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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. Its
resonance mode is that the particle accelerates toward the equilibrium position in the vertical plane including its fixed point.
Therefore, a resonance mode can be derived by finding its equilibrium position and something to accelerate from its equation
of motion. To derive the yaw resonance mode, the former paper transformed the equation of motion of vehicles into a structure
that matches the equation of motion of the pendulum by assuming a special vehicle speed. This paper derives the yaw resonance
mode at general velocities by modifying the variables that satisfy the configuration of the equation of motion derived in the
former paper. As a result, this paper found that the yaw resonance equilibrium position is on the vehicle speed vector at the
position where the side slip angle of the vehicle body is 0 in a steady state turning. This paper also found that something that
accelerates towards equilibrium is the rear wheel. This acceleration of the rear wheels toward this extension is the restoration
of yaw resonance.
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(A) Model (B) Concept of resonance Fig. 2 A block diagram of the pendulum; the

two integrals are located in series.

Fig.1 A pendulum. Further, a negative gain exists.
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Fig. 3 A standard vehicle model; planar Fig. 4 Block diagram of a standard vehicle model; unlike Fig.
2.D.O.F motion are represented by » 2, the two integrals are located in parallel.
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Fig. 5 Vehicle model represented by front Fig.6 Block diagram of the vehicle model represented by
wheels and rear wheels. the front and rear wheels: The two integrals are

located in series, as in Fig. 2.
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Fig. 7(A) Block diagram of the vehicle model
represented by the front and rear wheels
under the assumptions of eqs. (10) and (17).
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Fig. 7(B) Block diagram of yaw resonance under
the assumptions of egs. (10), (17) and
(18): This block diagram has a same
construction as in Fig. 2.

©

Fig. 8 Mode of yaw resonance at V= (IC,)">.
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Fig.11 Meaning of f=0: f=0 means that the Fig.12 Length of [=0 as a function of vehicle speed.

traveling direction of the point e in a steady state
turning is located on the longitudinal axis of the vehicle.
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Fig.13 Block diagram with response parameters description under assumption of eq. (10).
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Fig.14 Block diagram of yaw resonance under the assumptions of egs. (10) and (18”): This block diagram has the same
configuration as Fig. 2 at all vehicle speeds.
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(A)Steering (B) Relationship between f. and f5; (C) Relationship between . and ﬁr

Fig.15 Vehicle behavior based on eq. (30) through (31) when steered by eq. (18”) with f=0.01and f; =0 [rad] as the initial value;
C=100, C,=200[(m/s*)/rad], /=2.5[m], V=27.8[m/s], [.=3.86[m], m,=8.12[rad/s]: In Fig. (B), since the steady-state
waveform is a circle, it is implied that the amplitude ratio of § and S is 7, (=0.139[s]) and that their phase difference is

7/2[rad] as implied in Fig. 14. In Fig. 15(C), it is implied that /5. and /5, are always in a proportional relationship and that the
proportionality constant is -1/7;. The above results are consistent with Fig. 14.
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GOALD B DEIENLE f=0 ZRET D, B0 OEIANE LI, X8 D Vr LFRERIZ, V.DIEEMETHS. =
O IR HIUE, BIRETHS.
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M e DNLEITZ D THD. ek VEDOBBREETNQOND, VAKEIWIY, %LV LETHIZH e BN
%R, (IC)? L0 HARERIO VT, Bl L 72 2 O T, fillm & i & OIC R e BBV, BT CTIUE LT V=(C)"?
DEX IS0, ReldmilwEIZHY, (IC)? L LEdElo Vi, Seldfiiwd v LaTHIZHS.

bz Enn, —#7R VicBiTsa—HEe— NI 16 0k Hi2es. ZokHiz, #HEL, $9600E
FTIHEL, BRTH2LOP%ETHDH I LITITE L.

)

(A) V< (IC)"”? B) V=(IC)'"” ©) > (Cy)™

Fig.16 Mode of yaw resonance at general vehicle speed: As the vehicle speed increases, the point e moves forward of the vehicle.

16(A), (CO)DRRREE LT, HIEND DA 7L ABHEITKTT D B X0 B DIRFAIIEISE 221X 17(A)~(B)H D(a)ll
AT ZOIRETO, He OEBFOBEEEF.OTH D Or X, HimOFERHEFDORIFEHLTo 5 O Z Hil 2> H 1
LA (TR, 1A, 2014) %, X 17(A), B)FTOONIRT. Or & On OEESKIZK 17(OIREN TN D.
Or & Onld, HRImICIFEA o ZEE L, WA x A & o7z, Blj& & HITHET 5 EAQEIER oy L TH
ShTn5.

17(A), BYFDOONIIREND LT, O D JEETHD xnld, Me D xJEELFHIZRILTHD (KITITR
LTWRNWA, A7y THEFECHRIURERIZR D Z LA MR L TWD). ZDOZ &1, fe ORHENT ML VD
JERAE EIZID > C, BwlMEIRT 52 & 4Rmed 5 &b s.

B, Ry lITh TR TRbEINS.

xTe = _Re Sil'l ﬂe + le (36)
V1. = R. cos S, (37)

ZIZTRNE, e DHBROPBRETHY,
R =— (38)

ERDIND. apldm e fLEICHITHBIMEETHY,
a,=V(B.+r) (39)
Th5. xynlE, REOIZ =0 ZUALTZ LT, RBO~CBHDIHEZ T % (@2 - L > THELNS.

7235, ®17(A), B)FOD)D 3= ye DIEOHIA 102m]A—F —72 D1, i CIEFEERER NIRRT 5 T
b5, 72, TNERBEOT—F—Tx bEIK D, x L2 DROFHEAOBRL & 5.
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(c) Concept of centers of rear wheel and point € trajectories (V> (IC;)"?)

Fig. 17 Vehicle behavior under impulse steer at =0: C=100, C,; =200[(m/s?)/rad], /=2.5[m], 5=0.01[rad]: Fig. (b)s in Fig.(A) and (B)
show that the turning center of the rear wheels is located in the lateral direction of point e. This implies that the yaw
resonance equilibrium position is located on vector V., as shown in Fig. 16.

5-4 ReMHELMIEICERT HERA
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Al K (15) ~ (16) DRIFHE

Z 2T, RASH~16)EHOFEENATRE D AR, AREIME OB IEEENT D, EIUIEREO L
IR 0 OALE) CNTE, KEF, 2014) 2FHT2H5ETH D, BB EINZ T2 & & OFREOHLNT,
KAV D, BEMIEICH Y, BIREICHZ ML & OEEOPOIIRMREICSH D, LA >T, meld 2F;
PUTIZE > THET 000, melo DWW T ONEER OER) HRRIT,

me(Bf +r)=2F =-Cm(f; - 5) (A1)

Lis. ERIGSDO VBE, mORIEE Ch 5. ExRE gl oV TR &,

fi= LB -0)-r (A2)
% ERA)OHDD rizA(13), 72D,

r=2p-p) (13 : )

ZRATLZLICE-T, K1) THLRADGELND.

3 o (G Vg Vg G .
B = (V+l]ﬂf+lﬁ‘+V§ 15 : )

WIZ, m ' 2E T2 Ko THBET 2005, m [ oW ColFEES) o EE) 70T,
mV (B +r)=—Cm.p (A3)

LB, ZORE JITOVTIRE, SHITr%, RIDEH->THETS L, KA16)DELNS.

V(e |
ﬂr=—7ﬂf—(7 l)ﬁr (16 : )

728, VLEOEHEREND, R15~16)D C/V & C/VIX, TIEN2F, & 2FIZHETHHTHY, =VIE
FIZHCRT DIHTH D Z EDBmhnD.
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