519 B 4 151 2021 £ 8 H
1672-6553/2021/19(4)/089-08

oo ¥ s B FR

JOURNAL OF DYNAMICS AND CONTROL

Vol.19 No.4
Aug. 2021

W E SEFRAEFUTERRNIZIT S 24T

REeE

x| !

ERE

(L AZEE Tl R HUBR TR =B, FERITE AR 010051) (2. ST Tolk A% BB, R KF 010051)

E BT T iR T S I PR B AR AT A TR A T SB[ E A B AR Sh T E
ST UL 1) 25 AR IR T @ A AR A T 24 A5 R A = B 73 BEeR KL, B — BORR FAR PR T A 7 H L B
R 125"y A 2 RN B U ) pREOR 2 . G, I8 0 L0 il 2 1 AP T 45 O 22 230y 2 AN IR 2l SR e
KA I E R MR IAT AT T XL, B & AN ) Z AT R 58 UM R/ N =2 ) 5% T ) 3P 34 RE . e
Je S T 00 [# E A REEE Sh  ACACIA T AASEE  e  SE AR IR T REL A R B TR A5 R R AR SR Y
XL 1) 25 0 T A AP T 5 ) A S M B T AT Y

KA AT, WA, EEEsA R,

DOI: 10.6052/1672-6553-2020-092

51

T

WEA = ZEST EDFI S il T 2 F S AL A P 1
FEBORMEE L PP N BORAE T LEAR AT T
PRER R AL G MR RIL & A8 2 LA K45 44
AR TR E AR ARG BB (2L
A NSRRI | M L TE I A R 4 25 TR] A 52 2R A 34
B AR AR Y R B R R AL
HAFRNERE RN 2 B T 2R B AR ALAS AR
R HIREARR IS SEARICHL G < FNET A5 S5 25 o]
PETIC. F SR B P ™ RG0S5 4
PRA PR AR AL G A BB A AR R A T e S
e DR DUR ARSI S RIS 4
BRI R IR Sl R Al UK Bl T A i 2 07 X
(B EPCLNIRE PNUE ) Dy v s X AR N i e )
TR IR B AR IREN , TSP T e EL AT Wi Lz 7 JEE
PR TR 78 L AR AN A S 3L A A

UTARSR , BRAAHLER AT 2 2 E NS i)
Z o R FEAE SIS 1A RS Y R
FAEL AR N R GE BN 15 R BOEETT I - Shepherd
IR AR B ARt — DT 2 AR AAHLER A
SN AU AL e A P i mT L2 S S0 5 . )5
PRI R R R S UAPLER N E TR A
LS B R it R, Bt g H 3 BE R RS AILF B

2020-06-03 W F55 1 45 ,2020-07-31 Y F &R .

SUEIKE)

PRIAAT A% Ren 2R JHBHZEHOA , il 4 1 R B2 ih
ZAFHIE ST R, HhC B3 i — A AR Bl A B
PRHLAR A Branyan 557 5 T — A AR HL G
N L N BEAS S B AL T 0% HUAY Iz 3 . X 4Rk
IR Bh 7 2 iR AE AR5 , Webster 25 B2 Y T #5114
PLEF 0 73 B i Al i, >R D-H 28005 15
SE T BRIRHLAS A B2 B~ ARER . Wakimoto 2R H]
A BRICITIEIEIE T P SUE TR AR AR UK Bl e 25
PR A RE M . SE BT Sy T B AR AL
i A PAL IS P ik A 25 AR 2 ) S 2R pR B AR, £R T
S ML B S AR TR A T HRE IR — D7 17 25 i
L5 A B XE A% ) b 75 2R AT TR BT A
]

AR SO 28 S Bl AR FOAR PR T A O 254 R4 T
SCHE AR T BT L SE AN T S [ R AT
DA il 25 s B2 PR B A PR T i, a4 o 2
&, Tz shE R p ] PT B AT g S 4
SLARARIAT S A0 AT LUR DR 5 —  BRAR AT 4%
A SIS T2 M PR T 2 AT LA — N7
[ 25y 2, W R RE PR, 22 LR AR T R AR IR
ARICTRA I, HAEKEE B 5 BRI KA, i
IV o JBE 0 5 T A 7 1) 25 PR T e AR AR e OIRAS
a1 3 —J7 [0 25 il N SRR EE IR S R AN A B
FREASEBLAY , i O PR 55 =, 5 ) 25 PhA T

= E R [ ARBF A AL T B H (11962020, 11862020) AP S FH iA X H AR 3L 4: 351 H (2019MS05065,2018L.H01014)

+ I IFA/EE E-mail shufenglu@163.com



90 B

5 of W%

2021 4757 19 &

i O A RS i B, AR T gy SRS U A
FARE B G R IR UK A T8 55— AT B
il , S 3 A i AR R OV E

R T 20 B IR AR A T 2 S R R
AR SORE S A RN B SR R AT YOG R A T AR
FJ5 G, I3 o SE I R 50 UE 0 BLAE S0 IE AP
1 HEMITHRIZIT

PARPLES N BT 09 2T 302 AR T 4%
AT, AR SCBETH I AR T e S 22 A T 1)
T [0 5 £ 325 A T RE L BL I S A T RS R A
T A% 2% | ] B o 07 AR J2 A SR ) S AL
52 WS B S R PAT 85 A [ Z A0 7E T 5
—, G M BN RS AR T 2% B —> AR 2 A — A
RIS T 1 A2 S5 A0 1R, TR o) 25 T KA PIA T 2% Fl P g
A 2 IR o 7 AR S22 2, A iz AR S22 ] e —
ANREARJZ SRR A A8 S L 25 Y Al B L &
S ) WA AR 7 #0728 J2 1) R R/ N—H 1
XL [0 25 A PA T 25 1 A8 2 Y RNV R RS R —
B, R 0 25 K0 78— A8 J2 s R A R K B, 5k
AT 8% & AR IR A i, 53— AR R 32 BB
RANTHER RSTATR], AH S PR ) R4 5 /)N
SAHE REUE I KRR AT 25 002 M B 56—, et
S BN AR AR T 0025 i A AR i 1A )
BRI T A5 025 AR B AT DA A2 36 pR ARk
e B B a5t tE Y — M sn <k , 75—z
B B, 52 55 19— BR 1 7 AR AT A 0 2
i A 1= 2 R

K1 2SR R T
Fig.1 Classic pneumatic grid soft actuator
XLJi) 25 PR PRAT % 1R T T RE 2 i Y R A
JEARLJE: (81 58 1Y, TAFEPEREAH NS RS E . i i AN [+
I8 2 B S8, AT RS A ] 5 1] 6425 T AN [
AR U1 75307 0], AT LA SE AN [RIA30% 04 2 A P
7 1) 25 B, S EARLAS AH I A 4 B 4

[’ —— I —— ‘1
SUON SR o e
U R, = Ao\ |
/f/ ; i VANS
e W | _h_l 1=
A A
& I
I I
Right inflatable Left inflatable

P2 3 75 AR A AT A

Fig.2 Bidirectional bending soft actuator
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Table 1 ~ Airbag structure parameters

Parameters Size/mm Parameters Size/mm
I3 1 h, 16
L 10 hs 4
I 2 he 2
l, 4 w, 20
h, 2 w, 2
h, 20 ws 16
hy 2 w, 4
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Fig.6 Classic soft actuator
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Fig. 7 Bidirectional pneumatic soft actuator
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Fig.9 Driven experiment of the actuator
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Abstract

A new type of pneumatic grid is designed, actuator which can realize bidirectional bending with fixed angle.

Firstly, a nonlinear mechanical model of the bidirectional bending soft actuator is established, and three piecewise func-

tions are obtained, each of which represents functional relationships between the bending angle and the driving pressure

of the soft actuator at corresponding stages. Secondly, the relationship between the bending angle and driving air pres-

sure of the soft actuator is described by a simulation method. By comparing the pressure and bending angle of the two soft

actuators, it is found that the difference lies in the elastic potential energy squeezed between the airbags on the uninflat-

ed side. Finally, the soft actuator model with two bending directions is made experimentally and the theoretical model is

verified by experiments. The results show that the nonlinear modeling and design of the bidirectional bending pneumatic

grid soft actuator proposed in this study are feasible.
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