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Optimal Design Parameters for Pedaling in Man-Machine

Systems*

Yuichi HAMADA**, Swan-wan JOO** and Fumio MIYAZAKI**

Pedaling is a typical example of the problem of man-machine interaction. The design of ma-
chines, bicycle, to make full use of human capabilities is an old but still challenging engineering
problem. This paper describles optimal design parameters of a bicycle determined from several
viewpoints, kinematics, statics, dynamics, and physiology. The efficacy of a new mechanism called
“magic crank” that realizes an unconventional non-circular pedaling trajectory is also discussed.

1. [FC®IC

AFIBBROMEZIBOTEBREHTH Y, TEHFO
Kb NFHOHE, e, F2BICBIEY D4 2B
RBEOMGLIRoTVDEY, MMRY R 2 ETT 545
BIZH, BIERZTHIBBY A7 AT TRESCA
HMOBMELZBRLRTHERLRV, RRIXTHY EiF
EREY T BZRAYIL, BEFETHLAML BEE)E—
Lpo THRET AN R AMBEMARTH . 1E3KD
bELDOHTFTHRY EF bh T&E, BlXEH#EHSHT
3. AMOTEOHABELBERLILRY V)V T7ET NV
WCEDE, RRBEETRY V7T 57D DR &
RN — 0 RO TBFFER Levine BIZ X > THTbI T
W52, ERBEHLIX, NF VT AL ERO A
E—F U ATy F U T DBEEP DRI TNDY, —FHH#
MWETE, Miller DBNT —DREFFEEFEARET D
Fof VEEBBERREL TVEY, AMTESAH—
YREOHBE T AT —OERERRIEE B OB
BINRTG A—BIZ Lo TRES BT DI LEEREEL
THLIBITL TS0, KITERIZ. BREHREREK
RNU—HTeHDr TV 7ROV VBT 544
EEMRICRTLLEDIC, 7TV I EBEERL L HITE
fbT2ELBEATDIZLICkoT, TEHER» LK
* RARZA 2000 3 A 13 B
*HRPR K EMI¥E  Faculty of Engineering Science,

Osaka University; 1-3 Machikaneyamacho, Toyonaka

city, Osaka 560-8531, JAPAN
Key Words: Pedaling, Bicycle, Efficiency, Optimal Design

DR =B EHELFEEND D L LTS,
Ak, LRI H R L FAROBRNORL Y
VI BRIIZRBITOEENT A—FOEREILERATCD
DTHD, L., HORESRSERLRE OABOHE NS
A—BIETEZEAZEORRLT, RF YV TILBITS
EHEEOBMAZ DRI NVAESCSI NV ERHIATT —
ZELTERMICEERT D, TDOET, BRARBRETT
OHEHEEMTEHEL., 6 BEOHMEEELEALTE
NEZENICHTEIEBE T A—FOREHEERDDILELD
2, BoneBRICOWTZEORSYHERHNT D, &b
W2, HicRBR LIV 7AELLBIZEORIVE
32 =Yo7 78] ONMEEBENST 2A—
Z D12z, BB X o TR DM & %< ke
BEIEHE B Z L E2RT,

2. ETFYIIENTA—RARE

21 ETFUIVIZREBNTA—42 - EH
REIZBWT, XF VU BEBEZFMT 56 2OFE
ERRETIN, ThZhOFMMETHW DI HREET VI
B, ThZNOET VUV T ITHBBERNRT A—F LK
% Table 1IZ/R7. Table 1 FOT NV 77Xy MILT
DX REFMEELZRLTNS ([ NIZHEEFVERL
TW3).

A. FIEEMEFERADIC X 5 M EBEH

B. #BIEHMHEEGEDIT X 55 [# 54



2 VAT AHIBERERRIGE 0B HFoE

(0000)

Table 1 FHBICHERNT 2A—F - B
A B C D E F
ROEZ O 0 O O O O
BB DA O o0 O O O O
B> £ B O o0 O O O O
OB M - - O O O O
mERAHEE | - - - — O -
VANVZ VA O o0 O O O O
IV IRE O 0 O O O O
B DR o 0 O O O O
X ¥t O o0 O O O O
AT - - O O O O
HEREOE M - - O O O O
RABE# VY] - O O — —  —
HHRE O B O 0 O O O O
B Sy —* - - O O O

C. B FTHREMAE AT 12 X % 304t [Efifk Shcg)
71%#)

D. BT XVX —IT X 550 85

E. SEMONRHMBMEIC X 2500 [B10% L BB AR

it

F. BRAHERIZ X 3 3010 [8) 53]

Table1l #0’ O I XZNZNDETFT NV THERNT A—
Z B, BARSBERAT A—F - BRERLTH
5, RPTH BRELTHEHDIIXEKT, 2SI
FRA—ETH 5.

2.2 NFA—LDHE

EFNVICEENDNT A—F1T, BEL HEEOKE
D2 BEICKRNEND. BEHEOBR -EEOHMNIES
ThHE—F, HFEDOAT A—F 2B LIIREETHS.
ARITE, AMEOFH %2 KT FENEEET 53 )
VIAI=ZALELLTET VS T3 (Fig.1 2B). £
nZzhoY 273 KE , TR , B2 & 75. %
LT, ZOoME#IE T BEhike TbYichETSE

BT 5. ¥, Fig.1 DETMZRBNT, AFOEITY
KA E Ry, 2F AOBEOMEIT xt 2%
i EBShTwse ELTWS.

HhEo  fMOEES MBREYE, X )E3E
WLTEAT—%% Dic.
2. ZE¥O
BTV U T ICRBEREREUTICEHET 5.
NRENVDOHENT —
- e

EBdie X
, w

(xo ,yo

Fig. 1 3

77777

Fig 2

NRENVDOBES B —
MRk VY
AETE, ThLOEROHAFE X HJF Iz
WTikR 2, BEFoREKMVZICBELTIEX )%
BEIZLE. BRO BRIULERF—FZOHADODIT
Fig.2 O X 5 RFHAT 2T 2% {ELT.
RENVDHENZ—v X ZOBAHNZ—ITiT,
RZ YT OEBEEOEAZEL KD i ha. %
e, RENVOAENRZ—VIIUTOL S 7% iz &
ndzvoLELXLND.
YR VALE (



I T
~EE AN A
WY W W e
W







(d)

[s]

S0

120|

S0 00 10 200 20 w00 3
deg]







Crank Arm
/

ggsess







