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An Empirical Model of Bellows Actuator for Characterizing Generated Force
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Soft actuators are used for automation in the food industry and medical applications because of their
compliance and flexibility. However, modeling such actuators has been a challenging task due to its large
deformation. In this study, we focus on developing a simple empirical model to describe the generated force of soft
bellows actuator. The model includes the parameters of geometry, material, and rigidity, and can be used to facilitate
the actuator design and control. We fabricated bellows actuators using 3D printer with flexible filament and
experiments were conducted to validate the proposed model.

Key Words: Actuators, Modeling, Soft robots

1. #8

VI RNT O Fax—FE, arFIA47 R EFHMEDO
BRHDTD, BRMEEEREOSHTISHIN TS, V7
N7 7 F ax—X OFFENRETRICON, ZhEEMIZ, EERA
TlL—a UBHEER 3D TY T 4 v T ERWEY 7 NT
I Faxz—HOREEIEREZEREN TS, flé LT
EHNI Y 7 NERIET 7 Faxz—4[1], ~U BIVERET
JFaT—HipERFEFONS. £, MORY HLIEXE
TH7HIT, Re—XT7 7 Fx2—FZ THETIH Fo7 =
TEMHBEIN TSR, TIHDHET, "u—X7 7 F
2T —ZORENETRTL2ETNVEREINTHDN, JE
MSNieT 7 F2ax—2ORENNTHTE RN E[1]ET
HREENMERVREEEN EEE-> TS, 20, KFZET
TEM ESNTZHATHOLRe —XT IV F a2 —XORET 5k
ELILSTPHUTELETNVERETHZ L2 HET. ARTIE,
ELIERE N — X7 7 F = — X OEIEEREITL, T7F =
T — X OKATREE, MBHREE, RIMEZBE L mES bEeT L
PIRARD. %, 3D Y A TCHRWEL R —RXT7 JVFax Fig. 1 Oblique view (A) and front view (B) of bellows actuator
— X EHWIEHHIIEROREZBEL T, E(LLEET VO
Hh &~

2. RO—X7IFx—320EE

LT HX0—XT7 7 F = —# 1, NinjaFlex #7#} (NinjaTek,
Fenner Drives, PA) % I\ T 3D 7'V > #(Prusa 13 MK3, Prusa
Research, Prague) CHEU/ES N TW 5. 77/ Fax—F %, @ D]
HE_o—XE 2 DO PO SN TS (K1), Hi
Wi, e Ry N7 —AEL T R T2 78D 2 DONN—V% Fig. 2 Structural dimensions of bellows actuators
B, Sbll=T7Fa—T7 O EARE T HHITHD.
N — XL, AEICLAMETE DA THD. r—X
HOSEIK 2 17T BHDLL h, e, siZFRERNE—

|
e
e
|

Four = PAeff — Kgxd 1

' 8 ZIT, Ked IFEMICE W RAETDHMENEZRL, dITE
XONEE, PoomS, AE, AEEZERLTND. Hih, PRI Kax ORI T ORTIHEITE A [3].
E DI + W.)s?3 1
3. RO—ZXFPHFr—ADERI K, ~ Rt o Lo
s S, e . S 2(1—'\/2) W3 Nw C
Ry MY OIS HBIE LT, Na—XIZ&EEZHN ¢ f

LCT 7 Faxz—XEEMESE, TOBRFPTHLOEEFLE ZIZT, E &y IMBIOY L ISRERT VU, nL TN
A, 7V RO HERDIRO—XT 7 Fa—FDF a—XDREEK, nwid e —X0H, CHIMEREKTHD. W
AN FalZ TRt Xy icesbc& 5. ITEME R d 12 E > TE(LT 24580 C, e —XDBEZIKES

No. 23-4 Proceedings of the 2023 JSME Conference on Robotics and Mechatronics, Nagoya, Japan, June 28-July 1, 2023
2P1-110(1)



-
a
-
-
-

[
|

Fig. 3 Mounting parts for bellows actuators (A) and experimental
setup for force measurements (B)
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Fig. 5 Results comparisons of the generated forces at the
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and 40 mm(D), respectively

E=11.08Mpa

SHBOTEL LT, BisEEEMEORa—X7 7 F
—Z gL, FFEOFIEREZIT->C, ETVOENMEE
SBIKREET A. 77, Na—RXT IV F— X OHREFZET
NERBEL, ERXbET LT 5.

B
AWFTEIE, NERRNED D TEIKH A /) X— 2 VAl
075N (SIP) §2 #l,/ 7 4 CHNANEMT O LT — P
JAZ ] (BPE N - NEDO) & JSPS BHiF%E JP20K04406 0 BhRY,
ko THEBENTWET

BE 3

[1] M. S. Xavier, C. D. Tawk, Y. K. Yong, A. J. Fleming, "3D-printed
omnidirectional soft pneumatic actuators: Design, modeling and
characterization, " Sensors, and Actuators A: Physical, Vol. 332, 2021

[2] Z. Wang, T. Hirata, T. Sato, T. Mori, M. Kawakami, H. Furukawa, S.
Kawamura, "A Soft Robotic Hand Based on Bellows Actuators for
Dishwashing Automation," in IEEE Robotics and Automation Letters,
6(2): 2139-2146, 2021.

[3] Witzenmann GmbH, “Metal Bellows Manual,” pp. 73-74, (Access:
Mar. 21, 2023). https://www.witzenmann.com/mediapool/documents/
metal-bellows-manual.pdf

[4] T. Reppel, K. Weinberg, “Experimental Determination of Elastic and
Rupture Properties of Printed Ninjaflex”, Technische Mechanik-
European Journal of Engineering Mechanics, 38(1): 104-112, 2019.

No. 23-4 Proceedings of the 2023 JSME Conference on Robotics and Mechatronics, Nagoya, Japan, June 28-July 1, 2023
2P1-110(2)



