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Abstract : In this study, a real-time simulation model was developed for tracked vehicles with in-arm type semi-active
hydro-pneumatic suspension unit using MATLAB S-functions. Since the vehicle model uses relative coordinates and
massless link elements, the developed model has an enhanced analytic time performance. Through the comparison of
simulation results with multi-body software(DADS), the vehicle model is verified.

A controller using on-off skyhook control algorithm is designed with the pilot-controlled proportional valve based on
conventional damper characteristics. Exploiting the developed tracked vehicle model with other subsystem model such
as a controller model, a suspension unit model, and a test road model, computer simulations are carried out. Control
simulation results with the developed tracked vehicle model show that the semi-active suspension control system has a
better performance than the conventional suspension system.

key words :

In-arm hydro-pneumatic suspension unit(2hj 43

G719k F44=x]), Semi-active suspension control

WHe% 3l 4= o)), Tracked vehicle(#} =2} %), Real-time simulation model(d A] 7+ & 4 &), S-function(A] 2= &l

452, Skyhook control(£7}0] 2 A o)

LME

B Foers] @5FAE mHNe2YH 2
B3t $4& Frotel ol oYl SRS
81 5)7] 9 5 2|7 H ol = okol A W S
2 3P 5 UEF GOEA G AEL Fol 4
=48 Zojeta, o) 220 o)g B A%
& Haslgozs LE oY A2y RgS
2ol sz ol AARFE Frlo] 7ol 5 Q= =
2 579 AT Y F L A BEFA I} a7

"To whom correspondence should be addressed.
sonyi@jiae.re.kr

= EA
sion Bar System)2- A}&3}g o} =&
Tl whet g7 4 g
oz FiFo] F7skA H3U
3t o U2 7158 /7] A8 raaE
Wol E slte] FUER wEo] 2=k T
shiyizs {719 %—T—%ﬂ(ln—arm Hydro-pneumatic
Suspension Unit, ISU)7} 573} 33 T}

135



o, >
ofo
M

o
£
of o g

e

N

%

ot o ox

oft
e

& P oox ofn

o
Mo

)

N

—

i)
%0

O

A
o
i
i)

>
),
o

L o X op 10 B % NN
Lo

xS
i

iz
olf
oy o g |

@ =
Ol
b
X
X
ol
Rl
k!

N

r
n
do

N
o

—>14—"
of ot
pu)
[0
X
B
o

o

4
N

-

[0}

N
o g m o2

Moox Ko

offt filo

N
~

i

(%
-

~N

e £
ot
4

U

“
2
o 2
3
lo
Mo <y wx W R 12

o X lo o=

oX,
i
£
L
ol

—r‘ NKO
:\9
%
R
rie

off

>
L
2
oft
tjo

)q & o]
ﬂ o4 7]

E e

o

=

[+

—_

I S 58

ﬁ_,
£ o ro

flo
2 %Hﬂ H1

)

[

0

1=

VL, A A4
vl th&ata, A Zﬂ
A FAsto] B g8 4 Arke
kel 7|3k 7R ”LB]%/l =
aich. Ao} 71el AAIZE o] a
Sehiis AT A Bl B0l T
Zx]oo} 3=t o]w]dt 372 HILS(Hardware-
In-the-Loop Simulation)2}3. 2] X1 glon, A
A SHEsl01Ql Mol 7|k AT E ol 2 T = 2
o] A7 A elo)d ol B Alo] EAlsh
o,

B =gl Al

s s AN

er

Voo to O to o Hr o ofxosd o X
0Ol

i_{},ﬂ!ﬂlﬂ_‘é

AN E

O =

L g
s i

ak

[#]

SRR

7k A& dle]

g Ao] 7] €]

[e]
7z kg
)

?.io]i'r

SELE

é.l

ol 7 ]1-4 %l 2 BFEs, 1A
do] P g sjrt gk AEE st ¢ =8

ATl e 28l 9 viXA He &3
ol bridging & 37} Wked & o] o} gt} 7] & 2] T}HE A

0 oft N U ox
0

136 SIZXNSAZSE =2 M11A K5, 2003

o
o

—_

o .8

r2

m
30 to

ofN
o

—_

D )

oo 1% ox ol
£ O gn ol

-y

2

Mo

DADS Vo)X =
3 2 A8 ALR-5FX] &
Aol Gohs ALY 2E 22kl FAl 2
11 super-elementEli= 7d S =) ske] sf
oluy. o] BEL Hme el AT 5
E‘:]o}X] oLg}o A== /d;.ﬂ UE“jL]._E_ -
ut 7] A I H]Lo]-oi
AME Agi nlaste] o= A% A
AR A7} H]ﬂﬁﬂ} a9l Azl doiA
super-element F 89 74-¢ A A A= B
zto] & Holar glont, R}Xﬂfl Aol Aol A

st ATE RS 1 &S A

=

NG
s ;;g
Ob Y ot o

=

=

e
ot

il

e
e SN U S N | A e )

o,
M

o
i A

N

-

Z:
>
r‘\(
[
S
=
-

3

::’4

=

o

olN
t
i)
£

it

s

i

2

14
pun
[

P\L‘

129
=

N
==

. ANAEAE AL St

i

ok
P
i e (Mo
4y ©0& ot o e

i £

- 2

B =RdAs
super-element®] 7d & ©
W 2 opo] BB cwa)%
22 o3l P4 =
3§79 AEER WY
i A=k ISU"?—%% 71
stk gy 22
2 9] 13 %i
o. a4 WLe] A
F0oY D& wig 4

6]]*4/\]7}0 z9) 42 9]

_&r&
Bl
g
W e F
> 2 ML
op {a

B

o

=

T8 Fo

2
o

x

o

=

?:2 4
rir i)

I



AFES 7P ot}

PRAEE el AHe uh A% Dol
32 Aol o)o] 43k 228 3L AL,
o] SR Aol o nF AR

[«
=

—_

ol N\ oo
i > of
5
m-*—ltoh,
o
:J_ii
2
Mmoo
ok,

> F
>,
)
lo
fru
)
N
N

o g

=

(o]

Y

>,

o
o
2
ol.g
Rl b2 kYR

g e

x 2 L oy
Shs
2
2,
A

G Y AP U TR Iy
2 8y
AnowE 3
HO“”OEN
o 8 N
ln}i
ol
2
%0,
N
2
M1 ol
=2

X
)
3
UQ.—-
©
B oo o

2.2.1 x|

Fig. 12 ZAl¢ R+ 2= 49 dda8e
HoEr) o) 74 2=k ISU9| 9] 9} 3] 37
=4 (D), @) 2k

ri= Tt Ans " —Ays" o)
b=yt P, )

A7\, AAHEA Y= [ 7,74 7,7 ,]"

21=1

(Q o0 OHT D O

Fig. 1 Tracked vehicle model

FANAEA a= [ 7,7 ¢6 b ) ', °1Th
x£3, ry=[xpvl", 7,=[x,,9,17, 6,1,
¢ ris= b, ¢s(i=1,-,6) | T}
b= g omdle SRR, o = A
AZAEZA] o] A 24
H, s" & & A £ 3| HZJAEA 2 A9
AWE, 123 s E ZEY FAA B 2= 3
AR o} Ao 912 W ol
212 BT
A SHISUL| A R)(4 (2))F A13bell el vE

d LB TE 5 Q)

7.’r,= rotu; ¢yt Vi b (3)

$r= st b 4)

O:] 7] }\:1 » #;=B,s ﬁ‘.—Br,s V:" Ui:*Br,s y‘vo] UZ] s
B, B, XA % = o) 31d gE& v
Holth

A SEAY S P2 dehya

Y= Bgq ()

0117]}\1, §= 05 1 1

012 1 0 1

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 4, 2003 137



Young-1l Sohn - Jong-Ho Lee - Byung-Suk Song

3@‘—"&0]‘:}-”) aegx In=1I5xy, 021=02x1°]q'-
213 75
FSLEWAY 5)E

= 2] ohg3 2k

Azl sl vl a7k

Y=Bg+Cq 7

17|, c& BE A3kl sl ml e d H ol

22 SRS K719t BARX|, AsnY
L ME gl

Fig. 17} Zro] ISU Rdl & &elol= A3 3
2 Aol AZE 1AFE F3 T2 AT
Tl E ZF F3E Aol e 7Iae 75 2
o2 FrEatt) ol 7Hde Fae] Aol 2
Av 2= 8 Fo] A vlsf Fehd oz 27 o
o) 7} 55 .

E, FEAE 2D Hg, SelA Aga
o} go] A% Zo| Wslol uje} Axegelo] 2E
ol Ag3=F st e, B Ja=
= 2] ol thalA 9 s S0E Ulo) A
SHEE Rdgsth H-edo] S5 2l A
5.2 (Shear force)-S 1. 3}4] &S Bekkere] 22
4-gstnt.

i o
N o &

u)

f

P

o ¢

23 23U
A EA A 2} 2= o] 25 S
vehi 4 @) 2

AN V1 @l
[“’n Mr] Y] [ Qj) 0 ®
o714, @, v A 7FiAE % A EL
3, @, 2= ZteA= 9% I3 BEQ 0]

H, Q= [ Fooms) T’Qr‘: [F,‘,n,i]T 2 AoHch
o7lolE A5AR, Ax 5 93 Y3} Eo a7}
3 =9,

My=diag(my, my, I3 )pa»
M, =diag(m,,m,, ]r,')GXG ot}
2] (8)& thA] 2heFs| mEahy,

SYU(MY—QH=0 ©)

138 sizxisxZsts|=2% MNA X435, 2003

o] 7)1 A M=[Agb 112

Aol A =

ity

2 2] (61N g 2] ) Haaha,

PG o) Fotel AEA Y Rde) 2FWYYE
Fshect

24 O 7N B AZ

e oﬂ:r“’ﬂ’ﬂ MitE Alzaps 2o dbss Al
of duFEE FUI Ao AlEHlA 7Nk
Matlab/Slmulmk)z}Oﬂ A &7 Y AEEg e
S-Function'” .2 7438151t} A1 Simulink 52
© Fig. 29} om, aekme [SURH, |o]7]}e]
ds HlaLE A% Aol daERE, A7)t
AZAL 93k interface ZH SO 2 FAE o] 9t

l

I

. Vehicle
(S-function)z

Controller

eesroressy o

Fig. 2 2Dimensional simulation model of tracked vehicle
(Simulink model with S-function)

iy 4 'ﬂ
518 [\
i
1V

1.9

=~ 18]
£

Angle of pitch{deq)
o 1

S A S

W ft\f ol /i if\m\} \ Mol

ALl 12 14 16 18 i) 10 12 14 16 18 20
Tirme{sec) Time(sec}

Ace. of (m¥se)
o

-10
~|5‘

14 15

Time(sec}
Fig. 4 Comparison of simulation result of C model and
DADS model



Development of a Tracked Vehicle Model for Real-time Simulation of Semi-active Suspension System

%A T4
Al

) 2o AFE 3 oA 59
A8 3 zE

8 314 22 =5]012] DADSE o] 88 A3
Qo] A B4 ksl wlasteick. T A%
ZE8 Profile Vo] U3 ZANE

2L oof g

OE Hj

W9, 922, £A7HEES Fig. 34 wlwst
o, 4F3 A 2E nel Fok.

otz 74

3. o

3.1 Hof 21e2|E

Adstazt sk AlojAlLEe] HT e
Profile IVi=®H ol A 2pAJol] p=gt o] =]zt ez I8}
of =at FESHE A7 bottoming@ el Flel
T8 Az 50 Ha £5¢ 40kphs FH L T
a7 st Zolr olwf o) BT F55H 2 6W o]
2, AWMEEE 25m/s® oJHE GA S e
Aoltt. o] & A Al d& 3] X (pitch) 2=}
Hl22(bounce) R =& thAato g 315 o, E(roll)
B At

Aol i} AlEAtEels A-F 24 7hE= A

, DA 4EEE A7) 93 9GS E o]

w2
Lo
Mo

= = ASSH =, AAF &0
2HE $E235F A |k w3, 6719 ISUel =
on-off €l o] =1 B (solenoid valve)E ©]-8-3}]
g 2o w HEd = Qe /Pd @ vy E
= (damping manifold)Z AH8-3}1 ) ZHE A A5
= ADHE T2 T3l A d 2o wEs o
o, Aol de], 4§71, Z2]3L DC offsetg A A3}
7] 9g 2 dE o AT AEE AXA A
duEES AT JEAsE AN A HY, 7k
£ AN A AR ske] Bolosl e A
of et W= AT 7KASE A UEH
(Notch filter) & o]-&5}o] A A g}

A o] 231.8]Z-& on-off skyhook A|o] &518] &S
ARE-ekRTh A -3 F e 7SR A ZRE 2A
o FAFHAANA ] et £ e E ALt ol
o} Ztol skyhook #jofo]5-& Fate] Aloj&E & At
gho). gt 9] zpo] 2ol A AldkE H X 2R o
T 2] ZHEE Aojo]5E Fite] A Alo] EA

™ 0

g AtskAl "
Fo==Cua* 2 an

TDrate=_ Cﬁmte ' Z‘ll (12)

of Ao H I} Alo] EAGE 2t 2= ol Fufs
o] ZHISU9] s AEof| A 9] h# o 2 AAE Al Hv,
7} 2 =¢}bol] 2E RVDTo) A AlZg 29t 7}
ERRE 2ESte] ZEEE AR

oA olglgt EHE & o83, on-off
skyhook Alo]&aie]Zo]| €3} hard, soft 2] W7
G2 FE otefot ol I
if Flm O0

damper = hard setting

else (13)
damper= soft setting

Al B o] A ol A = lookup table 2 & % hard
43} soft 54 3k& T8t W My EF == g
H& ALteta, o) & o] &-3he] 24A| 9] ISU 43|
of Z+-g-3l= S7F £ Hslk3te] DADS 2l
= CAol Aleater mdol gHsto] AlggeoldE
Z&YstA Aok

N
o Jor X @

32 7P Huo| 84 MY

71E9] 9 My E =] 439 229 X(orifice)
ol #AZP o g Av s Wil ErL gER FE
Hol Qi TR E FHof )tk el E2E f
Foll ofste] A} wAsHA HH, o] 4HAE
ol vl ol RSl olsjA] s U
BE 2ol 51 3= gRY 2A =Y AQEnrt
A He, ALY o] Hjz dA H= A o]
TR ol sl QAR Y Tt 5AS
7

ZHA R o] 7)E W vy ERe] 54E 7]
o' dtef TSkl en, o] W oRE ofefe

A7 AEE 5 S Ao

D A Aoy v)g@ EEE W E(Directly cont-
rolled proportional throttle valve) : 7]& Q.23 20
BE R /MR 2E FUlehs ol A
A7 o] 9 vl By} dale 4 o] 9] 7}
97 F2 Holth 54542 Fig. 49} 2t}

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 4, 2003 139



0

Fig. 4 Characteristic curves of the directly controlled
proportional throttle valve

x

R (bar)
]

700

Fig. 5 Characteristic curves of the directly controlled
proportional pressure valve

Sensor | | Suspension
signals controller
T
<+
s

Pout
A7
v

to Spring
Fig. 6 Schematic diagram of pilot-controlled proportional
valve

2) 213 Ao]2] v] =] = W B (Directly controlled
ZIEE 9]
F7} st
A7) A o2 Fig. 5
& nR =l

proportional pressure valve) : <l W H o]
AU WSAA T 9% 4575
WA WiBrl dej= He A
s} 2ol vl Wrv} Ae)] el &

X 5ol ] ok,

3

140 S2XSATEs|=22 M1 M43, 2003

3) g}d&E A4 H]# Ao} B (Pilot-controlled
proportional control valve) : 2| 82 T /)¢ ¢ a5~
& AH83h g e el s 24y

H AW v 2 JiH s F-Eoln) 1 T2 Fig 63}
2ok b 2 2H 2o AH g Seflicol= WE F

o2 7hAAA A 5 Fig. 6914 p,7} 7hi 5 A
v ofel] upebA wilEEI}F DA = Hol W
StshAl Eot. ol=fE FE o) Jhi A= e vt
MEAE 4S 7 lor; 7€ 938 vy &= o
Q) T2 o) e stk
oA A 37Me] i G T 2w o] A9
AA A-8-8}7]] ol TA7F ek A2
o, st 3yH e} e A detdete] B
Fote] ol A= HAG a9 o] &u7} v}
2o AzbE. AlEH el FellAs T
Aee Uis Zlom AzEE 3w gHR
¥ E 7HEstn 2 WeE AAs nolz 3
-3 FES PR E A Estale we 7
o we] 54 AL oo Ly
HiiE7F D)) Ao 4R BAAL oF

730

T p—
. Aé’6‘

Woolr dle &

[e]

&

=2

Tl

BN xR AL o

b

=

v

2 2114, (15)¢} 2ok
2

Pe=Pou=35 X(;Lcdan,) (14)

1 1 1
AL~ ATt a (>

oA7IM P.EREH A, P, = E2HE G,
QE T, C, v L8929 E4ASF, = FAA
Foly, A, 2T WA, A, =7 &
gla)xo] WHolth A = nAH A A JfHe
] ~g et 57 el s WH o7 4 (15)
A AR A, £ B A Qe o) 3
ZHemA, A5 vAMHoAN &8 £o) g Atg
w2 o]t} .

tjgl Byt dale Hoja]el wlQ) Wiy o] whA
212 wjo] W ulr) Yol T2 sh= Flo] WHS
O] F = Al H O ZA T3 A (16) 3 B2 s o=
w3 H
PinA i_PxAx=Fs(S) (16)



HhsS ssaxiel HAlZt

i
P

A7) F(9E dEY s& QIste] 243}

whebA] Wi B} Aels Aol F3E ot 4

(173 2o ERAHD b8 ee)u 2 4,0 Thae
%84 Fig. 77} o] o] A4 2 o529 54 A
o184 9l Hek.
2gF (S)
WS A, A an
Al ar

ol8) gt 71 o] B Zofl 4] hard®} medium,

softe] Al ©& dEsto] Alo| LTl AHE-3}

[o=]
AA

3.3 Hof Al=g8jlo|M

A% Ao B Astel, ARG =
Gol] A2 Aojg el F3 79 E F718
rdlg 13l a] Profile V=2 40kph= 38}
= AoAA B ol s st 158 A=
Al 101 1 B st oo
& wAShE wE 7ot ol WE A%
o1ﬂfdam Z0] 4 obol A WE SER
28 A AAe] g 5)x|zte] Wshe} o] 2 <l

et FE7VeHE Add B Lol M F
8feh 8, MARE g oA T AN B
2 AR s 742 5
& Q1o e o)A A AT, Aok
; A EAAE ok 1 4%

R ¢bar)

100 200 300 400 500 600 700 304
RIY(LPM)

Fig. 7 Characteristic curves of the pilot-controlled propor-
tional valve

Al2Ho|ME A=Al D JHY

hull pitch angle

=" Catwvenibional
=__controlled

~ EN

, Pitch angle{deg)
o

S

-6

§ 19 7 % % 3
Time

Fig. 8 Comparison of vehicle pitch angles

fwilvortical aceelaraton

— corveronal
—_conroled

Acceleration(m?/s)
o

5 (9 15 70 25
Time.

Fig. 9 Comparison of vehicle vertical accelerations

huil verical displacerment

——convertional
— _controlied

Displacement (m)
Goa 3

Y

@

P

1

5 gy i5 F %
Time

Fig. 10 Comparison of vehicle vertical displacements

2}l

%w%@Eﬂﬂdiﬂ%Eﬁ%=.ﬂM%w
A A B ATolA AAF Wel A5
28 A ool A o] 31

=z
=
W 25 4 9lis AT AFIE]
A
o

X
i)
[o o]
rlo
N
)
N filo
E
ril'
s,
S
_EL
e
=
&
2

2

[¢]
BolZ T Fig 9= 44 2]
Zelck Hdigke] eFgk 7hastel om, A
ol A= Hl g A HolFm glom, o)z
e 7)E AP A FEE FASL

Rl F&r) Fig 102 2HA|f AFukak o] v

*3

[o]
do o ot H do i

o 30 o % ogo 2 Lo

3

=1
i~

Transactions of the Korean Society of Automotive Engineers, Vol, 11, No. 4, 2003 141



Young-Hl Sohn - Jong-Ho Lee - Byung-Suk Song

I, Ao] Aol AP WSt FojmE AL B
FQlom, 92 B ohel, Jalel uhe s w
Sol e AAMSE AR AeE & 5 ATk
Table 10| 4= 2}A| &) 9] X2}, H 74412, RMS 7}
S5 % FEEe vastgc g 25 71E
ol th3te] Z o 37 X2+ 20% 4 = 7hAsk o,
VR gkat GHEE e ok sl ot u
FEOE FXPS FAFAT.
Table I Comparison of the control performances
Conventional Controlled
damper damper
Max. vertical
my{z m,
acceleration 258 21T
Max. pitch angle 5.6 deg 4.5 deg
RMS ver{ical 5.1 Mg 48
acceleration
Average absorbed o1W 29w
power

1 el ﬁurow s’-oﬂ%oﬂ*ﬂ Mﬁlﬂ 5 3
ol uh2

ol -1>
e
B
Y

)
W

m[o yo L J\J
o

At o) F Y95 Holv] A 21E
FEY §71% A5YA 2 8ok s H71%

B Aol /1% st of), o) 919 A

2
@]
3
O
:g
w
2
<
=
(=]
o
~
E
T2
O
J

A 5L93 ch Matlab/Slmulmk‘#‘ o] ste] A%
AEH A At 71E A5 Z
ujsle] FaE-E 7| &R 4 €2E ] 8F

2

142 SIZXSXISe3|=2Z A H45, 2003

ok F a4 Sl =

G P 39 gy
Aol 710, AARE AEAF =
Hate] AAT HAL ABHNNE FBE o4

o],

&
ra
-
re
T
=
o
o
E?‘J
N
)
ek
e
-
o
N
©
=
F

e
2‘:
N
2
&
v}
M
S
o
=)

References

1) L. R. Miller, C. M. Nobles, “The Design and
Development of a Semi-active Suspension for a
Military Tank”, SAE 881133, 1988.

2) A. Deakin, D. Crolla, A. Shovlin, “Design of
Limited Bandwidth Active Control Strategy for
a 6x6 Combat Support Vehicle”, Proceeding of
AVEC 1998, pp.779-784, 1998.

3) D. W. Park, S. B. Choi, Y. S. Kang, M. S. Suh,
M. J. Shin, K. J. Choi, “Vibration Control of a
Tracked Vehicle with ER Suspension Units (I)
- Modeling and Control of a Tracked Vehicle”,
Journal of the Korean Society of Mechanical
Engineers, Vol.23, No.11, pp.1960-1969, 1999.

4) Y. I Sohn, H. S. Park, Y. K. Lim, W. S. Choi,
B. S. Song, Y. I. Ko, S. G. Kim, “Sky-hook
Control of Tracked Vehicle Active Suspen-
sion”, Proceedings of the Korean Society for
Noise and Vibration Engineering, pp.277-282,
Muju, Korea, May 1999.

5) I. Youn, J. Im, H. Shin, J. Lee, M. Shin,
“Performance Evaluation of Control Algori-
thms for 1/2 Tracked Vehicle with Semi-Active
Suspension System”, Transaction of KSAE,
Vol.9, No.4, pp.139-147, 2001.

6) 1. Youn, J. Im, “Performance Inprovement of
1/2 Tracked Vehicle with Respect to Ride
Comfort using Preview Information”, 2002
Spring KSAE Conference Proceeding, Vol.Il,
pp.876-882, 2002.



Development of a Tracked Vehicle Model for Real-time Simulation of Semi-active Suspension System

7) Y. Kim, B. kwak, Y. Park, “Preview Control of
Tracked Vehicle Suspension”, Vehicle Vibra-
tion & Powertrain, Movement Ability Sympo-
sium, KSAE, pp.96-101, October 2001.

8) Y. Kim, K. S. Kim, Y. Park, “Robust Preview
Control of High Mobility Tracked Vehicle”,
2002 KSAE Spring Conference Proceeding,
Vol. I, pp.868-875, 2002.

9) T. Y. Kim, Y. B. Lee, C. H. Lee, J. H. Lee,
“Development of a Semi-Active In-Arm Sus-
pension Unit in Tracked Combat Vehicles”,
2001 KSAE Autumn Conference Proceeding,
Vol.1, No.2, pp.929-934, 2001.

10) DADS User's Manual, CADSI, USA, 1993.

11) E. J. Haug, “Computer Aided Kinematics and
Dynamics of Mechanical System Vol. I : Basic
Method”, Allyn and Bacon, 1989.

12) S. S. Kim, M. J. Vanderploeg, “A General and
Efficient Method for Dynamic Analysis of
Mechanical Systems Using Velocity Transfor-
mations”, J. of Mechanisms, Transmissions and
Automation in Design, Transactions of ASME,

Vol.108, June, pp.176-182, 1986.

13) M. K. McCullough, E. J. Haug, “Terra- Dynamic
of High Mobility Track Vehicles”, Technical
Report 85-22, Center for Computer Aided Design,
The Univ. of lowa, December 1985.

14) Writing S-functions, Matlab/Simulink manual,
Mathworks, 2000.

15) F. WoBner, P. Causemann, “Continuously Ad-
justable Shock Absorbers Comparison, Calcu-
lation and Optimization”, Proceedings of
AVEC 1992, pp.309-314, September 1992.

16) S. So, K. Cho, “A Study on the Variable
Damping Characteristics of the Continuous
Controlled Semi-active Suspension System and
the Effect Analysis of the Vehicle Motion
Performance”, Transactions of KSAE, Vol.7,
No.8, pp.190-198, 1999.

17) J. H. Lee, Y. 1. Sohn, B. S. Song, J. H. Kim,
“Dynamic Analysis of Tracked Vehicle with
Hydro-Pneumatic Suspension System”, 2000
KSAE Autumn Conference Proceeding, Vol.
I, pp.746-751, 2000.

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 4, 2003 143



