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FootGearPrinting
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Summary

The term "frailty" refers to the state between iliness and health, and is considered to be a
problem in the independent living of the elderly. In particular, since the spread of Covid-19,
many people, not only the elderly, have experienced a frail-like environment through the stay
at home.

Alternativity, prototyping small quantities of various products using flexible materials such
as thermoplastic polyurethane (TPU) has become possible at home with the development of
3D printing technology.

In this study, we explored a novel lower limb herness focused on the sensory weighting in
order to provide a solution to the postural control changes that are thought to occur with
aging. In addition, using a FFF (fused filament fabrication) 3D printer, we propose a
production method of a lower limb harness in which all parts are made of one material (TPU)
through practice.

Specifically, we 1) produced a flexible harness that can input resistance information to the
front of the lower limb, and 2) The relationship between the harness and the body was
evaluated through walking and standing, and the durability of the product was tested through
trekking. We named the process from production to implementation "FootGearPrinting," and
discussed the possibilities through the series of processes.
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5. Sensory reweighting 6. Mobility aid
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UY—FOIRAFI>2
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135 #M - DEFFTHDSBIN?
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! Buchner, David M, and Edward H Wagner. “Preventing Frail Health.” Clinics in geriatric medicine 8.1 (1992): 1-18.
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h?
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BFOHRFRERIR THD. BEELORRMECHWVWTFEREMBIN(CIRXZFRIC, itE&H
[CFPLENZEN(CRDZECDVNTIEARS.

REDEHMIF

B OEMMITE(E, & NOITAEBHEIZE CRRICHL TR, ARz,
RIERIE) DB BRI ERHELTHD, TOTOCADT EERT (Fig.1).

Somatosensory
system

Fig.1 ZEHH%&IE S T EIQREES(Carter’S 20013)

BEVFFHARTE (CH T, EFBICHIRAHDZ D EMHMHIE U TIE @Light touch effecthZE 15
NDAINKEHNDIBEORE TEBHREMEX D ETERANLET DIREIET. &£5F
FDOHIELUTE, Ao B THZESKICAFEEIIRITVWBDETETDIRE LD
MR THD. IRU\T,@Textured insole(CBAT DA T, MMdDHDd1 >V —ILZIEATI
ETREBREMENL, BENETET D ENRESNTEATHERNBESNTLS.

Fig.2 @Light touch effect(Zf) & @Textured insole(HattonS 2019*)(4a)

2ERIE—, BALRZES, &K Bet al: BIMIRIBAERIEIIAIPD sensory reweighting (C5X 28228, 5550 O HAIRFEE A M
. 2015. EHR.

3 Carter, Nick D, Pekka Kannus, and Karim Khan. “Exercise in the Prevention of Falls in Older People: A Systematic Literature

Review Examining the Rationale and the Evidence.” Sports Medicine 31.6 (2001): 427—438.

4 Hatton, Anna L et al. “Textured Shoe Insoles to Improve Balance Performance in Adults with Diabetic Peripheral Neuropathy:

Study Protocol for a Randomised Controlled Trial.” BMJ open 9.7 (2019): e026240—-e026240.
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Fig.3 BB BB (FEZIT U TR - )\ (CRSPIRHHES X FT AICEIET D
(Lin> 2019°)

BB ERE (Proprioception) & (&, 08w, i, BEEIRRE(ICHFETDIZTHNSA
NENB3R/BEZEIBL, FREBVVDNTUVBRERERED—EZIEYd. REPRIERE St
NT, AEREOEKEOIFHE U TIE, BEZBLU CTEHREICKBIRIENS, KiKEE
([CRBDHEERHIHETHA TR U TLWVWEEE g EB I DmiZEF 5N 3 (Fig.3).

PIZ(E, HFEAIRPOVRI—JILEE T COEHREDREN, BreB#ddI L
<EATOIRERDE, HMREDEMAAETNENRD.

BB (CRATDEBOREDEZ (L, TREENDOEHRMEDIINTELD. HMEEDRIET
EVDOTHEINR E RIS, Nl (CE UTERERSTHDRIEL, BRENSANSNDIEE
(CERRICECDCENEASMNIIRDTWND. FT, ML LBICHIMBETZERIDICE
M5, NS> XDOFHHGEFREADEHMTITMER D EE X SN TUVD(Fig.4).

CNSEEENCETAULISWVWERTHD, HED, BYLF(CLDM57E, ZREHICKD
HXNIDERREZRND T EICLDT, MELTEEZRITSZ L(IRIEETH DTS, 2k
NRETHDEERXD. Ffe, BRI DHTHPBEZACE LU TEEAEZELETE/RE
HOOEDTHDZEEEALND.

MRAT, RELCKBEBZERENDEH DT (ICHIELTEDKLD(CE MR DEDDH
(CRAOAYEE A, BERFECHIST DT ENBINEUZBER(CIE DTSN TNS PR (C
, BV —REDKS ICETOBEBENER T ZEDIDMRENFE(CH I I SRER
TFRVDHIRIRTH D,

75T, BRFRICEDRIEVHIMAL, BBIARCEREHDIEDD, TDEZL(ERA0
N=VZHEBLTWND. EERULK2BFTZITOEN E UTEIRNMRNIZFETHD.
INSDOBERRICERITDZ<OEEFE FKDEMNINSVIEOT A XTHDIBINSE,
ERZINNDDEBITICHAZENDND Z LI <BEH L TNDRICE VN THEIRZE.

5 Lin, lu-Shiuan et al. “Reweighting of the Sensory Inputs for Postural Control in Patients with Cervical Spondylotic Myelopathy
after Surgery.” Journal of neuroengineering and rehabilitation 16.1 (2019): 96-96.
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MERIC K> TEUD EEZ SN TV DIZERAFIHERRDBEHRZESTDOEDIC, Muscle
co-activation & U\ D TR DIERD RN REIEE (CERSR U/ZIRREICE D, ankle stiffness& 72D
ET, ZERRINS O AEEN#H UK IRB T ENEZEZI SN TUB(Fig.4D T EESR).

& Henry, Mélanie, and Stéphane Baudry. “Age-Related Changes in Leg Proprioception: Implications for Postural Control.”
Journal of neurophysiology 122.2 (2019): 525-538.

"GOTOH, Atsushi, Takeshi TAKADA, and Kenji SUEHIRO. “Standing-Up.” Journal of Kansai physical therapy 2 (2002): 25-40.
8 Chvatal, Stacie A, and Lena H Ting. “Common Muscle Synergies for Balance and Walking.” Frontiers in computational
neuroscience 7 (2013): 48-48.
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Fig.6 BIFCEAH(FRKREN) B2 (B DERR) [CK> THEDERAZLDD,
{BAS Sz A\ DFSRRIE Z 124 9 B.(Sandor Dord 2015°)

HITHEBIE (mobility aid) DFERE

HITHIE CARBZIFR T DLHICAND, BV -H—REZEITEINTHD.
Silvia(2010)"° 5(&, HUSTEEDSERE (CHITDEREIDBREFZREUITHER, [,
HFEV, =F2VhR, @GN, HTEE, STHBEDER, LT TANAR
DRRRNY, EEIDUYRXTT 7059 —E L TH2~MEOAY X bZRUTZ] CEZHRELT
W3 IIRD, FICHKFL TR ZHINT DL OHTHIEZIUHEUZBEDZ N

BEZ T D LICEMUTVWVRNC EZRRUTND. RR, BERYDMTEDRIS TS
5;b\E{IWFEﬁ_C}*'ﬂE§_5BW'\)D 73 EIERAE, F’Lﬁ?b“%ﬁﬂé@/fi)’j@&(:a’b‘b\(, BrfElfEbR
HEA BV ERREND.

B CIAD THBEDS T ETERSINDBEILT DIZODFTREMERN S B. HIZ (LS
JWIN—=hH—IF, BZEIRITDHICFZRHNDEETHDENZD. MFMNTIFITDZHIC
HERITDENDCEJBHITEEL, FREIRFEE DA T7IFIL—DTI IS
STFIILS—TOIT >R NGB L/Eéfdb“n(atfoubfow\t%i%ﬂé(ﬁg.?). Xz, F=AL
B ETHRR(CZDEATIIBENERTNTE, MMLTAREEBIET D EOEDZER
DT EREDHBEFIET, FABMNITIRET/I\S O X ZED C EIHMBFEN(CEC THAR
HICEREINSD.

CNSOEERRV/\EUFT—232(EHENT, BENRZESTOBESZIDIERECH
WT, DWW, HDEE/NSREINGDANEBWNVEZHREESNENTEIERTSHSD
N, BREEEORTOZENEDERBN TAHAWNSD(CEFF=MNZ UL

¢ Sandor Dord:Kiinstleranatomie: Menschliche Kérper zeichnen,Haupt Verlag AG,2015,p322
® Deandrea, Silvia et al. “Risk Factors for Falls in Community-Dwelling Older People: A Systematic Review and Meta-Analysis.”
Epidemiology (Cambridge, Mass.) 21.5 (2010): 658-668.
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MESHITOWFEIEDZ < (F, BN SEIESRAIOERMZRICHUED. CNZe>55
W=D RXEMRN. JMUT, £ hZEUHEULERBERINTITLU TR EBDH DT A
PIAFINZ—DIT 2R EFENDHITHRAZITD.

UB—FOTIRXFI>2

BEHEITICEAAMREVEEEIC, BERITIDICELNARRREDT > LT
EDXSRRFEM - HIFTHHSBh?

AMMFTEFEEUTEEEWRICTHAOZ2TD. BHELUT, 1203, EFIEECREE
DY R—4 —%ERAUEERENADDINHMOFICEL Z 2B EBL TSR > &. 2DIC
, BARKE(CHBITDEENANCEIMITEYZEE I DEBE CHDIRCEERFICH T EEE
, HEHE C3EICESMNENSD D E.3DBIC, MR UTEL CENTERVAEE
HENDRL IO ECETHEWTBITSNZEA EODESWVWWNSTHD.ZLUT, CORWLIEE
ENBEEET E U THONB ETER UIRTNIERSIRVEREETHD.

=HEUTOH

ANEFE L TERALUTOWSERNIRZEDH & UTREEZERED(EFH TIFIRNES DS
. #HEARKFRDOREZBNCESNTULZN, SHTERI7Z7YE 3> EUTHESNT
3. BRICEMRR BIRATNDEHIFEEDT YA > & UTORERBZOTFRVNE
ERD.

%R

Fig.8 BZ{RE T 2EX ToH D ILEY)=SHDX B ARIAFTTDAIE DT

" Wilkinson, Matt, #z=)IIEF. if] - ON - BERBERIELIZON : ESWD [81E ] & [H2] D40EF. RR, BB,
2019,n0.1375/6390(FEFE58).
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HEMER

IFEE, R RBIEER EMEICKDSHTEENERF ULHREZRLC [HREHE] &0)
SEENEE - BURRTEMEESINTUVDS. BERIIHRL THDH, [HREBETEA
9255 [MEREBODUAXDORAENARE | [EHEAKSHADRRVN] [RBRCHIFDEE»
MNEH | [EEOPIMEITRZ SOERDAT — OIS —(CK D THRIZUL TR AT A
FEImE) DB E | IRENREIFENDS.

KR, UI\EUF—>3>0hTESEEE, /\O RUSTEHINBIHTNEIRED
BHNRAIETERI B EEHDN, B TaBNIERT 3 EEMRVELDICEX
2. EHTIHEENSE, [HFhHhEnTund] BUNTIREDEBZ. UIELD, 1]
ROEE (L TEFEEDIESD] EVWDHYIDETHERASNTLVIDONIRIRTH D, BEN
BHRERCEDVWTHITUEDEBRULIED IB3L3RTOER(EEEL

REZFBNRITDICEEHBETEDERMECDOVNT, S—EMRTTDE, TNS5DERE
(IRREEHBU TRIANMEAZRIEX TS NS, €Dics, —MRICEIRAHDSH B
BROYR—A -2 EO—BHNICERATIEDEFERD, BUWVMISEVWERDIAENSS.

J5(2006)"2A% T2 IZIE M HARNZE R B E E R E UTEREFERIRNRICE T IABRTE, B4
DIHMEALTWNDENS0%THD, HENFHE] [EJBEEZRURN] SOV E
BMNEARSNTNWS.

BlEDZENSE, EOEBTFRROPTOENZEEN, KRIEAARDOEFR(ICEIUTZ
FTHADTIEFRWAREEE, MDPICESTHA > DEIFICDODVWTHRINNETHS.

TSAFYORRDELENES

Bernard 5 (319676 (C, TS RAFWVIRMEZRWTESNIE TREEDRIEFEZRERL
fo. TS AF v OZBWEREXOHRTIE, SABRUER TR &EBIHNSD(Fig.9).

Fig.9 Plastic short leg brace fabrication(Bernard 1967")

2 RFE. BERFTCH T D TREERARNIOZEER SRR BE R E UITRET. BEEUEATT - KEF. 2006
, no. 35, p.24-26.

3 Bernard C. Simons,Robert H.Jebsen,Louis E. Wildman:Plastic short leg brace fabrication, orthotics and prosthetics
21.3,(1967):215-218
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RUADAILZADFTITORFMILICAE D 2R BEROIBNNR EHSNAmE TS AF v
DEEFTEDERICKD, TS RAFVIREBEOHESICU/\EUFT -3 > H2RICER
Ufe. BERMEDTR THITOTHIRMERELER T ET, BECHBITIETEDHEMLET
WIRKIRD, EDEHHFPWILRBELDCKRIZTTENWSINTA,EH L DBHINTELD
RTYA > (Fig.10) NAVBSNB LD (TR fE. HFEBL R0 DI(C, MRE LTI
<IRDIERTLYRIT KRB EWND FL—RATEFENECZ. 22T, REAICMDOZEDIFBX
SIRIIVT =23 2 DUIERMTHND IR ERE AT kDN B LD (CIR>fz. TNS5D
AR (ES — NMRCEE) T SR F v IRMEIARN (CINT I 3 CERARFETHD.

Fig.10 The TIRR Polypropylene Orthoses(Engen 1972'%)

“Engen,Thorkild J:The TIRR Polypropylene Orthoses,orthotics and prosthetics,26.4(1972):1-15.
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BVWTOBFHENLUTND. —A T, EEADOEE(CEU TIIBFORIROER ZI&ESTE
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N3 &%z, ERIMEORX MTRITTES. (B #>r >V —IL, I\ =R EERIDEE
(RESZES (N Oy mESEa

2) XTUT7ILDERRMEE—TTE

VYA OIVTSAFYODERY, VS OILEIRIRT O 0 M T A kRS, F
, BRRBNTUTIZRITI DT ETHEDRE N EIRETH B.

3) T—HIICLDHE
MRS NIEENCETRAT, MIBNRE FBEBET T —YDHTHEL, &

R ENHED. RAKR T, E(R—ASKBEE)RE COHELRDIZSH, RSN
ERIRCTHFCEZHAICEECTERNTEDICENBFTED.

INX T, FFFAI(Fused Filament Fabrication) (C &k 2 H/E (X7 DMBIGSEAZ A IR ED3D
T EARTTZIPREEE UTUHE TSN RN ERTSNTNS. LU
5, EEULCIRZRIREIC T DIEHICIEFIIMESME UL TREELTULT, KEEBEUNSE
V=)V RZEEBTDENEHFTHD, HIHZERLUDDFIETDINENDD.

1-4. I\&
U EEDUY—FOIRFI N SEEDISIENENED S LEHRHZD, TPURME

AWTEEZ DB E, ELZEICEAUTIIGITEMCEDEANIRN. ECTRETS
B ERRDSBEITEMCDVNTIET S.
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BTE GITHR - KITEH

CCTE, v Oz T7ESE, 3DT ) APOARAFR TERT BTPURMMDAEL SN
J0O45 0 b HATEAZRIER T 3. AAR TIEE TREEDIDTU > (LB UTH
A > &iTD T ENSIETREE (Ankle foot orthosis;AFO) DIAFTIREFDIRES &3DT ) >4
Jv NI TV OMRBEFOIREZITD. [2-1.8E3DT U NTIE, 3DTUHFICELDTY
ROTVIEBEDITY ROV ERAEOREMERENDDH DL, EB—FRMDIze. @&
BDIY RITVICEEARTUBAOIVERMBNTWND C EZIRET D. IRLT, RIAFTDIK
DE X 5= #58 9 D517 & U T[2-2 Unpowered exoskeleton]Z1@-r 9 . [2-3 AFO](C
DUTIE, BIFDAFODRRZEIDTY > W TIER I AR HRETIERT D.

21. §t&3DU B

2-1-1. Nike Flyprint

Nike(dTPUZRAZ3DT U > 5 &AW T 7 v/ \—EbD DHIEZ 1T D J=Nike FlyprintZ F3&
LTV, BELFEF CTHRERORIERH S > —DF TF a4 &F(F2018F48 DO >
ROVYSYITRETIVEZFERUTERBLTWS. BREEE EBICHEEEESRIEEINTULS.

Fig.11 Nike Flyprint
a.FlyprintD2AE"® b.3DTU > hTRESN TULDIERT

15 Hypebeast com 525 f3D7U > Hﬁm&mur ¥ﬁf’ﬁj \/_/0 >a-— Z Nike Zoom VaporFly Elite Flyprint HVE4E |

16 lee HPH‘/(ZF 77/(7')/ l\t(i"] ttps /Inike. Q[nlkﬁQIZZnQWSZZQ'ISZQ /18/818/
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2-1-2. Fused footwear

Fused footwearCld, FFFARX TRE=NZTY MOz 7EIRFELTHD, DT LT
Return 2 Recycle EWWDESHRD DT Y MO T 7 ZIRM T DIHE, 20%7A T D& TEA
TEBESBEDEHFNRENTWNDS. BIRED T Y MO T 7, FileTO45 70 hEH
B EmAAHTUD.

FUSED Q W™

ot eanr

Home Shop Return 2 Recycle FAQ About Contact

Return 2 Recycle

FUSED footwear has a Return 2 Recycle program, where we repurpose your old FUSED shoes to
produce new printing material. Shoes printed from this new material will be offered as special Recycled

Editions.

In return for sending your old FUSED shoes back to us, we offer you a 20% price reduction on any new
pair that you'd like to buy. Once we have received your shoes, we will send you a discount code that can

be used in our webshop.

To send your shoes in for our Return 2 Recycle program, please leave your name and email, and mention E—
Return 2 Recycle and the color of your shoes in the form below. We will contact you with instructions on
sending your shoes back to us. Thanks!

Fig.12 Fused footwear CARSE-RD T v b T 77(L) LEF#TDHP(TF) v

7 Fused footwear HP https:/fusedfootwear.com
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2-1-3. Orphe-SFCY—>v I I 7IJ VU —23> - SR

BN tORPHE(LL FOrphe) & EBEIEER R KNFESFCHATFT V—>vIL D7 U —2 3
> - SIROHRBIATFTNS (&, KERCHERVONCERNERD LS, MEHREECITME
AR)DIDT /Q%ﬁﬁb\t TV ROTTHER - RESNTUL\S. OrpheH R L TL\DH
TOETOLE> S >IN aIEER T > Y —“ORPHE CORE’Z#HMP(CAND CENTE 3.

Fig.13 Orphe-SFCY—> v )LD 7 J U —= 3 > SIROEBMATEICLD
MEAKDMEB T Y kD177

2-1-4. MAGARIMONO

MAGARIMONOI(ZZEZFHDIv DT 7ZRUE - IRFTELTLD. TELFY—)LZEK
BEANATSLABR), 77Y/\—ZFFFARDIDTY A TERIEENTLD.

b

I.l

>

Fig.14 MAGARIMONO(ZSLABS K EFFFARDRERDIDT 1 > FZANT
Iy bhDTT7ERELTND™

B RN EORPHE HP [EBEZAAFESFCEHRBIMRELIEIDTU AR IY NIT W I T —XT)—-TFI— RTAH-F~«
T>RE=ZRE] https://orphe.io/news/sfc-3dshoes-phasefree-award-winning
' Magarimono HP https:/magarimono.com/
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2-1-5. Adidas Futurecraft.loop

Adidas T(EITPUERMZFERA L, EESIZHVVRWTY A > T100% " J S 2J)LalEER T v
N T 7OREERAHTUND. CES(FIDTYAHANSNTULBINDITTIERWEDD,
EROEBZMERWNEHDOTH A > TEUYAOIINDE UV R ZE - THRRLED &
WS, FESDSDGsICEN UT=EEH T 3.

Fig.15 Adidas Futurecraft.loop?®

2-2. Unpowered Exoskeleton

Unpowered Exoskeleton& (&, O/RY R7S X MREDKSIRBHIENVEIRE—SF —IR
EFEL, JCRORFEDH TS, Collins5(2015)1F, BERALEXTRICLT, HITHOL
FILF =R BZET7.26£2.6% 5T T 7 IRE LIS HTHOARENE > THSELD H IR
DA Z2ICHBNT, )\ ROBHUCK DRI FHITIDCENTRETHDIZE®ZREL
TL\D.

Fig.16 Unpowered exoskeleton Collins’5(2015)%

2 WiredigZ A new adidas shoe uses just one material — and is fully recyclable |
https://www.wired.co.uk/article/adidas-futurecraft-loop-running-shoe-recycle

ZCollins, Steven H, M Bruce Wiggin, and Gregory S Sawicki. “Reducing the Energy Cost of Human Walking Using an

Unpowered Exoskeleton.” Nature (London) 522.7555 (2015): 212—215.

2 Glgamen E$ PF{'JH%O)x}JTEJ:Wé EajjTgmﬂm"fﬁT/ (A AN EREIND]




2-3. AFO; Ankle Foot Orthosis(38 F %2

AFO & (&, ERIE(Ankle) NS EMDE(Foot) (CMTTEETDERERIEL, TRMEAMR
(FBELICHEBEDZEEEE I DEDTHD. CCTlE, —ETIRRUE1960FERLUE, &
DEDRAFONFHAFE SN TEZHN®, 3DTU D IHAENSNTUVDIRIEDIATIRE TS
SN TUWLBAFOICDWLWTHIRET S.

2-3-1. TARMDAFO
BIRmMODAFOZ 20BN T 5. TNSES~LTA X TRESNTLS.

Turbo med Allard

R J —E—EILEIC K> THIERH R AT =T LR DEEA - —.
EIRDEHFEN DT I TRIEL, HEEWR | H—ROEDAFOZRIELTLS.
2B U CRFSNIZRETH D IEROEE &
R0, MO ENSBMDHITDXRSRRTH 1>
S TH S,

Toe OFF®

Fig.17 Turbomed (F#taD_t (CER O {1+ B (4% 2 Fig.18 E(CHDHCFE <ALART
ERERGEESINTLVRL 2

2-3-2. FFFAR 3D’V > ARDAFOD

ARUTOEL >EAFOZFFFARDIDTY > A% AWTER T D T & &IREE U TE T
RTHD.

3D Printed

Fig.19 FFF/AIN(CKDAFO Jin5(2016)%

2 Turbomed#t hitps://turbomedorthotics. com/

2 Allard#t hitps://www, allardint, com/

% Jin, Yuan, Yong He, and Albert Shih. “Process Planning for the Fuse Deposition Modeling of Ankle-Foot-Othoses.” Procedia
CIRP 42 (2016): 760-765.
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2-3-3. FFFARIC L B3DTVU > RMEDAFOQ

A PD ) =X AOASAFMCHBDI) Y ODRESHITHD. 2022FE18IR1E, £
FRICESNECEEREESNTULRWES, IREBTETO N AT EBONS.

Fig.20 3DYU > &N JzAFO%®

2-3-4. SLSHICKBAFO

SLSF I (Selective Laser Sintering; ¥R EEEFEEERZ) D3DT U > H&FERAL T, H—iR
S EOBHRBAFOZERIRDIMANZANWTER I DI EZ2EE E ULKITHR THS.

i—»?—»
4 2

Fig.21 SLSAT(C & BAFO Faustini(2008)7

BREOY Zw INNEET ST 13D Print Innovations ] hitps://www, biotechne, com -print-innovation
2" Faustini, Mario C et al. “Manufacture of Passive Dynamic Ankle-Foot Orthoses Using Selective Laser Sintering.” IEEE
transactions on biomedical engineering 55.2 (2008): 784—790.
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2-4. IME

Bl E, T80 LN, #oMEEICHNTE, BEEEREBEADRRRE E VWD ZAImE
(CHBNWTIDTYUAIWNERTN TS, MU T, B TFEEEOHES TIIBFOLYFEIEER
TR EICHEEBNTHED, ZRICESEHIFIREBATEARVERTH .

&7z, Unpowered exoskeleton & W\DHEIG T, MERDIETREEREN U S W MNUKENS
REBICTLFIIINRMEBEEITDEDICROIERNICELDLDIC, /\REBWNWTEER
ATESHTHOIRIILF—IRX MEHS T Z ENTIEECIRD TEDFEIKEV. RE [B=5F
73] (T, FATBHITRS VWD DARAR THIELIZTPURMZ BWZ FEREDT Y1 >
FEICDUNWTIRINRB.
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E=E  WEH - BE

COETIE, A>T BLUTHA>DBEWNWNCERUZEIC, FER#M - SWETOEX
([CDNWTHIARD. FATHAR CTIRRRUIE L DIEHD LT TYDERZIME T DL DEBET
, 3BDT U A ETPURMZRWT, #iE9 52 &E UTE(Fig.22).E4RHI(C(L, Footwear®
KDICFEITT, Exoskleton®D/\HRDKXDIRMEAZHRFS, Orthosis(3=E)(CH DN DMPIDEE
H7ZERAL, BORINOREANZIRH TSI EZzBiE0ET.

Exoskeleton

—| Footwear

RE20£Y

Sensory— |

—— Orthosis reweighting

N
k25 &Y B srirasy

Fig.22 Concept
(MHPDESFEXMES (CHELTUD)

THA > JOERDEHE
1. BEEVY - BTN FOER, RIR
2. RERCINMS TE DT U1 DRER
3. B X = H—HExT
4. BIBCHLUTESVEZEHZTHIRTD
FEFEDCES UL XZEAU TRAIMGHECRES, Rzt dd
5 BANICEVWTCESVLREZIMEITD
6. EET\L) - BT DHIFDRIZHERMET D
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3-1. i&ENCEB UERDIALY

LIRS, $WF @ CIUMNSIIBREED, SHTEVWDTEERFCH I DREDIHWNCD
WTIRNRS.

1. AECH T DREREDIHN

Rest standing
1MV

YA SEFURREZ TRRRIS (CIRITT 22 &
T, BIZEBOREOHRT, BEROLN<DHL
DRI ([CAIE Y DIREZIRHE T D.

F
2
%P

Sit to Standing

IIBEEY
|
5 EWRDEMEDRTIANREE T BE(C, KinE
4 BXTAANDBRT BDEDC, ESTETRINITIT
DONEERBMICRKEU SN L DREEZ ThRAT
Ja HIIERT B,
? RF(C, PEBEFICIETRRATS (CHAEZTETIRN
Q;f';? S5EB3LDBBERIRTT B.
Walking
HI7

SITROIIIFRE~ IR (ZE R DIRREOMN S
Q@) [CMNFTTHREIDOSZF Mt ZIRM T D.
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3-2. fEA L ci##oEE

1. FFFARD3DT U >4
Anycubic Chiron: i&RZB]gEH -1 X 400x400x450mm

HALDO RNIOXNL—F—ARTEFRNWEDD, TPURETLFZTILIT4SAS MY
HATIEEIRIDT U A TH D, AAR CTEHEALE.

Anycubic Mega-S: i&RZA]gEH 1 X: 210x210%x205mm

Anycubic Chiron EEERTHA X(INESWEDD, BERRICTLFTILT 4 S A bDOHEIN
AEECTHD. AMATRD ISR TV MIT TP 2T HA>2 T EVW> AP XDBE, Ao—IL
MNENWEBWTR T C ECEESRODTENETNG > T ILDFREDT W ) L—DF R D
H /S A—SDERIRETHULE.

2.045 A~
Sain smart Flexible TPU

BHDTPURMZERUIZHRT, EEFERIXNTYTUTZILOEBRLEND ST
Mol RRAUE.

3.VJhDIY
Rhinoceros Grasshopper E
BEANREST > T O XDFEEECAUVE.

o

=4

Simplify3D ‘
REBBIEDENET E3DT Y > TH N T BT28bDG-CodeZZ R4 I DERICHERA L.

4. TOM(HEIZ EFRINIE)

BECEUTOBEDEEZRAVE. BHTOEE(CIIED2DEAL, 7VvI\—0DiEE
[CIFAD—DEAVE. WIFNEBAmMmazon/2 E TEZICAFOIEERED THIENBIgE TH D.
TAOEDEBEED)\> RILIFTPUTEEUTZ(Fig.23).
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Fig.23 VUw, E—hH>, FATZST, 74O EDEE

3-3. BB HHEFIR

O~@&IA>E1—FLTHEFTUZY, @~@FFIEETHEIZITL), @~0%ZBELT
DO~QFEBIET D EEEDIRUITDOIZ. UT [3-4. fWETOLX] DR T, O~OFThH—
BOITOERICDWLWTHRARB.

: ®
Wearing

®
Assemble

@
Printing

Fig.24 SIET O X

@®
Modeling

@

Re-sizing

©)
Slicing
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3-4. HIED OER

a) Rhinoceros Lt TMEF U >

EE(FIZER25. scmD#MxEL 28D, £ (FBDNEITDIHA X EZFERI DI ENSIED
fe. AARTITZHE - V—ILOET YU IJBEREZNENICABNME TS IEflzsh, DT
TIT272R, YA EEST V>0 T 3REHEBEL TV, £z, 77V/\—(FFFFAT
TIMARRBRZEED ETDEA /=) T ADRENEH U<, FEMRTHEMITDS
EzEtRET Uz,

b) BED- > R— b

V—)LED ERED S — XM ZEPDFICEB LU TCA 2 IR— NI B ET, HIREYA
ADFEEENEIEETH BD. Fig.25 TIFIDAF v F THDIAATZEEDA VS 157 —F=FEAL
TWAB. 3DAF v FZAHNDEID BORARZIEE LT L.

c) Grasshopper . TH -1 XDiAZE

YA ZARRIXYERICTHESN(CIT o /. DFEXEDIRTIZEZRE L T+1.0~1.5cmD o
ZAREDFE ULY. number sliderzfEARAL T, V—ILOUAXEREBL T VI\—ERREE
RBCENERDELDICHEUE.

T

Fig.25 Rhinoceros L TEF U > Ule AT = 14 %= Grasshopper CH - X529 3

d) A1 P —(CKBDG-CodeDEE

1/EB L2BE(HICEE(30.5mm) ZERDIRCT -V 7 EETHAEDETZDOS(C
, STL>—4ATIORR— KT B. TOEIASAH—-VI MNIA2R—-bU, 1EBE2ER
TENTIUSGA—HSEZEITD. 1BED > T« )LI\F—(3Grid) 5 —>100%I(FEE
U, 2BBERNEDHEE/A> T« IL0%THENTBZET, /KRITHOIEFFRIAIL %N
I ENTEB(Fig.26).

Grid/\F— > (CF%E UT=IBH(E, Honeycomb/\5F—> THHII T TELVZER, FRHAICH
NTULE- Iz, BE LFOBHEBIZSIeDICISEROBENS A > T4 )L Z&TT Db
BN ENBTHD. CORGE ) IVEZNSVWEDICEEIT B ETEREBRULDS DN,
AT T (FEEBOEPE £0.6mm_J X)LICK S JZ.
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Fig.26 ET U2 w5 A —m 11D
e) A
HH (BT BRTE(FR2) S CHM D RFREI(R3) D SN2 EFTIL(Fig.27) 2 U T (TRY .
K2, RSAY—HFE

JRIE ‘ AECYF ‘ E— Ay RiEE ‘ JZJViEEE ‘ FUS RZE—E

0.6mm ‘ 0.55mm ‘ 60°C ‘ 210°C ‘ 20mm/s

R3. FERCH M D&/ (—Y DI FIEFR(25.5cm)

N—y sl

77w ) \— (&) 1 K5fE 1990
7w )\—(1&) 0 K¥fE1335)
7O RY—IL+34E 11852053
i€ T 0 K¥fE255)
1>Y—=I)L 0 BxfE315)

e

-

Fig.27 £ k; 77w )\—(@@l), &L, 7vI)\—(#&), EF;, 7O RV—=IL+XZHE, AF; EHT
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f) #4038

HNRIC/INUNERD S ENDD. )N FZY/—TEBRDBRW\WTE, #IhWERZI>zEC
BIFEERF(CRRBZFFELUTCLE DTV, E— I TRUDD, MAFRZ(FHIT
ECRTRLSCEN I CLETHREINIEIDZZENTED.

0) &5

TNENDI—VZIEEITBEHIC, BALITEE- MI2ZRAWTCEREEZITO L.
EEDKR(E, T2 EMAFRZRE>HTITODOMNFERLL.

g-1. 7w ){—xY—)L

7WIN—ZID T DS, 300E(CEREUFARSTEZRUHETTEETD. 7710
SEDBEZERAWD S, BRIICEZNIBNBTZHIDREUTBEENTES. (FATEZT
(CRBUED 4 SAY MMIRIET DT ENDDN, PAOVBERETHIZZETHDIEE
AT FIRATED.

Fig.28 & T2
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Fig.29 #&BRKsDITOB(—: IWIAD,— &ID)

g-2. STHExEEH T

XHEDEBE I D HZE— NI TRLARAUZDSEIC, B TZ=MDMITD. REANEITD
D% X<HERLUTHBSHDFTBDONR. £z, 4VEL A T7—(30.6mm_J X)L TIEDTZ
CEEEMNBITIET OOWMHELS S END e, 2BULETHDZEMNFELL. IUw
TIRETEELTEMNRWNWEEETERVED, BEIBICENEETHD. E—MI>D
WEH UOREWVWBDRDHNEDDAHFHEN LT,
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3-5. BI{EI D #

Fig.30 B A —=(5MAl)

Fig.31 B X—>(H173)
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Fig.33 BRI A—(ER) BIHR T « S A b7 v)\—(CREEBROH T %=
BOEBRCETHUETFRAIAILNESHD%T
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INSGARNIUY I (ICRAROIARERAE T D ET, BRBUVAXTOMENERIEETHD
(Fig.34~38).

Fig.34 (Z£H'5) 23. 5cm/25. 5cm/27. 5cmMDFATTEA A —=

Fig.35 (A£h'5) 23. 5cm/25. 5cm/27. 5emMDFEI A X —=
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Fig.36 23.5cm

Fig.37 25.5cm

Fig.38 27.5cm
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F#E(FRhinoceros L TA> - ATRIEETH D, AU WRARDT v NI 7EH I0]EE
TdHBD(Fig.39). £z, BE(CIKUTEWEBNEA >V —ILZZ[HITITDCEETED. LM
UIdh's, 7Y I\—REDAREN T EE R TR IESD, BESDHD31>2YV—ILIREZBATS
R, BEICKDTERETVWVHAXTHIWEZ T DREDRABNMNETHD
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b o SENE
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|
I
B
Fig.39 MIBR-1 >V — L& &R LR LOETIL
3-6. HI{FZEED—E

FEZES TV PTESEL - BIFTBRHYFERDT, 7VI\—DRRIEH > S)LEH
SIAYUYRIARRD T VIN—FH A U (CEB U, vaB KLOVE(FHEZ (CERINDND, R
DDHUNRETET, vBITHEEDHIELIENEET DSV LEIC T VIN—NFTEIo5RD &
PN TUE>TLZ. 2D, EBRICHITHRZDIIVIEVIDHTHDIZ. F£iz, v3
NMSVeE TIIREBH (CRARPEDEBRE RO TRETUIEHY, FERM(C(IHEIZ RS (TR
=B UTZ(FR4).
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4-1. 17

THRISTRU TV DFEFE(BEN SIEFTOAE) DOEHE S1EROER(C 68mRELZ >
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