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STUDY OF ACROBAT ROBOT USING MOUNTAIN BIKE
-COMPUTER SIMULATION AND, DESIGN AND CONSTRUCTION OF BIKE-TRIAL ROBOT-
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Recently demands for robots, that can do difficult works at various situations for human, are increasing

rapidly. Such robots, in general, use wheels, crawler and legs as transportation means and deal with

various terrains individually. This research aims to give robots the special moving ability, by developing
the robots that can realize the high level athletic ability of human athletes. In this paper, bike-trial
techniques are focused for the robot ability, and the study of simulating bike-trial performances by an
athlete and a mountain bike is discussed. This paper proposes how to perform “Wheelie” and how to
generate the joint trajectories for the maneuver “Daniel”. Furthermore, a bike-trial robot is designed and

made for the experimental use.
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Fig.3-3 Simulation model by Interactive Physics 2005
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Fig.3-4 Five-link model of closed link mechanism
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Fig.4-3 Simulation model for joint trajectory generation

LE DT LR IEDBRE VAZFEE S TWT, FHEDN
N RNVICEESNTWASDOT, Y 7 TEZRTUL
BV, ZOZ LD, FREAEE BEEOIED DB
WAEEZRODMLERHD. L, RN 5K L
THENAO LML, &5\, FIArE L BIE AR DO BIE,
HOLE L B E OBURIIIERIEOTE TR END 0,
—BIZEDDZENTERN. RDT, =a—hr 57
VAR TR AR D B [11].

6"+ = 0% + J(0%)*[G - f] (4-4)
J(8%): 6 DD ¥ =2 ©175
G HEFArE, BEONE

fic: OXDOWED FHAE, T E

K@D T, Y ITNINEET A TRDD Z ENT
X 5[12]. BEEMIE»SBEOEMIEZF WD
B, FRBEOHBNICRIUIHAEEZKT L, BESiAEE
RKODHZENTED. L, FIHNLE & BN EOBIR
LY, WRLARWEARD S, T07), K440 H
T LTEBICFEMENOGHESAE LR D=2 —
Ve T ARIZRD D Z LT XY, JEVWEIE TR FIHE
LTV 5.

Flo, YaiAlE bl TOL O ICEMTINEMA D Z &
IZXY, BfifmEORNE ZHIRT D 2 L3 TE DH[13].

J=wYyrgwYyr) (4-5)

FERRCHIAIE0) & BIREMIEG s AW ELLT O
ZOICRELTHEET 2. BB EREMAL
BT NAOREER Figd-4 (RT. 2120, KV o208
B, BTl LR LTWS.

0, =[50, 20, 30, 20, 30]T (4-6)
G¢ =[0.35,1.75]7 @-7)
W=diagll 1 1 8 1] (4-8)



Initial condition

;1. Convergent condition
> | without W

Convergent condition

15~

including W

Fig.4-4 Mode attitudes before and after convergent
calculation of five-link model
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Table.5-1 Parameters of reference model and bike-trial robot

Reference . .
Part Model Bike-trial robot
Wheel 20 (in) 8 (in)
Wheelbase 1010 400
(mm)
Chain Stay 351 140
(mm)
BB Up (mm) 80 0
Head Angle
72 85
(deg)

Wheelbase

Fig.5-1 Define of each part of a bicycle
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Fig.5-2 A design of the bicycle drawn by Solid Works 2013
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Table.5-2 Parameters of anatomy and bike-trial robot

Part Anatomy Bike-trial
(mm) robot
Front Arm 326 130
Upper Arm 326 130
Body Region 635 255

Thigh 435 175
Leg Legion 435 175

Fig.5-3 Designed images of human drawn by Solid Works
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Table.5-3 Specs of the driving systems

Rear .
wheel Knee Elbow | Waist
Gear Ratio 1:1 39 - 48 - 8: 15
at Belt : :
Overall .
1:50 . .
Gear Ratio 175 - 4:375
Output Shaft | o7 85
Torque (Nm) . 41.8 — 52.219
Output Shaft 120
Speed (pm) 80 — 64
.f‘A N

Fig.5-4 The bike-trial robot
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Fig.5-6 Step responses of joint angles by PD controller
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