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Abstract

This paper starts with describing a method of deriving the resonance mode of a pendulum utilizing its equation of motion.
This resonance mode is that the equilibrium position of the pendulum locates the vertical plane including its fixed point and
the mass accelerates in proportion to the distance from the equilibrium position to its mass. Further, the equation of motion of
vehicles was converted to a form conforming to the equation of motion of the pendulum. As a result, it was found that the
equilibrium position of yaw resonance is the extension line of the vehicle speed vector at the front wheel position. Moreover,
it turned out that its rear wheel accelerates toward this extension line in proportion to the distance from this extension line to
the rear wheel is the yaw resonance mode under a special condition. Finally, the step steering response was considered. At the
moment of steering input, the mode of the yaw lead time constant appears, and then the yaw resonance mode becomes
apparent. Hence, the yaw resonance is revealed in the latter half of the transient response. Therefore, it is considered that the
yaw natural frequency is suitable as a metric of the latter half behavior of the transient response.
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AHREDREBRMOFER TH L. FROET— NBHET 201206, TOMTHSH 3 —3 (AL, Zhk, 1985)
IZHE— RBFAET HIET7EA, BEEFERIIRAS-560. Lo C, I—Ee— KnooiuE, - FEo
T— R0 D 728, OQOREMANTERR L, BMEMERER Lo 7= OB D5 5 & 7 ut ANELT
FREIZ 72 DT CTHD.

Z ZTCARSUE, TO R T A ASPRARDKEBEOE X F 2R L, @F I 5ITHIET 2B ORE % FIHEIC
T 5] 120l AR CIEE —HIROET— REHAONIT S, BIERTIE, 3 —HREe— Ne a—ERRE s
ORfREDERZBU T, I—HBENECDLXA IV ITRRTANRNOEREELRT S, B, ARSCTIHHEO
728, Fik7e 3 — BT — A v b ERFERAR B & OFET OEA I OWTIET IR, 2L OSEE TR D2

2. HRE—FERDI-ODOEHAEXDEER

HIRE— Fa2RD D HikE LTE— Mgt ()i, 1986) (X2 HENGHSH. ZOHEL, ZHHEDIRE
ROE— REBHTELNHAEOSH 5 HETHLHH, W2 1 BHERER, #2031 BHETR~ A RCHIEYD
T O — FITICITE S e s Ebind. s, Zbo®— NEES RN 00006THh D, El)
FRERNC LD HEL, = RPHICHND T TR, EuuEEEE G b0, T— NEirk v &, MR
DAF=ALPLVIRSEFE XD b0 b s. BEHEOYEER O RO FHE T RAOWE %k &
21 HHERHREFE L 2R THLING, R X CILES R EZB®RT 5 LIk T, a—HRE— %
KD, FZTIOETE, I—HEET— F2ROL-OOER HRAOEH HE, BEY F20ICHERT 5.

2-1 RYFODETIL

RO FOETNLVEX IANTRT. T TMITEROEREY, LITREY FORS%Z, §13REY TOAINEE %,
QIR TOAMEEE, 01320 BEVDONENLOIRY TOREEZZNENEL, T O IIKFHRIY %
ELT5. sing=0 L AH7pEd L&, ZOROEHHFENUIEBO L 91,

ML =—Mg6 (1)
N
G=-5¢ )
L

EERTENTED (P, 1986).

The position of equilibrium

/ 0 . .
-3 A
: i)

Mg
(A) Model (B) Concept of resonance Fig. 2 A block diagram of the pendulum; the
Fig.1 A pendulum two integrals are located in series.
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B AR 72 <Lk T 5720120, 2Z8HVETHS. ZOBMRTRG)L2 BREOEE) FEXTHDL (£0
729, V2 HHETT LA~OMANREETE 5).
FRofEEZH TR0, XG)Z7r vy 7B TELELORK 2 Thsd. K27 L9118, ZoiEE)

1x, § B — 0N —0 OIEGEITT 5. 20X HICEFLOERZFT 00 2 5 BT o & o) »
ST D AHAIBIRICH D 2 L2 itk TESIRE ) LRcd GBI, 2013).

3. BEIREZATHTE2 HHEEHARERX

3-1 BEDOEEZXRTEEAEX

AREITIE, K 3R TFE 2 BHEET /VOEMIEIZOWTOES RN ESEEZ A L2 L icon
TikR%.

ZOETIVEL, A EEOMIEREAEED AL O 2 BHEICL > TR ENAEET L THDH. =
IC, HlEEE m, I—BEE— AV ML, Al e EO L OFBEA [, R =L OFREE [, AliRaLE
HRERIE D % B, REROLE BRI A% B, HRA V (—&) T4, WIS, EEPERIE LY FED b+
PRENWERET H. £ 2 THIRENENOLEARRITER LR EIchH b0 L LT, filma—F ) 70 %
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2K, (>0), ®l=—7 V7 R"UE2K, (30), Wlg=—7TV 7T+ —A%2F, Khia—F )T T =A%
R, T D FEi, A=AV ATT IV XA D SUEL, KT LR
UEDZLnn, ZoETAOEEHFERITRRICL - TREND (6, 2012).

mV{r+j)=2F, +2F, (6)

1.7=21,F, -2l F, (7)

2KIP2K 2

v

kK| e [ 1]

I, O m r

1 2Kd2K L,
g my? 2K 12K,
_ 1
2K, 1
2% 105 ] .,
B 2U12K,
mV
Fig. 3 A standard vehicle model; planar Fig. 4 Block diagram of a standard vehicle model; after J is
2.D.O.F motion are represented by » input, 7 and § occur at the same time.

K6)ELD Vi 1XFIFERIONERETE, VB 1% BB OB 10 O EEB ONEETE T 5.

WIZa—F Vo 7T —RATHONTIRARS., a—F Vo V74— Fa—F Vo 7R L 2L R v S L
DFThH L. ZIZT, HlRDOZA YAV v THITB-5, BWmDOEA YA v T HEB THD. ZOET LTI,
a—F Y U NRUEIEDETER LD, a—F VT T 53 —ADHEE, XA YA v FAORE LTk
B, LIDoT, 2F L 2FIFZTNENRATRENS.

2F, =2K (B, - 5) ®)

2F =-2K,p. )

Flo, HEDOKIIZ L > THIR D ARRRY, B & plizh ek TRENS.

b, (10)
B =P+

ke, (11)
B.=B %

B, ZoTeT AOEEFEAICIE, BHOBMSR

r= J.i’dt (12)

[DOI: 10.1299/transjsme.18-00014] © 2018 The Japan Society of Mechanical Engineers
—114—



Sakai, Transactions of the JSME (in Japanese), Vol.84, No0.866 (2018)
B = Bt (13)

NdDH.
A(O)~(D) L KEBFREADOIEATE T H L, N1 D

2 2
; 2Kl +2K ), C2KL, 2K 2K 1, (14)
_ Ly I, oL s
. 2K 1, -2K 1 2K, +2K 2K,
ﬁ 1+ fr rr _ f r J
mv? mV mV

FROMEE B TRAEDI, K142 70 v ZERTEDLELORK 4 Thb. M4BTI, fLrd
B, ZLTRE r & BERENAFIOBIRICHB. & BIZ, ZoDF b HWICHFIOBURIC 5 5. F7/2bh, —ro

B —r N DRBEN DD — 5T, sofoBiy—potli—r ORE LD D, LoT, risAT, BIRHAT
X720 L, BBAT, r3HAITHRW. DX ST r & BITIZIAHARBEHRZRV. ZHUT = OFESITONTh
FEECTHY, — BN, MEFRHAIOBEFZE TR, L~ TC, K3 OEGET /UL, K20k RESE
EEALR2OOT, RFmSCTIIHWZR.

3-2 EHERBFRETI

AFSCTIELME, EAWSEEZ AT 2 HEET L L U TRESNIZRRBERET L (B, 2013) 2HW5. K
RERETNZK S ITRT. ZOFTAVTE, ElMaRKT m, L, |, L »DR20KEZ, EiEme 200 Lo
L, HEm %M EOBSERANN—R] (=l+1) LTRET D, AKX TIEE, BHO7 DT
E i LOBE RG22 DR A WU ThllR], % & %l LOERNS R0 REHIC i) L5079, AileoOREE R
op-x- v, Al LI o, & 0, HEETHLOHR BIT x il 2 LT xpdil & EAS T2 A NS y A & o 7 B E
JERER T D, o xp- yp & [ARRICR T OPEFER 0,-x,-y, EDD. o/ ZBIT 2HIHEE Vy, o \lBITLHEZ V, &
FnENGET. Eioy T ORI % a; v, 87 ROBINEE % g, y, 87 ROBEE 2 v, & ZhEhitd
SOV, EVNEARET 5.

,,,,,,,,,,,,,,,,,,, R
LxV C.G
l w I,
Rear wheel system Front wheel system
Fig. 5 Causal model; the body is expressed by two particles on the Fig. 6 Block diagram of causal model described with j,
front and rear wheels. Planar 2 D.O.F motion is and f,; the two integrals are located in series.

represented by two of f; . and r.

ZITmpl mld, W3 OELEES LOEGER L OBADRY, ThEKRTHESNS.

m, :%m (15)
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I,
m, =-Lm (16)

FoT, a—BEE—A2 b LITRATREIND.

L+ )1
I, = mflf2 +ml’ = (f#m =11m 7)

L7eo T 5 OFT VT LAmll)=1 Thd. FHED Lmll)OEOREREROFELHEIL 0.98, MR
0.15 Tho7- Loy (b, WHEH, 1999) BdHDHDT, A XOBEILZ OOMEHANICSH 5.

M5 DETNE, B& B, rDIHOD2EHERNNTRIRT L L, HEIFRANEIEEICRD ESD. L
R TRITAWARN. 22T, X(10), IDDDr&2EETLIZEICE-T, paFRds,

_LB LB, (18)

g ]

L. ok, BHOBKRE LT

ﬂ:uﬂyﬁ, (19)

Hd D, R(I5H19ER(6) ~ (INRA LT, HikiENZNONEDOENLEE ar, a lZOWTHERT DL, K’
X FoN5.

mea, = me(r + ﬁf)z 2K, (B, -0) (20)

m.a, = er(r +8 ): 2K, . @1

ZhBEoRE, K5 OETIICET S HEEIOF 2 PRI (& X IBEE=7)) ITHY L, BTmc oW T ma=2F;,
BERIZOWT m, a,=2F, ZEMWT 25 (GFEH:, 2013). 7ok, A7) LV, AilRILEIC D E N2 72 & & OO H.L Ol
BREEDS 0 ONE) (IHEAEICH Y, BEALEIC)EINZ T2 L EOEBEROTLIRHIEICSH D, 20z, K
QO 2F, EENT, RQDITIX 2F R E Eh7zu.

wiz, K(10), ADPHBEWETLHZLICE-T, rakd L,

VgV 22
BB 22)

L.

KQO~QMERBFRET L THD. REBRET UL, L B L rD3EHIC L >Rk IN TS, 2D
IB2EBIT L > CGEENZFRT D ENTE S, FIIX I —EARREEROEZBRIZBW L r & B & OMAEN
Aotz (B, 2013).

3:3 HIRMOEGZRT -HDOERBRETIL

RSCCHE, EEBIHRETF VO LT, [l 50 GERHHED L (VY] (H5) (L2 BREsoRs (7
[, 2008) |ZRbITVEBDID B L & D 2B RS, Fabh, EEATGOMEEIZ R 70K E L
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TP, HEROEBZETI2OOEKE LTREMND. T TralET 572018, K(22)2R(20)~2DIZf
AL TET A L

; C, y v c
mfﬂf:—m{V/ +ljﬁf+m/lﬂ,+me/5 (23)
s Vg (G (24)
m,f, =-m. =B, m[V J&

L, 22T, HHDOBRERE LT

By =Bt (25)

5=l o

LD, b, R2)BLORQYICEBNT, EREEIKLT 572012, FhEn

c =K 27)
m;

¢ 2K, @s)
mV

LRl G ClE(mysYyrad F721% m/s® ORTTOEA = —F U o 7155k GEFH, 2015) THDH. ZHHOHE%
1%, G, =100, C. =200[(m/s")rad]& &5 (Ibik, JEF, 1999).

RIRBIRET L OREEZ B TR 72012, RQ23)~Q8)D 7 1 v 7 #K %X 6 (ZRT. 2 DO ESNE &
ENTWS T, ZoESHENIESIEETHD. TORKIL, B IHISRE0) NHEIEL T, 14T
BETOMIL, 0-p D~ (B, B) —HD—B 20T, EEIORANEF L IR/ 2

WITINEFIEZRD D, RR)~QO)DUIHISGE 22T E LTI 77 AEHL, 61TkT 2 r DB E K
H5hHE

£s+l <
r_¢C ¢, 4 (29)
T, C,+C C
L A Q——f[l—l%j
v 11 v

s, ZoEHICEELT, KE)BLOKQT), @Q)DBFREHW-. £lmsIXT7 T T AEE S THDH. ZD5y
R0 EFE LW EEWEADRHEFENIZ/ 5. 770D,

C,+C, c C, ic
PER A R e B 30)
vV / / 14
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WEHEIRATH S, 7ok, FrEfeeid, A0 CEET BRIz _&EfxMAD L ThD. 22T,

I —[EHARSSE 0, IT—EELRE (EEhERETE, KGO)D " DEN 0,12, s DR 20, I2FNEh
Y25 (I, 1986) 725

c, +C, 32)
2

é’a)ﬂ =

LD, ZIZT fw THIGE (S, 2012) ARTIEETHD. ok, KQ)DOIEXOXD53 10 s DEREIE
TRREERL & RTINS . T OIRIERIEIT 0 126t T 5 r DABTERIETS 0D, Z ORFERIL I — e & R ;t:h%.’).
L7z3oCa—lEARFTERAE T, b5t d &

v (33)

Thsd (S, 2013).

4, 3—#iEHZ

4.1 HEIZODVLWTORE
K6 lRENHT Yy ZHREZR2 OFRICL DV TST 5720, FTR6 FToOREMOT 1 v 7 2EET 5.
T 7 71T 2 DIFRQD B OFRBIZ0 D, TOFEEE 0127 5. Lo,

r G _ (34)
%
LIET D, ZORDALT D VIL
= Jic. (35)

Thb. LIME, ATz o ViEdoERATE T 2R, Ao Vi, 1=2.5[m], C=200[m/s* |0 & &
V=22.4[m/s] (=80.5[km/h]), w,=1/T,=8.94[rad/s], (w,=6.71[1/s]T& 5. 723 V=55.6[mVs](=200[km/h]) (2T w,
4mmwmﬁ%w ZAUIARGR IR R E T 5 V=224[m/s]D L ED 0.763 5 TH DD, MOHEHETE, 2~3
DiEE BT, UFROBENKIT L0 L Ebhb.
Kmim RE LIZH T VICBIT AIEIE, RGBS EXRATDD o TH Y, ZHNRKimCOREE BEWRT 5.
ZZTLME, AimsrTid, TGS ERANDBLT HEE] R EDTEREEMT 5.

4.2 ek

X2 &6 &EDFERD—DIE, K6 IZHaMCHRBMOT ey 7 R3b5Z EThsd RABRO 7 7 v 7 130
HCTHERTHD). TIZT, FSBRSHABROT 0 v 7 2HETH2DIL, FEROT v v 71244 5K023)
FOFE 2RO T vy ZITHRYTAREIEEOE 0 ERETH. T7habb,
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—[Cf+Vjﬂ/+C’5:0 (36)
V
LET D, KGOEEET L L

V(S s [, L (37)
6—C [V + l]ﬂf—[lJrlCJﬁf

.
LD, 2T, RONCLHEHEERET 5.

4-3 DYBLDEEZTERYT HEEHESX
X(37) & RB5ERQ23), QHITHRAT DL, K(@23), @H)TEhZh

’”//Bf :mf%ﬂr (38)

mp, =m. "B, (39)

LD ZNEREEFOEES SR TH D, XGB)~B)E T v VBRI TELEZLON, KT THhd. K7 T
X, ABEONEEZK 2 EADbE WS, ZoEE AL, BMES 2R L, ZOABREKT o, Thb. £,
BIFIIREETIC—ERECIRE (AT7r—2) THZ2L52BWT S (RELEADIL, LRl bbb —o20
WHIZRIHL 0 TRVWbD LT D). 2B, ZOATa—LOMBEEEN 0, THDH I & OB R AL 1L, AT
0= AN L7202 & ORI &2 A2 (ZRE LTz,

B, B, 5 By
A

ﬁmm | /ﬁ
-V

Fig. 7 Block diagram of the causal model under assumptions of eq.(17),(35) and (37).

RIZ, w=w, DATu—LIEZEZS 5. X))~ 22T &L LT, 777 AEML, 61Tk
% B B DIGERE A RO, S DI s5w, 2RAT 2 LA D (sIZT7 7T AFEEFTHD).

__ (40)
b= g o)
B(@,)==j S S, (41)

C,+C,

L7=2-C, MFDORIEITELL, FOMNMAETarad] THD. -alrad]’2 DAAHZEL, 0=V, s=jw, THDH I &
WCHETLE, 7 LBAETH. 2013, K@D XTI SN TWDND, B, & OAARENRRV. LIchi-
T, K@D 6 L 2F bR TH 5.

FEREEARRIS, ARl i I DAL Y(w,), Y(w)%, EAEIRTEEAERNINERE O 2 BEfE Th 5
ZEEHWTkDD L, ERERATRIND.
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V(j C,l
V(= YUs D C,l S “3)

r

Go,* T c,+c

Position Y m

| N

Front wheel 7 N\, -

01 trajectory //1"' Q
/ 10 20
Position X m

Fig. 8 Trajectories of wheels under the yaw natural frequency (C~100, C, =200[m/s’], I=2.5[m], V=(IC,)"*=22.4[m/s],
®,=8.94[rad/s](1.42[Hz]), L/I{m=1)

ZIT YYD, HiEmMOMEORIEIIEL <, ZOMAAZED aad THD. LIZRn->To L g, 2F, Y,
SR THD. Yol V(o)e7my NLIZbORK 8 Thd. 7Bk 8L, #(200~(28), (35), BNIZ, &
L 52 TRE SN b DO TH .

4-4 I—HEE—F

AEITIE, DVAEVWDONEE, Z 22> TS 5 b Oz R 5. HRFOER HFERTH 5HX(38)
EXBYD OB, (D),IZHELTZRUTEY T 2D1E, AEE0RB)THD. LiznoTAB9A, IF—IHE
F— RERNOTLEIHRERNTHS. =20, 2o, K1) EITES T, MORKOENEZBRNTE 2 [
DIFEH B, ) DBHHDT, b DLFEROBEUREZ R TMBHEANAE) TH 5 LT 5.

KEYLAMOADE ) Lt &, G100 EL, 012 BARIET . LiznoTRED T0Oo0 A1
L 0=0 [ZxHbT %, F—IRDOS 0 AV D&,

B, =0 (44)

ThHD. WIZKEBHEXRNDEDE S LEHT 5L, MLIZ mBIGET 5000, D0 A WOALEIZE D T
Y DML m,, TRbLBITHS. LT, I—IREE, D0 AVOME B=0 (21> CTHRERHIN
T HHEThHD. ZOBANER (ANRT. 72k, I—HREOWIE B oW TOEEL ik A3 IZ5D
L7-.
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The position of equilibrium ey

/ ; ,
e LB R R

(A) ®) ©
(A)Concept (B) Physical meaning

Fig. 9 Mode of yaw resonance ; the deviation from the position of equilibrium £,=0 means the distance from the extended line of V;
to the rear wheel system.

HIZREHT L > TRENDI DV EVDONEOEREZ S BICEARMIZE X D, i, KISIORLIZE DI, Al
PNEDBES ML VNl e Ry THD. 2T, fORDVICVICERT S, VO & &I, f50E,
0, ADKRELZKRLIZHDONHIB)THD. B0ICHDHDONRK IBINZIBITHB)THY, ZIUTDY GVONLE
Thd. ZOLE, DVEVOALEIZAD) > TIEHT D X EHWAR V,OLEEMR EICHD. 22T, VOERHRE
DVEVDNE LFIRT 5. LIe-> T, a—HREI1T, TVOERM BIZmn> THREmSIES 2818 T b
EBERDHZEHTED. ZITVITRMmOETHINTH L1 0, ERMIZE 2L, 3 —3R& 1T Ao (E1T
D7) $I7CHEERAEI Y Z e g DL TRl (DOHHERZ FL) ICHRESBERELE S &3 58158 ThD.
7k, 9IB)HF D(A),B),(ONZXIET AKX 8 FOHEM DAL EIFZINEIL ABC THD.

4-5 FEREIEEREAY FLAORBOERER

MRl (DHHAZ FL) (ZEEwRSIBIEL &9 &3 2858 2R T 5720, AHiTIEo=0 L LT, gnpIZ
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ATET TR AT D I TRV, DIERBRT 73> TR 5. Vi, i EEEEATR TR OO EER 27
5, HEEWOPBNC L >TH VL V, EOBREBLETE 5. £2C, HiE@wmOPB & 10 1253, X101%, H#
FICHEE SN EAS SR O-X-Y O X il bA AT 2 Bl O%IRONLE D X=0 D & 1T, fE 72T B AHIIE A
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Front wheel’s trajectory Front wheel’s trajectory
. Rear wheel’s trajectory Rear wheel’s trajectory
£ E
>~ 1L ~1r
g 8
E E /
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L Position X [m] - Position X [m]
(A)Initial conditions are £,=0.1 and $,=0 [rad] (B) Initial conditions are ;=0 and f,= - 0.1[rad]

Fig. 10 Trajectories under free oscillations; the rear wheel system follows the trajectory of the front wheel (C,=100, C,
=200[m/s’], =2.5[m], V=(IC,)"*=22.4[m/s], L/I;l,m=1, 5=0).

X 10(A)NC BT BAIHMEIE §=0.1, B,=0[rad] TH 5. ZOFIWIGMIT, AL X st LT 0.1[rad] DR A T
W, HlmE X EadEte 2 L 2B D, i, KA, YISO A IFHERT 20 LT, %Kil
X X oSG ENHEA TR, ERER L, BRI RTER S EIER BN 2 5. Znas, TH (OHESN Y kL)
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WCHRERABIEL L D L3288 ORBCTHDLLEEDLND. ZOHA, WIHIRIE) LEKIRIEE TORIT, Al
DOHERAL LV S BRIEOMEREZALDIF O B, WIFGRMOERAZETH S 0.1[rad]721F KE V. LA -T, (il
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TeloT, ZivbE ThifE (DHEERY ML) ICEmNBEL LD LT 2818 ORETHDH LEDND.

5. EMERE—FE FSAM/\DBRELEDERDER

FEETCIRARTZ LD TO RTANRNPBRLEEBEOIE HFEHEME L, OFNOICHIGT DB OERT % 7]
BEICT 2] 2RO AMTHD. 2T, Z0ETITOEOIZHONWTELET S,

5.1 BBESEICHSTEE— FORLEIEF

ZOFETIE, TORTA BB REEEEOENE 7] & LT, it 3 —#LRFEEE— FRAEL, Z0%
I—HIRE—FNAELDZ L%, AT v ANEHNIIRRD.

BEHENS Ot 2T v 7 ATFEORFZIRINE 2K 11112, RO 2 X 12(A)NZENFiurd. K 12(A)NC
REND X DI, EEE, ARITZE DRI AR LT, BimidE m o, 1 ZIFEETS. oL EoR
W OIEE) A, Xl A EAE Ut 22850 B a5 &, X 12B)D & 5 1% 2 OIS S K 9 I
2%, ZO%EWEDY OEESER)) I —EARFEROE— R ThHD LS Tnd (EH, 2013).

I, a—EREFERICOWT, I—AEE r b7 vy 7K TH DX 13 ZHNTGERS (K13
FRQ2)~@) N HEH END) . QYN D, 01T D r DIRIEREK 16 13 1 IRER 2 BN RTH LM, Zh
%, K 1BIZBWTrBE 2O ORNISH D Z EICkIET D, —H, BIEE 2EIORICH LD T, sIZxLTE,
DAGZERREL B, 10 13 0 IRHETr 2 IRIBNRIZ: D, Ko T, rilid 2 B OB S, /r 13 1 REBNRIZRD. Z
DOEFERIIE 2 EOE FTDOT 0y 7 ThDH C/VOWEIZ L > TRENDHDT, VCHNI—EREFEH T2 5
(ZOFERITKGBI) E T 2). LER->TLIL, rNETCTHL BN ELDLECORMEDRLLEEZDHZ &
NTED.

0.12 s
0.08
__0.04 o
3 4
=
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S 0,04 p, timels]
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Fig.11 Time history of indicial response (C~100, C, Fig.13 Block diagram within 7. In this figure, a reciprocal
=200[m/s2], [=3[m], V=(1Cf24.5[m/s], Lillm=1, number of C,/V below the second integrator means
6=0). This figure implies 7=-f, and f,=0 around yaw lead time constant 7.

t=0. This motion is shown in fig.12.
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0.5 &
Q7
0.4 Trajectory of front wheel
£ p/ Front wheel 3
=~ 03 r\/\_\ front wheel
£ NG
é 0.2 Body rear wheel N ‘ o /
1 rw| , \ //JV‘ﬂ X
0. | /- Trajectory of rear wheel v
%, B,
,,,,,,,,,,,,,, Rear wheel
0 2 4 6 8 10 12
Position X [m]
(A) Trajectory of rear wheel under indicial response (B) Planar motion mode around =0

Fig. 12 Mode of lead time constant of yaw angular velocity: Motion mode immediately after steering from straight ahead is shown
in this figure (Sakai, 2013). (C~100, C, =200[my/s’], I=3[m], V=(IC,)=24.5[m/s], L/Lm=1, 6=0.1[rad]).
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