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vl & 7] &

2223 (suspension) M@ AEARu®E WA YUst=d, 9l =2 FolE(road disturbance) Z2FE H%
e ArEA 7] A8 dol v &FTde] WA EGEHAT. A Aadd 7R Axe AR A 9
2bgo] et ottt Aol A(wheel)o] SHPA LR Fe7tH EEFF(bump) A= Hold + AEF 3= 3
ojtt. olgdt FA = v Ze T8 5EAS AT

a) HEAES 9 o =2 FoEe] J&S HA X gomn, 429 "©5 A=A (ride comfort)"o] #A A
RS

b) == XPOHE Az ol AL ] A= ouA= Al Aol B FelE A= 5o 29d o 283
ouAR d Hom, o] wet oux] Fge] ddHoR JfdEa

¢) &£x7t Z=71sko whel xpeke]l ~E|o)® ZH(steering control)o] EAFA MAEW, AA ko] =& #
N oA FHE V&I A A=

A M2 gofst oz FAE F AT, ditH o2 = oYX 47 vlA (energy storage medium),
FAHog s dA EBYe 22X Y (spring)ell olsl], "X ¥ vjX(sprung mass)"Z A== w9l XA (vehicle
body)E "d~=Z# wjA(unsprung mass)"E A AFHE F A A®(vheel system) oEZFE Ezjst :,t JE= wg
b, 22" dH(hub), Beold % A AEE ¥A8 ¥Fske E Alxdo] mg FofE gHste] o
A ZHAel disf olsE w, dUAE AFTT}. =2 FolES FHsL UH, 2ZHES AV AEE duAE
gl 23tof(release), & Al=®S Al P A 22 JEl(undisturbed state) = HUAZITE, ’\i%]% Eats

|

!
et

W

(e}

lr‘“
q ot &

l

o] WM(displacement)ol ®]#H 3] 3L AASAR RS EAA 7] A (dissipate) & &+=rh. 3354 =
G oA A LATe ZEIEe] FAEE oA Alagle B oA ©edt Axy-njs "]i@

A2~
(spring-mass system)ell Z 4#A v F4HA F+ s SH(uncontrolled oscillatory response)s& X
=t 474 FEY W (damping) flole, HAE AZF-wjs A A~gE ) 5 F(external force)o] A&
v g, AlEste] HssiAl 2 Blojth. A A=A AlzEle A, o] dk "I A 7] F(calming force) ",
Aubgoz=, UA e D“-’é 2] (damping device)oll 98], 714 dubgo g Lo nHsie IS A

T FE-7Idke] e sl o3 AdETh. old WAo® | HH (damper)E
3]

¢

lH

23 M (spring motion)o] <
(e}
=

Weko 2 A8H(resisting force) s Xﬂ%é}tq wehA], I EA S XA A2Z-HE AZ0) FEE 1F
stk e weid, #H3e 22 A& L8 AEA AAE AXT Fe glon, AAE AAEE Vs
Agshe T8 AE 2xFHolghs AR foldlof gt

Ao FEEd S A EEstHA B AEE H A (motion control linkage)o} olUA] A7d H vy
TALAE XFee A2dld A2BE FH As Foo Tdste b 83 89lo] dAry. L2 FoE=25
B =2 579 H5A £ (occupant isolation)E& AFst7] #18], 22X 3 AHE= o=z FegdA FY

FAAL FA, A% W AF 2T A8 AT YT R FUF Jol SH

1)
K
P,L
=
o
o, off
o |
i)
[ 1r
o$
o

o ] ot o]8d 85 gukxow "xZE Lh(handling response)" O ® A A
v gsAh wele AeE( QUalltY)L "®<% & (ride response)" 2% A @},

AR-2%F H(cross-vehicle pair) &2 &4 AstAl A H 7= shARE, 471¢] Z47he] & FmdolA B E
9 9 AE MAAeEHR, AFg ®e 2 2T AT HA3E 5 9 drkH oz 9] WS (unit
displacement) & o2 ZSAHEE BAEC] WX H(stiff) FEo] GH|A L 2A AEZ] Folx|&= Wt
W, B Ee] FEYYAH(soflt) FE2 FEeYAAR AEFo] vz, 9 A4s dvbyoz g A
ol #HEE B Ed A FEEH (tuned). EWE, HA Y s FHS BAEC &S w HASL A9
% SHS B EC] & u BT, oo wat, i HoR ) AR He SHI 2F SHE dFe] A
3 F3Ert.
7P A Al (variable regime)E E=Usto 22X, 2k d HEE H2adlld FYE ATE7] 93 gkt A =r)
2lo] gtttk Hollowellol &oj¥l &a US3083034§E olgf g Efbe] 7pH AMadMe gk 237 HLHE oA
s, Y2 A2 (leaf spring)®] & dAeolg& WA Y] 93 24 FXE ARESte], 7HHA] B ES &
< Fol(ride height)& AlFst7] 913 WHol 7sdnk. ofdd WAo=w, FHA e 7PHA 42E (loaded)
238 wjxae] e Agstes, Ao A3 dA(optimal suspension setting)e] ABE 4 Qlt}. 7]
53] US3083034%5(1960) Aldol=, 2] 2xyo] km Aeko] F2 A& (loaded axle)ol] #A1d dnkA <l oy
Al A7 vl A (energy storage medium) RAWH, A 2pF A zgdol= 7Y B EM 23Fo] 1 Fo] A e ]

_4_
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o], A% 7}H ¥4 E(adaptive rate changing)o] A& % Act.

Reitterol &jol¥l US5722645%+= AA A=F Axdlld 2EZ FA ol md 22" A Aol(free
length)& s&o® 2dst7] 18 Wil dis 7I=sta vk, dwbqom, md AxZo) Af dojs F
st s A~x e wAdEe] SUkEY, 2 wdE, Y AZYe] Af dolg A st mYd A~Z P v
Fol Zopxitk. 7] US5722645%°] 7l=¥ &3F @4 (spacing element):, 3 ©H-5 FHAA & F
(receiving groove)ell MBI o= vt 27 X (locking device) 2 AAGAA FATOZN, FY ~3F
o] & Zol7l 2EE 4 QA . o] W ow AXFYl zfH Zoli= FEoR Fold 4 9lon o]
el 2pgFe] ©@ golvh wokxal @A Eel Sk ¢ dvk. 2 wHE, Ay dolrh AojAH ARk ©E %

o7} &e7kal B EC] Eol8 4 U

2peko] dlFo] 7P & (lightly loaded) wioll W&l z}eke] &5 o] F7&(heavily loaded) W] EHAEo] o & A
o] mtEA Sy, 1 olf= 2XH/ulx A|xEle] 31f FHEFS(natural frequency)”} iAoz dAGsA F*

2 % Q7] WFelr. n§ AEFE GeAsl Ade e 294 Qe (hysical input) 02, o= YV M
o7 A=, o7|A ki 22X A (spring stiffness) T+ BHAE(spring rate)o]™ me w2 (mass) =
Aot Wil S7EH, AfF MeTE T A8 &2t didk we = (disturbance input)S

H|=8H frA817] flete], ' E% 1o vleste] F7hEojof dhrk. @3 WA (cross over point)e] APHdA
A5l a5 (predetermined load)ell A& 2719 B ES AFshe= v v-d3 A2y GX7F agEHo g+
b, o]+ =37 W (spring displacement)d] &3] E|Z o2 FEHEC. Scheublein ol do¥ US3773346
=, %ol S7EAY HAE u 1f JE5srt WARHES APAAARE WA SHES WA A8
Axd ZY 2293 dAPo2 FA % (incorporate) 2 A2=3Ad Al2=gle] &3l 7]&stal o). o<} H|
3HAl, Clements 5ol dlo]® US63577715E AMHZAAY IS 298 w7zpx EA v 3|do] dis] gA A3S
Agshe ZY =27 HI l"?7‘]19} ﬂ%i g = IX} EA n} S_/\(torsmn bar element)Z }%‘E Oi’ﬁ 0]

%3}1 917\]“&, EA vl= B (pressure rod)ol] 93] FEH
board)oﬂ Hig et 3 Axgo] A Aol &£¥HE Ee ZAE e A

= T —=—/" — 1__ ak =

ALY ZEutee &3to] dE F AAT, o3 nAHL =2 AJHO| SHEe @A 57
A9l Aolt(instantaneous). FHAES A AEE(operator control)o] glom 1o ug} A|2®E F=53
(passive)o|tf., =Y ~x ol A = A o)A st g5 Folo] M7 == HAAE Q). Eschelman

of| Al 3o F US694552235 <F Moondl| Al & o] US568796035.0 7<% AT o], EA v} 847} AR g

92 5% A £59 oF BAE AsAM Axwo] A8d & Atk Holtol Al 5]o1¥l US8397425 1 23
9 Sefolw @ gl T AMe] 27 Eel(angle surface)S AFHE A AEH FAL ol oM oF
BAE AsAAS AT #7440 el dial Jl%sha etk USsel0742E, olF BAE Wt S5
o AEEH & JuH sxy mejolw A3 A EdR(vheel travel) Alole] BAE WAAFI Adl, A
JolEl 2 olg3tomn A3d Fele F7he wrolr)

UE-RE, H3Y 9 94 554 ALAA AsgSe] pase] gimdl, ool YRS &3 gl (shock
absorber)®] AAA Wuol AUA ekerh. grolA A1EE AT 2ol, WAL 27 AsMA FARAZA BE
O wHEN Gud SHE Aoldl A9y o mE ng g AFaA wah,

Hafnerol Al 3]oJ ¥ US49134575 = & 3}5 (wheel load)S A &2 o2 Ao wg 54 ¥

]
H
[ A ol S 48T ALAH AEE T ) Asde AU 488 P,
al

>,
é
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ox
M
flo
PN
()
p‘h
R
>F1
_O‘L
_EL
33
sg
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g
T
:.:‘:
N
A_,

= US5725239§L rE Z:E%‘% %iﬂ FA 23 o] ddsta ag
st e EY BHe A %

2l 4]

shal Qltk. olelgk MEA o]F RE AadA A|xHle] FHAR] BAx e, ¥ AXES AREe)

AL 1w Ae AdM = A skH] 2, 2 o= ¥ ©A4E SH(linear rate response)® F=1
HAE Fdskes ul oA olefg Ao $%, 534, 2 deidH F54Y ouA A FXel i B
3 ANFA wEolth. Schislerell 3ol® US69234345 = x4 7153 452 & A 1F SgB A8 E o) &
gogn B wol9 BAHE 2dS ATIE TV 2ZH g 7|&stn . wEA, A7) T ATy
Ho molo e AuiFow WE B ES AT B EoldiE Ad¥or e BXES AFTIES T
etk Shold Ted 7] 2=ZHI BEE A3 e, US69234345.9] FAS & @5 FoldlAe e
G ES ATslal 2 g moldAat B2 BHES AFsE AT Al 27EE A AGhkge
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P
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2~ ¥ (pushrod
|
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ey

AR

1 (corner) 2

A
ol

1

2 Az,

5
o

3|

s

o o] €] (lockout actuator)”} =

Ferel
A

‘1

A

o

=

TEs FAEY, o}
A FAELS G4 ¥ (series equation) 1/Kr = 1/ K, + 1/K,

(¢}
AAY (hydraulic cylinder)9t % 3] Z(hydraulic circui

(selectively switchable) ©]

Hno=z

] 2~ (sprung mass) Abo]ol
x|

§l_

1

3
R
ol

H

2

Ho] & =3 BA4E K

o

=

R

o
¥
[e]

T

o] 2% A4 (handling setting)

2 A7}
Z

A1

dloEl7} A2¢] 7 R =(locked mode)ol ¢S ufjol= x}eko

L

=
T

Fo] &2 (motion)

(unlocked mode)el NS wol =

o 9

)
ol
o

v} <32 (torsion bar spring)d A2 A}
[e=]
=

S
o
ES

Ea

o}

a Aol A go] AdAew T Hopd, u

=
=

Q]
3]

He, A7 e =

Kol <]
(volume) A}o]9]

o

3}
=]

af Ao,

[<

(dual rate vehicle suspension system)el
XHZ(in series) Ml

w2 (unsprung mass)$F ~3ZE
actuated inboard spring)

A

comfort setting)¥} :
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FoH AR, K BYE Rool Aol §% Bl UK + UK, 94E meun gugos vl 443 £ 9
.

H
B, 49 AFololEo] AP Fise] LY 2=YS FEAA AAAAE AN o FAES P,

H
Do
ol
H
—
2
H
>
)
>
[>
r;l‘
(x
ey
>
op
1,
rlr
:10
A/
J
3

=g 719 Hed A2 A ~El(adaptive suspension system), ® BT} FA|HOoRE o]F €A E(dual
rate) 22X H S AMESHE A3 FSHoA HW, 5 =9|(ride height) =& A% 5 (vehicle load)ell 4+
delol €44 % (spring rate)d g5 Fol7b 270 AW FE R AlololA HEE £ i, 9 s A

)

B7bse AXE ATeE Zlo] wiEAE £ vk ol B HIWE AU 2 1f s
(natural frequency)?] 54 7} HHo A& 2% A A (handling setting) ¥ ¥ ©5 Fol9l Ay o=
W 3 e 5AS 7R HAo g A A (ride comfort setting) Abolellx] HeistE S Al
gtk

2 4ye M3 9A4dE S (linear rate response)d 3 WAE m2E F A3xFo|, AY=E(in series)
e oo, A2 Axyol Ay e E(linear rate) Btk 2 AE SAES 4R e T3 Az
ol ZAsdrhe gk VA4 dEE ol &gt EolA /A AEE wjdE B E K 2 KLY F oEZ"e

ok o] A1 AA o)A, 3] 3 T (corner)?] oYX A& ujA|(energy storage medium): A1 AFHZA
e BAE KO EA v 2393 A2 APAAARR B E L ZY 229E XS, o5 JEE way
I BgHorE AAEY vlXA(unsprung mass)d A2 v A(sprung mass) Abolol]l wjEHE T o]yl WAoo w
A1 FAs ReoA, Madde] F g4 E (overall spring rate)S ¢ 32 (series equation) &2 Ho|HT},
T3, 5 7]%(locking function)o] Y& F4 AFclolE7t 7Y A=Yy WAZ(in parallel) EFHH,
WS wekS w(on command), BHAE KE TAHE £ dou(locked out) Wt Mx#lAde & S$AEL K,

EAA APAZAAE AR olFdeE HYE THE 7 A

of "t WF, F dFololHE Y 2ZHES
5 K

o v (powered) Lol uwhe} Apgke] g | BAE RN Z2AE -

% 18 Q¥ = FAJZ=(inboard pushrod) Z52] AyA] A7 vjAe} A
23 (double wishbone suspension)< ©]-&3}+= 2o 3k 3o ¥
EA v} 22 (10)0] BAHORE FARE(100)9 2A(101) FAdl 23]

]
71(01)¢] 3AH FACRREH FTEHH FARE(100)E A=A AFAE(107)d o
]

2 893(110, 111, 112 2 113)o] & =&k F2Eo] AXm= 23k Axxy

Jat

21t} (prescribed).

A& AT FYY dE AAE A
2 o] Al AAAE A g
. BEA b 2XHH(10)2 2
Ax|o] wod TR 2H
07)2 d#e] ¥ HE

~
—

Y (unsprung corner)E& T

ol

B, 47 A9 mH AES YAk A2z =19 4 movenent) & AAAFE N 5HOD HFH
q

A FZ(motion FR)E wel o] AFEARE HAI7|EE FAHET.

o
>

_7_

A om, A= FU= FARE00)] o8 27(10D)E 3HA7IaL BA b &

gy st BH ARE F
S

23 (10)o] EA(torqu
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2 ¥, 99 (13), 7FE, A &3 94 (shock absorber)”t,
HoH EA v 2323(10)9] F5(longitudinal axis) O ZHFE 94 Ao =}
ol A", HIH(13)v= AT Aele Aol Ao B AAHH dAFoexr T4
(incorporated)= A& oldljslof g},
Al 25 BEoA, 27(101)9 34 EAH(rotary motion)2 ZH=Z HH"ﬂ F AT ( l)JqL EM v A=g
(10)9] =Fox Wy oA (strain energy) s AGstAY HeE~dte], ZY ~xd
EA v} 228 ((10)9] 99 TR A Fd HAMd <3 O]%%q(dlsplaced). d 1:1%‘(11)—0— A 29E
(16)°l 93] 25 $(12)9] Z2d "d—roﬂ A 2 FE g ¥ (anchored). 7] A1 e BEolA, A
o] Axxy Tyl 283t 2 v E (combined spring rate) Ko 2 U &4l 93] AHoe:

1/ Ko = /Ky, + 1/K (2] 2)
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