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Modeling method and application of a novel

helix deformation soft actuator
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Abstract: The soft actuator has great development potential in the fields of medical care, rescue, service,
and manufacturing with the advantages of a high degree of {lexibility and good adaptability. Currently, the
deformation types of the soft actuator are mainly bending, expansion and contraction, which limits the
greater flexibility of the soft actuator. To improve the operation of the soft actuator, a new type of soft
actuator with helical deformation is proposed. The proposed soft actuator is driven by the pulling cable, and
the helical deformation is generated by the scaffold so as to realize the controllable movement of the soft
actuator end in three-dimensional space. Based on the kinematics theory of constant curvature continuous
robot and the geometric relationship of helical deformation, a kinematic model for constant curvature
helical deformation is developed to obtain the coordinate transformation matrix of the actuator end in the
global coordinate. Simulation and experiments show that the model accuracy is greater than 98%. By presenting
an accurate kinematics model for the helical deformation soft actuator, this study provides a theoretical model basis
for the construction of the ultra-high flexibility gripper based on this actuator in the future.
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Fig. 1 Designing structure of the helix deformation soft actuator
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Fig. 2 Dynamic relationship of the constant curvature helix deformation
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Fig. 3 Schematic diagram of helical deformed actuator structure

TEAS I 1 R v MR AL I R B 4 ) R M SR BE D R (B L AN R A AR A 5 SR gl g e M S SR A L i AR IR
TR R L i AL g . NI KB g AR IR BE L I L sp AR B RO RO e o MR IR 23 2 URT K
Sy as B LA 5C Z AT LLRIGHE 70 0 Bl B 3l s A — BEIRIIUAY [ 9K 0, A

0, =— sk, 3

TEIR Bl 85 78 I8 ik R oy RL Rl 5 | R K B #5780 . PR SRS 4% R R M R RS R B Ao, TERE A IR E
TG AT S T v ARG o 2 4B T Ak 1) o 50 AN SICBE A =2 1] A LA OG22, A3 3 A 50 ()

(L)oo —E=2 @

K n

BAAROMW  FEFHALG) .

L 1

L—Al 1—xh.’ (5)




% 3 FRALF A E AT WHRARIES S EAR T R AR

(2]

AL A2 (5) , 15 B IR HE R AE W IR R« MR8 & AL MR FTEAR
1
L eh.
EARE T, WS K E L LS5 hZmMBEE L #EFE., RIEARXC LS BEEIRE
K6, 7] LISK i IR Sl #8568 ¢ BERYOREE /A 0, BIATH

1
0; Tk . AL, (D

WLEE M 2R A2 C6) RN M A 20T, BB 2 AN AR AR IR P AP 4 ik AL D — Bt X R . RAEE 2 Fios
B IS BN BREL £ NS E (AL @) BIAE R (O ok 00, o5, ) ZIAIMIBRES K 2R . FHARIE IR S 28 O LA e R A5 8] £, mh
SFF ORI BIORITBIK B 45 14 25 48 5

Xof T JCHL e 18 SRR BK g g0 R Al R L o RICR e S E e T B R R R il A 45
IR sh B 1 A4y XL X T R E AN 5 1 2 AR SR Sh 2% L 5 R AR AR B (A AHC I AT AR BR R (B ) U R E BK 3h 7
AR BETT 1] (= FiD TS5 3, i 3Co) frn . ZIEBIFES ¢ WK 4% R AL br R 09 i A2 T8, an &l 3(d) Jir
ARGHGEE § TR RS AR B AR BE B, E N 2 NS Y S AR B AL RS AR e, T R A A i O A A AR
S HEAR T BRI . X T 5 S i A 55 AR Y 1 R M IR sh 38 2549 L 56 ¢ IR S R A AR AR R (i — 1) F
S50 WA AR AR R () MG B 2 AN 0h S B BE R LA AR IE L AN 1 AN LI 1 B0 R IR L . eAh . R
T il AR T RN AR T (R A K HH G AR T 3R s 25 43 15 b 22, A ST AR AR R

SRR IR S 2% 1 TUAT S BRI T — R CHER S W vk . 721 3CdD T, I JL ) 2 B0R1 42 J) Ak b
R WMBAF RS s, BORUGAL WO E I RECT, b SRS 887656 s, BOR S b 0 0 B 5 B RO, il 2
R (8) .

Al (6)

K

GT,‘ :GTiﬂBI :GTi—Z (Bi*lBi ) = :GTl (HB' )
j=2

€))

1, (11B,)M.

Hri=1,2,n,Ty=1,.,. B, MRS a5 NG s, BB R i A b5 0 A8 40 B0 55 5, Be 1 2R i A6 bk o7
ARt B A TR AR AL R R (B LA 1 BBl A 0 B AR A w] DL o L 5K Bl 4 Y de 2 AR bR A6 S AR
MEnzs A&, FrLLL 58 0 kgl a2 i AR e i BE B, Ron h
B, =Rot, (0,) « Trans(p)= |:RV @ O:l l:lsxs p} , D)
0 1 0 1
Arpei=1.2,n.Rot, (0,) WAFRFR ({ —1} 568 o MR UL M 0, MUIEH; 28 . Trans (p ) N AEIR RALHE
At EAR A O p= [(sind,)/k  —sind » (1—cosl;)/k  —cosd * (1—cosl,)/k]" . XF T W2 %
UK E A, e A A B B B, 2 DS MR AR PR ARAR B . Al AR R A Kk

cosl; 0 sind,; sind; /k
0 1 0 — sind (1 — cosl;) /x
B, = , (10)
—sinf; 0 cosf; —cosd (1—cosl),/k
0 0 0 1

Khyi=1,2,.n, BB HR nm=1) B, BEROES B8 F B, 82 FM.B, =B,
JEAL 20 an ), X TR BEAH #2 AK ) &% 72 AR T of AR AR ETH A 0 MR A ORFFIEE B AR BE T, 5 250 i D L
SRR B M ORIV AR AR B B, 3R AL WE 3 (o) BT , 76 BR e HL 5% A5 T B, AR 4 7R 25 1R A b 3R e %
[6] o 75 ) e A0 J 5 R A Xy
cosd  sind
—sind  cosd
0 0
0 0

M =Rot, (—8)= a1y

S = O O
_ o O O



6 TR K FFHK % 16 &

G AR ~ A1) AE SRR AAR F T 422 e B

cl,; 0 s0, s0, /x " ed s0 0 O
0 1 0 —s6(1l—ch)/k —s0 ¢d 0 O
(,T” :B,-”M: Py (12)
—s500 0 0 —cd(1—ch)/x 0 0 1 0
0 0 0 1 0 0O 0 1

R .0, =cosl, 550, =sinb; ,c0 =cosd » s6 =sind .
FH T B2 58 AR P SR 3K Sl S AE X R DR 2l L 3R Bl e = A SR HL AL AR Y . AR R DR AR L R Y e
KL DR Bl 2% K0 20 0 1 BBk 22, g 7 AR AR TR ERORS A

2 X I

R MATLAB A7 550 o i 1 52 560 7 47 2RISR T A 280006 X0 L 96 U T 58 H 9% R e 4 5 72 3 ) &
18 Bl A B A R R OL AR R 2 8, ez gl 2 B R b R IR Sl 5 3 23 O e B K R — T S AR AT R AT
LBK Sl o A IR BE L e iz 8 . R MATLAB BPF 3547 05 B, 78 25 6] 2 1] 3 9K 3l 4% 192 AR i 4 Fis .
Hob R A RIK S A TE B AR5 A o MBLZ AR g i AL OO0 R BRI 00, 7655 1 1 b DR 3K 3l 2%
oy ARV H B B A R B R SRR P n =344, 8,

£ -40
£

N _60

-80

1

0.5 100 40
; 40 ] o 20
Y/mm -1 o 0 X/mm Y/mm 10 X/mm
(a) @=90° Al=1 (b) =90° Al=3 (c)¢=90° Al=5

0

-20

£ -40
&

N 60

-80

0

80 50
. 20 6 20 0 %
Y/mm -1 9 X/mm Y/mm -8 0 X/mm Y/mm -15 0 X/mm
(d) ¢=75° Al=1 (e)9=75° Al=3 (f) =75° Al=5

-5 : 50
-10 30

20 -15 10 20
Y/mm -15 0 X/mm Y/mm -20 o X/mm

(8) p=60° Al=1 (h) ¢=60° Al=3 (i) 9=60° Al=5

4 FRSBRHMERERNFHE

Fig. 4 Simulation of helical actuator with different number of segments
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