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Rapid Development of a Humanoid Robot using Concurrent
Implementation of CAD/CAM/CAE and RP

Keun Park*, Young-Seog Kim**, Chung-Seok Kim*** and Sung-Ho, Park****

ABSTRACT

In recent years, many robotics researches have been focused on developing human-friendly robots,
that is, humanoid biped robots. The researches of humanoid robots include various areas such as hard-
ware development, control of biped locomotion, arificial intelligence, human interaction, etc. The
present work concerns the hardware development of a mid-size humanoid robot, BONOBO, focusing
on rapid development of outer body parts with integrated application of CAD/CAM/CAE/RP. Most
parts are three-dimensionally designed using 3D CAD, and effectively connected with CAE analyses
using both kinernatic simulation and structural analysis. In order to reduce lead time and investment
cost for parts developments, Rapid Prototyping (RP) and CAM are selectively utilized for manufactur-
ing body parts. These master parts are then replicated using the vacuum casting process, from which we
can obtain plastic parts repeatedly. Through this integrated approach, the first prototype of BONOBO
can be successfully developed with relatively low time and investment costs.

Key words : Humanoid robot, CAD/CAM/CAE, Concurrent engineering, Rapid prototyping, Rapid

manufacturing, Vacuum casting

LM E

Folel 2R A% A7 e F2 A4S 279 7Y
Bol} A A7 F{HE ol Foiftch 2 HZE
o} A7ke] BEE 7k Frko|E olF HY 2R
T E7E S e B2 1P e vk #A
kolE 2R IS FE LdBAA B HAE R
Fed, HEFQL <l epdict thake] WABIAN A2
&M Erhe) ASIMOY, S Ere] HeY, Y& A
AP (METIRI FEste] 7i2% HRPY o] AZE
o] Feff 3 A71E 71 Foixol= 2Rl g

*41 A2}, A3, e | AL AR sl T ek
sad-grgdiEir 2| A A A SR FEE
»#E S F 714 A
R S S RSBt
- =25 32Y: 2006, 03, 27
- AR 2007. 01. 15

50

o}, $H EYe] 9 FoolA] JOHNNIEFS 7w}
en, YA e S8 d9dN HUBOYE
hEEld). A7) Frikols 2RE A HE
3 22712 A YA, dF-E A7 1000 mm ©]
A, F% S0kg oldoln), &H d¥e] auitolM e
2% AYEHIHE 229 SDR ABZE Fd 7
A3 AR E, 015 2 2Dl QrIO®] H%
Age] 580 mmel R FFLE 6.5keE H71HLR
A A Folol= 2R AH23E P QF7iT)
E 3se wr gt

Fojicols ZRE P37 HeliMe 28 239
718 gA, ol B3 ¢aeEe FY A9, 4
4§44, AFAT 59 vkt Bore] At
Lot} & dpoE o|F FY v 2B
BONOBO{X 7 947 mm, % 2536 kg)e] ML A
& e A 2 A e 7ledtzal d S
3 B EAH59 #< AE Hs) CAD/CAM/CAE



CAD/CAMICAE/RPY] $A1E8H] 388 53

¢} #4573 (Rapid Prototyping: RPY2 ¢4 en o
Aste] xalst 2z ot Alg 292 A5 7P
A}, #3EF 2 FF3Y T AY BE A=z **@"OFC’H
ARA AFe] Aol s, Aidel o]2iz 717kt
=S AR Byt SR B R AL
%5]3{ ACHE,

Aol B} A7 Al @S +Es)
7| Hdﬂ 334 A Z19ate] SARE AAlst
AL, 42719 329 CAD BAYRE AM851) CAL
3 gk g omkmeshyE B3390k 449 1

B

-[r: rJ[o m[o

#g3jo] A SAR e 2 Fa
8] 7|7 61]*!-— TSR, olH AA
Fol F2 dApSES 2RA B 54T
} o] A A7 of) 4-.9:.5]\:' A 7AnE 24
71 $18l ML ZHF CAM 7 & dHA o A8
peh. Al 7451 A 2HE-E oliE RYR AE-ste] 7

Z

1
=

A
-
ol
o
5
=

P

Fd 7S SOl ATALE SANE AYT
AR, ﬂ% RFEHe) P AP L Bl Folhol=
2R AAES st

2. RH0|E 22| MH

21 M8H N

B ALE Bl N Frjeo)® ZE(BONOBO)
2 04 947 mm, TF 2536kgd T AV 2A
slgon % 2771]91 AL A Qrl Fig |
of 289 7|1 £2E EAISHI2YW, Table 19 T8
M-S aoksllct

2-axis Pendulum
1-axis Twist
1-axis Bending
2-axis Pan/Tiit

Fig. 1. Schematic configuration of BONOBO.
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Table 1. Basic specifications of BONOBO

Part Length {mm)| Weight (kg) DOF
Head 227 1.439 3
Body 287 7.654 2
Arm 368 2.654 X2 S5x2
Leg 433 5.484 X2 6X2
Total 947 23.36 27
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Table 2. Mechanical properties of ABS PX223 HT

Property Content
Elastic modulus (GiPa) 230
Poisson’s ratio 0.38
Tensile strength (MPa) 38~42
Specific weight 1.10

Fig. 4@yl Al41e Bol ANE R7S RES
Asisich 2l 2 S13MPaR A4S0
Fig 42l ‘A’ o) 2¥o] ATHALE FAT 5

L

alr

l

SHHCAD,/CAMEHE] =54 128 A1 Z 2007 29

(a) Fimtc clement mesh (b) Boundary conditions

Fig. 3. FE analysis model for the lower leg.
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(a) Original design (b) Modified design

Fig. 4. Distributions of the von-Mises stress.
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(b) Kinematic model

(a) Actuator configuration

Fig. 5. Analysis model for kincmatic simulation.
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(c) Required torque profile at the ankle joint

Fig. 6. Analysis results of kinematic simulation.

Table 3. Calculated maximum torque for each motor
Part DOF Maximum Safety factor
torque {N-m) d
Roll 10.3 5.16
Waist Pich 16.8 316
Yaw 12.8 4.15
Knee litch 36.0 1.48
Roll 15.8 336
Ankle
Pitch 20.3 2.62
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Fig. 9. RP prototype for the back cover.
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Fig. 13, Assembly of the fower body.
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Table 4. Comparison of basic specifications for various

humanoid robots
Robot Height {m) Weight (kg)
WATBAN-RII 1.89 131.4
ASIMO 1.30 45.0
Hé 1.37 55.0
HRP 1.60 130.0
HUBO 1.20 55.0
QRIO 0.58 6.5
BONOBO 0.95 25.3
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