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Effect of Frame Flexibility on the Weave Mode of a Motorcycle
(Stability Study Using Eigenvector Equations)

Akira TAKAHASHI*', Kenta FURUSAWA™' Takahiko YOSHINO** and Tsuyoshi KATAYAMA**

Abstract
The straight-running stability of a motorcycle is greatly affected by the flexibility of its frame. This study
investigates six types of b-degree-of-freedom models in which single-frame flexibility is added to the basic 4-degree-of-
freedom model. The effect of frame flexibility on the weave mode of the motorcycle is determined from the calculated
changes in energy flow. The analysis uses a formulation based on the eigenvector equation. It was found that the weave

mode can be suppressed by adding a damping ratio to the twist flexibility model of the rear swing arm.

Key Words : Vehicle dynamics, Motorcycle, Driving stability, Weave Mode, Energy Flow Method

1. ¥20&

T OBEAEZEEICE T 2 I5E1319714E1C Sharp 12 X 28T TV W AR S AFE I NHEER, RE
BILTHERR L 72

REJTIRRE, 3 — M3, 0— VA, BLOEIEAZ DFEHE LZEAMERFEICLY, 3HEOERYLRANLEE—
FOFIEMNHL 2SNz, ZOHFTH 2 DOIRE)E — NIEAUE CLEMREIC fm(ﬁé’%ﬂf% EATRENTBY, it
HB35 ~10Hz TIRE) T2 7 4+ 7 VE— FBLOHEBOBMESEL L7 4 —TE—FTHAH. 7+ 7IE— NI
EGEIFICBWTHREL, Sl CLEEMET 5. —F, 714 —7F— Fig, PEETCIILET LA, ik & 5l
WCIEREEPET T 5.

INSDORENERELLLEAT S 2ODRHE— FIZoWTHEmI D SN TE2D, BAMEEOES T T v 2
Ry 7 AERY, BEANZAXALEOFHMIOWTHBELKRETH L LEZ LTV,

1980FEMICITA LB IC L 5T, TANMVF =T U —EPRESINAZLITLD, TN 2 OORBE— FOFAERK A
HIRTEL L) 2? W,

WIEOMFETIE, TANVF—70—E L FEOHERD, EHMEFEHCHEHINTWABEERY PVAR2HES
NLTEHREINSZY. ¥ A4 VEESEAMALEEIIRIZTTRZEIIOWTE, BAEXZ MUVAEBALLESIZKD LS
CENHLRELRSoTWD,

E512, BAENZ MUVERERREZHWT, 7L — AR FEE L AEELEEONIE S ED SN TBY), 4AHETE
TVIZ6ED 7 L —2OHHEY ZNENHMIMA 725 BHEETVER VT, 7L — ARG 2 58281200
THEmsnTns

THRHEO T L — AIAMEEO A TIE 2 CEH O HEREHICRE Y I RESSH 5. 72, 7L —AIHER
ARINT A LI XV EEROUGEESHREENL. LA LIk TN T2 7 L — AR EAEZEEIC N IET 5%
BORHTY 0TI, REMROFEMARBE L2 ST,

KT 7L —20EETVORICEHEENLBEEN Y 4 — 7 — FIZRITTEBEICOWTHN, LELICEHL 7

HBYE Y AT A TR, s E i TR
A K TS
A3 4E11H29H S8



—80— T L — AP O Y 4 — 7 — NI RIETRHEO BT

L—b2OHAMERRET L. 0%k, #4725 HHEORS 2L, BA~X7 PVHRRXOKHOKE 9%
LL72b D7, MAHOZALIZIEH D & 2 E 2§ 5.

2. EETIL

AAETIE, Sharp 2 X Y ERLENZ4HEEZEEFVIZ 7 L—aEZMAINL 725 BHEETVE AV

1R TEIICTL— ol 2EET A58, A4y T7L—A, 7OV 74— BIF)TAAL LV TT—4D3
FEMECRERR S LD,

L, ZELMOTHUOLNR TV LD EFRLETHSL. ZOEFIVIE, SEOM T CEM S /e H 7104
BEZIC L CERPEOZEHE A — 7 — 4O N 2 TER SN b DO TH 5. LELHEMGEICOFHINIE ZHH A —
B —=TIThbN T\ 5.

INL 7L —2DZFNENPRENKOHHITORHEZR->TEY, 6HHEOS HHEETVEHWT, 4 D%
FRICL 2B ET L.

BTV O HMEE, BEE), I &8, 00— VKR, BAEROER), AU iToEHTH L. DT
TAA 7T —=2ORENHIEICOWTOESHEREZLBT 225, CTTHWOLNTWD y, ¢, ¢, 6, rrldFNE
WHEZERE, F—f, a—)ufy, ¥, U7 AL YT —20RENAEERLTWAS. T2, Au~BuldHEljREc L 5
FIARAE L7228 CTH 5.

By + Bu + B + Bub + Auy + Avg + A Y+ A Y, =0 (1)
Buji + Budh + B + Bub + Bospr+ Auips + Assh + Anep + Auid + Asipr + A + A Yy + Ao Yo+ Aon Tpe + Ao T =0 (2)
Buji + Bogh + By + Bud + Bupr+ Aoy + Ang + A + Asid + A + A6 + Assyr+ Ass T+ Asu T =0 (3)
Buji + Bod + B + Bub + Auyr + Awd + Aud + Aub + Awd + A+ A Vit A Ty + Aus Ti=0 (4)
Bssh+ Bsipr + Asg + Asin + Assp + Assyr+ Aso Vo + Asu T =0 (5)
Boo Y+ Aoin + Awd + Acd + Asgp + Aed + Ax V=0 (6)
BV, + Awnin + At + Agsir + Ao + Arrr + Ao ¥, =0 (7)
BunTy+ Anin+ And+ A + Anspr+ Aved + Avgyr + A T =0 (8)
Bun T+ Awin + Aoy + Ay + A T = 0 (9)
Buss T+ Avsiin + Avwdh + A1 + Avsr+ Ao + Avssyr + A T =0 (10)
BunT+ Auiin + Avedp + Aviotp + A T =0 (11

3. BEANY MLAREXZERAVEEREE

3.1 EHEFICETINY bMLARER
SHHEETVEHWEAHEFTICLYVEAHEBS L CEAERZ PUPELRIND. ROSNIZEEFEZ MVEx 5 H
HEE TV ONEEBOTTIRAT B L, BEHENZ MUhsz &R (FAEXZ bV i) »E5ns.
U4 =7 = FIZEANZ MVOBH»SHW$ 2 &, 4 HHENER L 2@ REIT— FThrefELohTw
7z.
LA L, XEB)TEY 4 —7E— FIZRDOEEL G 2HHEXI—ARTH L Lilms, NFEHLEMTHIRS
NTWa, Thbbwi—7F— FOEMAHRTLIC1E, I—AROIANF—T70—, I—AHROE HE %3



7 L= LA TEED Y 4 — 7 — NICRIST BT

WTAIUTREWEEZ 5N 5.

Main Frame Front Fork
f L
X M M , Rear Swing Arm
S =
J )
M he "
1 E
Rf Rr
Yy / y
= h = h
I
Steering Axis

Fig.1 Mathematical Model for Structural Flexibility

T4 =T E— FORBRBMEOHEIZIE, 74 —TF— FOEBNRT MvEk I —AR0FERIAAT 5 & 02050857 §
B, 22T, HANY PVIKRFTRENTVS.

B+ Bugh + Bush + Bub + Bosyr + Any + Aup + A + A + Ay + Aud + An Yyt Ao Y+ Aoy Te + Ay T =0
TEaBEE 2 IS L TR 5 L %2 5.

Buth = — Bu$ — Bugp — Bud — Busyr—Au1 — At — A — Auib — Awsyrr— Angp — A Yi— A Y, — AT — Ao T
EHIZEANT MVoRER I —AFEFENY DV E L, FOMEZEROEFIENE, I —MHEEFNY PVITER
DHEDHELNRT MV b, Thbb, =120, ¢=ip=ATHIDTRWIIKRD L% 5.

BuA = — Bu¥— Bup — Bub — Bosrr — Augn — Avp — A — A — Assirr — A — A Yy — Aone Y, — Ai Tp. — Ao T

KOO WA Z f2H B T3 % &, BAMHEZBEROBMBRPRO LI ITHELND.

A=—éjB@ﬁJ%é+&$+&#ﬁAmwnh¢f&#+Aﬁ+Amwﬁm¢h%K&AmK+Amh+Amﬂ)
KNEEF R PUVFBREAORIZLNELNZDT, RWBLEY T 1 —TE— FOLREELIREBAEIHTE S, 1
WCEIBENZ MIVOIERZNAA LD DIEKIED 2 /IR 7 MV TERBEN, NOREBEREMFIENR TS, K213 —F
RIVERT A2 N OEEROFHEH %2R

20
SUM
200km/h
o 15
2
[}
=
%
5]
- 10
E Rear Tire SF
= Front Tire SF
g s
B0
g Roll Rate Lateral Acc.
—
0 <4
Yaw Rate Roll Acc
-5
-20 -15 -10 5 0 5 10 15 20

Real Part of Eigenvalue

Fig. 2 Configuration of Torques Acting on Yaw System

12

13

14)

(15)



—82— T L= ARMEDS RO Y 4 — T — RIS BT

32 ZAVICETEINY MILEHER

EAEZEEZ O 2 HBEROPIZE, ¥4 VNS 2RBRT 2 8B HERXSEEIN TS, Jikd 1 VORI
M3 stizenzi, koOAOB L OTAWNTH 5.

INE DN TIIFRE BB & U BiolC—RENZ KT HIHZR Y A VYA R o, o WEENTW5S. (By=0/iB & U B
=6,/k, TITTulds 1 VYOMITEETH ).

Hi & A Y ORI L CRROFEANY M VIR Y 72

AwYr=— (B Yi+ Aoy + Ap + Aud + Axp + Aid) (16)
%Y A4 XY ORI L TIRORDNE D 7.0,

AwoY,= = (Bin Yo+ Ay + Av + Aoy r + Aot + Avosyrr) 17
T AXMIOEERZ v Y, YOS Y, Y, 2o ERRER TR &EZRZRORB L O0R9TH 5.

Yi= | (AeXox = AXo) +1 (AeXor + AXon) | €* 18

Y, = {(AeXior — AX10) + 7 (AeXior+ AXior) | € 19

2T, A AIIEAEOFERBL ORI EEL, X, Xow Xw, X lEZFNLENFTY A YHTINT PVOERRE &
B, B AXHIINRNT FVOEF LR TH D,
R1Z HWT, B A YR T 2 EA N7 VDS & iR B LTl

(%) (AeYor— AYe) + Agir+ A92¢;k‘ + Aodr+ Agpr + AgiOr+ A Yr=0 20
E %, FRRICREERICE L Tidenicz 5.
(%) (AeYor+ AYor) + Agyu+ A92¢;1 + Ao+ Agpr+ Agdr+ A Y =0 21

ZZT, Ye(YDlZ, BiZ A YRETIOBE AN N IVOET (FB#) =md. AR, j/1k@11>, ¢.R<¢.1>; 31€<61> br (1)
IR MV, I —fAEEANY MV, BIEAEEANY ML, BX OO VAR s MVOER (B FERLTWS
y AR L EEEE OBMEIX, 0B L YA EHBIRIZHT TREB T 5 KDL HI2% D,

A99 Yﬂ? = - {Agljl/m + A92¢.R + A943R + A96¢R + A978R + (x_:> (A]? Y/R - A[Y/]) } (22>

A99 Yﬂ: - 114913’)11+A92¢.1+A943[+A96¢1+A9781+ <(x71 ) (AR Y/]+ AIY/I?) } (23>

B 7 A VNI OEAFNZ FIVOERR EH) 2 ZNEN Ve(Y) E$5 L85 4 Vi) & EAME OB
DEIZhD.

AoYr=— {Almyue + Amz‘/’k + A%?’TR + Auxq(b}? + Amx’)’ﬂ? + ( > (/11? Yie— AIYH') } (24>

AwonY,=— %A 1013)11 + Aw% + Aos) ?’T{ + A1<)6¢1 + Ams?’n + < ) (/11? Y.+ A[Y]?) } (25>

X 3Tk, 3 (24-25) 124 —TE—FOEAXRZ bV (F—AEERT MVERE) 2RALCHEORES 1V
WD OEFZOBEM ZRT.

10

SUM
Lateral Velo.

) 200km/h
g s
=
>
=2
£y 6
&
ot
S
=
5 4
&
L3
=
5 2
g Roll Angle. Frame Velo.
-

0 — Relaxation

Yaw Rate
Frame Angle.
-2
-5 -4 -3 -2 -1 0 1 2 3 4 5

Real Part of Eigenvalue

Fig.3 Configuration of Rear Tire Side Force Elements
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Fig.4 Root Locus of 5 degree of freedom model : Main Frame Twist and Bend
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