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Development of Back-stretchable McKibben Muscle
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Shoma TANAKA, Tokyo Institute of Technology, tanaka.s.ca@m.titech.ac.jp

Hiroyuki NABAE, Tokyo Institute of Technology

Koichi SUZUMORI, Tokyo Institute of Technology

McKibben artificial muscles are used in many musculoskeletal robots. However, unlike living mus-
cles, McKibben artificial muscles cannot be stretched by external forces during relaxation. This makes
it impossible to accurately reproduce biological mechanisms. In this paper, we propose a new type of
artificial muscle that has the property of being stretched by an external force during relaxation like a
living muscle (referred to "back-stretching” in this paper), in addition to the contraction movement pos-
sible with conventional McKibben artificial muscles. We achieved the desired movement by constructing
an artificial muscle from the elongation section for back-stretching and the contraction section for con-

traction.
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HIRDHADIEER BB L 727 7 F 22— R LT v FRY
BATHAZEL ISR TWS [1]. vy FAUBATHRNIZS
LF 2 — T OIMINHE R IRA T R ) — 7 L IR 3 G 2 15
BIET7VF 2T —RTHD, ZREZHMT 2L, T6Fa—7
PEFENERL, RV — 7 ORI X D5 AN INE 2 FAE
T3, EEHESIZZD< v FRUBATHRNOME Y ZDRMEIC
B, fiE~y FXVEANTHRAZEROFHRDNRDLD 2 LT
R L EHRRER Y O EIT-> TE 72 [2][3).

Mg~ v FRNVEANTHAZEROBHAOKDD & UTHHA
TR, NTHRY EROBHATIIMEIEE L TOEVHIFET
5. FhUE, M1ISRT X512, SHIAROHNIEHEER o 12N
A5 THAENOGMETZ B TE L0, it~y FUH
AT ZEEE % N LR WERIC - O ZBI R REEZ1T S
CEDMTERVEWVWIHTH S [4]. ZAUIFHCBEEZEREI§ 2
R, R L 23S B AMEE L7 W2 012 EEI AT I T &
Ve WS EEAEABLTWS., 22T, ARETIIR 1I1ITRT
X SR~ v FARVBANTHIANC Z OZER R RHEREZ A5
L7H LW ATHRICOWTIHRNR 3,

BELE, FROHAD X 5 IHHADMEER I TIZE - T
HIRXNZ2EERNNY 72 Ly F AT, it~y FROA
AT ANy 7 2 b Ly FORER 5 L =H LWATHR %
Ny ZA MLy F ¥ TNy FRVEATHRALIERZ 212 L7,
ARETENY Z ALy F v Ty FRUBATHHINOREIC
DWTHIN LR, ZOEMEMZRICOWTHNT 5.

2 NYIRARLYFYTINIYvERVEANTHRADOEES
BETAINYZZA MLy F v I~y IR A THROWE
ZRI2I1TRT. M2IRT LI, N ZX MLy FyTL<y
FANVEINTHAE A Y 7 2 b Ly F %175 HEH (Elongation
section) & IXHEEIE %17 5 IXHEEE (Contraction section) 7> & H
X b, HEMBIMHEEODZ2ZEMTTER, YV F—Fa—7
PMEFEED W T T X —F 2 — TONANC A 2 MG L 2> TH D,
ZLEHMAF 2 — T oA U F—F 2 — TANELRBTHRAT S &
WK TWS., INBIEH Yy TV ko THEIERE X
%, WHEGRIEZERUEZ EIINS % ¥ INES 2 HER DM~ v F RV
BMANTHATHER SN, BHEHDOA Y F—Fa—THERINT
W3, F, HEMEIGEERORICIEA Y 7 4 ABA-2TED,
HEE D SIFERAA 2 2K OTRBEEZ RV 8 3.
COREIZED, RDX ANy 7 A MLy FEHELERD< v
IRV THN E FROIMEEIES RTINS, 73, K 2(b)
D XS ITELKESHIIEI Ve F, AN X > TZEHICHE
DAV F—F 2 —TPHEZILIZED, " TZAPLyF v
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Fig.1 Comparison of conventional McKibben artificial
muscles, biological muscles, and back-stretchable
McKibben muscles.

TNy FRXVBALHREIAY Z ALy FE2ITH. TDLE,
IS DM~ v FRX A THIEEARRDOEETHS. —F
T, B 2(c) DX ICHIEBEINE NS &, IHEEROME~ v
FRUBIATHNZINGES 2. 20 %, HERSZEINIHU
LZEMABETH D, Ny ZA MLy F ¥ Twy FAURA
THReRe UTIGEBIELZZRT 2 2 N TERVL., ZIT,
HEEHDA ¥ F—F 2 —TWEIEZHMLz e 2ol
T7 VX —Fa—TWHLATON, FOEBICE>TA VI —
Fa—TPHERNEIII L e, Y 74 ROZERDORE
PR X T, WMEHPT Yy 7 LTA v F—F 2— T BHERN
21k o 1%, IHEEDIGEMIEC £ 5.

3 Eh{ERESR
BRLEANAY ZZA MLy F v Ty FRVBATHAZN 3
IRT. HEHOEXIZ30.0 mm, IFEEOEXIZ 237 mm & L
72 F72, HEHROT Y Z—F 2 — 7 #HME 10 mm, PE6.5 mm
DRVY VLR Y F2—T, 4 ¥V F—F2—T7%4% 4.0 mm, FE
25mm DY Y A—rF 2 —FTEWEL /2. ZZREFIAEF 2 —
TWZEAME 6.0 mm, AFE40mm DRV VLRV Fa—T, F
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Fig.2 Structure of the back-stretchable McKibben mus-
cle. (a) Initial state. (b) Back-stretching state. (c)
Contraction state
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Fig.3 Back-stretchable McKibben muscle.

U 7 4 Z3E OPWIAN SRR DFE E - 724M% 0.75 mm DEIEE
fEA L7, SRR DMEL RN RS 28 TH Y 7 4 R
Y LTEIL. F£72, IGEINCEAME 5.0 mm, HEE 2.6 mm OMIFE
<y FRUBANTHREFERA L. By 7V > 2033D 7YV &RT
BEL, £ TOMRERMOERICIZBEREAR] (LOCTITE401,
Henkel AG & CO. KGaA) ZfFH L 7=.

BAFE L /=N v Z 2 Ly F v 70~y IR UEATHRNOB)E
DRRFZEM 4(a)-(c) 1T T. BREAMAF 2 —7Widary 7
Lyt =51 Fal—&%@L, 0.4 MPa OZEKJERHINIL 7.
4(a) DL IHEKEZHMT 2 &, INEHOME~ v F>
BINTHRDUAES 3 Z L R E Nz, IHEEEOME~ » F X
VI THAOIAERIIK 22%, Ny Z A MLy F ¥y TL<vF
NYBIANTHROURERIFI 19% 27k o7z. F7z, M4(b) D&
SWESEZHMULAZVWE E, Ny ALy F ¥ TLvyFAN
YIRINTHRZN I ZMATH 05k 2 L MREOA ¥ F —F 2—
THRZEHRNAF S TNy J A MLy FTEEZ DR TET.
F72, K4(c) WRT LI, BREZAMLTWS L FiTAy
JAPLYF 2 TNy FRVBATHRNENITTI R oTH,
HEDA VF—F 2 —=TRT7VR—F 2 —7IHLTHEST,
HER Oy 7 LTHORWZ  2iEE L. LL, 5ok
NITDOREZIDPDHZ—EDNEBAD LTIV R—F 2 —TITHL
TED, 79X —Fa2—T»oxAHUTHHLE., ZOWHHT
LEADONE, 7+—AF=IEHAVTAY XMLy F ¥ TN
<y INVBIATHRNZG oKD, MIET 220N ko,
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Fig.4 Movement of the back-stretchable McKibben mus-
cle. (a) The contraction section contracts. (b) The
innner tube in the elongation section is pulled and
elongated. (c) The elongation section locks when
air pressure is applied.
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AT, /RO~y FRUVATHRATIEIAARETH - 7=,
ZZSEZREML TWARWEHIZ Ny 7 2+ Ly FRIAER Ny 7 Z b
Ly F ¥ Iy FRXVRATHRICOWTHRR, ALHRE
FREER » BGEER D D123 TR S 3 Z ¥ T, ZE&UEHIIIRRIC
BRERD < v FRVBIANTHRD & 5 WINFFEIEEITY, AT
FHIMU WY 2 IZEEROHRAD & 5 ICZEW2HEBIETH
BZNYZANLyFERITSZ R, EEERCTHERLE.

SHRIE, N Z ARy F ¥ INTy FRURATHROMD
REHEICOWTHRNZ TETH 2. £z, BHRELEANY 72 b
LyF v 7Ny IXRVBIATHAZHERZE Ry MIGHL,
X D IERER ARG E BIE T FETH 5.
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