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Optimal design of a limit cycle walker under the push-off actuation
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ARTICLE INFORMATION ABSTRACT

Passive limit cycle walking is a special type of walking happening on a flat and slight downhill surface,

without any energy injection and control, and in a cyclic manner. Compensation of energy lost through
every heel strike by gravity effect, creates the cyclic behavior for the walking. The main advantage of
this type of walking is getting higher efficiency, leading researchers to extend their studies in order to
make passive dynamic based walkers. These bipeds can walk on level ground surface with little energy
injection, instead of the gravity effect. This fact describes the standpoint of this article. In this research,
with impulsive push-off actuation in hand and developing the related models, the walking of an actuated
planar parametric model on level ground surface is simulated. Also, the stability (with respect to the
area of basin of attraction) and gait length have been analyzed by changing design parameters such as
actuator’s location and foot shape. The results of this investigation indicate increase in relative stability
and gait length for a larger foot’s radius and of symmetrical shape.

Original Research Paper
Received 07 April 2017
Accepted 04 July 2017

Available Online 11 August 2017

Keywords:
Limit cycle walker
Push-off actuation
Basin of attraction
Gait length
Bifurcation

Giloaigy «Sopd 5 S5 gleansy o Slalllas by deig L]
ozl b Sealus (55l Srae S > (b bl
Seelad e GiplS sl Oles & Sl a5 g laais;

17,6,54,2,1] o jgare Jlab e

dodo -1
3l s b oy el) laptucs (Gldllae (go55> 50 3l ans 9o b
Spae 5l (BUolpl ol a3 IS8 Sl G5el p (e aiagh
Ol g gl lasl; gl (358 98! conls pae 5 (5351 VL

o 90 ans blsl a4 Jbd,e 5568 (s059> ;0 Slallas el

ohar b Iy JWdpe Sipl w3390 b sl sln oSS 005 e i
o8 imen s [2] ams las b GS g gl )l cgamgs (Jae oIl
L8l o8 (cwrp @551 220 By L Y gohe s9) 2 S
Ol 3l a5 12528 Jldpd la 5ipl8 Cone )3 gz b 59 Slalhe

@3 SBrae b Ce s 5 (FiplS 50090 plee L3 2SI Gl e el

Please cite this article using:

[1] o) o, |, Slalllas 5 ol ol (s355 (sainls
AiSlgi oo a5 aiied odig oly sl 5l glaws e slaonsyol,
Sl (ol <8 o wdle et Ko 59, 2 GMIT o ST a
Ol Grae (JRS 5 () 68 e oy LS pae il axsls
ooy 5l eaSa b g pladl (G5l Jae 4 calid 55l
sbol, (b s Lo slaciba, [321] culel, ol sl S

s los oaliiw! J23 @yle 51 Allio ol @ gla (sl

M. J. Mohammadi, M. Naraghi, A. Tehrani Safa, F. Towhidkhah, Optimal design of a limit cycle walker under the push-off actuation, Modares Mechanical Engineering, Vol. 17, No. 8,

pp. 279-290, 2017 (in Persian)


http://mjmec.ir/

OB 9 (530x0 Jlga Juxo

A 006 S )3T K (529U5 G039 0l S sdise ALD

s Spoald 5 % s slaonigel, 4 Gl o0 45 Cagzry BB SYsame
1101 s 5 o Lol sl o 255 a1 spma 5)l9a lgie

9 3979 Slodigpel, Joe 5l g cnl )3 0sd (w5 (P Jo
Godigpoly ool oas 48,5 oLl 201210 o) 4y pgenge U mdjl (sl
b & Bge g oad able 5 (b S5 oRals 5l ped Ly 555
ol 4di g 5L L S L kS (s teskS 65 (6 me sadBy (g
ol cde Ks sl e S ,m5 pilSe 3525 (ol popdle [20] e
Glils g o 95 oigoly ol il oo >k (o] Glgiedy Jaw o)
Lol ccils oolw (03286 2005 L5 )S° Jow 5l a5 wizje oyloyd o b oS
Scdlas 3 a5 Slos G50 p Foe (B A pllize Wl Sl
Qe e L 1) eS8 slasaigel, "1 ISE" oy (SYab

s sosigyelyJae So (Bl el D)l IS jsbay gl
5 Jebos salenas o o (b lall sgzs a5 Glays S
Jsb b 5l Slasio b a9 (56l coinS i)l cul BT (o)
Sl ane (Joe 4 s Bus aBloe (adios rogs ol g el
ol caslin o5 J5b 5 sl

dole Sz Jlosl (o9 wonigpely Joo (Byme b psd i 5o
jhaiges So il b Geizmen ah salyS o)lal (g5l s gy 9 (S5p8
ooy l 5o 8 slad (b sla el (B g (55l ileand
Olee 5 0all Jae (lie o (Jas gy 4 pye (5 09500 (0D,
whps Ged p5 sk g o k)l 4y (b sla L
b o b Slas (658 Jore 0gise i sl S slolons sy
SedeS 3 gl i BT s & cunl b glaall b ST JSs

Flame [19]

Denis [19] Cornell university

walker in 2005 [18]
Fig. 1 Some of the walkers equipped with push-off actuation

Sy S A jeme sleoig ol 5l (S 1SS

8 Denis
9 Flame
10 Ranger 2012

8 o)laibs 17 0931396 oLT (Hurde Suilfo wite

sasdlas J10] lgg5, dawgs oig,el, 4y asVWh 09530 9]l Lags
5 Bl L)l by lalazél S 5 s J13, 5 )l ((S3Log0
5,5 ol [11] elgnd oo5ls b p3lSe 3l oolictal b J S

b @ g ol slacuje 4 x5 b S5el8 o Jleb i sonl
S Gl g oe cDlalllan (sanngs 13 5 0095 (s il Tslaw 0355
ol 0 Heate ) el o zsbe g5y Jbdnd Seelias (s
Uy b Dy9pe IS Gl (Rl dlew 6551 B obe
3 Sogaoe el (Jdpd Cuale Lid> p A (S 50 55
Jleel &gt 6551 By el 5y crl 5l g 0ad I ol szl gosms
113,12] 55 o m5hae a5 1o 0 Slyd 5l so9ame slami b g 400

Slerig odigyoly Joo &y i (S slap sl (535 By5 ln
SRSy o it GlaSaSs jl eslanul o) Sml) o 0058 o
i PSS (sl il 5l aps B o gy Jlesl ) cl ST saol
Py (o203l el 005y gy cnl 30 5 se b, Zie 5l s T
oz 5l Ghyy ol pos Faaz 5 [14] Ll 5568 5 (T ag2 12]
O3t gl 50 (3l Gl piY il el platedy T Ol LYo
ole sl "slaye S ol e gl s ol edg ot
B9 oo oolatul odds aogi p 5l

modigpoly JyuS 5 S Soboe gly; 4 e JLd it S5pl8 sl
~ S 3l e b e e 53 Jleb e Salins s SV o o
o) (nl 5o bl Sl o conl ol 8l alex 5l oo Gl )3 o S
maalllas 4 05 @l e So 25 sosl )b (gl sl & 6905 08,
Jlesl cslie g e ploj g S3lop o5 g9 nl 5o 5551 Grae
1125] 55 sl rao 51 o5 a5 (s (3 oz ) iy i |, 4
P S el g05y9 b Sy Jleel cailie o) (end (rizren
S Sl S8 B (i g ool (Joe 55 (sl o Su 8 el
Olos oty Bl ST g lays Sy gs il b oS ol ol
18] el e 4 fatn gl (Gl s, 5l g salad 90 2 Jlae! 12
4S5 gl Jlail abaii 5 oS g5, » ST sl pslisS Jlesl b 5 Sas
L @Yl mh 9, G3pl axb onl 5l ape Jhosl 5 ey b (25
Joe o es (stigas o pamcd <l b o) Ken g glones [16] ol oLes
b sl gabais )0 400 5l &S LGS g g5 e lowigpely) 3a5 5 55
J17] w55 5 5luonls See 1) (Slay yo Sy o0 s pl (s 0

Judyd Sl (e S0y A e lronig el Sl leaiges
oBiaolejl (godigoly 4 ol oo byl ol 1 a5 Wl asle 39
o g a8Vl SIS 5 s dw Joe o, oLl B LS olKils Sl
O gl 59) Girl 5 56l BF lr sl ol ks &S
oiule;] Jgame 45 Olie souigyol, by uiman (18] 85 o 0 00 oo
0N g4l S0 50 5l g 00g hle o e b s olKzils sl ygm

il ey b oled g1yl 5 lae pé oS G y5 a5 L :Stance leg
2 Ankle Push-off
2950 Jlesl b e 4 aBugl 6l o, 5l i o] (b 45 s 5350 :Leg Retraction
D9 g0 0xgpoly Gl Gy A ke 15500 Sl A (3R e S gz 0
ol Blas oS b 4y Sl g 5,05 (o b ol o5 Jsbo 5o a5 L, :Swing leg 4
5 Cornell university

6 Meta
7 Delft university of technology

280



OB 9 (530x0 Jlga Joxo

A 006 S )3T K (529U5 G039 0l S sdise ALD

Fig. 3 The foot and its related components
ol b by sl 5 b G53 U

0 (e Sl Dedioe edigyely sai S ) Gl el
o 9 Shee o 3 S sare Jlesl 5l Ojle olaie p
b &S g 5l e Gad 3lg Loles 5 (L i gouiils j2) lowa ) LiiS
3 rS el polatens 1) LS coatile S5l 8 wps Jlasl 5l g 0o 4
S oo oz b Jraie Jo> Zormnj b )] b ounnS L 28L les
S5 b oS el (Ssugl 5 AEASS ollr Lages 1 Souzmigw -3
a9 ey 5l BASS Sh pad la g SupmS e 4 Al b
s el way o8 (Suzusl 5B Gl 5l ey g 0sls &) Glejen

s o glid |y (5pl o " JSs"

Wl Slud 6 -1-2
o e Al ol b

L d L

AN

Fig. 4 The stages of a step. a) The stance leg position just before the
separation from the surface, b) Impulse apply from the foot into the
earth with the help of actuator, c¢) Foot contraction in order not to occur
footscuffing, d) Swing leg’s arrival to the end of the gait, e) Foot’s
opening and getting fix by the actuator before it’s arrival to the earth, f)
Switching in the leg’s state from swing leg to stance one and keeping
on to the end of next gait
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