201746 f Z?ﬂ[im‘ *ﬂﬁi’iﬂi 5548 % 55 6 1

doi:10.6041/j. issn. 1000-1298.2017. 06. 054

AR FE R B 515 4

AR MWH K A AP FHFE

(RACKFVIM TR B shfb2:Be, JLFH 110819)

FE LA RSN B B DL B B DR L ML B R o SR T — Rl B A
W 47 780 5 JUL P 20 2 Y 728 PO 8 A AA ML i T, RE S S B A0 2 5 O JBE O A S o T X P AR i 0 2R I i I B U B UL A
HEAT T W I S 5, AT e/ e iR H L T B AT LA O L B B W R G AR T A ST Y A AR AT 3D
JULTA) PO 2 RE D - %of BT B0 3 AR T8 s 7 TR R R R S5 T TR RIS S e 5 T 5 S 96 96 i T A
FR AT 55 52 05 A58 TR 1) W 2 AR AL R A — B, S A IR 220 3. 60% |, S RAIXF IR 2289 6. 17%

KB HAAHLAR A MRS LR Wi LSS ILPA 5 0 R RE R 5 S

R ESZES: TP242.3 XRKFRIZAG: A X E 4S5 : 1000-1298(2017)06-0407-06

Analysis of Stiffness Characteristics of Soft Arm

XIANG Chaoqun HAO Li'ma ZHANG Ying GUO Shaofei LI Cunfeng
(School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract; Soft robot arm driven by pneumatic artificial muscles can possess the ability of high ratio of
power to weight, important for performance and light weight, and a vital component of the inherent safety
approach to physical human —robot interaction. One of the main drawbacks of pneumatically actuated soft
arm is that their stiffness cannot be varied independently from their position in space. Based on these
reasons, a novel variable stiffness soft robotic arm composed of both three contractile and one extensor
pneumatic artificial muscles was presented. This arm combined the light weight, high ratio of power to
weight and robustness of pneumatic actuation with the adaptability and versatility, and stiffness can be
adjusted independently of its length. Experiment platform of single contractile and extensor pneumatic
artificial muscles was setup, and the static characteristic was identified for contractile and extensor
pneumatic artificial muscles through quasi-static experiments. By using the least square method, the
relational model of pressure, distance and stiffness for single contractile and extensor pneumatic artificial
muscles was established. In order to analyze the stiffness characteristic of this arm, stiffness model of the
designed soft arm was established. Stiffness experiment platform of this soft arm was setup. Experiment
data was compared with theoretical model, and they possessed the same trend, the mean relative error
was 3.60% , and the maximum relative error was 6. 17% .

Key words: soft robot; expansive PAM; contractile PAM ; static stiffness model; experiment

2= SR L BB B R AR R4S

- b 3 BR B R & B VR R R0 s ko AR R A

W BB N B AR (UG R R I PERLES ABR 2% EORIREE 51 F 0 02 3 DL B AWLAE % 4V v

L 24 A, 7 S B R )32 R R, R S0t R IE 5 7 78 W L 38 A L T i B
A B 5, ARG AL PR B 1 3 AP 2 S R R B,

Wk H 1 : 2016 —09 —21 &[5 H 1. 2016 — 10 — 10

BEEWHE: HEARPEIES M FIH (61573093 ) |16 5 @ BOR W5 & J& i1 K (863 11%)) 5l H (2015AA042302 ) 1 H sk i £ 3 A B B All
% L TR 475 H (N150308001 )

EFER M DUEHRE(1986—) ) LA, ERANHHIRL G WS, E-mail: 23476614 @ qq. com

EEESE: IR (1968—) , Lo, 8z, L4 i, 8N F P48 AR5 8 68 H WF 5 , E-mail: haolina@ me. neu. edu. cn



408 & ol HLOM ¥ R

2017 4

R AL A ) BIE 20 56 W R P R M R I 2K
KB, BARYLES NI 8 I U 2R, B RiE
ESWa" R Wah %, LI WAHWA
OctArm "™ | J& 36 F K 1 5 45 M B3, 40 3% fa il & |
KRG 5+ WL 3 W7 =k 4 4R 2 M A 0 K i s 45
(3l = = A e [ SN Nl N 2 3 o N vy
B RN BT TR TR s N THLA A4
S AR = B R S E SR L AR
o 2016 AF, th EBEROR KA TR KL T3
W2 M B T — B3 9K 3 B SR TR HPN
( Honeycomb pneumatic networks) , HPN i 2 75 ffi
TR A, K B2 0. 63 m, fie KEEAK 52 2. 8 N 17
#, WK FESUE ST 90 kPa, ity 1.5 ke,

CHEN 41" BF il T — Fft 5 B % 22 #l 2% A
(Clobot) , fy fif: A5 e B4 k) A 1 e, P B 138 ) 1= 3%
i 6 AN iE , 24 Clobot 7£ 0.2 MPa S JRYRZ) T, Af
RS EE 120° 4T 22 5 25 il 7R R O 4E A
(Festo) B9 05 A= B J3 T (BHA) 70 MR K 4 B 1 1 4
ST B0 A LR, SR AR TR A
AT DL3E I R 0 R 4 RN e AT Y R A A . B
e A RS R R IR T R
Ve BRI TSRS A o H R i 26 S K 20 i A 1A T
W TG S0 A7 B AN B B AN A 0T W s

FERALAS A 206 1, S AR I RS R U R
BLAS AT o 5 2 58 = AHLA AR L8 2 1 A R o T
%", M¥E VANDERBORGHT 45 f) ff 5 4% o %
) 8 AR AL 2 A 45 N 2z A 8 e 43 ok 5, 0 4 A )
AEA R m LA A2 o DI bR 98 < sl L IR 3K
0 B WL A R 35 R e, X T S B I T A ]
0 m ALIME M % et A HEE L.

[ A0S L PR 3K 2 25 7 MBS R R T T AR
ZAFset T s ss ASh WL BR Sh p LA W
FEAY ) B EE XS B L IF IR AR R SR, A5 A A
A 5 By WP 2 LR, TS S A S S UL P IR Bl Y
TR LS B W R

A AN T LA (PAM) /£ A HLds AT
BRI A WIR A o B NA K — ik

HEZH S, 0 ¢ >55°44"0F PAM Jy il K BT 3)
LA, 2 @ < 55°44" [ PAM g e 4 B8 LI ™
HABIALA TS 5 1 Bl S LA 7 A i 1]
B3l 5 2 MWL A 1 U s Bl . AR LR
T E A R R i g 20 Sl L P 2L R T
Je X AR TR AT S5 BT, SRS S AR TR Y
I 2 AR i o A R A S 6 R

1 REFELSHRE

1.1 Zigit

— LT, WL FEA 0.3 MPa & ) 1Y
AR Wi AL B LY R A 2T GA 25% ,
RIS S K A 5k 40% . A 78 A8 [ LA R~
T W BB LA B ) R AR R LA Y
3Lt

AT — Sl 4 MR AL AL B A
3 AR 4 BB LA R b Rl A 1 AR A BB L
P o AR g 5 1o A e W e 7R Bl DL R 3
IR A AR R 7, e g B SRR R R TAEK
JE R R AR TR A il A B . SCER 19 ] H i 5
(LS R RUR ) /N 7 d o S ST A i (A A= D
iz 2R 5 L B ALl Bl 28 R K Sl i AN 2l < Sh AL
PIAKZl , 77 RIG 1 25 AR B0RE AR L 32 1 2 4% 1)
B, 3 AR W BB LA BE S Pl 35 mm, 5] S
120859 45 o PR FE 3 s BB IL A 5 oo fr
SEHE 38 kT AE LS 0 I 3 A [ A R [ 8 =
45 R 5 R RS S LA AR 4 a5 ny AR e e
S5O AP B S LA 5 R BB LA % 45 A
— &, 7R m Oy B2 S5 E B AR
25 mm, & 1 RHAR TR A EoR E Rl TEm
FEEE RS IER 1 R

e LB
M1 PR R EE

Fig. 1 Schematic of arm structure
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Fig.2 Schematics of variable stiffness theory for soft arm
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