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Analysis for Stability for Passive Mechanisms of High

Speed Mobile Robot on Rough Terrain

1

’

B

1
Z] &

A

3

h B4

EA

2
T

rd]

A A el A FT

Youngjin Kim!, Bongsoo Jeon!, Jayong Kim?, Jihong Lee'

Abstract

The robot mechanisms that were previously researched had only been conducted for the

purpose of overcoming the obstacles stably at low speed driving and enhancing the stability against high
speed circuitous driving, and yet, the mechanism satisfying two purposes. However, in order to stably
drive with high speed on rough terrain, there is a need for satisfying both of these purposes, as well as
testing the efficiency of the mechanisms at high speed driving. There, this paper simulated some of the
passive mechanisms and focused on checking the performances of passive mechanisms through
simulations and analyzing each mechanism on the basis of an evaluation index. The simulation was
conducted by Adams (The Multi-body Dynamics Simulation Solution) and used various types of
passive mechanisms which were introduced in the robotics field. As a result, the study confirmed that
passive mechanisms have a number of situations that affect the driving stability on each direction of roll
and pitch. Further study is needed about active mechanism.
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Table 1. Classification of existing mechanism

Speed Low velocity High velocity
Consideratio
Crab
Overcoming for Rele
obstacle Roburoc6 X
Robhaz-dt3
Kohga
Stability for tuming X push rod suspension anti roll
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Fig. 2. Terrains for analysis of stability (a) : A bumped roadi, (b) :
A bumped road?, (h) : slope in 30°
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Table 2. Classification

Bump road 1 Bump road 2 Slope (30°)
Average Max Average Max Average Max
La/1f I speed la/1¢ I speed Ta/1¢ I speed
0.5m/s 1.65/1.88 0.09 1.43/4.38 0.11 0.02/0.67 0.13 2.00m/s
CRAB 1m/s 1.88/8.71 0.16 | 3.00m/s 1.32/3.72 0.16 2.34m/s 0.03/0.72 0.15
2m/s 2.86/17.15 0.35 1.28/7.99 0.27 0.09/0.78 0.25
0.5m/s 1.81/1.87 0.05 0.60/5.33 0.09 0.02/0.67 0.12 0.60m/s
RCL-E 1m/s 1.94/3.72 0.11 2.82m/s 0.63/10.7 0.13 2.48m/s Overturn
2m/s 3.73/7.44 0.38 1.11/14.5 0.30 Overturn
0.5m/s 1.47/9.98 0.13 0.73/2.83 0.13 0.02/0.67 0.15 2.24m/s
Roburoc6 1m/s 1.68/19.9 0.15 | 2.74m/s 0.72/3.16 0.14 2.04m/s 0.03/0.72 0.15
2m/s 2.60/7.33 0.26 1.24/6.05 0.25 0.09/0.78 0.19
Pushrod 0.5m/s 2.74/1.89 0.05 0.63/4.11 0.04 0.04/0.50 0.15 0.76m/s
Suspension 1m/s 4.57/6.27 0.09 | 1.80mv/s 0.71/8.21 0.06 |[2.26m/s Overturn
2m/s Overturn 0.46/6.10 0.15 Overturn
0.5m/s 3.63 /5.66 0.15 0.76 / 8.71 0.14 Overturn 0.35m/s
Basic 1m/s 4.23/3.88 0.16 | 3.20m/s 0.87/11.2 0.15 2.56m/s Overturn
2m/s 291/3.16 0.23 0.87/7.16 0.27 Overturn
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Fig. 3. Comparison of the correlation of I, and I on a slope(30°)
(a): la of each mechanism, (b): k of each mechanism, (c): s
table table of |, and k

UJr% Lo} I 3hS EAT 0|3 o= 7} wjAUS v
& 1,0 B 2 o) B ghe 2o ma
molt}. ag} bo] Al ke Fo| 20| HE7} ZTIeSE
7} Aol GAH O Igho] F71sHe WHlE ekt
QM= Ao &Er} 27Kt whet Qo] Foprks A

o
a

gl
r&‘:
)

>«

EZLL HE dAA R Sk FHE

mdo] meEpMe &k mE FEe WA e A=
e Sl 5 Aok WA, HH A 1(Bump roadl)of A
Roburoc6 o] 2L Imis 9 &= o] Igle] 7 =A
AR, 13he Tej) o, &
ThiL weksl] ojgith. 2812, pushiod suspension FE1o]
74, Irgko] Roburoct W elof vl w9~ 2HA Lept|yt,
Like arefshd EQhgAdel o wrkal wdke 4= Stk
Basic =@ pushrod suspension T2} opR7IR]| 2 T %]
LA 19l ghol W2 BIE HolARk I, gto] A v
B Ao® Hol, Bobyalo] wrly wmekal 4 gk
whebA] Fig. 3 (0)ofl 412} o] Rele 9} Crabo] pitch W3Re.
20| gAglo] dalats Ags) ePgdolets AL Bk
o 4 gk

oA,

or o] wo] Z713)

Fig. 4. Comparison of the correlation of |, and I on a slope(30°)
(@) s of each mechanism, (b): k of each mechanism, (c): s
table table of |, and k

U7FRA 2 Fig. 49 ¥ X 32(Bump road2)ef| 42} A}
T ZE B uf 2msof|A] Roburoc69] I, o] 71 AA|qk

Ip ko] Yo} Bz EQgAdo] &4 ke AS & &

2
910 pushrod suspension A1) 3T LgH 9] gho] 1
< Zleg Hol E¢tgAdo] Wik= e & 4 vk wet
A ol2fet Ak ghol Fig. 4 (c)oll yehd A 3 o,
Roburoc62} Pushrod suspension©] roll ¥&FC =2 0] 2290
alirl= Bld Aol s el & 4= SISt
upxeto 2 Fig 59| AR & of|Al= Craba} Roburoct Th
o] 2m/s& e o] T AEEA] ok AS = 4 ok
ERF 7 2RO AlEold ARt (a), (b), (0] vERt A
St ATE Hol= S 2}l & 4= Qi) whekA
Z8AR Aol A= Crab} Roburoc62] H|#UZo] Bl u |

QPgHoleks A Bl T 4 Ygick

ol Bl

3.2 2 HiFle| S
é I—_l

Halof| e mIFLIES 2Hd

23704 Aolg Al@g uheroz AARoR Yojdl

Zzte] mulo] djgk Be4H HES Fig 6 - 8 oxet 2

o] 2 N§} Sel wet WP g vlwskck L=
_]

o] BE Aie BRAA7H AREA G FPS gu



OF] 315 5 S 915 WA E AU Z ] Qb4 vl 24 129

Slope (30°) Crab} Roburoc6= Aol Al AR E9H8/40& HolA|qt

a 1, Slope b 1_slope (H2) E=7t 71l wet ki A7 §43] S718he Crabe]
EorgAdo] o AR= AL eld 4= Utk HHH, Fig. 69

H#H 2] F1(Bump roadl)ol| A= AEH #|AUER] pushrod

suspension& A|2J3t 4749] Wweo] 1, Bt gle] ek &

CRAB .:::/i :jl:::cel Zt::wsrod Basic CRAB .Z(;\;js R.ollzn\:r/tzce—z:zod Basic /\]—Aé O] (}2)101 %;g] Uﬂ?—] ]/]%o] ?_]_—7%]2(:]10]&1 %‘—?—:‘]‘_ _/,\_ %1\_]
c L andl, itk oix|eto 2 Fig. 79 HIHX|E2Bump road2)of| A=
16
pushrod suspension®] Iy B4 gto] 7HY WA velb= Ao
ﬂ 1 2 Hop o wmelo] ujsh BebgAel Atk wesgick
0 Stable
= mechanism
0 - 1 Bump roadl
- | crab — |
Rel-e __ ‘
15 0 05 F G 2 ’# m0.5m/s
i t(HZ) basic 1m/s

ushrod ) m2m/s
Fig. 5. Comparison of the correlation of l. and | on a slope(30°) ° 4
. . roburocé

(@: l. of each mechanism, (b): I of each mechanism, (c): s ! ‘

table table of L. and 0 01 02 03 0a L

Fig. 6. Average of Is of each mechanism on a bumped road1
g m2Eo] glolgE 7Nker 2HdEglen, AlEdolAd

23}, 25to] Ad&ol " 499 dolge AlYf sk3iek A
AHem St 7ol tebd Aol £ Al 7w}
7o) Sgtelo) Wskt 27 WAlsle] BergAol 4]
7 Z7He AL 2 4 itk 53], 2ms] )AL |,
SA7k FAs F7hsHe AoR Hol, 34 FaolA
t}&o] mulEo] oFAA Q] F3jo] BV & Aolgk= A
2 2% 4 9k

I FoAZ, HHXF1Bump roadl)d} HH X H2(Bump Fig. 7. Average of Is of each mechanism on a bumped road?2
road2)©] Zi}o]| A Pushrod suspension HEo| 7}&} QFA 2
¢l Ao m vEhbARE H 3 A3 1(Bump roadl)®] 739 2mis Slope(30°)

2 23 2 AREL AL 8el3t 4= 9Igir). 3, Table 2 e e | |
oA eb ek 2te] ety ) o = g =—

rdo] HAEER| ok A5 Ealsk A

Bump road2

m0.5m/s
im/s

m2m/s

m0.5m/s
i im/s

= o}
2= it} o] 3 Pushrod suspension =@ o| FFT E4l4ule} pushrod o ams

b 6
L Ao 8 rm 7P bRl é‘ & ¥ Qo= @ -

@—0]6‘]— basic

0 0.05 0.1 0.15 0.2 0.25 03 s

Fig. 8. Average of Is of each mechanism on slope(30°)



130 =5515] =24 A9d A23% (2014. 6)

=

g

AABEe] ofA] fFell ] 1k

u=
T=

Ak

o
e
ol
=<‘)l=
ne

lo
i

|
g:i
filo
ot
XN
D)
=S|
2

el %
(Passive-type) Hﬂﬂﬁ% mogE=

4.4 2

=m0 A= A E EFY(Passive-type)d] HAUSES

F8Yo] 7hsRtAlof it
slolsly] ¢l ADAMSE o]gsto] AlEHo|A &}

) ge el

MAE B EAZ
S Qloks AR dglon], mdxe] ehgHel 2
SfaAl el HER)(Activeype)®] TLRE 7k A
A, 7 ool QRS RANART] SaE AH A
ag o= oA}

5 A7 1L B 82 53] gojdl 2t vjA

o s Agolel oIS s el 24
Aoz AfBE Fu 4 ol WAUES AAstn B
g ofAolck

References

(1]

(2]

(3]

[4]

(5]

Matsuno, Fumitoshi, and Satoshi Tadokoro. "Rescue
robots and systems in Japan." Robotics and Biomimetics,
2004. ROBIO 2004,IEEE International Conference on.
IEEE, 2004.

J KIm, and J Lee. "Prediction of Maneuverability and
Efficiency for a Mobile Robot on Rough Terrain through
the development of a Testbed for Analaysis of Robot
terrain interaction." Journal of Korea Robotics Society
(2013) 8(2):116-128

Lee, Woosub, et al. "Rough terrain negotiable mobile
platform with passively adaptive double-tracks and its
application to rescue missions." Robotics and Automation,
2005. ICRA 2005. Proceedings of the 2005 IEEE
International Conference on. IEEE,2005.

Kamegawa, Tetsushi, et al. "Development of the snake-
like rescue robot.", Robotics and Automation, 2004.
Proceedings., ICRA'04. 2004 IEEE International
Conference on. Vol. 5. IEEE, 2004.

Dongkyu Choi, Seungmin Jung, et al. “The Concept
Design of the stable Linkage Mechanism on the Rough
Conference on  Control,

Terrain”  International

(6]

(7]

(8]

(%]

[10]

[11]

[12]

[13]

[14]

[15]

Automation and Systems, ICCAS, 2013.

Krebs, Ambroise, et al. "Towards torque control of the
CRAB rover."International Symposium on Artificial
Intelligence, Robotics and Automation in Space. 2008.
Thueer, "Mobility
evaluation of wheeled all-terrain robots." Robotics and
Autonomous Systems 58.5, 2010.

Kucherenko, Vladimir, Alexei Bogatchev, and Michel
Van Winnendael. "Chassis concepts for the ExoMars
rover." Proceedings of the 8th ESA Workshop on
Advanced Space Technologies for Robotics
Automation, Noordwijk, The Netherlands. 2004
Lucet, Eric, et al. "RobuROC6: an experimental platform
for a high mobility on challenging terrain.", Istitut des
Systemes Intelligents et de Robotique, Robotics 2010
Lucet, Eric, et al. "Dynamic yaw and velocity control of
the 6wd skid-steering mobile robot roburoc6 using sliding
mode technique." Intelligent Robots and Systems, 2009.
IROS 2009. IEEE/RSJ International Conference on.
IEEE, 2009.

Yoshimi Furukawa , Shoichi Sano, et al, “REAR
SUSPESION FOR VEHICLES”, United States Patent,
Patent Number,4,553,768, Nov,1985.

Shinji Kawano, Hiroshi Tonomura, et al., “VEHCLE
SUSPENSION”,United States Patent, Patent Number,
5,080,389, Jan, 1992.

Jeffrey Marshall Lloyd, Auburn Hills, ”SURUT
SUSPENSION WITH PIVOTING ROCKER ARM”,
nited States Patent , Patent no, US 7,185,902 BI,
Mar,2007

De Molina, Simon Anne, and Stefan Deferme. "Passive
nti-roll system." U.S. Patent No. 6,102,170. 15 Aug. 2000.
De Molina, Simon Anne, and Stefan Deferme. "Passive
anti-roll system." U.S. Patent No. 6,220,406. 24 Apr.
2001.

Thomas, and Roland Siegwart.

and




TARPN
2008 &5t 8t 7] A &8 3%
(F3HAh
2011 SO 714 - 71 A
A - WFERY A Z3t3
e
2011~8 A ZEga 7| A - 71 AAA - W7 ERY
2 F 83} vkt A
FA Rk ok FHER AFA, Y U4, &
o 25 A,

OFx] 3145 5 S §IF AR v]A U Z ] QPP A ] B 131

ol X| &
1983 Aethstn AAEsst
(&3tAh
1985 st=-7 37| =Y A7) 9
AR5t (F A AL
1991 S+ 7] =9 7] 4
A2-F 83 (FEEHA

199482 STt Mt ER Y 2 o3} @5
AR ofx) Y 2R FY 2R Ao}, 22 9
A 3R, 0% 22 49



