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Development of the Energy Storing Foot

G.S.Kim, J.CRyu, M.SMun, S.J.Kim
Korea Orthopedics & Rehabilitation Engineering Research Center(KOREC)

Abstract

KESF-1 foot conceptually provides storage
of potential energy and is converted to kinetic
energy throughout the weight - bearing phase of
the gait cycle. This stored energy  Is
progressively released as the foot continues
through the toe-off phase to rebound and propel
the body forward. A weight deflects the keel
through a predetermined range, then the
keel”springs back” as weight is removed. Foot
designs criteria were selected to guide
development beyond the proof-of  concept
composite material keels; 1) store and return
energy (1-3/4 " metatarsal deflection at 435
pounds vertical load), 2) natural feel and
stability; 3) useful life of 3-years: 4) lightweight;
5) reduced production costs.

The purpose of this study is developed
the comfortable stable foot that fitted with
Korean lifestyle and road condition. The results
produced the realistic cosmetic foot cover with
polyurethane form and the keel composed with
composite materials of both glass fiber and
carbon fiber.

A B

AANHoz g
ZIRHQA AH Fe 99 + 5
AENINAY 25E Bd5 2 FH3y
FEANAH} d. 53 dELt siEA
obF 2Wglo] LR MA Feo] g
ddsA 2 ofok &} olH &
| #ste] A3 gFeMe aFd A
deigtet. 53 &
FAd R FBA) Fad 2
% 3 SACHY, tA93ds
o HAHRR, HZAE Ad2e By L A

=
=
rO
Mo
(o2
o\ omml
NN f

o
x
-
o MZ mu b

of¥ i it ofr off L&
g

4 o tlo e o

>
ak
N

v

AFTE w9

ou AU Y W £& oA 2B fua
W, MESER AL g 99 24z, 2a
o ddtel £5& TF glon, o A 4

BRMG LERES AZE} L SBH 4
2 WA oo Wg Au B #
3 A7He] ghop

2

Nd 2
amputee) 5 Al AAAH 3
M gz £HE 29 AAE 9T 7

& 7HEStA )k B3, wE wmgolnt
o] S, EHEglel wMEA 984 9x
A A4 AT shde HeH Exo
FAE Fofede] nEgE WA g
SESIL FAH AAgHoR A
| H&3te Aol TRt w9 ZFa3

dsd AL

Ho

ol
i
f
A
o
2
o
rir 4% weh o X fy

o ot " rlo
Mo tlo +8
o
W
N

L Y
c.)'Q:

]

o e
>
=5
g o
rir e
2
flo
o
Al
Lo
4
o
H
i
B

A A A

[0, o
oH
T
13
o J
=
T
1)
ok
rlr

>,
o,
ot
2 g g
)
off By
2 oo > riy
SRl plo oot {0, oX ofk

off fik o N, {0 oph yH
o o
o

£ ool
m]ﬂJJ{J
=

74z
-1; Korea Energy Storing Foot No.1)&
Aot

@
w
o

e
ol
o,

32

¥y 2 ug

1) 712 49

WSz &= iz AAE
2985 427 (stance phase)X 3} A|
ol o AFLWe e A (keel) 7}
YA = Wy

. 1. O

AFe) 7]
AFAde o
ZHE TR
A AUAE At Toe-offA]
o EFUAR FAF HEXNIA G, o] =
e duAE dgdg doje] AAE oz &
AA7IH Toe-offE 9&atA gtk E3) oz
A AL ANQ A GPAE Ay
AFAEA met FTERHH  AFAAA A
“spring back”Zt €& 3o},



199795 &A1& 3

2) 71E B4F A3 ZAGH v
FLT ) g v a3
35 % <
=20 =N
PR | el
. aaasas |72 L 2637 7)
? = o) T 4ean
5|43 Ae
> A7} Bax
A i 2w
>pwamy [P IE pana
A% 2Rg)| ° | duas
o AET
@
> b el Al g
P heel cushion
>3, At
’ 5 ddo)
SA » 5ol §ltt - »EE
cH INE y ngo g | ETE 5
MEER G R e
4 baigel g5 " 00T et
A Aws
zahgo) » heel contact
A 2870)
3 284
>ens |2
»RAS
ggol 4o o .
GlAuE (s eEge  |PEIRT R peEAE
s s Hguay | Fopme
I R g Ay stE Ao
4|59 |paw 290
) polggolgle |
oA 8
T ey
SERIEL N e
o a1z
& 7=k
; :i;”ﬂﬁﬂ >t EEe!
= c-lo = =5
MERE Gl EEEE N
A&
y e
3 P A EEA
3) AL /A Rl VT 2 ANF

/

i

Fig.l =4t A9z 34

7} Polyurethane heel cushion(F2%¥ )2
F8715€ 29 Heel contact A HAZEL F4
(AAEZe °EE’}})3}1, A ghdE e RE(3}
HAGAD, BE FE@E 23WFoR s
BT BR FERF] dojur) Hoh(HE A
@b ZLFJEE 1BE 9Foly dEHIZEE
wo] Ztolop 3ttt A WHY Easdg Zo
AAfirm type)d A BANA FEHY x—1" 3

=23 A9Y Az 975

47149 24d
(natural walking flow), ##te] 4
A FAHE £

1) 24 A (Keel)dl F271%52 7ol
A “spring back"Z}8&& 9, THH FRYA=
¥y EE“"é 01]‘:17\]‘:" A AEte] Toe-offAlo] %

AUAZ  FA3 ABA7IA €. 1 =38
EEAES E}aa Cgojulol AAE oz FaA70
He Uxz HYe AV fﬂc} 53,

Toe-off A & T3S wxjsy AR FA&
< HA(EE ’%-‘?—ELJ% AT A HAH)A
itk AFo g d4dAe FAHY wed=
9} Toe-break®] H4x 2 HPA 3o AA3A D).
ou MEFHA AEE A} FFMo) olFE %
9} 85 ° AEothRE AAL RARNATZ
doizl ZtFAEE wig ez ARZHY Ase AlY
4 dojge e AFEAA 2= AH, F3F
stiffness EA S ZE 7R BIAgs FAHC
g Ae ALr|Ee 47 Bk AT wE
Bz 48% AA3 5 EH(spring back),
Aded =434 AAA, 39 AR vTFsH, vt
B L ARG o k. 2" A BXe] 13 '
Ak 22 AR YrolAH 13 @dAe] &
qeA o)t stE¥ el ety A 23 v
AE  Frstdn. 23 @A Awe] rubber
cushion< 12} €4 )9 23 @A A S48 HF
g Ae wAE 7] 93 Aol

&% é-r(ankle joint)= foot block¥® ¥
& 41]9}«] A7 9 ‘”E}“’l

-l](foot cosmetic cover)® %
HEE e YgFY A ¢
1‘3 o 84& ZHAS

b etz 93w e = 5
Astolot v, ZE @ qTAH] Holibet @k
E2FE0 mE Zpde AT AAAE F
YEWEMRE nAgA AF 25 - 4] ol W
4oz A8) 2 W GEHo By Agdo|
Brb £E20 GEnielch =9 2848 348

— 254 -



duix] 22y dgde AL

TZ7F @¢dtn, REe Jo dASY BRIw A=Y BEAY @ 43] [W& CORE® 3D LASER
F7F 4ok (4" |=ia8 A% =] 438 A% [=| SCANNING
SURFACE& CAD/CAM| | PROTOTYPE SILICON
4) AT EQNY = | SOLID SHAPE | = |FILE 44 | =| A% UV+A) | = | MoLDA=
NAE AR 24 2 A% @= / SURFACEX SOLID

= 2 z2Y = Ay & SHAPE 3 2 A%

octuratar

slide plore
= , Fig.3 23 999 Prototype A2t #4
3 foot angle jig
< 43 9 w3
B ’9'9 p%’
Joat &G4 A (Keele AWA AZY Azde &
oy’ = 27]1%9% “spring back"#& & 39, Y T

17 9Y Q8 AUAE Agsked Toeoff/l
o EEAUAZ FAHI AEAIA Ed o] F
HE JuA s ted dojuo] AAE dor F

[y¢]

ZIA] ]Dﬁ 2 011147\]i Byg A%sA @
53], Toe-off Al #& FHFeF& BAsn M2
ixli’.ﬂ,—% wk Al (3] /}:}-‘:—3 EXF2Y 23¢°
Fig? 43% 49 74= ety gﬁ%}-j e aneAL saud W
Z — o] olx] W 3] 3} o A E
AUA A ABWY BHLLE Tddepin  aamo o EAC AN B RARTE A
& A nge] FAA02 WRAATE BH ol g g5 0 guoln nE AAE mRRA
A9 S g0 WIAE 39m Aemot A Lo 10 Dol wshus wass ayH
£ BgAsCt eyl BASHL e & 0 T ioby gojge @a Azeeel e
T-HHAEE e o] dF-uYMEE 78 MA EAH gtiffness EAL = SR 2dAHa
7l g AEFARz s H2A8719 Instron :71}\4’511:}, o] TRz EBIAEE Az A S
8511°] AbEEUAT 282 e ma o Ao (B~ glass)g}, B AN (PANANS A3 oD,
ol E48 Algstrl sl mord A zojrh A1 olAL S48 V|AA AL AU: Yo §IA
o AmERL 0% GAOR G AL X A powagn @ 23T 2R FAAAA AR
AME 3 uigtdae) o] £ R} 105, 20X, o GExg ZHaE ALt Bades PAN
0EZ WEE Fof F-WANES A AT A edAes ntatds AL Tz
2 A 3] gd A Ho Q z]-ua
5) A& A3 ( foot cover)®] AE mommgg}éq—;—ﬁgé @l E&J Ui
ol ¥ AbdH g ¥ dE ey 98 At HZ2EZ WA dZA FxI
gt 2ol V5o AR WS F2d 84F A2 Agste] SPASAY garAdgAe BAHAE A
k. oA ojF ) o)A FAE AANYHAME= st sBAAe) BAHSREE Sxe AF L u
SA AR ARG 08, FAFTE o msje] we A4ENY FAS R HF-U9
q, A%, A% 434, WFH, UEA 5& muow unu & 99 ad4s Do =277}
T RFolof Ak olF Hd AdEE el 178~230 mmel A$2A oo HEF 47kx] AF
g & AMEEEY = B4 E 293404 B 2o wa Z dAAE 77 g2 BHEAY 7
o] =< HFEFY TS MYsy Huegs 25 ZA"EY. AFL E100~114kg), F(84~
A 2o e daAe gL s)eRst 100kg), G(70~84kg), H(57~T0kg)2 EFHHH A
g dxs NPT 32d ¥4 2o} (core)F Zo] ANGE AL32o] o HYBAE B
& BE FHUG oS HEI FAHEEE o) AABS JElE b B ARE & 2 Ao
0.0ommzA e g FHE AAee 344 #HolA ~ 15 2RIV 254~ ggommp_g/q o
AE Agstel Qi3 d4e FEL ¢ e Al A(94~110kg), B(82~94kg), C(68~82kg), DG
A% e GG o1& Bl HEF FAR D qggeg)e] kA AFoZ WA AF ©
4¢ A4 Aol FAATE 3348 YA Ao = sz-mgIMe AL WA AAw Qo =
Be A%sta A8F 29 Prototype & 27198 B37)d mE HmNE HRAN I} F5HE FA
Rapid prototyping systeme& A &3tk  Rapid ge AXm 9
prototyping system< CADH} Y-S o] &3|X A Bagaz BSox: BAHAE 1P4T
ol B E ARse M2 7les 93202 2 259 7% wal ;ﬂx_};]giq_ 1Y e W=}
Ao 7istEA s 43 zdsn Aer o ME BANSGZ TSz BAAe sE-w9
@ % dad Pyl of RP N2g3H e 5 F4g el Aol cﬁzﬂz AZo) HE w47
g dargers dad f‘é’t}% det o] 2¥ z2 unzddr. 1Y7e SHEE BEojA B
< ey dEe AFEE wEEd AEEY. o Ao FFE- WMo Molth o2& HAZ HEE
e HE AH T34 3 % AR AZY < (matrix)Vh 2ol ohet A5E FHEE BEA
F2e s, 17 9



199795 &£Ag<Ed3 =23 A19Y Als 97/5

350

400 .
300 4 ———  E£(100-114Kg) —=— CFRP.I
T e —e—CFRP.I .
—e— G (70-84Kg)
250 4 e H (57~70Kg) 00| —a— CFRP.II f. / |
Y

/
200 4 : /- / /

Force(Kg)
Load [Kg]
N
8
T
:E;
>\'\

'Y
V4
100 4 / /A/
b ‘}f
50 2" o° &
100 |- S A E
. e
a®,® A
o . r T y T x T whe® ¥
0 5 0 15 20 25 30 35 40 4 nle® Last
Displacement(mm} !.:AA“
0 La ? 1 1 1 I3 1 1
4] 5 10 15 20 25 30 35 40
Fig4 2o 27]7} 178~230 mm<! 3 $ A% w Displacement (mm]

2 w49 dE-us A%

250 g A (94~110Kg)
——- B {82 94Kg)
—e— ((68~82K9)
200 —e—  D(57~68Kg)
°3 3 S
Displacement (mm)
Fig5 ¥ 2717} 254~280 mm9l A% AFe] w  Fig8 33 uiAl A7 AFRKESF-1 A
2 2449 -39 A% A&
o 3 Bz ALt D ol Byl Ule] Hu gl
—e— GFRP.| E d3we fa8 ¢ €@24df Zﬂi o] oA \5_]"‘5‘
o SERR Asl WAEAEIA AF D FUA)E HAR
wer ' | o, I AYPe] L= AHEHA " EAH VT
S zZt: ZYsde 2 99 (foot cover)E N3}
= Ak T A BPEA AY L dAFE7 AE
Sl . Foltt,
FuEad
oo T 1. Emest M. B, et al. ,” Development and
_.;;x preliminary evaluation of the VA Seattle foot”,
. graist J. of Rehab. Research & Development Vol.22
%" n 20 30 0 No.3 BPR 10-42 pp.75-84
Displacement [mmj} 2. BENEGE, ¢ RIS, BEEEMAR(E)
3. AGH Blaxd o =gF "3 AR
Fig6 FaAdF2 AZE A4 stg-wyg HAs 4. ISPO : Standards for Lower-Limb Prostheses,
Report of a Conference, 1977
4= 5. HW.L.Van Jaarsveld, et al.,” Stiffness and
hysteresis properties of some prothetic feet.”,
B @2y oz 438 Azt A7/ . . .
weo &7 AD}% o oz dE @ siE AT o) Prosthetics & Orthotics International, 1990,
Ago] Aol oy, 2¥x, SAEH 2e B 141177124
TAHY FF AGE AA TAFD AALH B 6. J.C.H.Goh, et al,” Biomechanical evaluation of
gL FF 0} o o 53] FAE FH QA o " .
JEue azel AP dEm B wrtzy 9 SACH and uniaxial feet.”, Prosthetics &
B AoAoelEe dotdt A %%,}_} we zg Orthotics International, 1984, 8, 147-154

— 256 —



