K
o
SR
-&"é\'
N
0\‘&‘\ (\%@
() ?
C 3o 2
(~ (2
e\ce ¥ ,b(\%\’ ‘ x
e X
\>/ N
...... % "
s Coes
: 2h
' UWs
Ground plane Vertical load N
. S/,
- lde/b
e )
Aligning
moment

5-3 Definition of Coordinate System
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5. 4 EBROAFLRLAEER

PR ff EABREO 2 —F U 7 RE, Al 5. 1 Hi Tk 7z
ZOEFHECTHHATEZ20080%, ETEBEOX A Y EHWE
BRICEXOVH D2 LicLle, ERICHWEZ A YO ¥ 4 XX
M%WRM—WHT%D 281X 200kPa (2% E L7o, VLT TIHEER

ICHWEEEST — 2 B O ik, EREGEZFHHL, HonkR

ot EIITEREITR O,

5. 4. 1 ERE¥E

5. 180K 5-1 TR LI & ERERIC, i E 2 E5REIR IS
MICEB S, TOROENET T4 =0 77— A2 FOIRE % RIE
ToHEOIC, EREEABELEL, K54 LK 5-510FD0FHL G
M %2R, Bl OREEIL, Bim 2B L7 ER 2.5m ORlEs K7 A (M
TICERE) O B, A YERFET 207 (O ) ZFET D L0
ILDTHDH, RTALAFTE—FTHEISN, A PEREEZIESL,
AVYOMEIL, MET 7 Faxz—FiZLV 5205 (EFHB LY
WER) o FAXYORY) v THIFEFHICLNRETER2WVR, VT
BEREZA YO LETE#ED ICREBBI T2 210K, TEDORY v
7ﬁ_&E¢6(I55%%)

NRE— A FNOWPE , B5-512RT K DI A YRR D~
7)/7L$_aﬁbtrgi%%%wtgﬂgvx%yyﬁﬂ%ﬁ
HCTHH) 217725720, AU X7 U 7 EJFICERE L st
2k, ETFHEOMBEEEZRE L, B, XA YElEmd 2z R
HEL2BMOXT YV T7DHE, —DFATA KTV 7, 4 9H—
DNEIATARINT VT ThHD,

REIZBNT, B —noBonGEEo0l FiEsHiHT 5,

5. 4. 2 {EBNEBOAX

X 5-6 12, EEHZT (EEXMEE Y —) OFE L ¥ A Y EER
®ME%%%m?03ﬁﬁ@ﬁ%ﬁw#5F%$¥i A ¥ [B]H5 il
BEXZDRXT VT ERO 2O L — M ECRESNLTEY, 21
Zo 3G mMOMENG, WE, 8, TIA =T =X ME L
ToOXOLIITRKRDT, o, AT7A4A KTV T EORGmS
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@M6Nﬂf0?%ék@(ﬁﬁﬁ®ﬁ%%%b@w),ﬁﬁﬁx
FAIRT YT ED5T) (Fy) OHEHWT,

Fz:le+Fz2 (5'1)
F,=F, (5-2)
MZ: a(Fxl_Fx2) (5'3)

FRB3) D ald A vhLEe Y —MOEEETH D (X 5-6)
I, ~AF ¥ BV FELZHHAT 5, KERTIL, fifE %2 ZH)
SHLHTEOIZ, FATVELETIZIMELTWSD, D7D, B —0
LEONDES (X (5-1) ) X, A YRKER»LZITDHHED
T, ZATRodhs % g%’iéﬁﬁﬁﬁ%bof%é L7z
NoT, BENOZITHEDH A YDORELZRD D=0 , THME
X B %ﬁf?ézg#%éo_@ﬂﬁ%vx%k/?WEﬁé
%;T,AT)/&L&uﬂ%LKW@&ﬁ(ISd)Li@i?ﬁ
MOMEELZPEL, A YEERTNIRLIZFKEOREOH I3 0
72D X WCMEER T A4 v (K) Zifg# L, X (5-1) ofEicmn
BT,

CIETHRREEEOMBICE, Thu S EEEERA W, TDT
2y 7 KEK 57277, RBUTFNTHENS, WE, H, 774 =
VI — A NEOWRBATIZIX, T4 X NE ST EE (HP
3562A Dynamic Signal Analyzer) % 7z, X 5-8 ICHWeTF — &AL
HEBEOGELZRT,

5. 4. 3 RERAEZLEHR

W EEEBREO N ET T4 =0 7F— A FOINEERHA
D72, AV v I AE—TEICRFLEZ ECaEZIEZBERICE{LSE
HEBREATIR T2, AV v 7 oI ch s 1° ICEE LT
N, FOHBIIZ A YOEMBNOFVIKZEH CTCEXHLEZLND
FHIZBWT, ETEARPIRICERFEZITERELLS EBZXA 7N TH
%, TEIX, 3000N (& 5-1 ® F.,) ZdbE L CiREFE TEZERE
A SEe, 22T, MEOKRIEIL REZLULTOXI>ICTERT D (X
5-1 )

(5-4)
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IEJE B HE 0.5 5 8Hz (MET 7 F 2= —X OMERE LD EIR)
FCEML S, ETHEILX 30km/h & L2, SRVEE (L &F
#12) LLTIZ0.83mMnH 16.67m (ZH YT 5,

AREBROBWIIWMELZ ERERICEHIGEL L THo 20, WE
T T 2 m— X Ol E ORSRE b, FEERICIE AN & ERL R I A )
SHDHZELNTERD ST, BIBICIEH A Y OENL & i O BELRIE
MIE Tl Z2n s, X 5-9 IR T X912, AEROEBRSMEOF T,
WEZ ERIcES S nWx b,

(1) T—2RBOFE

W PE R 2 RN D 20X, A oA DAL & R T IR R E
THOVNEND D, EZT, /A ABREIZIEIe =27 4 V72 HNT,
WHEBIIC L D ) A ADBREEITR-T=, Thbb, WET 7 F
2T —HZDENESZE ) H—LLTHW (X5-7) , FEKEZLE
LD 20 W E O INE ) 2 R 7,

(2) AU TANRODKDOEDMHIE
KEOXATIL, TORNHHBEESL MLy RANX—DOREBIZLD,
AV AN ICRESNTVWELIHRFTY, 2T/ OCT
TA=ZUTE—A VIR RELTEBY, TNUOIFEREMNSEE T 7
A=V TE—ANEMEIN TS, TNOLEMIET DHZDIC, A
vy A 00 ICEREL, TOMOEMHERT —FRBEITRAY » AR
1° Ok EFo<BICICLERMEELZITV, AU v A 1° OKO
JISEWTE DS 0° OREOEEZ 72 Loz,

5. 4. 4 BEHRRLEEER

B 5-10 & 5-1112, RD 09 DL EDMEN LT I =0 7F— R
Y Ao 1AM OINEREERT 7Y 260K T, BIEOEL
O Rd <RI mOl, BlEIRER TR, 1 Ao ELE
OB EA YN ETTHHEHO 1D IRV IEE L) TEHELTH 5,

BJ 5-10 6, B OISEITEREENES (DR EENEL) 7
HIC LN T, MENREWEOR N ED LIESELETT 5 2
EBLO, MMHEBNR O RELS DI ERDLND, T7A4 =V TE—A
b REER R AR TN, MEFEENIIEE ) K0 e Sy (M
5-11) .

- 116 -



%55 T WPERISRIEM B O X A ¥ —T U 7Rk

UboZ b, BEMNMELBROa—F U 78X, K 5-1
IR LB TR TE RV ERNHEIC R - T2720, B
WEBELIEHTERENET FTA =V TE—A L NDOINEET Vi
BT 5Z LT,
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5-4  Tire Test Facility on Drum
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(Top View)

Drum Surface

Setting of
e_ ................... S Slip Angle

Test Tire

(Side View)
Rig

Test Tire

Hydraulic

Accelerometer
Actuator

Piezo-electric
Sensors

Hinge

Bearing

/ Drum

5-5 Structure and Sensors of Tire Test Facility
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5-6 Layout of Piezo-electric Sensors

Piezo-electric  Charge
Sensor Amplifier

1
D Fyp éf_i_

a HP3562A

00 0 0
]
l

Accelerometer . X
] = K

Hydraulic Actuator

[ 1

5-7 Block Diagram of Signal Processing
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5-8 Signal and Data Processing System

-121 -



%55 T WPERISREM B O X A ¥ —T U 7Rk

P195/60R15
(Frequency 0.5Hz)

40F

/Vertical Displacement

o
o

w
[=]
-9
[=]
Vertical Load (kN)

N
o

Vertical Load

Vertical Displacement {cm)
N
Q

1.0F
-1 0.0

0-0 - 1 ] 1

0.0 0.5 1.0 1.5 2.0
Time (sec)
(Frequency 8Hz)

-1 8.0

4.0 F

/Vertical Displacement

{6.0

w
(=)

N b
[=] [=]
Vertical Load {kN)

Vertical Load

Vertical Displacement {cm)
N
[=]

10F \
4 0.0
0-0 1 1 [
0.0 0.5 1.0 1.5 2.0

Time (sec)
5-9 Tire Vertical Load Response under Sinusoidal Input of Vertical
Displacement (o=1deg, F.,=3kN, R=0.9)
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Aligning Moment ( Nm )

Side Force ( N )

P195/60R15
1500 bttt

1000

500

i

=500 : :
0.0 0.5L L

Distance travelled
5-10 Measured Results of Side Force Response under Time-

varying Vertical Load (e=1deg, F.,=3kN, R=0.9)

P195/60R15
60 T

0.0 0.5L L
Distance travelled
5-11 Measured Results of Aligning Moment Response under

Time-varying Vertical Load (e=1deg, F,,=3kN, R=0.9)
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5. 5 #M/NRUy TAEBRICERAEGZETILOMSE

5. 5. 1 BHAETPSAZVITE—AVERFDETIVE

Ao X o2, ARV U TEFTNLEREND NEET LN, XA Y
Da—F U TREOBMEREELETT 57202 HnHNTE T,
TR LENLOMIRDIZEALET, WEIF—ETAY vy 7ALT —A
NEB LI EXOMPDET IA = TE—A L FOIEBMEICET
H5HbDTHDH, 2T, BEOAN) VTETLVERWEZHEE S5
L, WENBEMNICEHL VD EEOMNETIA =0 TE— A
YIEDIEEERDTHBERNEHET 52D OMIEICET LT,

ETEARELIEDOIE, ANV 7 OHDET )L (bare string model)
AW, ZA Y OHEMERIAIEERTH D EREL TRDIZ, BT
ETTA = T E— AL MOIREFTRXOE 1 ELPMRTH 5 (SCHK
5-4) D 255, 270 X—) , TDOHBEXTE XA YOMEBEIZT—ETH
HERELTCWVWD S, a—F V727 4 7 FABEME
(relaxation length) FDREIL, EHE L TEREIN TS,

ZIT, MENSWVEHEECTEBH L TWDREZRV LS 202, £
NOORBOMERGTEEEET L 2B2 - UTFICHOET o
A= 7F—A 0 bOREFTBRXEZRT, Lk 5-4) TEFA T~
ANTELT, WHE, AV y7H, ¥—r AV v (REHEHEICXT 5
AAXI—HOENR) Z2EZTWDH, LL, KFETITIAY v 7
LI —ANPBEEINTVDIRELRFT LB, F— 22U v X
0D, #—r AUy FICHETLHHITAK LT, vk, ALY 7T
BT IVOWPEISE Z RO T HTRERICE W TIX, £ OM LB IT
M () TERSEHERE ) LT22ER-EKNTHD, ZOHEN
L, ANV U T ETANTHNEZRDD EXORBHEATHD, ¥4
YHEHE N OB OB/ NGEIICE T 5, AR EBEROH Y A0
KoMmsr 2%, BE (HEE) THhr2roTHDH Y, o+ 5
JSENL, AFORD de % Vdt CIEEHMA 52 LICEVELND,

dF
oﬁg):£?+fg::CFan)a (5-5)
o)M=y =y (F)a (5-6)
dx
dF
Mzgyr = nger d_): (5'7)
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M,=M +M.,, (5-8)

AR L EEC Y YA vDRBIZLIVRETLZT 794 =07 E—
AU RDGTH D,

5. 5. 2 ETILNSA—SDEH

AECRLERXOFRICHNE R T A—=2D55, Fig (1) o=
—F VT AT 4 TRAET FTA =T AT 4 7R AFKS-4ITR L
R LAAXRBEFELZHNTCRD A, Fid (2) & (3) [ZRTHERM
FEUVY A ufffix, KS5-121 7R 77y b PRRBRERFIC X
HEBRMOH/ONTET —FEZHWTRDTEN, TOHEEBIT, 5-4 D
RBIEBE TIIX A YOI —AZBENICEBHIELZ R TE RN
N Th D,

(1) A—FYVIRTAIRREFSAZUVITRTAIRA
EFRETOZRY v 7N 1° O L 0° OO HIBLIOT 4
SV TE—RA U NDEE, TNENDAT 4 TR AELERLE, D
2, MEZzE LS TCENLEMEL, BonlT — X2 EHEE O
& L7 3 BAEIZHR L TR ERFEEZRB L7, K 5-13 £[X 5-14
2, Aa—F VT AT A TRRAETTA = T AT 4 73X AOWEHE
(Ko7 ey b)) &3 REBA~DEIFFERZRT, K 5-13 12135
ELLC HEBLEMENSRDZa—F ) VTR OMEEREED
KT, BB, TIA =V T AT 4 7 X ADERERICB W T, [KHTE
P CIFADHEEZ R L TVEI R ZIEEIRICE 2R TH D, BRI
TROME LD EiERL, TO#MHIZ0 & L,

(2) Bk

BREIT B OHIEHZOREEBICHEY L, T &2 FEEBRIIZKD 51T
X, 27 v PINEREHEBICEDORREH WL Z BN, Z
T, BEFEOFIEEHOTEMEZ RD I, AREE L CHEL —
EWRFFL, 3—A% 00 ZF0ICHEE 0.5° THREEZ 0 5 2Hz
EFTAY 4 —TIIRT 2 FEREATV, I — AT 280 O JE 3 HOS
BRI, ETHEIL 30km/h & L7,

WIS, BONTRAEEIEEPDEMEZRD 2 FiEE2BRRD 77
FEROERSMETCIRERENMENTZD, A= 2 v Ik B RET
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HREIRRS TS o TEE L ST, X (5-5) O dx & Vdr biEE#H)
2T-RET T ITAEHBL, AV v 7T HR IO EREEZ RD
5 (TR .

E6)_ Cra (5-9)
a(s) 1+ %

T, sIETTIREAE T TH D, RIT, s ik AL THEMEK
INEBEE AR D ETXER D,
C CFa%a)
Hp i0)= H (@) +iH p, (0) = Fa g (5-10)

o : o z
1+(a)j 1+(a))
V V

—77, ERICEVUTORKREISERENT — 2% N OBtHE &
LThRbhb,

HFy’e(ia)e)zHFyR,e(a)e)+iHFyI,e(a)g) (5_11)
ZZ T,

@, L R T O K

Hpyge D EBRIC KX VE ST T O R BB D EED

Hyy, ¢ ERICE 0B SNHH O RBEEUEE O

ThH o, REMIZ, LTOMEREZR/NMNITHZLICED, EME
oL RDDHIENTE D, EBEOFRETIE, ok Cp, DI 2 72 H % 9] H]
e L, N0 DEAEBNASZ TESE TR KR LR ZITY, 7F
i B2 E , i 23 fic /AIMIIS LR L 72 & FI T S U 72 B i TR &2 4T H 1)

-7z,

2
Ef = ;ZZ:I‘HF)) (ia)e’j )_ HFy,e (ia)e,jl

= %ll:{HFyR (a)e,j )_ Hppe (a)e,j )}2 + {HFyI (a)e,j )_ Hpye (a)e 5 j)}z} (5-12)

5-15 IZHE T DR B E DO FEBRER L, RO HFIEIC LY FEE
SNTRROB ZRT, ok, a—F VT AT 4 TXAXCp, b A
WCRIEENDD, EFTAHEICHWZOFER (1) TRRZH DT
HbH, ETOBERMIT, MELHFONELZFH Lz 0L R Uil
(¥ 5-4) TRkOF-fE%E, VIal—a 3E8THLHWLENRRY
THLNOTH D, EMEOMBERFMET, K6 EIZI T DS
BEOERBEREPORESINTCe (WP OTrY ) &2, a—F U7
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AT A4 TRART TA =V T AT 4 73 ALFRUL, EREEZ 0 &L
7= 3 wBEEICEYFE L CRBE L (X 5-16) .

(3) ¥4 BFZH¥

VA B BREIT - EOHIEZ O 1 IREL DRI YL T D, FEFE
ZRDODDHERLEFMEICHELZ —CICHRFEL, 3—/A% 0 PLICAY
A — 7R (RMEIX 0.5° ) T 2FEBRZITV, BEINT I —AITK
TLHLT A= TE—A Y FOBREEBISED, mZEBEEEZRET S 2
LWk kD, TOFEEL T CTHHAT S,

X (5-8) b, UYr A RBEHITHED 2 FITHHFIL THKRTHZ &
MWOND, L, CELHETETHERETXSECERLELGN, 77
A=V TE—A FPEERICED DYy A vHDOEAENRKEL Y, ¥
YA EEEZLVREELSRDDZLENTERZL2ERT D, 2
T, ZOMBEEBRITRBEEOMEREEZ B E L, #HE 170km/h THEHE L
oo WEDSEMETIE, #—0 RV v XKD T I =0 TE— AL B
DTN S O TEEEL 7, L (5-6) ~ (5-8) BLOK (5-9)
EHWTRY vy 7HIZHTEHT IA4 =0 TE—A 0 NOBEMTE
kwzn (FX) . 2B L (2) FHEL, X (5-6) £ (5-7) @ dx
vdt bEEHMZT-RNE2T 7T AEH LT,

MZV(S): CMa (5_13)
as) I+—s

Mzgyr(s)zcger CFaS (5-14)
a(s) 1+ %

(5-15)

T, sIETTTABEE S TH D, WRIT, s iox AL THEMEEK
INEBI AR D ETRERD,

Hyp(io)= H g (a))+ iH s ()

o
C_C.Vo-C —w
Crro + Cop Cry00° gr-Fa Ma( j
_ Ma ar ~Fa +i V (5—16)

o 2 o :
l+(w} 1+(a)j
V 14
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—77, FEBRIZE VU TORKBEISERE S, Eid (2) ERUELST
—ZHENOHBE L LTHELND,

HMz,e(ia)e):HMzR,e(a)e)+iHMzI,e(a)e) (5-17)
ZZ T,
o, D RER T o JE K
Hyre CHEBRIZEIVEONTET T4 = T — A NOEEEK
S D FEER
Hy e CFEBRICEIVEONTET IA = TE— R ORI
B D

ThoH, RERT YA R C,, LT TA =T AT 4 TRACyy @
i, LT OB OEE /NI T 22 LI LV RDLZENTE
éo

1o, ) 1o, |

M=

E =

m

1

= %l:{HMzR (a)e,j)_ HMzR7e(a)e,j)}2 + {HMZI (a)e,j)_ HMzI,e(a)e,j)}z:| (5-18)

~.
Il

~
—

E, DR/MEICB W T T ORMARK Y 7,

oF, _ OE,, _0o (5-19)
oC,, 0C,y,

gyr

£ (5-16) 2B b2 K918, C,p & Cupp 13K (5-18) 12 THE
ERETEENRTWHIDOT, b oEiE (5-19) ZHWTLUTD
EDITRTENZRD D ZENTE D, BB, a—FT VT AT 47X
A Cp, EEMF ol EFE (2) TROTMEEH NS,

% [B @, ; {O' @y H e (a)e,j )+ VH e (a)e,j )}]
c A (5-20)

o cmé@@%J}
]Zv:|:B {HMZR,E (a)e,j )_ % a)e,jHMZI,e (a)e,j )}j|
Cyp = Jj=1 - (5-21)
>(B)
j=1
ZZ T,
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B=— (5-22)

Th D,

K 5-17 127 94 =07 F—A2 bOREBEISEDERER L, E
FROFEICLVRIESNTROGEZRT, 8B, TIA =T AT
4 T7RACy, b EX (5-21) ICLVRMFICEEINDD, ETVEHE
ICHWEOIERETR (1) TRkOZbOTHD (BEHIF=—FU 7 X
T4 7R ADEAEERL) . X (5-7) BV TV v A B R BITEEK
ELTH- TS, HERDIZOMEZAAKAENET L TEREL, FE
FHE AR L2y, FREo X 2 IS EIC ) L3 2283 2 @ m 23
HAHONIFZIE—EELHREALATD, EFNAVHETIZTFDOEHEE W,

HEIELILHDOY v A R

* fE 147kN : C,, =3.62X10-5 s’
* fif F 2.94kN : C,, =3.67X10-5s’
- T E 4.41kN : C,, =3.73X10-5 s’
- i 5.88kN : C,,, =3.75X10-5 s’

FEIE : Cy, =3.69X10-5 57
5. 5. 3 ERERLOLURLEE

5. 5. 1HTHWLEEFEAL, 5. 5. 2HATRDEZ TR
— X OEEHWCEERE LR EZ, K5-18 LXK 5-191C7-7, FHHEL
To&MIE, 5. 4. AHTHRRZFEREFLTHS, M 5-10 BV
X 5-11 OFEBRFER L, K 5-18 B LOK 5-19 O~ b, B DIRE
XA ORI L SFRME O B L O, fAHERIEIZ LS —F LT
WD ENDLND, TIA4 =V TE—A MOIGEICELTIE, 24
DIEEDNELS 2D LD o> T, MENSKE WRHIZHEAD T 5 m i3 &
—FHLTWDA, FHEMEOMNMMAEIITERER LD KEW,

2 A YRR OFEHENRBAT 52 Lk, BB ENEFRETCa—F
Yo7 LT EXIC, BmdH>R0CMMMIC KD Z A4 v OB A E
DEE LT a, TR 2 EW TRUMEE 23 A L, B8 o hER 4
BMRKREL D WH Z Lz, HlEEICR L CEERERE
D, TIT, FHHEOELE S LI+ HZ Lz, X 520 &
X 521 0%, MW ET IA4 =0 T AL NDODEAFT I v 70 ADE
bz, £ (Fuoy b)) EHETHBRLEZLOTH D, KO,
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OB L 2, >RV EE SO T L, M, B8
TIA=ZUTE=RA MDEATFTIv IR (Fpun BE O M, ) D, BN
HOPIME (F,) TOMNET I =07 F— A2 bOEFE (F, 8L M,)
IZXT B THD, XA T I v aRElE, EFRETOFIHE (Fp BEQ
M, me) DPOIWRIRIETOFEHEZEZE LB WVAETHY, AXT v 7R ALY S
DIED BT 18RI T 5, LLEDFEE EFIZBE L T, K 5-1
B L,

B2 5, BB L CIXEE NG 2m BL ECiX, ¥4I v
ADERBREFRFERITNPRD I —HLTWDLZ RS, 774
=V 7= A MIBELU T, IR TEREOIXL DE N KX
WH OO, [ U< KESER 2m UL ETlE, EBEHEM RV
I<—H LT Enwzd, £/, ¥4I v 7 a A M EORIELL
RIZH L CIHMBITKTEL, RBPRELI LD EXATI v RTR
WIZHEIN3 52 ENbins,

DRV PEDN 2m BL T T, EBREROIZIVEREMEY #1453
I BANPRKREWV FEENELS D EHALERO —BENKI 25
HAHAELLT, ANV TETITHE, A4 YOREMENIZE T 5 K H
FFHTHLIERELTWDN (Thobb, A4 YOEME (30cm
BE) I LToRDEREFFZICEY) , EEZITI>RYEENE
7% &, BEMENOMES AP FEHE ETOLDEER >TSS Z
EMEBELZLND,

5. 5. 4 FHEDFEDOENTELERA

T, HATFT IV I OARRETHAD=ALEZRFEST H7201C,
EYIMEOEACICBE T 2T 2 242 Y, Ihbb, 2V v
TR EEE L, i EE EEEIRICEE S & & O O EEME % R
Wk dr 2525,

X (5-5) OEFIEcta—F VT AT 4 TRACr Il FTD XD
IZIRFEO LR EIRET S (C & DIXRE) . T0d, 24T 4
v 7 BAF0ThD,

o(F.)=DF, (5-23)
CFa(Fz):CFz (5-24)

KWL 27208 F, oikzFzHKL, EXx2 (5-5)
AT D L&,
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DQ£E+F=CEQ (5-25)
dx

L b, WMEIE, FRokHICERERICERT L T2,

F.=F,+ F_sinw, x (5-26)

I, o =21/LThs,

)

ANRIEZRE DT, X (5-25) OEFEMITLL T O X 5 2 T*
DTENTE D,
F=F + F;sino,x+F,cosw,x+ F,sin2od,x+ F., cos2w, x

+ Fysin3w, x+ F.;cos 3w, x + - (5-27)

A (5-26) £ (5-27) 2o (5-25) ITIRA L, F IZHOUWTHEA
j‘é&;

Fy + Fysino,x+ F, coso,x+ F,sin2w,x+ F,, cos 2w, x + ---

=Ca (on + F, sin o, x)
- DF (a) F,coso,x—wF., smo,x+ 20,F,, cos2a,x

st sl

-2w,F,,sin2a, x + )
— DF, sin o, x(w,F,, cos o, x — o,F,, sin @, x + 20,F,, cos 20, x
-20F, sin2a)sx+---)

st c2

(5-28)
L%, abiz, X (5-28) OFUF 3HE —ABKOAKNEHNT
BT 5L,
DI:"Z sin a)sx(a)SFS1 coso, x— o F,simo,x+ 2a0,F,, cos2w,x

—20,F., sin 2, x +---)

st c2

=DF, o, (FS1 sin @, x cos @, x — F.; sin>x + 2F,, sin @ x cos 2w, x

~2F,, sinw,xsin 2w x +---)

A _ 1
= Dan)S{FS1 %sm 2e,x - F,, 5(1 — Cos ZwSx)

+ F

" (sin 3w,x —sin a)sx) -F, (cos @,X — COS 3aJsx) + - }

(5-29)
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L, & (5-29) A (5-28) ITRRAL TR (5-28) o0 L £
DA OBMB OB AL, TN ONRELWVWEELS Z LD,
FARBIILL T X HIckp b nTX %,

TE B D Fy=CaF.,+— DF o,(F.,) (5-30)
sinox DRI : F, =CaF, + DF.y0,(F,, )+ DF.0,(F,,) (5-31)
cosox DIRE : F., = -DF_,0,(F,)+ DF.0,(F.,) (5-32)

ZZTHD VDB ONYEE, TRhbbERHETH D, RO
2 MUBEZEA L CERIL, FHEEZES 221275, 2 KOHEE 0
LR (5-32) O Fgiz, MUK 2%komEE 0 & Lz (5-31) %
KRAL, Foxkdd L,

cl —

DFZOCUSCCX]%Z (5_33)
1+ (DFZOC"S)2

L h, &z, X (5-33) &3 (5-30) WA AT B Eicky,
DOV EZ TR (5-34) OLHIITRKRDDZIENTED, BT
TlX, B Fy 2R OFYIE Fype CEZHZ Th D,

1 DF.0,Caf, _ 1 (pheyf
2 {1+ (DF, 04 Fy CaFZO[I 2 {1+(Donws)z}]

1 1 Ey Y (5-34)
2 1 ) Fz0
{(DFZOWS)2 ’ }

X (5-34) 6, ¥A4FIvrzex (EX{NOFE2IH) (LT

WO ENE R D,

- MEOIRIEL R (F/Fo) O2RICHHILT, ¥4 F v a2
W+ 5,

s JAN R 0, 3FmL (DRVIEE L AEL) , BREcOMEICHT S
BREDNPRELIRDITE, XA FI v rvRFWNT 5,

- WEOLEBIREE E,AMEO T LME Folc% LS (R=1) , AEHo,
ﬁﬁ@k(ﬁ@@ﬁ%Lﬁo):Fo<k BAF v a REHh
BEEBDR2WIEEOEFME (F,.=CaF.,) ® 12 2T d 5,
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X (5-34) ZHWTHE LEX AT I v/ u A%, WEEEBN D
WA OERM (F,=CaF.) THUER (Fgn/Fye) 2 5-22 127
F, T A —ZOfEIE, D=0.2 (m/kN) , EiEk R 1K 5-20 &AL
K e Lz, ZOH T4 OESRTELZ W TV 5203, 5.22
DRERIE, B 520 1R LI RBROFEORM R L, E 1 B 5
<=L TWn5,
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5-12  Flat-belt Type Tire Test Facility
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5-13  Vertical Load Dependency of Cornering Stiffness and Cornering

Coefficient
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5-14 Vertical Load Dependency of Aligning Stiffness
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5-16 Vertical Load Dependency of Relaxation Length
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Example of Frequency Response of Side Force and
Identification of Relaxation Length (V=30km/h, F,=6kN)
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P195/60R15

20 T
————— measurement

- curve fitting
(=]
[
o
~
E
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|
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(1)
@ Coyr =3.6176-5 sec 2

0 1 3 " ( HZ ]
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a
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5-17 Example of Frequency Response ot Aligning Moment and
Identification of Gyroscopic Coefficient (¥=170km/h, F,=1.5kN)
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(N)

Side Force

Aligning Moment ( Nm )

1500
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P195/60R15
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5-18 Calculated Results of Side Force Response under Time-

650

X 5-19

varying Vertical Load (e=1deg, F.,=3kN, R=0.9)
P195/60R15

A

0 0.5L L

Distance travelled
Calculated Results of Aligning Moment Response under
Time-varying Vertical Load (a=1deg, F.,=3kN, R=0.9)
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P195/60R15
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5-20 Comparison of Dynamic Loss of Side Force between

Calculation and Experiments (a=1deg, F,,=3kN)

P195/60R15
1.0
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© R=0.73 o
00 R=0.36
(o R=0.90,
23 o ’
o .
205 RS
N Q R=0.73
S S L=
< lo--"
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D ::. , P LK 2
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5-21 Comparison of Dynamic Loss of Aligning Moment between

Calculation and Experiments (a=1deg, F.,=3kN)
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0.6
0.4
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i —““———‘
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5-22 Dynamic Loss of Side Force Calculated by Analytical Model
(F.,=3kN, D=0.2m/kN)
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5. 6 RKRUYTAREBECERATRLETIIORSE

ZZETOMTIX, AV v TAEMNRFEBIICRELELOTHD,
BAXYDENRT TA = T = AL FOEFMHEIZAT 4 713 A L
2V FHOFEE LT\, HMOBMEENRELRDLEZ AT D
2V THABHEML, 2O XD RBBREIZRY LoD,
HEER S I 2L —3 a3 VARICHWA A YETF VL L CIHES
W EEBEZDLND, I T, AHITIEHAY v T AOEHREE LT S
CLEEEHBMICHRHLEERER RS,

5. 6. 1 Magic FormulaZAW=ETIDILELEEBREDLLLE

AAXYDAY v THNKEL 25 L, EmESRNEERTH S &
WIOENR D ST 720, WVIKAEZBET HIHLERNETDH, £ 2
TET, MIheET 74 =07 F— A FOEFRFEZE DT (5-5)
EX (5-6) DA%, Magic Formula (UL F MF S BE3) L RRIEN D
EBRREET NV TEDLTZEE2RAETY, 0T VEZ ZTIE“E
THA1” LY, BTICEOXRERT, X 5-23 LX 5-24 1%, BiJ1&
TIA =T E— A NOEFFMEOWNEME MF IZFRE L 7SR
Thbd, BRBZOETV1IOHENIT1IRERTRERDEINTND T,
ik 5-5) EHBPOETALTH D,

dF
Oﬁ(FZ )d_xy+ Fy = Fy,stat (a/’ FZ) (5'35)
O(FZ)dZZ +M; = Mz,smt (Ll, Fz) (5'36)

ERXBLOKX (5-7) &KX (5-8) ZHWTHE LM EE, X 5-25
E52612R" T E72, RAY v 7 A TOFERMRZK 5-27 & [X5-28
2R d, BRET—XAUHEOFEES. 48 THRR7Z@Y TH DN,
A2AY w7 60 & LTz, MBEORIEL R HEDFHFE TOANNFEMIL,
EBECTOMERULELTHD, 28, X525 8BLUK 5-27 DS O
fi R, BB 2 EROR KIS (F)uw MFIZX2FEE) b
ffEC7ey hLTHD, TN G, LLTIZIR R 2 5 THEER
R LHEBRIIR R > TV ERNDMND,

1) BHREMREOMEENANER IV KE W (FRICEETT)

2) FETIE, BELI DR (K525 D F, ) L0 KRSl

Ty (MEOMA T 58 DA, 20X D RBEIT
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I ERNEEBEZOND (X 5-27 DEBRMEFICITZD X H B
GUIR B

) FHEHEOT FTA = TE—A L FOLEBHIREIL S R0 IEENE
72D (BARENEL D) LN T T 50, EhfsR
LW TH D,

FTITINOLDR—HEEZKETDHZDIZ, TETILVOKBREZIT/R -
7=,

5. 6. 2 ETIDUBLEER

AIECTHRARTZZEIIC, AW ET I =T — A b E2RDOTINE
FRRXOEFFEEZBITH S OETIZT T, ERE T /RN
Boninotz, KREARBBEAT, BN ELBRICRAET SR
N, TOMEBIZBITARKNEZBZDZETHDHED, AV v 7 A
LTOVETLHHNDET T4 =0 77— A2 M, RENIZEOEFHEZ
AT MFIZEORDDHZ LIl L, £72, 5. 5. 4IHTHIRR &
N, MAENBEICEDO XL ER Th D72, Hiicleiddk Hikz
@gﬁbfi 5-8) , 5-9) , 5-10) .

ARV TET VOB NTIE, KAV v 7AEKETOINE %
WMT AL, Ny RER (ZFI7VETN) 2H0MxzET01
REIN TV (K 5-29 R, SCHR 5-4)D 259,260 <X— 551 H),
7B, M52 1XEFIREELZRLTWS, Do I intersection length
(CZTHERZRERELERT) LEERTBY, AV v T7HANKEL D
LW T B, 72k, K o (Relaxation Length) (I—E Th b, A
U 7N 0ICiES< &, RERITIBEMELE LIRS, ¥ 529 D
ETETFICLD &, BAET IO IR CERlTE S Y 0

I, Cr XA XY ORRINE, vo & v IZETTVOMEN, IEIE
BETHDH, RERIFIRATEES (K 5-29) .

x__W" 5-38

7 tan (al ) ( )
FXOa #EMAY v TSR LT D, RERIIMWE L %M A
Vo 7HoBEBThHsr-0, X (5-37) ZHWTA (5-38) ZLLFD
EIHOICEETET,
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F F
A S ) W (5-39)
C Fy € tan (e, ) tan (e, )

2V o THANOICESL &, RERITAY v 7AN0DREOEME (o),
X 5-16) & 720, EXREWFE2HIZa—F VT 2T 4 7% A (Crp)
LB E0b AF) Bk, BRMICKERIIUTOLIICERE S,

o, B

B Cry tan(al) (5-40)

o

ek, FMAY > 7AIEA (5-38) L0,
a, :tan_l(v—‘*j (5-41)
o

LA, FIm, XA YEHEMEEEOEN v, 1L, LT Oy HER
AR Z ik kDo D (OCHR 5-4)D 364 X—)
% dVl

o Ly =0 tan(a) (5-42)
dx

BN, 794 =v 7 F—RXA 2 ML, MEIZTFEESMA Y
v EERAL, UTOXoTkd D,

Fy:Fy,stat(al’ Fz) (5-43)

Mz' :Mz,stat(al’ F) (5_44)

z

EFEoX (5-40) ~X (5-44) BLOKX (5-7) , X (5-8) ZHWT
FRIZ2ETVE “ETA27 LY, ZOKMEHEO T — %K
5-30 (2T, K 5-31 L S-32 N FOFHERBETH DN, EBREERIC
FEFIZELS—EHL, ET V1 OMERLMEINTND Z ERbnd,
L, FRUANORE 2 OFETELHEEZE LA, AV v
ANLDRELSOIORVPEENFEEHETITWHAITAY v 7 H10°

IRVPEE 0.5m) , BEHENSARLEICRVEHRLTCLE >HAN
HDHZENbho Y EEEE VI 2 L— g VETIZRB W T
BLIEAATYET ALV EFEHTHZIEEZRELTNDRED, Lhr X
NRET VERBETLILERND D, FFENRLEICR D HEREIE, X
530 D@D T vy 7 THRMIEEIMNIZ/R7-OTHLZ ERbroTz
2, ET NV EILICKETHZ LT LT,
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LYV NNI PRETIADERE

RAERIZN (5-42) "obnbd o512, A4 YORER T bbb
HDOISEENE X T HNRTA—FThDH, ZOINEENEFERIZK
WRODHDZEEEZTZ, L, AV 7A%20 THERSFTTEOHE
IZEE L, & O %2 DI TR L, EERBISEN LR ER
ERDODDHEWVWIHLDOTHD, ok, AV v T7AN0 OREORERIT
BMETHDLZEND, RERITEZEOBEMETHDI EE 2 T I,
FOERBRETFT—ZWMHOSHTIEILS. 5. 2HICHKLEZH O L EARIC
RMUTHDIZN, AV v Tz 0 TER<HFEarRREICEHEL, TOM
Z LSRN 0.5° TR EZ 005 2Hz £ TA Y 4 — 7SR L
oo TNODOEBRMNORD R, K533 7oy hThHDH, &
FHRETIERY vy 7 EEMAY v 7HITELVWOT (K 5-29) , ¥
ORENIEMAY v 7AHELTHD, bbb ki, Ebox
EH2b00, FEMAY v THRENT DIEVRERITHEAD L (K
5-29 LRI M) , MENEMNT 2 ELREZRELHMT S,
RERMGZRDDT-DIIE, X (5-40) OREREORBRZEEST S
VENDHDH, T, BT —ZOMmzRDLL, TEHLEITHLER
NG A—=BERDLRNEDELT, 2 vy 7AN0DOREOREMEZ v
U T ORERE REITRE L Y,

. -1
0*=ofﬁh,li)=oo0§)sm{mijEf““d} (5-45)
o “1

ET7 L2 D (5-40) 2 (5-45) TR -ETNVE “ET7 137
EFES, 22T, 0gld5. 5. 2HTRODEAY v 78 0° OO
ERETHY, WEO 3IKEKETHL, XTA—FC X, EREIZ
X (5-45) ZRIETDHZ EICE VRO, TORENK 5-33 O hif
Thd, TETFTNIOEEFED 7o —%2 K 5-34 |27 F, X 5-35 LK
536 W ET ITA = T = AV POHERBETHDIN, TFT /L2
DOFER (5-31, ¥ 5-32) LiF LA LR LT, EBAER (5-27, X 5-28)
IZH L —HLTWDZ ERbnd, £, TT V2 TEHHENAL
BRSO EGETYH, ETASEFRELEMBBTONDL I &b ahho
71—: 5-9) .

WL, BTNV EETIIDFHEMENORDOIZFAA T I v Iv R
EEBRBEROLE AKX 4-34 LK 435 127" (KNP 7oy b RER
fER) o ETA3ICLDMIIDOX AT I v 7 m AFEBRICIHEFITEL
—HLTEY, 5. 5EHITHRZM/NARY v 75k T FTRE 72 £
THATEHEE2m U ETLr—F LTV Ahob D, 7/ 31X
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LV onRVEENEOEEK (ImBLF) FT—HLTEBY, 6128
WK E C T LR S DL, T TIA = T E— AL NDE AT
Ry ZuAZELTE, ET V1 EEBRBERISOMMTH DN, T
FA3EF—HLTHEY, BEXMN4m U ETIIERNICH X< %L
TW5a, 2770, BIRFRCRERT — 203 b7ni=®, Lo sIicH
LCIHEABEDICHIAEEZINZ DML ERN DD EE 2D,

CZET, WK ODDOHICHBE LMD ET I = T E— A
NDOIREETNVICONWTIBRRTE 2R, HEMICIE EROET L3 &
AWz Zlickn, 2 v 7RV EEOHBAERET 52 &7
<, BEOMEBEMGEOR N ET A= TF— A NOIRENLE
LTy Ialb—aryTCEHrT ENnNbholz,
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P195/60R15
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5-23 Steady State Characteristics of Side Force Represented by

Magic Formula (Plots are measured data.)
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= awol # 0T
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o /'//’ S ‘2\\ &
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&t e T
40 W,
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5-24 Steady State Characteristics of Algning Moment Represented

by Magic Formula (Plots are measured data.)
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P195/60R15

6000

4000 |
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Side Force (N)

-2000 : . A

0.0 0.5L L
Distance travelled

5-25 Calculated Results of Side Force Response by Model 1 under

Time-varying Vertical Load (a=6deg, F,,=3kN, R=0.83)

P195/60R15
150 r .
0.5 Hz
"""" 2.0 Hz
———-4.0 Hz
100F  ssemesess 6.0 Hz 4
e ———=P8.0 Hz
£
<+ g
c
1]
(3
(=]
= —7“""’"#
o s
E' \f
| -
o
ot
=< -50} 1
-100 4 . .
0.0 0.5L L

Distance travelled
5-26 Calculated Results of Aligning Moment Response by Model 1
under Time-varying Vertical Load (a=6deg, F.,=3kN, R=0.83)
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P195/60R15
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5-27 Measured Results of Side Force Response under Time-
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varying Vertical Load (a=6deg, F.,=3kN, R=0.83)
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5-28 Measured Results of Aligning Moment Response under

Time-varying Vertical Load (a=6deg, F.,=3kN, R=0.83)
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a a V
/ o N
wheel plane o o | .L—X
l‘ aI} I”’N’ -7

% % V1 ,&’,— ot
stretched string
sliding range
tread elements y

4

stretched string

sliding range

tread elements — |

5-29 Tire String Model with Tread Elements and Change of
Intersection Length ( Ref. 5-4) page 259, 260)
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Setting of Conditions and Initial Values

Decisionof V, f, @

CZIZVIZO

{

to =t + At Calculation of Vertical Load

F.=F,, + F.sin(27 f1) @

.

Calculation of 0 and ¢
by Newton Method

o= Uo(Fz)Fy(FZ’al)
Cr, tan(al)

v
o, = tan 1(—1)
o

Calculation of Side Force
and Aligning Moment

Fy :Fy,stat(al’ F. )

z

M; :Mz,stat(al’ Fz)
.| @
M gy = CoV dr

M, =M.+M,,

{

Calculation of v,
by Runge-Kutta Method

d '
%%+vl =0 tan(a) @

5-30 Flow of Numerical Calculation of Model 2
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P195/60R15
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2000 |
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-2000 4 2 L
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Distance travelled

5-31 Calculated Results of Side Force Response by Model 2 under

Time-varying Vertical Load (a=6deg, F,,=3kN, R=0.83)

P195/60R15
150 v .

100 ¢ -.‘//-/‘--., o d

Aligning Moment ( Nm )

=100 4 ‘ 4

0.0 0.5L L
Distance travelled

5-32  Calculated Results of Aligning Moment Response by Model 2

under Time-varying Vertical Load (a=6deg, F.,=3kN, R=0.83)
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Intersection Length ( m )

pe = T T ¥ T T T T T T ¥ F % 7

Equivalent Slip Angle ( deg )

5-33 Experimental and Identified Results of Intersection Length
Depending on Equivalent Slip Angle and Vertical Load
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L=t +At

Setting of Conditions and Initial Values

Decisionof V, f,«
0(1 = Vl = O

Calculation of Vertical Load
F.=F,, + F.sin(27 f1)

\»

Calculation of 0 and ¢
by Newton Method

x (Fz) sin{tan_l(CC, al)}

o =0,
CO' al

v
a, = tan 1(—1*j
o

Calculation of Side Force
and Aligning Moment

Fy :Fy,stat(al‘) Fz)
M; :Mz,stat(al’ Fz)
dF,
Mg =ConV — =
M,=M_+M,,

Calculation of v,
by Runge-Kutta Method

d '
%%+vl =0 tan(a)

)

®

5-34 Flow of Numerical Calculation of Model 3
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P195/60R15
I

6000

4000

Side Force (N)

20007

s—s—s—a—aFy max
—0.5Hz

Yy - ——

-2000

0.0

5-35

0.5L L
Distance Travelled

Calculated Results of Side Force Response by Model 3 under

Time-varying Vertical Load (a=6deg, F.,=3kN, R=0.83)

150

100

P195/60R15
I

Aligning Moment (Nm)

B0+

-100

0.0

0.5L L
Distance Travelled

5-36 Calculated Results of Aligning Moment Response by Model 3

under Time-varying Vertical Load (a=6deg, F.,=3kN, R=0.83)
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0.6 P195/60R15
0.4
o
$
3 3
w -7
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Y02 /—a’———‘
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P
P
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o.-
095 10.0

5.0
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4.0 1.0
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5-37 Comparison of Dynamic Loss of Side Force between Calculation
and Experiments (o=6deg, F.,=3kN, R=0.83)

1.0 P195/60R15
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Q
N i
E N m] O
~N N
3 R
s
S .10 AN

f—
e - -
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5-38 Comparison of Dynamic Loss of Aligning Moment between
Calculation and Experiments (a=6deg, F.,=3kN, R=0.83)
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5.

7 FED

ARETIE, FEFHE ETOa—F U 72 8E L, @A E L )
DX A YD ET T4 =0 TE—A L FOIREREICE T 50
TR REWME LI, TOREELUTICELD D,

1)

2)

3)

4)

5)

6)

2V vy 7HEBEEL, MEZBENICEBSELEEOMDL
TIA =T EF— A P RMET D T AAGREREE 2 JEL,
T — X REE AR LT,

EBHRAERICELY, BEMNELEBIRODET 794 =07 F—
AU NDOIRNEL, TOEFHERHFETIEHIBHTE 2V E2HL N
Wz L,

A Y FHFEBICEA AR, AN U TET N ENRN—X
ELTEFATIREETVERB LI, 20T AT, FRE
RA—F VU T AT 4 TRREDETINI/INT A —Z O EKLE
HEEBEELTWVWD, £72, ETNANRNT A =X EFEZRBRIZILYRD
HFREE, TORBEEER L,

R EEBRELE LZAER, NERESCKY AT I v a X T,
IEZE O E NP 2m LL E T, £7 VIEERE L —F7
HT ENbNhoTl,

I—F VT AT 4 T RALEMBEIIMED | WK THD &
REL, BIIDOEAFT I v 70 AEBFTFHICE N (A D=X
LAEBOLMMILE) . ZORIX, EBRSLERL3) OET LT
HRELEHEEEEHOCET % LE, Zofiricks s, fiiE
EEL R B 1T, 2RVFEEN 0 AERBITERK) (cx5<
XA T Iy I RAIWEEHN L VE XOEFMEO 1/2 127
T 5,

FF3) OFTFTNVEILEL, KAV v I AEECE T M Al Ee e
ETNERF L, 7, 3) OFETNLOEREERDTEHE
Magic Formula CE & #2722 (£57 /1 1) , TOFHEERILE
BRiEE —E Lo T,
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7)

8)

9)

10)

WIZ, Py RERMFEZANI VITETLVOMTERESEIC
LT, MEEAY vy FHIIKET HRER, AN 7TET IV
OEHRTRE I O, FMA Y v 7HZHEL, FMAY v
7 LB A2 AW C Magic Formula TF b L7 E R Rk 6l
BN LT 94 =0 72— A0 P EREWICHRET T
NEBELE (FF102) , TOETFTIVIIERBER (XY v 7
6% ) LIEFWICEIL BT D LENbhroedy, AU v 7ANR
KRELHDNRVFEENEHOVEBE CIIHAERRLEICRDIHEAENH
Do

ZZT, AV I EMEICKET DEMEOFERE L HWT,
WMEEAY v 7 (MR Y v 7)) IKGFET IR EREZRD
THEICER LEEERZ2ET L 20RCEE L, BIEOR
NETIA=vTE—A LV MNEHETHIETAVERE LI (£
TI3) .

BTN BIEET V2R, ERERE LT L2 b0
ST, BRI D OISEICE L T, 2RV IEEN Im LA T O
FT—HL, SHICHWKEHMEE TCHEATESRBELD D
N, EERT =BV nTed, SHILICKRIETHALERD D
EEZD,

ETFNIITMATELZ A v XA LME, 9D KEEORH
NIRE I NT, BMEFFEOZEED LW & n, BHEER
Sal—valIlHWAZATYETLICHE L TWD EFE R D,
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FOE “BENKEREZTKROSIAVYa—F ) IEY]"
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5-5)

5-6)

5-7)

5-8)
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FO6E DRV EEETHO X A YN B ES)NC G5 2 5
6. 1 [FL®IC

BRft 2 pE D EHEDEB O ZEICB W T, BEIZFHTH D ERE L
HOMFEEAETH DN, EEOKIIEICITEE A 729 R0 M3 G5
E£L (K4-1 Z8) , BHWICHTE - BUONHES DL Z &Ik AT
D8 A Y OEE A EOZALUIMNT, B A FHTIER WD SIS RKET
HEEMEEEN MO > TS, TOd, HlEEZ L0 IEMICT
WFTD7-DI20E, BEO I RDLZNICERT2MELESHLEBE L
ET IR N MLETH 5,

B 50 Z2EFE LI EHEESOMEIXIEFITD 0D, BE L
Mk 6-1) , 6-2) TiX, HEET NVIITFHE2BHETT VEFIE 2O
N—T =T N EMAGDYE, BmE L TIERERD >y &
— B EER LM 2 ER L TWDH, FOHEEET LTI —/LiE
%ﬁrﬁi‘ﬁ?ﬂﬁénfwét&) FEAREEOMEBHIEE I TV,
F7m, EFHERREZEEL L, TORHBEOLEHERO AL ZHY H#
STWDHTED, XA VRIFFEZRIEE L TH-TEY, A4 YO
FEREIZHZE L TR,

ZELHEL 6-3) TiX, EWIZR LS HEEEFTLEZHW, Y1
WD SRV BEEBE LM 217> CTW\b, LorL, XA YT
Btk 1 IREBENLE L TEVFE> TWEHEEYD, EsETHREZ LI
AUy TP ESNE lfim%be%éﬂ,x)y7ﬁ#k%<
D E 1T REBRBMEE L TRV 2R TE LD, HEHRE S
N-2E3Ck 6-4) THLRIUL, 4 VRO O@EEREEZ 1 RiER &
LTW5sb,

FU EOWSE T, FEFHEKICI T D B EBICK T D A
TarRHE AT ADOREEH L TWDEN, XA Y OEPERFENE
WEENC 5 2 D BIToR L TR,

L7 o TARETIE, A4 Y OmERMEIZIEFLHEKK L TOHEMm D =
— TV TR BT 5O E NPT D7D ICHmE L
REBRET D, AMRFITIL, ESETHBLEYA YET L& HlE
BN Y 7 NMTE AL, ¥ A YR O P Fr M 2 3l o BN 2 5
ZADEBE I a2l —a LIRSS Y 60
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ZOHEITIE, AEOMEKAZHRHT D,

6. 1HiIX NIl LELEF®mTH D,

6. Sgﬁ‘/@&i, Kﬁfﬁﬁb\éifﬁga%&ﬁ%Lf:@i%j—ﬁ%ﬁ\“g"o

6. 4HIX v ab—yva Vi CE8ATHIZXZASAYET L] LEL,
FHHSETCHRMEMWICHB L BEMMELBROY A Ya—F VU 7
BT IV ERT,

6. SHIL v Ial—varRELHBBLIO®Z A PET L) &
ML, RIS W Em ST Y 7 h e, BB ALTEZ AT
ETNNEAVEY I 2L —va VBREICOWTHAT S, 70, AT
CHWEEBEETLVEX A PET VERT,

6. 68T VA ikt AROERONE ) LEL, 6. 5HT
ALy Ialb—vaVREETHAS VIERDO YRV 2H3 5 KA
EEFRL, BAEAZ YA L E CEABH I RO REGEGHOS I 2 L —
VarumERT L, XA VYORERELZE LIRS LRV
HENC T2, Bm oY OERERBEOEEZRL, TORKREE
BT D,

6. 7THEHIIX TEFAEROREGOILE] CEL, 6. 6Hi & EEE
7ok BlCk T A, Bl O E L e 2 — EICREF L2 E S M ERE
O I a2 —a UFERE L, 6. 6HIOME L HEBHRFT S,

6. 8HIZTEFLHTHYV, AETHUEUTERLILOEREE LD D,
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6. 3 FUREBLEER

ARETHWDLERREFIIROEBY THDLN, ZNHIEFX A YO
heT 794 =v7F— A MORBIFEXATHWLNDL D TH 5,
F 72, X 6-112 1SO 8855 THLE S L7z H il 8.0 sl [E5 E D FEFE R (x, y,
2) BXOKMEEEEIER (xp yp 25) DEZREZTRT, REBEINLLE
BRI, z 802 B\ & xflils KOy fid M i EAIT R A TR TH D,
ARECTHWD EHEEEEN Y 7 b (CarMaker, %) OJEERIL, £
DI EITYERL L T 5, CarMaker T3 & B [& & JEE R 2 H W 5
2N, BEEEEERALAWVWDL N TE S (BROKE > R OESR
THEM) .

] 6-2 1X[A U < ISO 8855 THIE I N X A Y DEIEZRDER TH
D, CarMaker THHWHNTWD, FEEZRDF A X O x #, py X
Wi Elchy, HElELICBHTLEERTH LI, 4t iR
RARRETMEAET S,

Cor ¥ v A ufRE [
C, C RERDEMA Y v THIRTRE [

F, B8 (M A R7+—2A) [N]

Fysa : Magic Formura |2 X 587 (GEHME)  [N]

F. D E (BREATE)  [N]

M. T IA = TE—AL N [Nm]

M. g0 : Magic Formura (2 X 57 94 =7 F—AA 2~ (BEFIHE)
[Nm]

M. G MERICEDZTIA = TE—AL | [Nm]

Moy VX ARDRIZLDT IA = TE—RA L M (V¥ AR
") [Nm]

t : FEfE [sec]

14 : EITHE  [m/sec]

v : A NY T T IOVEMATRE O [m]

a AU v [deg]

a DAY v 7 [deg]

o . #EFIE (relaxation length)  [m]

oL : AU v A OREOFEE  [m]

o’ . 7K (intersection length)  [m]

- 163 -



FHOE HRNVBEETRED S A YRS ERERICH 2 D

I
! Vertical

éz Yaw

Longitudinal "

6-1 Definition of Vehicle Coordinate System

Rolling Resistance
Moment

Overturning
Moment

6-2 Definition of Tire Coordinate System
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6. 4 ZalL—YavVICBEATHEIAVYETI

BHETIX, A4 YOMEME (UL TFHICHE L FES) A EERNIC
EEHLTWDIROM D EET IA = TE—A L NDOISEET NV E
FExmEtLien, 2V vy 7ANRKELS SR EEDNFEVEPETH ER
fElIZ X< —F L, »OoBMEHAEOREE L IhoTmET /N (BE5ET
IXET N3 EMEATR) 2L FICHERL T, 7ok, K (5-44) &K (5-6)
Odx% Vdt CEZ#z2 THD (FX (6-3), (6-6)),

. -1
zf=aYa“Fn=aJE)mﬂmz (Coe)] (6-1)
Ual
o = tanl( VL) (6-2)
o
7 ﬂ+vl =0 tan(a) (6-3)
vV odt
Fy = Fy,stat(ala FZ) (6_4)
Mz' :Mz,stat(al’ Fz) (6'5)
dF
Mzgyr :ngrVTty (6'6)
M.=M +M_, (6-7)

WHEHIIZBWT, Lo X A4 PilESEET Ve B #EEH I 2 L —
Tay V7 MNIEAL, HWIEBCE X5 X A YR OB ERME O
Bratd 5,
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W6E Hh0KEETHOY A Y AN EEES G 3 58
6. 5 YIalL—YavEBELEWMBLIUZIAVYETIL

— Y aVRBORBE

(o))
o1
\'l
m
p

-

Wl 2 AYET NV EEANT ZHEBMEH I 2L —va /T h
& L T, IPG Automotive GmbH #E:23 ifi i)tk L Tu % CarMaker & 7=,
ZOYTZ7 FTIEHEBBRAY AT AL L THTEREDOENET LA HE
ALTHEY, FFREPEKMREWNI Lnb, FICKM TIHE HILS
(Hoftware-in-the-Loop Simulataion) ¥ A7 ATH L HWHILTW
%, CarMaker TlIX A VY EWRMEET L E LTS O0HEINT
W5 2%, Magic Formula Z VW5 Z L% &7 &8 /o5 LT
L, EFFHMEORIC Magic Formula # W TW 572, CarMaker 4
U v+ VD Magic Formula €7 /VOFHE v 7 Z A& EE L, X (6-1)
~R (6-7) ZEFRET L2570 T L0% CEFE Tl LML=,

UTFTTHA~NS I ab—va ViR TE, BETHESATWD
Magic Formula (LLF, EHET /L EMES) EHlekET LV (LT,
WEET NV EMES) ZHWEHELE R L, ERLZHEBBEF L,

Z Z T, CarMaker DM E % 1789 5,

CarMaker DBFE

CarMaker X, HEIHOEH VI 2L —v a OB I
SNVFRTAZATITZAOFHEY 7 FTHY, 1989 VY —2D
IPG-CAR (ZHk % 7288 RE A 10 L T, 1999 47> & CarMaker & L CTHR5¢E
SNTWD, TDREARL D BEHFEOESD AR IL, MESA VERDE
(MEchanism, SAtellite, VEhicle and Robots Dynamic Equations) & M
EnzsYy 7 hv=TickvBEMICEHR SN S “”, MESA VERDE I,
VAT LEMKT OHKS Y a A v NEERDONEERNICLIDER
WL72TF A7 7 AN TGRS, RKIENT —O [ K-S T 2
D =a—br A7 =D RBGTEAREZ VR v 72T F
A RT7 AN (EHEFLSF) L LTHAT S, CarMaker N TIZZ D7
7TANFEBIRIAT, NT A= ZDOERLHIMEEZRE L, T4 77—k
EDBEREDICL VAT LDIRELZFET 5,

6-3 |2 CarMaker D A A > GUI & 7 = A — 3 = [ (IPG Movie
EMEIEND) BRT, ALY GUL O NVE T v A= a— CTHECK
HREDNTA—FEEEHEANNLTHET L2 L TELN, TE
DEXIZEL > TEN L DA FLEE L 72 TestRun X° TestManager & FE (X
NOETXARN T 7 ANERHZADLILICEY, vIalb—va VEHE
ZEBGHNCRITT DI ENTE D,
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6. 5. 2 EWETIL

Bt/ A bDFFEHEFHEFRE 1400cc DT 4 —EB Lo P V)
ZREM L LT, CarMaker I XD I a2 b —3 g VITHER T X —
XEMEL, EHMETNVEEKRLEZ, TOEBO EEFETIILLFTH
D,

- B[l A B 0 1460 kg (2 4 FH)
o fuf B Sy : Front / Rear = 60%/ 40%

e A LR — R : 2510 mm
« b w KR~X—2Z : Front/ Rear = 1460/ 1445 mm
- XA Y Y%A X :195/50R16 (2L : Front/ Rear = 220/ 200 kPa)

6. 5. 3 44¥YETIL

FREHOAMBROZY A YIZRICL LD THDIN, BREN RS -
D, TNENROET NVEEMR LT, K6-4 L 6-51Z81ET 74
=7 — A2 b ® Magic Formula €7 V& /"7, ERIENRR DT
DHIGE DRFEIL DTN ERD (T 74 = 7= A2 MIEKIEDN
BNIY T HA Y DOENRDOTNITRKEN), 723 Z D Magic Formula 13,
EWRETNVEBREETVOMFTHWLNLD,

X 6-6 1%, WEET AT THOWONDIEMAY v 7 A LRERD
R TH L, o7 vy MIRGEM, #hiidX (6-1) ([TRIE L7k
RThHDH, EQEDBENI T XA YOER 7y FEA T LD RED
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Settings Help

Car:

Toyota_Yaris_FKA_MS_vip1_Tires_Imprilodel
Toyota Yaris (Tire BS_19550R16)v1.1

- Load: 2 Persons + M it
v Trailer: - Select

. . = Simulation Storage of Results
1 300 60 It Sinus Perf:  %/max Mode: #|collect only
2 0 .
Stlus: - (114%) Buffer: 33.6 MB, 5315 Stop
Running ‘
Time: 74

| | Distance: 5672 Save | Stop | Aport

IPGMovie - 'ballantine’ online

File View Scene Camera Help

CKIMDEETRETE

6-3 Main GUI and Animation Window of CarMaker
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Side Force

7500 3
Vertical Load
_____ [ serenenann 2000 N
5000 N S 4000 N
- - — —-6000N
\
Z 2500 |- .,_\\
o
o 0
L
L [ R B o
2 5500 TN .
(/2]
N
\
-5000 A R E——
195/50R16
-7500 ‘
-15 -10 -5 0 5 10 15
Slip Angle (deg)
Aligning Moment
200
Vertical Load PEN
150 ............ 2000 N 7 \ [
’é‘ 4000 N " \
= 100 ———-6000N ; \
~ 1
= 1/\\ \\
c 50 <
o ~ yio.... \
E P T N
E N N N / (\
|
g -50 \\ ]
c AN I
2 100 . 1
< N
-150 «_t
195/50R16
2005 10 -5 0 5 10 15

Slip Angle (deg)

6-4 Steady State Characteristics of Front Tire Represented by

Magic Formula
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BO5R0 BEETHO S A YA EAESIC S 2 5 R

Side Force (N)

Aligning Moment (Nm)

Side Force

7500
Vertical Load
————— —— iy anssnmmnnEn 2000 N
5000 N 4000 N
ﬁ* — = —-6000N
2500 ..., \
0 k
-2500 \‘ ".-- -------------------------------
N\
\
-5000 e a—
195/50R16
EA T a—T) 0 10 15
Slip Angle (deg)
Aligning Moment
200
/ ~
Vertical Load /
(1:11] S — 2000 N ,
4000 N U
100|| - - — - 6000 N :' A
\
'/\ \
50 [ 1 \\
\\ ..... f' ......... \\
0 i\\< ............ : T
50 * A h
. N |
-100 \ !
1
1
=150 \ 1
195/50R16 _-
-2
0915 -10 0 10 15

Slip Angle (deg)

6-5 Steady State Characteristics of Rear Tire Represented by

Magic Formula
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Front Tire

Vertical Load Measurement Fitted
[0) 2000 N N
-~ ~ 4000 N A R
6000 N

=)
o
/
‘
O
I
I
I

Intersection Length (m)
&
: >
’\./
7
/
/
/

=3
By
/-
/
/
'
!

-------- \d - _ ‘
> ------ -
........ >
>y& .................. \
I I R O S
195/50R16
0.00 2 4 o 8
Equivalent Slip Angle (deg)
N Rear Tire
. Vertical Load Measurement Fitted
( ical L S v
,-.08--\~‘ c000 N o ===
E %A o ° o
< — — -
i) R
- \ T
SN R \é -
g 0 4 ................ ZS 2\ = “
3 X \
: o T —
Bl T T
£ 0.2
195/50R16
0.0, 2 4 o 8

Equivalent Slip Angle (deg)

6-6 Measured and Identified Results of Intersection Length
Depending on Equivalent Slip Angle and Vertical Load
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F6H DR BEETHO Y A YN LRI 5 2 D YR
6. 6 YAVERRAANKOEWOEE

Alb—2avoEHs

o
()]
a
\
n

V3ialb—raryOHME, BENPDLDANIZEY XA OmEN
EE)L-RFO B G OZEEN, XA YOEFFFEDOHLEZE LIK L,
AIEI CIlB R A Y OREREEZZE LT, FOXIICER DN
ERHARDLZETHD, £ T, CarMaker D I iE 7 DHERE 2 H W,
IRV DOHDHKE E LT, #MATEIER O xg J7 W O O W K
A VWRT, yeimICE—EORE A ER L (K 6-728), £
DY A EOWEL L, WMiREL A &35,

ARE T, EfTHEEX 60km/h T—E, #iEMAE 60" , HH 3
TAY RAVAZY A ERICEAE LZREOISEICE L TR %, R
LIZBLTIE, BALELZAYIREET VITMELEEHO S 2D HEEN
Im L EOFH TILERE L —HT 52 &nbhrolicd (55 &),
L OEN Im LA EOFHZRFTOXMG L Lz, 741X, 4o A
YETHEKm EEMER S TS (XA YHRENLW) @ E L (4
MRELSRDEMBEIPRELI R, HLEU ETIZERIDOFZ A
YARE 2 OEEN, HmMEENARNLEICRD),

A=Y avEREER

o
()]
N
\
mn

ARIECTRTIE, SEHOEREM A%, REEE(LN —EIZk-
TUBEO 1M 200 HLEZbDOTHD, LLTFD 3 FEOR S %2 1t
BLZbDTHD, 2B, LLFOXTOHEENLL G I TRT,

O FHEE, A TYHEET L (XA TYEFETLVO/ELIZTE A
FRICTHHA, ZZTEHB@EETLVERH W, BEliX%R)
on Even Road with Transient Tire Model

@ Shvmb, A4 YEFET NV
on Undulated Road with MF Tire Model

@ S0y Em b, A4 vimEET v
on Undulated Road with Transient Tire Model

AETIEHUTIZBOTET, YRV EESEVEALEVEAT,
54X OBBREEEET D &, EIISEIC L O LD REENRRD
MEBAT D, DR OREIL, 4828 FICHE &ML TVWDER
D (54 Y OWMELBNARKICARS) & L, ®IT, #Hl o
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FEONHHEEL, >R DEERLIOIRIEOBZEZ R~T, KBS, A
Y OBRPERFEDRRINEE I G ZDHEDA D =X LDOHHAERRLD,

(1) ShYRENREVNES

X 6-8 (A) ~ (L) &, L=3m, A=6cm T¥ I 2L —3 3 L7zfE
RE2Rd, b, BHORVICED2Z A4 YORmELS (X 6-8 (E)
~ (H)) 12w, HEfiozg—Lr—1F (K 6-8 (C)) HMEE (¥
6-8 (B)) MEBLTWDZ ERNbnb, £z, BEIRVITEVAE
TL4 A A YOMEBELIHIOLOTIFLEALEE RN b,
A OBPEREITETO ETFTEENICIXIFEAEEEN RN &N
DPND,

L2>L, @B RINGEE O FE s L OVE M E— 7 (T o fa st i o F
BIHE X, OO FHEBEEITS L OQO X A ¥ O EF K2 AV iz ik R
IZHRTEAD L TWD 2 ERbnd, £, @ORINEE O LB K5y
H@ITEERT/hE W, LU EOBINEE OISE ORFEIL, SRR 5K
6-8 (D) 2T 4wH A VYRR ETHMAODORMEXSIELTWVWD, =
— L — MR E L FERTH DD, EiThE 0,

KEAAXYENETNOR %K 6-8 (1) ~ (L) IZRTH, A4 YD
NMERB L OEAEOITM, B >R VICEDMELEILOZ A 72k
0, ZTOXEHRECIRIEOEB O FIZ—FE TRV, 2720, O
O HLE RGN FE & RS o T o E R X VAN B — 7 AT O #E i o
FHRENQ LV /NEL b0, AR (E) OERNE (X
6-8 (I) & (K)) @ 0.5~1 Bffir, H#ger: (&) oOfeRNE (X
6-8 (J) & (L)) ®2.0~258f1ir, T72obbEfEICLD 2 A ViiE
B D /NMEMIET, @DOEINRQ LV /NS D" THD,

(2) ShYRENMEVEE

X 6-9 12, L=1m, 4=0.8cm OHHE DK 6-8 L Atk fERE2rd, &
P 6-8 LXK 6-90DHOND I LiE, DRV ETOMINEEST —
L— FOEFRIEN, L=1lm D F RNV /NS N2 ETHY, ik
DRVICEKNT D EAEEOE D 16.7THz (=E1THE/S 2V K&
=16.7(m/sec)/1(m), L=3m OFEIL 5.6Hz) TH Y, HF O 3 —HLIEJH
FBELODLRDVENWTEOTHLEEZEZOND BmH>HRVIZEY ET
L5482 A YOMBELEINL EENPEVWEALFRKIZOLEOTITEA
EEWR 720,

LL, @0a—Lb—hEHEBBMEEDER X OAME — 7 i
D HTHE O BT EESEWGE LT, OO FHEETES IO
QDA YOEFFMEEZHWIZAERICHTHEML TWD (X 6-9 (B)
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BIO(0), 2BINIE, X6-9 (D) IZ/RT 484 A YN REETD
RO OB EMIEL TS, EXAVYENZTNOR D %X 6-9 (1) ~
(L) 272, @OHEMEAIMNEE LB OBRMOER X OAME—
7 AT DR E OB A@ X v K& < 225 Ok, £t H o lEh
i (B 6-8 (J) & (L)) @ 0.8 F~1.5F, f#Ekelk o g s im (X
6-8 (I) & (K)) D228 LUK, T hbbEMICLDZA PEL
DR KMEFMIET, ODOBINQLY KRELL D201 HTHD,

(3) WMEEEYEELSRYIEERE, RIBEOBER

Eie (1) & (2) ORENS, BuO >RV EENRRDL L, ¥
A X OBEPERIEE BB UL LRV CHEEENC R R > R
EHZLHZERbhoTcled, o Ry OFENEINEEICE XD
A X0 BRI T A B D RN B s il o0 -2 fE (%] 6-10)
L, YRV ERBIOMKRE 4 (Mol & oK EK 6-11 (A)
IR d, BUICIZ 9@V R LA Im, 2m, 3m T, 4§H% A4 Y& THE
& AR > TV OHEIPH CHMIRIEZ 2L S RFOR RN R LT
bH%, X e6-11 (B) IFFHETOMAREREL L, Z{bFEE2%TRLE
bDTDH, A YDOEFRFMEET NV EHWTZQODEHEIX, T XTo
= ATCTYEHE EEITLV/NEL, ZHITESETRLEY A VR
DAZT 47 BAZELDZLDOTHDLEEZLND,

A A VIBEREET LV EHWEZQ@OGEIL, WEICXVEYEOZE
bR E720, SRV EENEVSGS (L=3m) L FHMEITFEHEE EE
ITEV/AIVD, BFEAEWES (L=1m) IZHICRE< 8D, £,
ki (1) T/HRLV L=3m, A=6cm O EERE, + XTOHFr— AT
@IFQ L W EHENARE NI &L, B HETH =X A YR EHE
FAET 4w 70 A XD L, BERECIVETDIZA T Iy
I ALY EBITEADTD, LW XA Y EREE CITRATE R
AN

¥, LELOMINEEEHE O LD T, ¥ A v OEEREE
BELEGAIE, LRV AICH L THREETH D,

(4) BMERETEHEDOEWVICHTIER
FBOETCRLEMERRTZA YHEAEORKRETHY, S HITRAY v 7 A
ZEEL, MELYHDHME P LI A VERICEBSSEZRHFO DT
Hotz, —J7, HmICEEINEZAA YOMEL A v 7 Ai3dkcH
ICEBNL TR, HEEBIIRET DX A YRS EEZZT, il
EENC LV RIOMEE 2 v 7 (BLOEMAY v 7 ) BEL
THEWY, XA T EHEENEE LZEHERRRLTH D, KEiTik~
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TEYA A AN RO BEWESR) TIL, ¥4 YarEITEm 5
DIk DZETMZ, B mMEL XTI TS, 22T, k
FC(1) ~ (3) TRULEZ A YOI R M A 5l oo A5 0038 B oD 1 6k
ZHZDHWBOAN AL EEZLZ L THD,

IRV BERBEVEE

F£9, Eid (1) o5 (L=3m, 4=6cm) IZBWT, ¥ A YiwiE
FHEEZZELZET A0SR0 (Q) TORMSEENEHED, FiH
¥ (@) TOFHMEEV /NS WEBEE 2 5, Bl ORI X% A
YA OBMTRED, KO XA YHENNTETOMEEEMAY v 7
ATRED, TOEMAY »7AIX, X (6-3) hoHkHHNLDH A b
U v JRIME OREEN EZREREICLY, K (6-2) HHEHEIND,
X 6-12 12 48D, DE@D A MY > ZHiME O L, @D (6-3)
FiOOMERT, 72, M6-13 340D LEQDOKEERTH D,

ITET, BICLAWMELBOREZME L CH DL, FHE
TORZEERE (K6-13 D) L4 TEEITIH DL OO 0.6m FEET
HY, X (6-3) ZHMZ 1| RENFKREEZ D EEZORERIT 0.036
B (=22 E BT E=0.6(m)/16.7(m/sec)), J& 1 ¥ s o4 &5 ik
BX 4.4Hz TH Y, BAEE I 0.33Hz (AW 3 ) Ik L THoKRE
W2, BAEICER LM ELTNIC L 24 A4 YO EBHO 7 A L
FE~OEEBIIZIFTEHATE S, 2D, FHETOVI 2L —T 3 v
T, PAYOEERMEOAHAEZBE LIEET VOREMSR L, HIEF
ME2EELZTT VOMBIIFEALEEVRLRWEEBTH D,

DRV EOBRBICRE 52, X 6-12 £ 6-13 2B\ T 4ix & b A
BB ZRLTWDOT (BERW M &SmO R ICER), 413l
%lm 2 A Y E2FNZ L CTHT 25 (6-12 (D), 6-13 (D)), frEA K
XV (1.5 BE ), X (6-3) DETH DA MY > 7 HibmE O R
AL, RAXALOEOH LT ORE CES L, & O FEHHHE I
HE ECTOMEMNEIFZEALERUTH D, @DEN O EBIRIE O KK
Dk, MUK (6-3) ZHMAR 1 REBERREEZD L, BEH>NRY
WZ XD ANTEWREND 5.6Hz THY, 7 A M 059 L7252 &
IELTWD (REEOFEHMITA 0.65m, FEEE 0.039 B, Hrivsm
JE % #5 4.1Hz) ,

FIE /NS WREE (1.5 L), X (6-3) O ThHHrANY 7
AT S 58 DARZEAL L, A& 2R 0 (RREE 0 7)) 123 < 72 2 e 1% (6-3)
FIDOMEEIFIERCICR D0, REENRKREL 0D EBEMIZENLD
AL, FUOEETREETE R, LEN-T, 1.5 BLUBEOEN
O FEEHIEIT K ECTOREM L0 /S <5,
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6-14 2" T DX, A MY TR OBEN ERZEZRIZI DK
Doivd, OLQ@DEMAY v TFATHDL, 2BZOMIZIE, 5249
Wi EOEEREET V(@) DAY v ALK E L TRLTH D,
B 6-14 OQ@DHEAMAY » 7 AiX, >RVICLVMENIEFIC/HIL
IR T RFIZ AN ZARIZHEEIM L TW AN, mfERFEFIT/NHN I N X
AXYHENBLIEFITNS L, BAODOHEMIZITHFS Lo BEHTE 5
(K 6-8 (I) ~ (L) M), LT L=A%EmZ (¥ (X 6-14
(D)) ICEBRTHE, MENMKXWE (15HET) 1ZO@OFEHHHE
TODEMAY v T7HRLQDAY » I Ll A ERLTH DN, fif
ER/NSVEE (1.5 LK) 3O2RO0XO LV /hEL bz, ¥
XA TREIID/NEL R0, ZFRICEKY BEFEIMEEN NS 72D,

DAY BRIV HE

wiz, (2) Oo&% (L=1m, 4=0.8cm) BWT, ¥ A YviBERME
EBERLEZETNAO IR E (Q) TORNEE N, FHE (O)
TOVHEEI Y REWHEBEE 25, ERREFETL, 6-15 12 4 fify
DOE@DA MY » ZHisHOMEN &, @D (6-3) HiADHE %
~YT, £, 6-16 1T 4O DERDRXERETH D, 210 FEEN
BN AT EAWEEREL D0, REEOEBHIREIX L=3m O5 5
ERER N,

A8H & b RERZEAEZRLTWASOT (FERIPN R & &k i) o i
HE), AMEBEHY A Y26 LT+ 5 (K 6-15(D), 6-16 (D)),
FIEDZ /NI WKL (1.5 L), KX (6-3) ODTHLODA MY »
7 A DREZEANL T, R AR 0(RFEER 0 F0) 123 < 72 5 Reix = (6-3)
FIDOMEEIFIER CICR D0, REEDRKRELS 2D EBEMIZEND
AL, FUOMETREZETE R, LEN-T, 1.5 BLUBEOEEN
O L HEIL T ETOMEM IV /NS 2D, 2O\ L=3m
DEGHEELERLTHD,

PENRKEWVRT (15 ET), @D MU ¥ FHimEHOEN D
EENRME IR AL OEIC R TIHEFITNHSL D, 2k, KX (6-3)
ZRICS Hlie 1 RENRREEZD &, BEH SRV ICKD AT EEK
MN16.THz TH Y, AN 024 L7252 LIZXHIGELTWD (RER
O FEEIEIEHK 0.65m, KEEEL 0.039 F, Hrav )ik 4.1Hz) , &
NbRELSRDD, 0.7~1.5 D HOFEHME I FEHEE ECcoEN
LW R&EL 2D,

K 6-17 lZQE@DHEMAY v 74, 90 EmbEoEFFEET
N(@) DAY v 7l %Rk d, faf B/ S W BE RN R T 4wk,
@DHEMAY » T AIZOR@QDAY » 7 A LD /NI WD, FEDKE
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6% S0 KREETHOZ A YR N R EICE 2 5 B
WHEE Al TIERE LD, TO/RE, h—HLE L TalgDH A
YHokFf (K6-9 (D) FIE—ZHMIETRKELL 72D, LiERn- THE
W ORENMEE S K& 2D,

UETO RDVEEDREVWGA EEWGA T, ¥4 Y O ERMN
MR EICEZ D BO AN = AL EEEZ LT, XA Y OEEE
BLOBERELICHEOVIERELEEZAEL TR, L X A YOMA
ERIC XY ElESNZLT 5720, “ORDVBmICBIT LA i
TR PEDS I EENZ 5 2 28" 2 M XE HOW T T 52 &
TN TH L, 4 WZ A VOMESLKERBLIORX MY & 7 Hibn
HMOMEEN, BIOENDICLVRELIEMAY v TAEZTIDLH T &
WZE0, XA YR OMPER NSl OEINEEIZ G X D ED AT
=ALEBBHTELZ B bhol,
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Undulated Road

Wavelength L

Height A

Even Road

6-7 Road Undulation defined in CarMaker
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on Even Road with Transient Tire Model
------ on Undulated Road with MF Tire Model
on Undulated Road with Transient Tire Model
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6-8 Vehicle and Tire Responses at Sinusoidal Steering Wheel
Angle Input (F=60km/h, L=3m, A4=6cm)
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on Even Road with Transient Tire Model
----- on Undulated Road with MF Tire Model
on Undulated Road with Transient Tire Model
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6-8 Vehicle and Tire Responses at Sinusoidal Steering Wheel

Angle Input (V=60km/h, L=3m, A=6cm)

- 180 -



G2 % 5%

1Y B AT O F A A S B EE)

9

=
=

6

L

on Even Road with Transient Tire Model
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Transient Tire Model
------ String Lateral Deflection on Even Road
—— String Lateral Deflection on Undulated Road
—— o**tan(a) on Undulated Road
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Transient Tire Model
------ Intersection Length on Even Road
Intersection Length on Undulated Road
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{t§% I Magic Formula 24 ¥YETIL
I.1 FEEXFVYIUNADOKEFEEEERE L= Magic Formula

MEL Xy U NAOIRFENEEEE LT, iR v TREORIR S &R,
TIA =T =LA bOFTERKXE L TFIZRT,

<FIr#s >
Fok) =D,sinC, tan™{B, y—(E, +4E B, z—tan™ (B, 1))+ 5.,
(ff 1-1)
. (1 12)
ERXOFEL, LIToRHE > TEHET 5,
C.=b, (1 1-3)
D=bF’ +bF. (ff 1-4)
B.C.D= (b, > + b, F. Jexp(~ b5 F.) (H 15)

ERIFRTB AT 4 7532 2FDbL, X () 1) ZATX 0855 Lk
=0 IZBITAETH D, RECHETIZRICEREZHEL, X ((F1-3) & (ff
[-4) ZHWTLLTD B, &K%,

— BX CXDX

B, CD. (fF 1-6)
E, =b,F.> +b, F. + b, (fF 1-7)
AE, = b F.> + b, F. + by Jbys ysgn(x+S,.) (4 1-8)
Sp =Dy F.> + by F. (f+ 1-9)
Sy :b11F22 +by, F, (f+ 1-10)

2T by~bi L, vV v 74— 2T /37 A —4% (Magic Formula
Parameters, LA F MF /T XA —% LHET) LI D EHTH D, T7hbb,
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RRT = VT ENDLDEERD D Z LI2E Y, #MAY v T RO
710 Magic Formula % A ¥ &7 VMERTE 5,

<#y>
Fyole) =D, sinlc, tan ™8, z—(E,, + 48, (B, z—tan (8, 2))}+ s,
(fF 1-11)
r=a+S,, (f 1-12)
FEROBEE, LTS > TEET S,
C,=aq, (4 1-13)
Lbz@gg2+a,g)@—a5yﬂ (f 1-14)
B,C,D = a; sinl2 tan"'(F, /a, )J(l—a5 ly |) (£ 1-15)

EREFENIAT 4 7x2%2RDL, T I1-11) Z P2 L0 5 LT2RED y=0
B METH D, REFHAEIILIcENZFHEL, X ((F 113) &
-14) ZHWTUTD B, R 5,

_ B8,C,D,

v (f+ 1-16)
CyDy
Ey, =agF +a,F, (f+1-17)
AE, = _(a6 E’ +a Fz)(am y+ag) Sgn(a"'Shy) (£ 1-18)
Sy =ag F.> + ay F.+ayy F.y (4 1-19)
2 2
Svy =4ap FZ + ap FZ +(Cl13 Fz + ayy Fz)7 ('f# 1-20)

ZZ Tay~aplE, iR v TEEORSIO MF X7 X —H2Th 5,

STF7L=7F—A P>

M_y=-PF -F,y+M_, (fF 1-21)

P (xt ) =D, cos [C, tan ! {Bl X, — (EOt +AE, )(Bt X, — tan ! (tht ))}]
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(s 1-22)

X, =a+Sy (fF 1-23)
M. (x,)= D, cos [tan_1 (B.x, )] (ff 1-24)
SV
X, =X 4 S (f:f 1-25)
ByCyDy

FRoEEE, LTFoRICHE- CTEHET 5,

C, =c, (f: 1-26)
D, = (chzz +¢,F, )(c37/2 +c207/+1) (fF 1-27)
B,C,D = a; sinl2 tan"'(F, /a, )J(l—a5 |y |) (f:F 1-28)
B, = (c4FZ2 +csF, + cg )(07 |+ cay +1 ) (f:F 1-29)
S = (c5F. + ¢9)(cior +1) (f:f 1-30)
Ey = F” +cpF, +c;5 (7 1-31)
mg=Qh52+qgg+qﬂ@m+qwdgda+&) (£} 1-32)
D,:Qbff-rqgakcny+1) (7 1-33)
D, = (Clstz +Cp6l7 )( ¢y +1) (£ 1-34)
B, =cjg (£ 1-35)

ZZTe~enld, MAY yTHROT T4 =2 TT—A L FD MF /XT A—
ZTh D,

-219 -



1.2 #HE&XRY) vy TEDMagic Formula

BAEAY v THREORIE I F, R F, 07X E DL PR, A%
A%, WAV v TREDOZNODE (Fyo & Fyo) (&, BEHEE (Gl G
LU TRODDENDIHEDTH D,

cos [ny tan ™! {Bxy (0! + Sy )}]

szGxa‘Fx = 'Fx (4#1'36)
0 CcoS {ny tan ™! (BxyS oy )} 0
I T,
Cy =4 (f 1-37)
Sy =~ (ff 1-38)
B,, = g, cosftan™ (¢, x)| (f+ 1-39)

cos |C,, tan”' {Byx (K + Sy )}]

F =G, -F,+S = F. 4+
g yie 530 ¥ O cos {ny tan_l(Bnyhyx)} ¥0 F P

(f 1-40)

T,

C=q, (] 1-41)
Spyx =5 (ff 1-42)
B,, = g cosltan” {g; (a g )| (4 1-43)
Svyx = Dvyx sin {QIZ tan_l (q13 K)} ('f‘il‘ I-44)
Dvyx =4 Fz (7/ - 7O)cos{tan’1(q14 a)} (H‘ 1—45)
Yo =0 F> + a1 (f:f 1-46)

FRORAD go~qs 1 EHIHE ), qa~qua TSI D MF 85 2 —5 T 5,

I, BEAN v TREOT 74 =0 T —A 2 FOFEXEZLLFIORT,
AR EZ 71X, AR v TR0 L RIBIICE A0 B LW, %
BE—RAL NEMIZNAB ORI THLENI EDTH S,

M_.=—PF -Fj+M, +s-F, (ff 1-47)
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F =G, -F, (f: 1-48)

P,(xt,eq) =D, cos [Ct tan~! {tht,eq _(Em +A4E, )(tht’eq —tan_l(tht,eq ))}]

(ff 1-49)
M!, (xr,eq) =D, cos{tan_l(B,,x,,eq )} (£ 1-50)
ZZT,
s =80F, +57+5,F,y +5, (fF 1-51)
2
Xy =4tan’ x, + BC.D, | 2 -sgn(x, ) (£ 1-52)
7 B,C,D,
2
Xy oq =4/tan’x, + B.CGD, | 2 -sgn(x,) (£ 1-53)
’ B,C,D,

%%ﬁm,@éxuyf%@??%:yﬁ%—fyb@MFN?f~&?

]
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