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Abstract

Mechanical energy consumption during human running was studied. The subject was modeled by
an eleven segment planar open linkage system and analyzed by Newtonian equations of motion from
film data with a sampling rate of 50 Hz. The motion data from films were smoothed by lower 7
harmonics before analysis. And this study was tried for a normal male subject running on a concrete
floor.

The mechanical energy consumption was evaluated from the five different criteria suggested by
others and a joint energy consumption criterion newly devised based on the muscle contraction.
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i#1, Authropometric data

SEGMENT FOOT | SHANK | THIGH | BODY | Uoo¢ | FORE
LENGTH(m) 2509 | .4207 | 4190 | .8037 | .3181 | .3420
WE IGHT (kg ) 9135 | 2.9265 | 6.3000 | 36.4140 | 1.7640 | 1.3860
RIGHT CM-LEN{m) 1200 | .2385 |  .2375 | .2733 | 1387 | .2332
LEFT CM-LEN(m) 1300 | L1821 84| o733 | 13sr | L2332
RADIUS OF GYRATION| 1235 | .t270 | 12530 4043 | 1024 | 1601

HEIGHT : 1.71 M. ;BODY WEIGHT : 63.0KG; R-L ASIS LENGTH: 0,247 M,

note: CM: LEN 1is the length from proxlmal to center of mass,
RADIUS OF GYRATION is the length in meter{m,)

gL,

og 2, 1178 72 duriz m@ag oA

&

§ RANCH 1

BRANCH 2

'

3. AlaE wbE4

E AT AEe T ¥E9 e 98 Tl
F ¢l Newton-Euler w28 ulal &3y
& Algch

2" 4 A A4 Bd FRAClA Ui
i 83E Jepd Aotk oM #Ha
1o] 71E FEA ( F7 M AW Yol ot 3l
OH, oE Fae B rkEEE ¥219H &
Adz £8de8 78 4 dzZ, 2 JAHL
g3 goh

¥ = X {1y —dicyp) (:‘}a‘—l sinflioy + 841
005 9:_1) — di (8; sin? wsfy)

i'r,‘ = i}"_; + (1ig _'di-l)(gi—lmsﬁi—l —é?—l
sinfliy) + di (B; @s6: — 6% sn )

BRANCH 3

2% 3., 370 ofkz Al



25

aZA A 2E JHEES AlAEed, E
ARy tFez s@HoR JEZ ALE
£ g3m, 2 BA4e o 2o

Fx; =Fx;, + m; &

Fy; = Fyiq + mi¥yi + mig

T; =Tiwi —Fripa ( 1; — di)sinf; +Fyisa{l;—
di) 5. — Frd: snfi + Fysd; o086; + Lf;

4, B gF0M Hetst ohdA 222 £%
2y

AZ7AAe A7, B AFK oA
e 7 w38 A HEE

r..l

i

2

i
oo Moo

&3 24,

%za_‘?-ieé:=2frme EJ:’-__]-;& T:: '&8

azm, B 4 ARG JJUX 25 FAHAE
2 Cavanagh o] AF fAH& 7188 AH881%
o} =,

F oEdE=(1—a;)(1—-bj) (Ee] #F
)+ G Ay FEd %) /S
dy

S HollM F ai, bj,er, di o] BF HF
T ARPA B ARG ABEIT ol HEH
217 ¢th, Cavanagh & Al E2HE A1&5
o 249 ol 0.63,0.35,0.85,38 7HEd
Ar 2RFgos HAHT QA ArFF H Z
A7 ES AL WA 28 FF5FP] FAY
2 B2y, B #HME A %S adE
BEAART 3 T 0.63( = a) 2 FF7
Uz Hggolez, #AHze quA HLE
245 JF 727] 9 Fol Cavanagh 7} A3
A o2y, 0,18 5 AMgskd ®Hgke)

.o #H

Aol R el 2w zZ REe] A o
g5 AsE A/ 2xEFHA AR
#371& ¢ AT oz WAEEelE At
£ate] QAo 14 H(F. 59 &E, TE
2, o7, ASIS, 73, o5, 2E)o A
& stgth d71AM, RaEe] AEI A2 Y
By ¢ 4 glong ASISY e 7S
gx AgpA S olgstd 3 ARA} AXNE
AR st th whtEelE Ml nAHo o
Ao, w et 2 =ge] LEA
UA H (¥ 5) AEREAZRITE S0H:
2] B2 ¥2 HEgn zMe 15~ 2&
Fot dof vk olRA A ZF FAEA A
8 Fain, o JAAEE gAY AN



HP 9845 B digitizer & A}%3kc}

V. T2 BtEs WY

g 49 A5 2 gloliA) Ek FA
Ao A%E #7138 AFoR dh= ol T
stey, ez £go 7AEEE P2l As
e GezsgreEs =8k A&
i} o} wle AAA Fourier Al 545 ARS8l
Zapstete AR falstth 7= 6709 A
# (Sine) F59 6742 A8 (Cosine) ¥FE
ol gated ALdPAY T4 ¥F71H
FASER 3G 1Had 4 e ®
shel] thsA] o) whH S AlME3td T sMSEst
HEEAE Asee S RS EE H I
o} g Eabole] abels WIE Gl & A
A7) Aol Ayt el 7} of § Aol mFAA W
Hel T,

.7.,5.71 .3 o] i

A
Mg

V. d a
1, 2tEzizel HAE fiting® &9
g4 HS

AR ogRE digitizingdis €& HdAxs
£ F2gio] TgE U] W] U L
Zterror) 7} YAIH 2 &3 AP A AF
% Aejel wer Wabrh 2l olof of-g3r] 4
3l Fridggozel fitting, 3] A5 H
g AEEL g adzis ¥WsE fit-
ting sty F A5E Ve 28 6-2).
1%5% digitiging ¥ § A% 2¥6-1 ¢l
, o ¥ 2 nimsld By, gdeo] A ¥
% of ulm® & $al (error) 7t UUATD,
A ko] Hr|ojEol] 2 FFS Ao WA of

s s Olﬂ
:5;1, o,

I 6-1. A1 AREREY § A%

a3 g-2, AAAE finting 9 E AT



$%
&z
a2
58 right left
x 100
Sl 3 . .2
e. = s ~ 5
1 S
Y
..zsa. }i _‘.' 4
RFS RTO RFS RTG
TINE (phase)

-7, 4 9EENES AF

2, U ZHE (YT )

g
i)
2 2

o T2 ¥ (B9 Be) 9 =y
de AFE A gvh 84 hip
@3 Az ' w7l YAE AN
WS hip 3 583 sdEd B d
I{.%—

i

e
e m g

)

gi

g 1 @
rg
4
i
i3
o
=
B

21
o, 2 Z3 hip 2 ®
2 ZE3 g Felz
T2 gz3Een] hip B
HES #=7l= 00N-mB HAEY IS A
FEY =7] 185N—m2| 1.6ufolith oA
IR 'hip-‘?-'ﬂé‘: el
Z hip#HEd ¥ &S o= AL l“ic‘q—r.i_. gl
W B 25 9 wEAEe] pdEWHEAFS
29 H 3 250N-mZ ol$ Z OH,—OI Age
@ 4 3@, ol3e hip@el Hsl AW
Z AAAAEZ O 22 4 ‘:“5-?-_}7%1"“ ?&%
T2 ol 84 AFE (53] gARA
BEAEHE oA EA o} E:_‘EI: 04]
FAANZE swing leg 2 o] [AFUEE
ION-mo}3te}l 22 gholgirh, 2im Ade
golgle #2 AA e tae AL
7171 sk &t ko] mHEZS 2t 5= A
& HojFrl

=3
fu
)
o
S
3
&
2

AN

e e P Ay s g E8E
= 4@ : Beoa
s A(3) : hipatd

B - () : ol 2

A A(5) + TEA A
RFS : Right Foot Strike
RTO. : Right Toe Off

N

&=

%3

3 x=dir. y=dir.

2

1 F

e

_1 i g A
RFS RTD RFS RTO

TIME(phase)
¥ 8, Ay g

3, Al pE (28 )

A 9EH S AAds] M B oslddge
F7h2 BEWE e Assdn. st ead
_9.. o].Q_?‘ﬂ- “cﬂio:ii;_‘l—z% m—u-l ”o] q_L b—],__]r
QA e] Azgkzae] AZe "ELJ%H ™ gk
Fot Pholtl Taje) wie 45y
A2 Folg HAA Assig e
H g 5 Yol Ave] e A¥s xF
WG g Plste A Yoz, 2 e 37
H A F9) 19 Axols], RFS¢ RTO
AERE T Y BPL wPo] A
FAAF)7] H8) . B W] Hn 2 Hd=
Ne AZe) 159744 =2ec adw yw
F 8 Hd AF9] 2597 A, z]ms- u
An Uz Wt A 2 9 getE e
A A Aol o,

r-[> oroa
to

o rqr flo

4. HUX L2 Fx

E29) Sjei7ba AAs1Ze| e, 2 He
AAG A AshH A A Lol o
bt ok od7H B F UARe] B ddwe
A sl HAES HolRm, LR
de Bagst sHolee & & Yok 2a
pEURHAN 201 BAD A AL



302 & Helm, 2U2E 18%2 714

e e
., @
L
)

2. A 22

27 A2 | oe b
z7 1 193.2
w2 T 274 2 224 .6
2 g & 4 49 114.0
b | % M 743.0
|27 ouva AP 150.0
G287 ¢l meiud 157.5

V. & E

Atzel @ Az d7d s 2R ZR
Agbel glch,

(0 117 7ZA 7] 2d

oo gl mys wgeln, 2aKerror)
g Zelt WogE o7l A AFHH
A2 g Bk AEY ACE AMgsteol @t

2 flttmg 7|

gz ¢ o 29 FEEE Pk e
olezre Fale Aelmz zte e A
T 5 o s grol of$- #ass] Wgel of
o Nzslaot gth B AT AMEE @
28G5 G ALES QA @ A%l F
71Hol7] W&o of$- B8 F3, YT
2 f AgslE 2 AT geldle F40°]
sith,

31

3 = A4

A9 £FHA AgE, B3 g AFEE 2
o] %2 7@ S=uolAd HE () A
o] A2 S Jojof Bk 2& U EAA I
A ez 2o oy Ay vlar 2 9
G2 vlAA H7| dZel,

@ AH ==

A5 sta FAQ #EAANe &ut2 A%
HA=71g &gl - 58 =4
FEAL AMgsid T AW wEdel v aE
Ealod H@ds] B 4

Gy oNAR swa

2 s defai e AddAle] A, Tm s 2
£52 gy o &x2 100mE FUcd
1.8Ke/ ( EH AAAMDEE ) ~ 2. TKae (3%
Fdard 2212) 9 I9F S ARskeol A

¥, =
)
2

g £ X R

[1] Yoon, Y. S. et al. “Force at Femoral Head
during Various Activities" Proc. Ist Orthop.
and Biomech, pp.64-69, 1984,

[2] K. R, Williams and P. R. Cavanagh” A
model for the caiculation of mechanical power
during distance running ]’ J. Biomech. Vol.16,
pp.115-128, 1983.

[3] Yoon, Y. S. Unpublished data, Personal
communication, 1980.

[4] Lee, Y. 1. “Study of Human Running for
Various Shoes " A Master’s Thesis. 1985.





