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Maneuverabhility and Stability of Vehicles through Use of Suspension System
with Connected Left and Right Dampers

Kazunori MORI

Abstract

A practical and simple suspension system with connected left and right dampers is proposed to concurrently
improve maneuverability/stability and ride comfort for automobiles. Because this suspension apparatus is able to
produce both a spring characteristic as well as a damping characteristic, with bouncing/pitching and with rolling
separately, a degree of freedom peculiar to a suspension design can be increased. When this apparatus is applied
to automobiles, it becomes easy to improve these contradictory vehicle performances. It has a simple constitution
in which each damper on the left and right wheels is joined with hydraulic piping of X form. And it has higher
reliability and energy conservation effect in comparison with general electronic control suspension systems, and
therefore does not require the electronic devices and the drive resources of actuator. In this paper, we show a
design method of this system with coordinated right and left suspension dampers. Furthermore, we report the
results of computer simulation confirming that circular turning performance is improved by the proper adjustments
of the roll stiffness with nonlinear characteristics to roll angle, and of the roll damping characteristics in the front
and rear suspensions.

Key words: Automobile, Vehicle Dynamics, Motion Control, Suspension System, Connected Damper, maneuver-
ability, Stability, Frequency Response, Simulation
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Fig. 1 Connected dampers model

B 1 i EAREOHEEES ARy Yy 3 008 R0
M2 Rd, EEFRFNDS A0y ) v FER xH
RSO CHEEL, YUYy T4 )74 A%
o 7R R TREAROS RGN TERL U 3 a i
NEFEES D, JOWNE, WEOHBERS 0k
FIRRIZ B A b > Ol & W & T8k - 2B R
BETE S L BHE TR, TP -V
ERENOF 2 - JWEHTH S, ERPCRE
HEFHALLEESERD AT 5, HEEHOWFTD
GERIC b A Y T 4 A ERRY, EREWAMAHETEML
MECHENRRES RS, £, HASKOENEA
FEFAFELTERT 5,

ERSvRQOEANryay FOREMEENREN e, er
L, EEEERO7)-CANVOEiEEATR
s, Ers b T Do EF Y RIIBVT, ¥ ¥ EEHpS
WHT 200 %E Qu, £ /30y ) v FHIFADH
WA Qu, FEBROA ) 74 A2WBTAHEE Qun &
ThE

Qri=Qua Qs (1)
OMEDH 5,

AV 74 ARMATELT, ARBLURS 2V Y VY
W dm, ln, FFETBIUE doy L T 5, T272L, EAL
ORI & D SRR D b 2 1, R
Ldn b d BROMBTHESHZ 5,

dmx : é:20

dm: 2
{dmzi éi<0 ( )
dn .z‘sg(}

a={" " @
a'gz D E<l)

WEIBLELBIREL, LEEM, RBAENEET. /£
WG ORMEREE ¢ £ 5 EAB)OFH I ITRAD
Eochk s,
Qu:Tﬁ(dZ‘ds)éL
_J'TKPL *sz)d:n T g2
2= 1]28;1fm —4d Er (4)

Opa= I(PU*PLa)O’?
L 12824

ZZT P, Py, Pre i3, ThZNAEY ) ¥ EEHOFE
51, EHEESROFKREES, H3 0V TEROENE
Fto £, d, dods i3, THERY ) VIWE, EA
broy FE, EERAEERT,

R LT, 52 0MLTiRRREES,

T
="da &
4 a Ls



T EEEEE M Ay 3 v R F o T B OsEE T RE AT

__9.._.

Qn=0Qkt QR3=%(dz_d§)ég
4
Qre= X Er—Pulda Pfésjﬂ}d’” =I e, (5)

Q _ﬂ'Pm Pn)d:
L8 1284,

FHHEBENOHEHAGEERY P o—7210% T 5 LRE
T35k,

T g2 .
—Idafks

- Pl].’t!(,)l
Pa=tg=c.y

o Dol
(ho—exs)"™
£l b, TIT, nigRY bo—7BE, P, hETHhE
NEAKEOES, SEZ06HS OUIEEHET,
Tk oEREE TRz TS L,
{SpEL =Sep+Satis
SpEp=SEL+SaERs
DRFBE DD, 2L, S, Sp, Se i, THhERYY
YYTE, vy LR, FESNZONERERT,
FyROEALuyOy FRRFENE R, e b T
2k, ThERROEILEZ6NE,
{FL:SpPLl"SPLz
Fr=5,Pp1— SPs2
XO~NEHNTFR E e e BEIUV(i=L R)
O LTHRT L

Fi= [—SP‘*SE(KR R (K%*KLM)SS’“

(6)

(7

t)

K K
SpPe  Sh
¥ (I—wws)”  (1—urs)” @
8 . L\, (1, 1\,
Rt g e (i oy )
SoPo  __ Sh
T L R a
LD,
L, BRES L UERIRROMED,
ﬂ'dm( EL)
Kn=Kn(é.)= 128t
dnl € &)
KmR KM(ER) 128#[:1:
J'{dtgfl.s)
K!!. KI(EL.\’) 128#!‘!
— . = Wd}(ém‘)
KER—Kt(GRS)_ 128,{1&
_ SpEL—Ser
hu h10Se
Uns Em- Seex—SEf_
hu l0Sa

YO YSTIHAc b ERA byoy FEEETS L, O
y FIERMSORNOEEEERATES, Z0OHE0 FL
EFrid, A9, cBWT S=S, 2R ATE XKD S
ZENTE D, EHEGHAMHECENLT 258, a=e
=¢ &9, WicATBL,

FL:FR—’]\E—ME Csé (]D

SN, ZIT, Kn=Ku=Kum Thd, FHHO

EERBEEOT AL LTET 5 2 Edtb b, &2,

MR T 286, eo=e, er=—c ELT,
[ L_CLt(E)"'CLc(_E)"'FLA
Fr=Crl— &)+ Crl &)+ Fi

Ebe 2L,

Cu=SH 7+
Cie=Cr=—Y 7=+ 7
CR:=S§(T{II + -Kl_.fk + —le—k)

Fue= SpPa{ l—lus)" - a +1us)"}

Fre=—Fx

(1)

Kl.lR * %M)

25pe
Us=ULs™= —Urs= 1S
a

AMcBWT, FL £ Fr OFBOHEL, 2HEBo—NV
BB L LT, BIEHRXASEZAFELTERT 5,
Pk, BBEHE sy, oy F 71 (A
M) Lo—iE IR LRI L TRETE
B Eibirb,

B 2izHARyy gy iclD sl EAEs
N EOMEMFRET T, ERNLETHMIC c0 &
L&, Sy ArvyavifhENFnsh
s aFflLibTbEE, V-t o=¢/cw o1=6/
cw THAZBNG, MBOLDICVA-E—FEELELT,

pP=E/Ew

PI=EVEW

A TR s
Fal Fuw

Fig. 2 Suspension system
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Fig. 3 Analytical vehicle model
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Fig. 4 Roll resistant moment vs. roll augle
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Fig. 5 Circular turning characteristics
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Fig. 6 Circular turning with braking
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Fig. 7 Step response characteristics
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