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Fig.2.8 Active Cord Mechanism "ACM-R1”

Fig.2.9 Leg-Wheel hybrid vehicle "Roller-Walker”
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Snake’s abhd
(a) Snake’s abdomen (b) Gliding configuration

(d) Snake motion in a maze

(¢) EMG measurement experiment

Fig.3.1 Animal experiments
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Fig.3.2 ACM III

Table.3.1 Specifications of ACM III

(Not included power sources and control system)

No. of Unit 20
Dimension 2040x 162x 144 (mm)
Weight 28 (kg)
Velocity 0.4 (m/s)
Motor 10W x 20
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Fig.3.3 Lateral undulation with various
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Fig.3.5 Lateral rolling

Fig.3.6 A modular reconfigurable robot
"PolyBot”
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Fig.3.8 Kinematic model of snakeboard

Fig.3.7 Snakeboard
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Fig.3.10 GMD-Snake

Fig.3.11 Modular inspection snake-like arm by Takanashi

Link

\ Passive Wheels

Active Joint

Fig.3.12 Kinematic model of snake robot
(Titech/COE SMS project)
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Fig.3.21 ACM-R1

Table.3.2 Specifications of ACM-R1

No. of Unit 16
Dimension 2430x 175x 220 (mm)
Weight 28 (kg)
Actuator 0W DC Servo Motor x 16
Battery Ni-Cd 19.2V-7Ah
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Fig.4.1 Geometry of installed edge A, B

Table.4.1 Kinetic friction coefficient

Ut Hn |[Mt/Mn
Edge A || 0.06 0.14 0.43
Edge B 0.05 0.43 0.12
Wheel 0.01 0.46 0.02

Fig.4.2 Gliding experiment on ice



oo oooooooooooononn

420 00000000000

00000000000000000000 000000000000000000
0000000000000000000000000000000000000000
000000000000 00000000000

0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000

000000000000000000000000000000000000000
000000000000 00000000000000000000000000

00000000000 00000000000000000000000000000
000000000000 0[43)44)0

4210000000000

000000V,0000000000e00000V,0000000000000

000000000000 00000000000000000000000000
00000000000000036000000e00000000000000000
00000000000V,00000000350000000000000000000
00000038000000¢000000000000O0

0000034000000000000000.1m/s]J0000000000000000
0000000000V,00000000000000000000000000000
00V,00000000000000000000000 VsO00000.1{m/s]00 1.0[m/s]
0000000012.7[degl0089.1[degi0 0000000

00000000V,00000000000000000V,000000000000
0000000000000000000000000000000000000000
00VL,00000000000000

\/)(N:\—/fiﬁm (4.1)

00000V, 00000 aeO0O000Fig4.30000000000000000Fig4.4(a)
(0000
000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
D000000000000000000000000000000000
00000000000000000000V,0000000000000000
a=43[deg0 00000000
00000000000000000000000000000000000000
Fig4 40 00000000000000000000000000000000000
00030[deg0 0000000000000000000000000000000 a=13
[degl0000000Fig 440 000000000000000000000000O0

— 34—



oo oooooooooooononn

1.2

1.0

0.8

Vxn

0.6

0.4

0.2

Lo

0.0

20 40 60 80 100
Winding angle a [deg]

e Vs=0.10[m/s]
Vs =1.01[m/s]

m Vs=0.28[m/s] A Vs=0.64[m/s]
Theory

Experiment

Normal force [kef]

Fig.4.3 Winding angle vs. normalized propulsive velocity on flat surface

—— Normal force [kgf]

(a) a=13 - Motor current [A] (b) =38
1.0 4.0 1.0
'''''' N P
0.5 : 205 & 05 j N
il N
0.0 005 € 00} L
: =} E
-0.5 .“ 120 = & -0.5
! o Z.
-1.0 ‘ 4.0 1

O P OGP OP O P O

.0 : .
O P O P O P O P O

s (distance along body axis) s (distance along body axis)

Fig.4.4 Distribution map of the normal force

— 35—



oo oooooooooooononn

gogobbbooooobobooooobobbdooouo38uuuuboboooooonbo
oo ooooooobobbobobobobboboboboboooboooooon
gbboobbooobbooobbooozoobooboboooo
uogboooboooboboooboboobboobbuooboboobobboooboOon
oo ooooooobobbobbobobboboboboboobooboooooon
doddoooooooooon
gogbooboooobooobboobobbooobboooo
uogboooboooboboooboboobboobbuooboboobobboooboOon
go3sguoobooooogonooobboooguboobooooonbobboooouoboon
oo ooooooobobbobobobobbobooboboboobooooon
gobogoobooobooobbuoobobuooobooobboobboooboon
gobogoobooobooobbuoobobuooobooobboobboooboon
goodooog
ddddooooooooooboboboboboboboboboboboobobotbooouuooguo
gobogoobooobooobbuoobobuooobooobboobboooboon
gobogoobooobooobbuoobobuooobooobboobboooboon
oo ooouoooo
dodoooooobbobobobobbobobobbodududugdrig4a3nobooooy
gobogoobooobooobbuoobobuooobooobboobbooboboon
UOO0bDOodb4degU D00 O0ODLODO0ODOFg450000000DO0ODO0OOOO
U000l a=b6deg D ODODOOO0OU0O00O0O0O0O0OOOOUDLDDOO

1.2

1.0

0.8

Vxn

0.6

0.4

0.2

0.0 ' / ' ' ' '

0 20 40 60 80 100
Winding angle a [deg]

& Vs=0.10[m/s] m Vs=0.28[m/s] A Vs=047[m/s]
Vs =0.64[m/s]

Experiment Theory

Fig.4.5 Winding angle vs. normalized propulsive velocity on sloping surface



oo ooooooooooooonnn

4220000000000

0000O0ooooooobOooooooooboDooooooooooboooooon
o0

000d0D0o0do0o0o0bDO0DoDOoo0o00DO0ODOoDUoooooOoDOoDoOooDOoon
O0000000Fig4 000000000000 0ODOODOODOOODOODOOODOOO
O00000O0DO00o0oooo0ooooOooooooooooooooooooon
O00000O0DO00o0oooo0ooooOooooooooooooooooooon
O00DAODODOOODODOOO0ODO0ODODOO0DODODOODODOOOO

000d0D00o0do0o0o0bDO0DOoodo00DODOooDoooooOoDOooOooDOoon
20deg 000000000 O0OO0OOOOOODOODOODOODOODOODOODODOOOON
O00doo0ooooDo0Oooooooooooooooooooooooooooon
OFig.4.60

000d0D00o0do0o0o0bDO0DOoodo00DODOooDoooooOoDOooOooDOoon
ooooood

Fig.4.5 Winding angle adaptation in slope climbing experiment

— 37—



oo oooooooooooononn

43000004

goboooboooboboooboboobboobbuoobobuoobobbooobboon
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gobodobooobtbooobbooobooobooobboobbooobooo
gobooobobooobboooobooobbooobboooboboon

431000000
gobboguobbooobboonobooobboobnboouobboobboglseou

E

=— 04.20
WL

&

e owdoooooorLoooooooon
gbooooodoooboobooboobophboobovobbobbboobooboo

L E/m _ P
WL /At WLV

04.30

gbdbdbobobobobooboboboobooboobooobpbobobooooon
gobooobbuooobbodbbFriegd470dn

_ E gL _ | __E _mgh _
y g_ﬁ_m_” : g_VH_mg—Eh_

<_ | W=mg

W=mg I v

. | T
NNLAR R NRASR AN h v

\ ——{ |

A

Fig.4.7 Examples of specific resistance

4320 00000000000

goboooboooboboooboboobboobbuoobobuoobobbooobboon
O000o00O000oo0o00ooo0oooooov003500000000000000
ogooooooo

M mg 0 |

= N DX =ut% 04.40

gobodoobooobtbooobbooobooobooobboobbooobooo
gboooboodboodgbodbrgdagbooboobooboobooboobon
gbboobboooboobbooboosguubodboooboooobooon



oo oooooooooooononn

0.025 f\/ 0.6
Propulsive Ve ocity VX 7
0.020 f 05 g
w / ;
L
£ 0015 ~ 04 =
= Q
Z U t=0.01 € <
® 0,010 ——— 03 =
Q b ' 0]
é /\/ =
2 02 &
A
Winding Anglea [deg]
! ! 0.1
0 20 40 60 80 100

Fig.4.8 Theoretical specific resistance in constant creeping motion

gobooobbooobboobbooboboobobooobuooobooobbooo
gobodobooobtbooobbooobooobooobboobbooobooo
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gobogoobooobooobbuoobobuooobooobboobbuooboboon
dobooobbooobboooobbooobobuooooo

gobooobbooobboobbooboboobobooobuooobooobbooo
gobogoobooobooobbuoobobuooobooobboobbuooboboon
goboboodboboboooobbuoooobbooT=40sbboogobbbooaon
Oo0o0ob00ooboege00ooooOOobOO000oooOOoMVO0O0O0000O0Fig4.900
HEN

acUl00OO00O0DOOODOOODDOOODOOODLOOODLOOODLOOODLObOOO
gobodgoobooobooobbuoobobuooobtbgdbbbooboobboon
gogobobboooooboboooooboobboooubbbooououobob4200b0 O
UdddddgUiddoooooooooobobbbbbobbbobobobobobobbooobobon
gobogoobooobooobbuoobobuooobooobboobboooboon
U4hldegl 00D O0O0DOO0ODDOO0ODOODDOODbLOOODOObDDOODLbOOn
oobooobobooobobooobooon



oo oooooooooooononn

0.6 0.6
Experimental

Specific Resistancee
0.5

. \ / s 0.5
\g,I/L\\ /
o9

Experimental Vx

Specific Resistance &

Propulsive Velocity Vx [m/s]

0.3 \ 0.3
o =45[deg]
0.2 0.2
Winding Angle a [deg]
0.1 . ' ' 0.1
20 40 60 80 100
Fig.4.9 Experimental specific resistance in constant creeping motion
440000

oobooooooACMRIODOOODOODOODOODOOOODODODObDODOOOO
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gbdbdbobobobobooboboboobooboobooooooobooooooon
gobodobooobtbooobbooobooobooobboobbooobooo
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gobodobooobtbooobbooobooobooobboobbooobooo
gobodobooobtbooobbooobooobooobboobbooobooo
gobogoobooobooobbuoobobuooobooobboobbuooboboon
gboboooboodbobooobbooooboon

— 40—



oo ooooooooooon

HpEpN
Joooobooboobood

gogboboooboboboodbobuonoooboboon
gogboboooboboboodbobuonoooboboon
gogboboooboboboodbobuonoooboboon
gooobooooooooo

sAd 0o

goboooboooboboooboboobboobbuoobobuoobobbooobboon
oL U
iU UUUUg g
goboooboooboboooboboobboobbuoobobuoobobbooobboon
ggboboooboooobobooobbooobooonoo
ddddoooooooooobobobobobobobobobobobobobobooooogouoguo
ggodoooooo
goboooboooboboooboboobboobbuoobobuoobobbooobboon
gobogoobooobooobbuoobobuooobooobboobbuooboboon
oo ooooooobobbbbobobboboboobooboobooobooon
oo ooooooobobbbbobobboboboobooboobooobooon
goboooboodobooboooon
booogbobobooboobobuoooobobobo4sbobobobod
odoooooobobobobobbbobobbbbbbbbooudddgdrFigh1obnon
oo obob4el0ddddrigh2)oononon
ggooobobbbbooooooobbbboooouoooobobooa7ibboO
UFigh30000nboooobooobbooonbbooonoboa
dddooooooooooobobobobobobobobooboboboobobotbooooguoguo
oo oooooobobobbbobobobbobobobobobooboooooon
bgboboooobobobobuobooobuobobobuonoi48bFigh4aod
gbdbdboboboboboobobooboooobooboooooooooooooon
dddddddddddud0du00UUUUUUUUUI49Q Figh.b0 O
ooboboboboooouoboboououoobooaddlsosibFighs, b7 DOog
gooo

— 41—



oo oooooooooood

Fig.5.1 Disaster preventing robot (Kimura. et. al.)

Fig.5.2 Ichikawa’s leg-wheel Fig.5.3 Underground excavating machine (Adachi. et. al)

hybrid mechanism
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Fig.5.4 Chariot II (Dai. et. al)

Fig.5.5 Hirose's quadruped TITAN IV
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Fig.5.7 Adachi’s Leg-Wheel hybrid vehicle (Front: Passive, Rear: Active)
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Fig.5.10 Roller-Walker on uneven terrain
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Fig.5.100 Quadruped walking robot TITAN VIII

Table.5.10 Specifications of TITAN VIII

Dimension 400x 600x 250 [mm]

Weight 17.8 [kq]
( Including motor driver.

Not including computer and battery )
Payload 5 7[kqg]
(12[kg] : inashort time. )

Velocity 0.3[m/s] (B =0.75)
0.9[m/s] (B =0.5) B : Duty Factor
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Fig.5.140 Roller-Walker

Table.5.2 Specifications of Roller-Walker

Dimension 470x 600x 310 [mm]
Weight TITAN VIII 17.8[kq]
Additional Weight +1.6 [kq]

Control computer 3.5 [kq]

Battery 4.4 [kq]
Roller-Walker 27.3 [kg]

Payload 16 28[kg]
Battery 36V -3.2Ah
Operation time 25 [min]
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Table.5.30 Friction coefficient on different surfaces

M Nn_max Mt M N max/pt
Vinyl Floor Sheet 0.42 0.0264 15.77
Carpet 0.61 0.0568 10.76
Rock Tile 0.75 0.0292 25.68
Asphalt (0.83) 0.0445 18.67
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Fig.5.160 Posture of the legs in measurement experiment of the friction coefficient
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Fig.5.170 Measurement of the momentum inertia around its body center
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Fig.4.2 Gliding experiment on ice
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