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Single-unit Tendon-Driven Unfolding

1) Tendon-driven Unfolding Mechanism

2) Single-unit with Unfolding Mechanism
ulti-unit Tendon-driven Unfolding

1) Mechanical Connection between Unit

ulti-unit Tendon-driven Unfolding with Extra-unfold Locking System
1) Folding and Unfolding Tendon Length Trajectory
2) Extra-unfold Locking System

3) Result
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1) Rotation Angle Control
2) Multi DOF Robotic Arm
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g AE IES7] Al & AFoM = origami ¥E o] &FF ZRITZ AASHY
wheeled mobile robot(ex <2 1> Amazon Kiva)o] A8&st1A sict. <2 3>3 o]
ARtE 2Re 2RWES folding 3 AEA o Fste] 710] X0 Edsh

4L 3718, ¥ }t AR =Z3t Zof+= unfoldingS F3ll range of motiong
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<13 3> Amazon Kiva robots <13 4> a self-locking robotic arm
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<13 5> an origami inspired robotic arm for a wheeled robot
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origami-inspired, self-locking robotic arm”©o] self-locking system2 ©0]&3}0]

self-locking systemS ©o]&31A A

origami structure?] ©A-& HSSE robotic armo]tt. o] robotic armoA]= folding
lineo] perpendicularst®¥ singularity?} 2HA8stCH=  origami principle® ©0]£35}9
self-locking® F+stn 724 7IstE Ad5H9 1, tendon-driven actuation system-&
0] 835} self-lockingg Z0] 2 &2 Eo0]x] %1 robotic arme F+=ct. 35HA|T,
robotic arm& My IAYE LFEQ THH JESIL Qlo] & ALA TELA St
L+ robotic armC 2H 9] 7]5& st= g ofg20] Art. droneof] A 835t downward
extensionof|9t ALERITHH F 9] 3& ol 1fE9 ©dPezrr FF3| unfoldingS
TdZ £ Ao K|, end effectoro] FA7F Q= gripperg ANt upward
extensiong F&35t7] 9sliA e, Aoj7t E7tsst RS S ALste 17 E ©
42A Y= tendon-driven actuation system2 &3} unfoldingg F3slof sttt o]=
Q]3] tendon-driven unfolding mechanism& JtAMStTA} stch. o] Ao 7]&E9]
folding tendon path® FHEX] UAEE paths AT Zolx sh}e TH=Z JLAH
tendon-driven actuation system2 %3l folding¥t unfoldingg 2% (L3s|H 1A} 3t
c}. o]Z A A&t tendon-driven extendable unitS Yst= Zo|ut=2 A ZAsto] robotic
arm? linkE {AStA}F sttt ESH linkES R-joint2 AZASIY 7|29 1AS-E9]
robotic arm-& tF A& extendable robotic armo 2 13tz = g Zlo|r}.

3. A4ty
1) Single-unit Tendon-Driven Unfolding

(1) Tendon-driven Unfolding Mechanism

origami robotic arm? folding wall2 tendong ©0]&35}9] structure YHz F7|=

de A8 £0Hd unfoldinge 7EY 4 Utk <24>9 Zo| & = WA folding

lineo] 12 ¥ FYE WSo{A tendong FHAZICt. FHZF tendond I YHTHHE HH

of T ofRe] F W FHol Ut TYEL S U IBS Uyo=
tendon path= AA5t9 unfolding tendon pathS AT 4 ArCh
&
TR TR TY AT

<13 6> tendon-driven unfolding mechanism



<35>¢t ZFo| unfolding mechanism& 2D HHAO|A] 6-bar linkage2 ©#3}5}0]
modelingg ZI3¥5tH Tt tendongd T7]= X Eﬁ% T2} stal, element(i)7t element(j)ol
7tshe A2 Fi;Et 519, unfoldingg #3517 9o ot 22 212 UHEsHH Ho
Tcos(a) > Fycos(b)
(a: tendoni} X|@Ho] o]F= ZF b: element(l)o] A|HI} o]2+= Zh)
cos(a) > cos(b) & T4 UESIEZ, T> FyolH unfoldingo] FAE Zlo|t}t. strain
gaugett g AIME o|&3toq Fyg £4, 180 ¢ 2 L= tendond F7I¥ unit

unfoldingS & 4 Ar}.
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<13 7> unfolding mechanism modeling

(2) Single-unit with Unfolding Mechanism

T4FSE tendon-driven unfolding mechanismE Y& O 2 A& origami unitS A|AHs]
¥1 A2 A3 tendon pathE F7Isto] <ad6>1 Zo] AHEE ZsPsiiot
unfolding driving tendong T origami unit ¥Z BHHo| A2 T,(=Tcos(a))S 7}5}

o unfoldingZ ¢HgXo 2 FHE 4 AU

<13 8> tendon driven unfolding unit

unit unfolding¥} foldingg 3T o, & 7}A] tendon(?7]£9] folding tendon(FT)x}t
M2 ZAZ unfolding tendon(UT))2] Zo] 579 HI= QU= % gag £ AU,
C}A] &84}, unito] foldingE o, FTE= Z7}6tn ¥H|2 UT= ZbASich Y2 unito]
unfolding® ), UTE £7tsti FTE Zastch olet Zo] 579] U]z} Exjicte ARl
£ 0] 83519 single motor driven folding unfolding +35t1At sttt Ad S E5
tendon £719] H|= <& >3} Z7on o|of w2} single actuator-driveng ¢Jst Al(1)



pulley radius ratiog AFEsIgch Al(1)2 UHEsH= pulley2 AASlo] a single

actuatorg EdjA & 71A] tendong& BF A|os|E 1A} it
length(cm) fully unfolded | fully folded folding unfolding
folding-driving tendon 12.8 18 5 =572
unfolding-driving tendon 10.96 0.5 -10.46 +10.46

<H# 2> tendon length for folding & unfolding
AL= RO, Al=r1r6

(AL: folding-driving tendon length change
Al: unfolding-driving tendon length change
R: pulley radius for rolling folding-driving tendon
r: pulley radius for rolling unfolding-driving tendon)

. Lol oA DG
pulley radius ratio: s T e s ——=2---(1)

AbERE B3 Hl&2 ¥lF o2 pulley BA=E £7J5t9 3D printerg ©o|-&stod A5t

B
y O |
¥ C ]
<Al - g
<3¥ 9> pulley 3D model <33 10> pulley + motor mount + motor

2) Multi-unit Tendon-driven Unfolding
(1) Mechanical Connection between Unit

BIE 457l YA 2] unitE AZsSHoF St, Zb unit I AZ WRo] AFRYY
243 A P39 alignmento]] FFS v|Fct. AZRO FPde= J3 FAY B4
orgtE zfist, Y39 A&t alignment?] RA= robotic arm? FEF LA
extensiong =7hssHAl ot mEtd 7]EQ FAA|E o] &3t unit P AZ U Al
mechanical connectiong E3l 7rAoFste} A&t alignmentS dojUY At st
tendon path9] UPEalg Zo]7] QI3 eyelet2 ORAIE S Zol= A&t oplzt &

o

&3
origami planeg 1F= L= & 4 Ao} T2HA eyeletZ ©]&5to] unit T A
£ 75T <2 9> Zo] & unitZ A2 ©  unite] BWIF Ao sigst= 1Y
o ot unitd] = Ao HFsH= FYS align HFH FIHE=Q] 4719 folding wallo]
R&tslA wag “’EU} O}LJEL} eyelet2 53t mechanical connectiong S3HA 74/ kst
£ %E & doh < 10>2 eyelete 2 % unitg FAT 2goo

Y,



<13 9> multi unit connection +
alignment <13 10> eyelet connection

(2) Multi-unit Tendon-driven Unfolding

eyelet mechanical connection@ 2 unitsg HZ3ste <2 11>3t Zo] extendable
robotic arm?] 7|22]9l linkE F1AJ5t9ct. single unity} UFEH7FX] 2 tendon-driven
unfolding mechanismo| L& Q1 AJX 5] 740 vl = HFC}

Y.

<33 13> multi unit unfolding

unito] fully unfold E]o]A] self-lockingo] tg% ©0]Z0f unfoldingo] T3t tendon
2 o 9Ze m, <13 12-9 Zo| WHPHE AL FAY & YT} (extra-unfold)
single unit 7d{ofl= self-lockingo] FHEUS ©, motorg AXA7]= FPS S5l
extra-unfold’} o{UA] =5 & £ Qlot. SHA|Sh, multi unit linkg 88 39, st
L}9] unito] self-lockinge] © Zo|&= CFE unit5E unfolding 317] Y35l tendong ¢
FHZFolof gt} o] AAFoA extra-unfold /4ol LAY £ Ut sH}Q] unito] fully
unfold & JEio|A tendong © TF7|Hf2t= unite] FAR o] ¢ 7IEiAA] AES
iAol HQalict <T& 13>1F Zo] folding wall BPZ EHO] folding line©] ¢+ plate
€ F71819 unito] fully unfolded AEjolA] tendonS © ©AHE outer plate?l YE=Z
AL 271HQ 7,0l NYstES sHgich
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<1y 14>
tendon pulled after self-locking

o[2%F 1t2 outer plateE AAsto] AP Ay} FHE AGA Rstn FIRA. 77t
A0l Tyx7t outer plateo] AZE 1 bending stress7t ©AI5H7| 29 bending stress
of gt MEE AMESIAY FAL otl3EE ARSI outer plateE A|&sfoF 3t} 3t
d plate2 AZEZ Zyt B2A]X] 1 bending stress& & A1 UR=E 7ol
2 %2 & AU ok3F plated] £ F57t= 7 5718 7222 unfolding
Aol Bag 4 Tp9 5718 xdste AIF] Ao

<13 13> outer plate preventing from extra folding

(3) Result

A|AFst extendable robotic arm2 single actuation systemg& ©]83}9 unfoldingS
F3s Bokch <3 14>9F ZFo] tendon-actuation system-2 ©]83} unfoldingo|
FEHAAT H&ET +5 Y extensiono] LAEHX = FUTH FE folding wallofA
2 tendong ZF TP HEHZ pulleyd]] 7ot £7121S HRAFCF F&F 4L &
dE& £ & Aok pulleyd] tendong ot £7|27o=2 SHHE O fAFo 2 385}
A&tdo] dRAlS Z1o 2 WoErt ESF <E1>2 unit folding®t unfolding 4 of| A
7](fully folded)®} UZ(fully unfolded)®719] tendon ratio%t Ar&3st Zlo|ct, Ald ZA
, HAE FRA F4 A1) 3L B &= tendon Zo|7t WaEksh= Zo] oY
ot g olA tendon Zo] Hl&E 2% AHESHe o] Hasi.

3 EBopr o

<33 16> extendable robotic link unfolding



3) Multi-unit Tendon-driven Unfolding with Extra-unfold Locking System
(1) Folding and Unfolding Tendon Length Trajectory

7]1& self-locking system& folding tendon©] locking® =1 folding 3}7] &9
tendon length® A&stA AtEs 4 Qct. mala], self-locking systemS A|A35H1
folding tendon pathE ©&3dlstgct. 22 Qs 7FA9kst= unfolding tendon®] #A=o 2
78}t AL 51Tt extendable robotic armg YA £ 2 ASA|FHE T, arm?] =o]9
T2 foldingy} unfolding tendon length trajectoryS <213 15>9} 7ro] plotdtgct. 744
732 93t mechanismo] <E1>1} Zo] FEAMoz2LX folding tendon? Zo]7} 200mm
%712 M, unfolding tendon®] Zo|7} ¢F 100mm ZASIAC sHA|TE, FHAFoM+= &
U3t vlg2 3PS gt e FAY 4 Uk

Tendon Length Trajectory : '
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<13 17> Tendon Length Trajectory
35X oz 2vj9 S4&S HolBg, pulleyd YHX|E9 vk 2d|2 HAE W, FF
Moz 7o 7zt £ 3|ASHH unfoldingo] AECH folding tendon?] pulley EBHA|E&
3mm, unfolding tendon®] pulley BIX]2L 1.5mmztl & o, unfolding Z7tat7 of A
robotic arm =0]o]] T2 desired rotation angle2 <13 16> ZrC}h o]& A[7to] wzt
BYSHH <2y 17> Zo] plotdlth. mr2tA], 3149 actuator % tendong 2% A|oist
o unfoldingZ F#sh= do] AP glebz, & 7j9] actuatorg AREsto] Ao T
rotation angle control2 &3} unfoldingS & 4 9t

. rotation angle
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<13 18> Tendon Configuration

<13 19> Rotation Angle Trajectory



(2) Extra-unfold Locking System
F1oIA extra-unfoldE =7] $i3 outer plateg ©o]&st= Yol RAY 7= AL
AR TEbA, <2 18>3 Zo] unfolding tendonof 9Jaf FAX]& WOl Hu|E 2|,
fully unfolding &2 ©, perpendiculargt Hof ]3] lockingo] o] extra-unfold At

%
I

2 U2 & A Eoh <IY 195+ A unitE S04 AFES A

M A1 tendono] F7IA oz TFAHAL O, extra-unfold Alo

st @£0]3, unito]

SR g e

<713 20> Extra-unfold Locking model <33 21> Extra-unfold Locking mechanism

(3) Result
<3y 20>% Zol £ Ji9 actuatoro] Zt7Z ¥hFo] thE pulleyE ZY3te] foldingt
unfolding tendong 77} Alo{stit. <17 21> robotic armo] &3] HAES W ¥
g w&oln, <I1¥ 22>% robotic arm? folding® unfolding?] %7ta}Ae] w&olct
AR 2 o}FolwE o]&3}o rotation angle controlg X885} 1AL 51 oL}, WEjo] AbabE
encoder?] noise®Z I3} rotation angle2 9o 54 £ ¢
controlg & £ QT <3d 17>3} o] AHEF vHl&E Aoj§ siFoF foldingit
unfoldingo] @=L 2, ¥]&Z FFX] X319 unfolding Fito] B ]

unfolding tendon

folding tendon

<33 22> folding & unfolding actuator system



<13 25> R joint connecting another link
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otation Angle Control

Rotation Angle2 A&s5H] AL 4 Y& encoderE F715tAY, 7]& encoder?]
noiseg Zol+= WY 1QoloF 3tk ZJE§H Rotation Angleg Ao 4 QloH,
folding®t unfolding©] 7}=3F extendable robotic arm& 33 & A = Zio|c}.
2) Multi DOF Robotic Arm

<32 23>31} 7ZFo] R jointE multi unit

o
multi unit linke B251H, 718 4% ¥H§ko

1)

=)

Holl FAStL, 3 9o N2
7FHs38E 1 DOF robotic
armg OARGERZ THEo| manipulatord] 7152 T 4 AEF TE 2 A o] B,
based]] HXA|gt unfolding driven actuatoro] 2 &o] ZQstoz, 7[oju7t ¢ Z
actuator Atgo] Q3 Zlojct
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