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2. BREBOHA

2.1 REBHETS>-HORE

Fig.l 0 k5 kBB ET 35T 71 2 BET5.
ZZW’ h, I, s, my, my, @ X FRTH, AR, B
fif, HiE FEEE, 150HEE, FHBTEET
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Flitwdbo s3T5,

(i) thigh (KEE) & shank (JE) OBEESHiT—
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2.2 RITBI
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IHODYEEIT R EEREH (6) DY I aV—¥
a2 VEBWTHERAIhLD E—FT5. B hitow
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u
m.l _—t>

- Fig.1 A legged walking model (Any
number of leg is possible.)
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Fig.2 Modified non-dimensional parameters
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(a) RCS (b) BCS

Fig.3 Two types of actuator arrangement
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BERRITTH EV I O\WT, 2HHEERYZEL
n BT ETARRBIL Y I 2V —Y 3 VETTS.

BEHHAERDO Y o V- g VIEBETAHRE LT, |
TKHE 5 CHRC 6 )IT X % SEERRYIe i ge i b 5 05, RBIFEO
YIal—Y g YCRUTORZHEER LTS,
(i) HAEEIOBE I » TRERITTXTERTETR
T5. o
(i) 7 7% 2= 2RBOHEC X 2 BETFRA

DHBEERTS.

(i) HTERLEETHht LA LIcBED DD
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BELT% shank BREJHD 7 7 5 . = — x DEEHF AT
FRERAUCHAZRT 24 7C, &2 Tl (Body
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5.
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DT 75 2=— ZEBROWTULREBRE IR T
V. FIZIEHEERREL, Fig3 0Xoie, KR
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FIcRHT LBt AR B 720, MTOREYRETS.
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TEx2BhELDETH.
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: z ~
top - & x
view

Fig.4 A legged walking model and its
coordinate system
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E (i), (i) RGO ETF v o v A=A F—DZEL,
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Mjj:hip moment
Fpi:body reaction force
Xj :inertia force
Ri :ground reaction force
G :gravitational force

+ direction

., Fig.5 Free body diagram
* of the model

A v rOIEDOFH L Fig. 5 iwrR3.

n .
iZICXbi—I-XrFHt):O ‘ (8)
n

B (i) &9, RGRSEATBERLFS 0T, &
(9) HRILT 5.
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LicAi-TR (8), (9) ik AL, (12 Di5kc
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3 (Hik Xi)ai=0 a
2 (Vy+Y)z,=0 -4(114)
S HI Xt (V4 YOz} =0 (19)

2L, &R (15) ziﬁeﬁ{ﬂﬁﬁfxf‘%%m%bfmﬁ?
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ZRABCHIET 5 SRS TR AD~05
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(a) free body diagram
for i-th leg

— 39 —

@ : stance leg
QO : lifted Teg

X2 X4 Yn

Wy

(b) horizontal force balance
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FA—E OO RCiA TAE L OKERDIWEH
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BEFHPMEATS C ERFEIhS. 2% 0BbRE
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3.5 BELEXROHE
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Lk RCS BD7 75 - =— 2EEXRETS.
HIHOLIBEDOT 7 F o = — 2 OEEAREY
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="% S p,a 21
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X o> THBAFRILIM SO DBBILD &, K22
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inertia
force
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reaction force
joint

“ moment

(k+1D_ (KD

£i “Xgytu (t)at l
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by actuators

{ per one leg )

~---~specific
resistance

Fig.6 Flow chart for simulation program
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ERPEDENTES. '
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C fFo TS, 7ak Fig T AR b R REDHREE -

TH5. Fig7 (a) 1k R0 BEERELR t=1—MT,

| OREMC B BAT, WEREE (h=0) OBAERE

FRATEZLIZTE . D B0 0BE, =

(=BT, THEBROBHit— 4 v r HRETEHLT
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Fig.7 Time chart for simulation
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(a) Hi<0.5 Smax

s/2| s/2

(b) $>0.5 Smax

- Fig.8 Definition of movable limit for each leg
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Basic Study on Similarity in Walking Machine
fromla Point of Energetic Efficiency*

Makoto KANEKO**

Kazuo TANIE**

Abstract.

Susumu TACHI**
Minoru ABE**

This paper describes the problem of similarity on walking machines in the energetic efficiency.
First of all, five non—dlmensmnal parameters which control the energetic efficiency of walking

machines are introduced for nine physical parameters by applying the techmques of dimensional

-analysis.

In order to check those influences on the energetic efficiency, the basic considerations on actuator
arrangement and computer simulations are performed for n-legged walkzng model. The influence on
the ground reaction forces caused by the leg inertia forces is especially considered in this simulation.

Simulation results and basic explanations on similarity are concluded in the following way : (1)

' " Energetic efficiency (specific resistance) is largely influenced by the body height ratio, even though

the same stride ratio is assumed.
by the leg/body mass ratio.
negligible.

(2) Energetic efficiency (specific resistance) is influenced linearly
(3) Ground reaction forces due to the leg inertia force are not always
(4) Six-legged machines (minimum duty factor==0.5) consume the fewer energy than

* four-legged machines (minimum duty factor=0.75) in high walking speed, while the result becomes

-opposite in extremely low speed.

(5) Even though two walking machines have the. sirmllar con-

- figurations and same leg/body mass ratio, energetic efficiencies for both machines are not equal
gererally, and same energetic efficiencies are only realized in the limited walking speed.
Key word : Walking machine, Specific resistance, Similarity
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