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Analysis for Stability for Passive Mechanisms of High

Speed Mobile Robot on Rough Terrain
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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 robaotics 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.

Keywords: rough terrain, passive mechanism, overcoming the obstacles, stability of turning, high speed
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Table 1. Classification of existing mechanism
Speed
Consideratiol

Low velocity High velocity

Crab
Rcl-e
Roburoc6 X
Robhaz-dt3
Kohga
Stability for turning X
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Table 2. Classification

Bump road 1 Bump road 2 Slope (30°)
Average Max Average Max Average Max
la/ b I speed la /It I speed la /¢ 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 2.86/7.15 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 1.11/145 0.30 Overturn
0.5m/s 1.47/9.98 0.13 0.73/2.83 0.13 0.02/0.67 0.15 2.24mls
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 2.7411.89 0.05 0.63/4.11 0.04 0.04/0.50 0.15 0.76m/s
Suspension 1m/s 4.5716.27 0.09 | 1.80m/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 2.91/3.16 0.23 0.87/7.16 0.27 Overturn
37} E‘OMXI , A2l AAE 2R vAUSESES Foll IAJE ER)(Passive —type) o] HAUZ R FF 75T F
a2 S oRE S5 Qlete] FA T4 HSkE &3 o S5 SRIsiEAIA; S1GITE Table 20 ZF wAYS &

N

e xm ARG tebd HAUSe] uebi 4
Aakeio] Wb chA] ek 4 Qlek 449 e) et
7h 3A ek 5 ko 5317k 3 deuis wAUE
A%, Exn quﬂ welgk agele] ZbA AL, B
Ak Sl A A s B Fo
AL A % g1, o] e ob BAee)
e Ao 3] gat Yeladvt B 4 ok
ebA] FFT 242vek |, & lmste] shAs ebe)Passive-

= 243t 71

oo"

MR

3. AlE20M Zut H|w 24

d

ol
N

Z1zko] wjA|H E}Q](Passive-type) o] WlAUZS B35}
9J5to] ADAMSS} SIMULINKE ¢15310] Al ol A
Atk ADAMSE Fdff 7t =3 24} 2|3 Al st
m, Bito] FashHA AolEa} FEs]= 75‘% kS
A Al 3H7] $15ke] SIMULINKS: ARE-SHo] 9124|012}
37 0.5mfs, 1mfs, 2mis2] 371X 9] £ 2 A& o] AL 3f
TRl A2ollA At Aat o), £45 fls] A=
HAUSES BF AgGoA9 HdAdS BAske Ay
Zolck

WEhA], £E5 GAZOR ZTA Al

ol
2

m& mlﬂru

g2

Eeold Tz

o) Ageold Aut g Heiste] egick oF e

A QA A3 2ol I, 9 & FFTe] WEo] 7bg 2 1

2| Futd ojolat ] =(peak) gk Liekn, Average I

e AW AR AR Ave] B g Uehdich ®

a A]%EﬂOMi = EEOI ABEL AL RS o
]

ocooawg I

BRI ol B i 20

b
()
ol
=
P}
Q
&
L
Hﬂ

C ARl e s A S 2 rie

.

3.1 2R SH SHY0 et FFT 24
Aol 2 A G| A BHO| =3 ML ¥
WHoR FRT 248 Aesigirh. WA WHx81e Pich
HigEO 2 o] o1 A §0lE] | %’4?}_} 2|3
HSH 25 2A|9] Pitch WaFo.

s
‘d“é‘} 1 Hokﬁ w2y EZJH Roll w 2] Z1%E s}
dlolEE, miAate e Slope A PoHE =R BAe) 2%
w9] dlolES ALg 3T Fig. 3 - 5 1= Table 201 el I,
AT 1 TEme e Rolth. 27ke] a, b o



128 =355 =2%) 497 A2 (2014, 6)

Bump road 1 Bump road 2
a I, _ Pitch b I;_ Pitch (Hz) a I,_Roll b I;_ Roll (Hz)
5 25 2 20
4 20 15 15
3 15
1 10
2 10
I TTI 1 H || T 3 : |I III
. NNN HNN NNNENCHEN |, , .
CRAB RCL-E  Roburocé Pushrod Basic CRAB RCL-E  Roburocé Pushrod  Basic CRAB RCL-E Roburocé Pushrod  Basic CRAB RCL-E Roburocé Pushrod  Basic
mO5m/s Wlm/s H2m/s mO05m/s Wim/s ®2m/s m0.5m/s Wlm/s ®2m/s m0.5m/s Wlm/s ®2m/s
I andI I and[
C a i Cc a f
38 15 T T
O Crab o Crab
36 = O Rele 14 O Rele
¥ Roburoct 13 < ¥  Roburocé l
34 % Basic || : & Pushrod suspension
32 12 *  Basic
3 11
—= 28 &1
286 0.9
o Stable Stable .
24 mechanism - mechanism o
22 . 07
.
2 06 i
v
138 . L L 05 L \
4 5 6 7 ] 9 10 1" 12 13 4 5 6 7 8 9 10 "
1(Hz) 1(Hz)

Fig. 3. Comparison of the correlation of I, and I on a slope(30°)
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