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Development of Leg-Wheel Robot and Cooperational Motion of Legs and Wheels

Hiroshi KIMURA Eiji NAKANO Youichi NONAKA

The wheel mechanism is effective for the flat terrain because of its speed and efficiency. The leg
mechanism is effective for the irregular terrain because of its flexibility. Until now, several leg-wheel mobile
robots which have both benefits have been constructed. But those have several disadvantages. We have
constructed a leg-wheel mobile robot called Chariot which has mechanically separated wheels and legs.
Chariot has two large wheels at the center of the body and has two legs attached to the body. Chariot
can move at a speed of 20 km/h on a flat plane. It can rotate around the vertical axis with small radius.
It also can get over step and ditch by changing the phases (the leg-support phase and the wheel-support
phase) one after the other. In this paper, as the motion utilizing one of advantages of separated leg-wheel
mechanism, we describe the cooperational motion of legs and wheels when Chariot goes over step. Pushing
the wheel to the step by legs makes the wheel torque be effective and reduces the load of legs. This causes

the reduction of the energy consumption.

Key Words:Leg-Wheel Robot, Cooperational Motion, EnergyConsumption, Quadratic Programming
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Fig.2: Leg-wheel robot Chariot. The radius of the wheel
is 32cm and the length of the leg is 85cm when expand-
ed. The weight of Chariot is about 20Kg.
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toes
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Fig.5: Going over the step (a) and the ditch (b)
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Fig.6: The Cooperational motion when Chariot goes
over step
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Fig.7: The reaction forces at the wheel contacting point.
When the wheel is pushed to the step, the normal force
becomes large and the tangential force becomes small
as (b). Then the friction condition is satisfied.

gobboogbb,oobbbuoobbbooobo
Ubooobg,00bDb0obbobboOobDboOD0 Fug
gobboodgbobbbooobbuooboboboog,b
000000000000000 (r-b).0000,00
gbogudgoogu,opgbuogogbouagodn, b
gobboboogbbbooooobobo.

3.2 UUogoon

gbogbboobuoogb,goboobuoobbobo
goo.

OO0 1.000sagittal DO OO OOOO 200000
1ggoboooo.

g 2.00000b00b000040o00b.

OO0 3.Chariot UDOOO0OO0O,00,000000
goboboobuoogbobo.

gogbbbbbuobooooobobbbbod
gobooo.

o=Cu+g+E'F (1)



e(q) =o (2)

-godoo e R

-gooo eRrR™

. € RF
0000000000000 € RF
000

= OJe/0q € R"™*"

:gogd e R™

m=606, n=38

ooo,

Hge & Qo v

k=5,
D0000000000000,0000000000
0ooooo.

(0DD0000)|<(A00000)|(@000000)

(3)
Chariot 000 000000000000O0O000 w
00000000 FOO (1),(3)00000,0000
0000000000.0000,000000000
Ooooooooooo.

Chariot 0000000000000 DOOOOO
000,000000000000000000000
O0000000000,0000000000000
DoooO0O0ooooooooooooooooog 0
0000,00000000000000000000
0000000000000000.

d E, k u; \?
dt:Z&Qﬁﬁ )
000w, R, G, K;0,0000,00000,000
ogb,ogdo,goooooon.
0(4)00000,0(1),3)00000000000
goooooo,3.3. 0o 2000ouoooogd.

3.3 200000000000

Froy Froytigy Frzy Fha, piny Fon, Fur, o 00000, 0
O (fore leg), 00 (hind leg), 00 (wheel) D0 0000
goubooooobooo,bboobobobo,gbggaan
goobb.gbbbbobooogoouooobo
gooogd.

Fr, >0, Fpp < pply.

th Z O, th S ,thhz (5)

FwnZO, Fwté,uwan

god,gguguuoogugaoa,oboboboobbo
gobuogggbobouag.bbooobbbooobo
gooogbog,uggboobuodgbobobbagbo.

0()0,0(6)00000000,0(7)00000
ooo.

J1=Fp, fa=ppFp. — Fra

Jo=Fhzy  f5 = pinFhs — Fa (6)
fSZFwn7 fGZMwan_Fwt

fzo,  f=lfi S (7)

00,0 ()00 (600,000 w0 fO00000.

u=Jf JecR"™ (8)

) 00000 (1)00«000000,00000
0Q.
Af=b, Ac R pec RO (9)
0((4)000000000000 dE./dt0,0 (8)0
0000O0D0000oooo.

dE,/dt = u'Wu = %fth (10)
0oo,
W = diag[Ri(1/G;K;)%], Q = 2J'WJ

00,000000000000000000000
000000000,0000000 20000000
00000 (w=f,p=0000,00000000
oooooo WUoooooooowoo ® 0000
0oo.

Ax=b, x>o0

1
h(x) = px — Eathaz —  max

34 0UO0OOO

gboobod7em,0000003000000000
suotbg.suuubo,bugbbobbodgod
goboud,btdcdggbbbodbbodgbbgaon
gobobob.obobbbo,gobbboogdgob.

()8OUUODO,nO000D0O0O00O0ODODOODOOO0O
gob.bdd,b0b0booooobbbouoogd
gbooobbud,tbdbugboobobogod
gobbobuogobboboooobobobo.

(2)90000,000000000DOODOOOOO0
g,0obbbouggod.bob,buoaobo
gobobobbbo,bbuoooooobobo
gobboobuooobobobuoooobbobo.



torquef Nm]

5.01

0.0¢t % ‘ % %

O—oOu5 (Whedl)
e—eul (HindHip)
o—ou2 (Hind Knee)
50 L A—aU3 (ForeHip)

~—nUd (ForeKnee)

Fig.8: The calculation results of torques when Chariot
goes over step with cooperation of legs and wheels
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Fig.9: The calculation results of friction angles when
Chariot goes over step with cooperation of legs and
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Fig.10: The comparison of the cooperational and the
non-cooperational motion of legs and wheels
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