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—J5, EE DITFMFRI TR — N (statistical energy
analysis ; SEA) ZVEH L, IRBEIMED T & 6 RICEAHA T
W5, SEA OFTHAEEHEIE (coupling loss factor ; CLF)
I, fEE LTV A BERMOT R —DIREREEZFR L, Zi
& ERANCIHMES 2 2 & T, IRBREDIRR & 72 5 &, 3
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FICHA L, SRR B OR & A% KL
ORI Z FTREICT D5 Z L A B L35,

2 EWlET N
EEES L LT —@f & o— LEB AW O -0, A
TIXIN S DOFEE A KBS 2D, B> ERER 72 k) D
HETAE .

l] :
2k, Br Br
X

4 B
L 1
i , O™ (&
N

(a) Yaw motion

y

Ky

X3

(b) Roll motion
Fig.1 Vehicle model

Roll axis
ground

=

o
I
I
I

|
|
|
|
|
J

2F; 2F, 4

fil - SR

AT IERK R

WA - 28R i

2.1, BEEETILOHE

X 1 CHE T A OBRK AT, X 1(a)id 5 — B 2o
L, B OEAE kL Lz “ieT 1 Th5o. K 1(b)itn
—/VEEBZR LTS, X1 OFFEILIER 1 IDRT.

7 — /VEFNZHOWT, B— ko> THEFOH AL g
VETCAET DB — L RT TR v M OEITBE L
7200,

Tablel Parameters of vehicle model
m_| Vehicle weight [kg] 1500
I, | Yaw moment of inertia [kgm?] 2500
I, | Roll moment of inertia [kgm?] 525
g | Gravitational acceleration [m/s?] 9.81
h | Roll arm length [m] 0.1
V| Velocity [km/h] 10~200
K, | Roll stiffness [Nm/rad] 50000
C, | Roll damping [Nms/rad] 5000
ly | Distance between front wheels and center of 1.2~1.6
gravity [m]
[, | Distance between rear wheels and center of 1.2~1.6
gravity [m]
ks | Front wheel cornering power [N/rad] 55000
k, | Rear wheel cornering power [N/rad] 55000
6 | Steering angle [rad] 0.03
r | Yaw rate [rad/s] -
@ | Roll angle [rad] -
S | Side slip angle [rad] -

2.2. EEAHERX
X 1 OHEFEET /UIONWT, FEEERZ X OFN O IZEE
Liz8AoEd L, ThEnLlFIcEEs.

mV(r + B) = 2F; + 2F, (1)
L7 = 21;F; — 2L, F, )]
L0 = —C,® — (K, — mgh)® + 2hF; + 2hF, 3)

() EQIXPHEERTT /L TH Y, BmOHEFTIFANIKT L
T, BHmO-) EWAH(), BRSO BVBRAQR)T
bHo. Fim, RQ)Er—LEBOER FEATHS.

K ORIEIRO 2—TFY 77 4 —AF LRI T TH 5.

lf h .
Fr=—ke|B+r+,0-8 )

L, h.
(oo

K@ EG)E, KDOPLOWATDE, DUTFERS.
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. 2
mVp + {mv +7 (lks — lrkr)}r

2h : 6
= —=2(ky + ky)B =57 (ky + ki )0 + 2Ky 8 ©
2
17 = =2(lpky = Lky )B =37 (IFky + L2y )7
2h :
_V(Ifkf — Lk, )®+ 21k (M
L= _{cx+2?hz(kf+kr)}¢—(Kx—mgh)¢
2h
= 2h(ks + k) )B = (ke =Lk )T ®)

3. — BHERBRO TR L E— R
AHCH, —F HEEREIR O TR S RSV T
B U5 2 8 & U, ZOReEis o>,

3.1, {mERFEDFHE
2 IR A BERERICEW T, BREOTRLF—
K 3 DX ORI B LB BND. B EEIIEEAN
AT DT RNF =D/, Pyy & Pgp (T B R COHUR T —,
Pyl 3B BRI OARENT — & w3 AR T —P,l, LITO
ATRSND.
Pyy = wnyp(Ey — Eq) ©

N TEEEDOZFNEF—DED Y FEIOESNTHY, =%
NF—ARERETH D, AR EOTHIAIIK A TH 5.

1 k2(A + Ay) (10)
w (0] = 05)2 + (A1 + A) (07A; + w5A1)

ZZT, wy, 0l IR B RO EG AIREHE, Ay, A, 1T
HEVE, ki ITEABOREG /T A—F2THY, THENLLTT
HINb.

M2 =

k; +k
w; = ‘m‘ ¢ (1
l
A =& 12
iy (12)
Kip = o, (13)

K10)DARTZERFEn, DRFMZIE, #RiRT 25K 3(c)DJER %L
BB LY, 3(d)D & DTGB =X — % [ AT
LTHZETHLNS.

ZOZEDD, REREE LTI DONRT A—F L LTER
THOT, HEHIBWTHFAMEERET D O T N
LW SRR D,

3.2 I=EWFMHOER
Z 2T, BRI L DINE O EIR L, (REERF
MEDEFNZOWTRT 5.
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Fig.2 Two dof vibration system
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Fig.3 Energy relationship between two subsystems
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Fig.4 Comparisons of vibration energies, energy transmissibility
between the original model and the modified model
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F7, BR 1 OERER AR, A E T L, SR
N1z & DEWRERETT 5. X2 OIRERIZBNT, my =m, =
10kg, ky =k, =k, =100N/m, c¢; =c, = 2Ns/m% =

(original) & L, k% 2 5L 3 HZEE (modified) %5 % 5.
ZD L Ew, = w, (original) DOBENHw, # w, (modified)
LD, IHEANTE S I INDOIERALET5.

X 4 (kR AERT. X 4@ E S OIBER A A IEEEK
W, E Wy BTRT . kB 25 TAETICL Vo DAHMKE L 7
D, w bw,DTFENKEL 72D, TORER, K4b)DIEE
FEITR10) E W/ EL D, 2oL %, KAC)DIET IV
¥F— (FETH—xL¥—) 1F, BRlO1KRE—ZHEITRD
HOD 2 WE—7EITRE L lgoTWD. Fz, B2 OE
— 7 EOFALIT/NE. TS OFEETEY Lic =Rk —
R ADITRT. ERICKVER 1 OIS x, BEA2 N
o TWD. I 5, {BEkin, a/hS< LicZ &1t kD,
BRLICAD SN2z R —3E R 2 ~Mab i< < 2D,
BR1IZEEEST, LRRTHIENTED.

AR TIL, PLEOEEREZ O TRV F—(RZEOHLA
D5, BAHEE O AR 5.

4. AT 7S S ERFEOX R
ARETIE, =X —EEREOFNE 3 —E#) & v —
JVEENCEA L, HEEOJ{ AT T AR LS.

4.1, I—EBHEO—ILEBEFDIEERE

THRNF—RERE O Z T 2 72012, A6 b
OIS E, T — A L v — LA OIEERR O B A IREEL
w, L wy® D (I EENEN T —IRER L v — LR
JEBE E bR L EREFEA, LA, FEE/ST A —F Ky Y,
UTFIZEDHND.

2
_[Akeke ( + 1) 2k = Lk, (14)
T ml,V?2 I,
_ |[Kx—mgh
e (15)
2
A= V—Iz(z,%kf + 12k,) (16)
1 2h?
Ay =T cx+7(kf+kr) (17)
2h
Krp = ———(Lcks — Lk (18)
r$ V\/IZ_Ix(f f = T)
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Fig.5 Relationship between velocity and energy transmissibility
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4.2. NS DT

[TEDIT, NS FHECONWTHER D, ZOHEOHEMIL, I =
L, kp =k, THD. LoTHEENT A —=HiKld, A(1TELY
0 &7V, [k, bX1A9YLY 0 L7225, T74bb, 3
— LB UIZ RN —DIREIFE TR, LoTa—n
— LR L7

4.3. US - 0S HriEmEHm

WIZ, US Ktk & OS FtEE B % 5. ARFHI AW D Hljo
FEARWR5E0TI3EE | @Y THY, T LA - RO
BT 52 &C, oDk, ME0sH4fiaE %, T
FRUTICRET .

Case (A) SRVUSHFHED @ [ =121, = 1.6

Case (B) H3\ USHFHED : [ =13,1, =15

Case (C) 99V OSF#ED @ I, = 15,1, = 1.3

Case (D) 58U OS F#ED @ I = 1.6,1, = 1.2
F7z, BEA 10km/h 25 200km/h FCEFE L, THRLXF—R
BRI & ORI E G 5.

B 512, FATTHREICIT 2 EHIC L5 39— & m—/LfH
DARERHEN, DAL ZTRT. fEO R 7 —/ U ThE NS
5. F¥@ &ED) LD, USKHETIEAT 7HRHIEDEE O (A) D7
S, GERFESKEV. Fz, FK(C) & (DD 0S FHETD,

AT T REOR D) DT MMERRFFEITIREZ V. T725, NS
B CIMEEREIL 0 TH Y, e R 2T 7 RHENTE
BET DIE CRERMENRE 20, a—E#h) D e —/LiEd)
SOERNF =DM G705,

(A)~ (D)2 Tz LT 60km/h AL CimEfttns 1 o8
D=7 L7eh. X 6 IZ(A)~D)III T D H M FERIFEFORE
D pEEGE V OBIRZ RIS, 46km/h 725 60km/h D
FEOLEZIBEVANREr s may 7 LTS, Tebb,
R0 AN 0 L7edlx, I—Lu— M TRLFX—2T
ZRLOTLRDBID, ¥ 5 DImEto e — 7 NEL S &
HRETE 5.

F72, (A ED)DHEMD = — IR H & 7 — VR
BIERT 5. M7 ICEIHREN S S EHOBHR AR, [
XX v, (AT 71km/h, (D) Tl% 60kmvh ¢ = —3LHRE 5% (2
PR OTRER) & —VIHREES (FHD) —FH L5, &
STRU8) LV, T— & v —AMOEEFEARE < Y B —
IBNEC DR E72 .
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Fig.6 Relationship between velocity and side slip angle
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Fig.7 Relationship between yaw and roll uncoupled
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4.4, 0S 4R DR ERFREDTE

OS FiETH DK 5 D(c)&(d) (case(C) & (D)) IZEETD.
LRI, fmEEMED 1| DHOE— 7/ TIE US 4
P& OS FEED R E 72BN L DAV, Sk TRt &
RROMENEL D, K 5(c)(C) Tk 193.0km/h, (d)D(D) Tl
136.5km/h T 5. —fIC, OS Ktk ClxE Mg
REIC B A T & BRI Y, 2 55 C i B 12
REENI2 D, BERFEEV X, AF VT 4T 77 HA%
HOTUTO X IIZERSIDHSO.

m Lk — Lk,

A=— 20)
201+ 1) Kk

A @

£ 1 OEIL L W ZERTHEZFHET S5 &, (ODHETIE
V. = 193.0km/h, (D)DEHMTILV, = 136.5km/h 729, X5
TRERE L 2D e —H L TWD., ZoZenba—Lo—
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I DAREER M, 725, OS FRPEDHIM OZZERRSHE & 3Rk
HHEND T ERDIND.

D)DHEMZRFN, F—& v —/VEOIRER MR, 1WEZER
ORI CARERHC 2 D 2 L2 B8ET5. )7 kY, HEO
3 —HIREE o, (BfY) LHEV @) oBfRICER 7
% &, 3 —HREN S 0 1T ETR AU 136.5km/h 12T Orad/s
L7y, ksl a1 L K E LD FOREE,
ZERFGERE X v @i, RA9)ICBIT 5 3 —HLEE 4Kk
w7 Oradls & 720, AR D, OREHEORIN & 7222 . Z5E
FRFUEREE & Aeo s —E 3 28 m1E, (140 3 —HIEH
Ffw, THIATE S, 23w, DREHN, AfEE 72550
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Fig.8 Divergence and convergence of steering response

DEZERFHE ORI L —HT 272D ThHD. LTAT, 3—
RIS Orad/s ThHEEIE, I —EB) & 7 —/LiEHhX
REHL 72V Z 2B 5. X 8 ([ZH#AY 120.0km/h & Z7E
FRFGEREE D 136.5km/h (Z3681F 5 3 — ML & o —/L A DINE
D%~ T7238, 120.0km/h OEFATHISEDILH L, 136.5km/h
DEETIIREDFHS D 2 L35,

2%, (A)&B)D US FEDHITIL, ks — Lk, < 0TH
D, X140 3 —ILEEEHT, 0, > 0L FIZEELE 2D, &
27T, 19D T —HIEA W w, 23, HIHETEIIIRD &
1372 <, BRI e © 7, EIRFGRE AR L
V. (1% 5(a),(b))

5. IEBEIGEYEYE S EF DX
AT CIIEERIEICE &g & LT, a—/LiEmhfk s =
— & a1 — U OARERHEORIGEHRIC W TR EITS . 2
T, w— UK, & m— WBEEREIC, D 2 DENT A —
B\ AR B A A R E TR U 5.

FENTIZR D2 OMOFETTIEER 1 OfEd L, #itkis & il
OHHETIERD US #EDQA) I = 12,1, =16LT 5. &
7o, BiEfA% 0.03rad & LC, BT 100km/h & L, 1 15T
AT TIRICHAE L, MEERRERZ LD b0 LT 5.

51. O—JLRAMOERIZL MEEFIE~NDEE

7 —/URIIPEK, (22U T, 50,000Nm/rad 7> 5 30,000Nm/rad -~
EHEAD., 20L& I—Ln— L HOERERER,.,132.23 X
107675 3.66 x 1076 LHAINT 5.

912, ERHMIERZ SH & & DI —HEE L o —/Lf
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FEIIZAE L7220, o — LA OE R IEEDSEIM L TV 5.
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Fig.9 Relationship between roll stiffness and steering response
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Fig.10 Relationship between roll damping and steering response
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