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Analysis of stable period-one gait of a planner passive biped with elastic links
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ARTICLE INFORMATION ABSTRACT

Passive bipeds have become an interesting field of research for investigators. Probably all of the passive
bipeds that have been modeled previously, are considered as rigid model with point-mass. In this paper,
2D planner compass-gait biped with elastic link is modeled and simulated and its period-one gait is
investigated. The stance leg of the passive biped is modeled as an Euler-Bernoulli beam and its
vibrations are modeled by using Assumed Modes Method and the equations of motion for the swing
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ggx\?erﬁ?’;ed phase are developed. Then, behavior of the elastic biped is simulated by using numerical methods and
Elastic Link the changes in leg angles and angular velocities of the biped are discussed. Computer simulations
Stability showed that when the vibrations of the stance leg are large, angular velocities become oscillating.
Robot Vibration

Vibrations of the stance leg and the effects of Young's Modulus and damping coefficient on the motion
of the elastic biped are discussed. Then model is simulated for the small vibrations of the stance leg and
the results show that when the vibrations are small the elastic biped behaves like a rigid biped, which
verifies our simulations. When the vibrations are small, period-one gait can be found for the elastic
biped for the ramp slopes of 0 <y < 0.0328 rad. The split in the eigenvalues of the period-one gait

happens at the ramp slope of y = 0.029 rad.

Period-one Gait
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Fig. 2 A typical step of elastic biped at the slope of y = 0.009 rad.
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Fig. 7 Phase plane diagram of the elastic biped at period-one gait for
the slope of y = 0.009 rad
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Fig 5 Period-one gait for the elastic biped robot at the slope of y =
0.009 rad. Biped's angles are not affected by the vibrations of the
stance leg.
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Fig. 6 Time evolution of angular velocities of the elastic biped at the
slope of y = 0.009 rad through period-one gait. Despite oscillations of
the stance leg, he biped walks smoothly.
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Fig. 8 Period-one gait for the elastic biped at the slope of y =
0.015 rad.
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Fig. 9 Changes of the biped angular velocities through period-one gait
at the slope of y = 0.015 rad

gy lp ol oS >y b,y sl Glagly slace ju ol s 9 S0
Y =0015rad s

6 0 leis 16 0,55 1395 ) gy pieds 30 Sulle Swiao

Sped upe Gl LK g 0l waleS S0y cde S
Loy snel Casony @l wul Liell clleg Slee 09,00 U]
b o yol pmad goaimolid g jlwand
Sondy 4 (K planew 09 polie p Ko oo U (e
b e Olils )| g llog a5 im0 010 35 s 4yl
Ol ets Sl 00 3 ey Sl 4 o &8ls 10 5 ol ol oFASS
09 Vb b g 398 ce oiag polie ;5 (g3b) Dl Sl Kiped 02
Sl 1) s 5 ole 1S ) s Ol )| e 0 S o
scdl> ;o o5y polie Lrald cely Sinws oo Gilidl &y 00,5
(ML'&SA kSJ )l pesven )Lo..-q o 09 )JOLM Yj.o.-.o 45) él.v) uLtL..uy Lt
o &5 (o 5o Lelawd oo G )Mok Coons ) it 9 09500
oo Slpss ol (18 0 C Sy Gl 4 SGop adgl Camsg o
Sl 4 g Sied cupd GRIEIL el C310S6 e S
> o polis 4yl oy polie 4l ,o g Sg o0 SuOF CSeiSy
il C 1Sy Gl )0 g & K )0 Jg 05 00 o3 o
e cplpl ol o1 5 Slass )....l: Sid o pis aSST e

S S oy -4
$laytelly Cuand nl 53 485 By san 058 5 il w1y
4 @s¥] Lo Uy ¥l Sl o5 m S oo Sl 50 slaisS 4 1, o,
S,y Jawg sswl Cass 4 mls 45 Sipe 50 0gh Suop do o,
@l b aies S oFass ol olals) o5 oK s Sl
bl sl g 5loans asl asls Slgzpa (L3 slaJoe Lawg ssel cawo
Se¥l by slo el 2o oo Sl Joo ys g odd anl oad

Y PRV FUNIVE-I ) PRSI VRES
Loogdge 485 Ly =0.015rad a5l; b g loces mhw Jl>

oles >
6(x) = SG*) —x* (25)
Sl a4 gl s Ghgy & SeVl Ol it 6 eled sl

e ) @Sy
[—0.000000256069974]
| 0.000003113730063 |
7 —| 0228574550005107 | (26)
0~ |-0.237202198242969 |
l 0.457149100009818
—0.024357224886584
S 8 5o S Sy (S slo el 23
Table 2 Physical parameters of the elastic biped at period-one gait.

i ol eyl pb
0.1kg/m PA Jsb w=ls ey
im L by b Jsb

5x 10~’m* I Tl poo joliis
100kg M by Vb sladais p >
1m/s? g il ol
s Cq S gy
100GPa E Al o po
0.015rad e s 4yl
0 J o7 Oles

318



Obed 9 Jigimwgs Jexo

SVl glaziuo Jlad jue (LS by S pa Hlaaly (H9US- S JSw w2

11

Eigenvalues Magnitude |A|
o o o 9o o o o
w = (¢ (2] ~ [e¢] [e}
: T T T T T T

o
N
T

0.1 . . . . . .
0 0.005 0.01 0015 002 0025 003 0.035

slope 7 (rad)

Fig. 11 Eigenvalues of the period-one gait per the ramp slope for the
elastic biped. Eigenvalues are complex conjugate which split after the
ramps slope increases. Stable period-one gait could be found until the

slope of ¥ = 0.0328 rad for the elastic biped.
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Fig. 10 Limit cycle of the elastic biped at the period-one gait for the

slope of y = 0.015 rad for the swing and stance leg are plotted. Biped
walked 1000 cycles without falling over.
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