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Mathematical model for single-course resistance torque of
spacesuit soft joints
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Abstract: Aiming at the problems of low accuracy and large shape error of existing models for single-course resistance torque of spacesuit soft
joints, an improved B-W ( Bouc-Wen) mathematical model was established. By analyzing the hysteresis curve characteristics of single-course
resistance torque of spacesuit soft joints, the B-W hysteresis model was introduced and improved to eliminate the redundancy and symmetry of the
model, which was used to characterize single-course resistance torque of soft joints mathematically. The individual genetic process of multi-island
genetic algorithm was operated by using the probability thought of simulated annealing algorithm to identify the parameters of improved B-W model
with high accuracy and efficiency. Based on the verification of experiments and simulations of different soft joints of spacesuit, the improved B-W
model compared with the J-A ( Jiles-Atherton) model is more suitable for the mathematical characterization of single-course resistance torque of
spacesuit soft joints. The variance of resistance torque of improved B-W model is two orders of magnitude lower than that of J-A model. It shows that
the mathematical model has high accuracy when applied to single-course resistance torque of spacesuit soft joints, and has strong applicability to
different soft joints of spacesuit.

Keywords: spacesuit; single-course resistance torque; Bouc-Wen; hysteresis model; parameter identification

FEAMIUTR R ALK AR SME L IS4~ P AR TR 5% (912 3 BE ) )™ A L %
B o AR BRI R SR PRERCTIE S AP R AR
ISR ﬂn%ﬂ[ﬁlﬁjﬁ WA MMRRAE RN sNE S EE ) 25 N
BB S AT RN RO R RN A B RSO R L) Sk B 2 3l D R B A
G MRS By B b e R BB A A G MBS R, R R S B T R B

W fs HH#A:2024 -05 - 19
E W B - WF AU A BE LU LA Ll e )y 5T TARE B Bt H (€X20200083 )
F—1EF HRAM(1998—) I MM, [ L BF5E AL, E-mail : del15651075186nudt@ 163. com
BEEE EZ(1971—) 5 WIFLBEN A 202, 11, AR 50, E-mail ; lidaokui@ nudt. edu. en
SIARE A, JFEN], Bl BURMRPOCCTT I RERLUD e B (1], R R4, 2025, 47(5) : 157 - 164.
Citation ;: DONG C L, ZHOU S M, LI D K. Mathematical model for single-course resistance torque of spacesuit soft joints[ J]. Journal of
National University of Defense Technology, 2025, 47(5) : 157 — 164.



- 158 - EZ VIS AN 4

547 %

SRR B TR (18 4 N7 XoF 3 B BEL T R R 1 B A R

FUL R R Ak 0%y BEL 4 Bl B 7 i 3 ( R T59 A
WILAIRAS S it 248 M S, R ZR iR IRE)
ST F A S BB W 5 AR IR AR AL 5
T rp OGS BT R RIS S 115 5615 18 SIPIR S A
S, T A5 563553 3h AR A 6™, B 30 FE A
Ko FTLA, SE BRI R AR 45 5% 19 B ) 66 1 o
HEA- /> R, Schmidt'” SR ME G224 R 5|
AR R GIE , 56F Preisach BERUREE 1 20 e
BH 3 H 53 fif LB WL 3RAE , 64T T R 2= D0 8
TR E N, s, 8T RS
Preisach BHY [ F500AE B2, 2% 5 AT 1AS W i A7 0k
T T B8 2R 200 3 3 42 1) 35 R B0 45 400 Ak
Preisach #% & 1 T —Ff NNOPM #5571 B F-BH J)
FETIN , ERAR TR0 28 R hy 8 i T AR A B FOR
FLASNE I T R 2 I 2R Ko X SCRESED He
— Tl G 2 AR R (1 P 4 7 951 8 T Preisach
BT, - JE T KRR OG5 B % 30 T4, th T
R FHER AR B 1%, AT it B R o 24 o) A5 8 5P [
PEATHRAE . Li %" R Preisach #5750 JF & 5645
BH DR 0 1T 53, I 25 6 45 1) 6 R 5501 28 ) 445 51
PLAN B B LA A 56T B ) A B AR BUAR
Preisach 15571 58 9% %f 5¢ 15 & J% iz 2l I 2 BH. 7 46
HEAT =R B T, {H Preisach A7 Jk — Ffiifl 42 2%
BT, X A MAASE TR b e 2 0 P AR TR, 5E 4
FE TR b G IR i ol e AR HLAR 2K A
PERIIN SR 1) R A R ELA A v A 1, 75
DS F R 3 - T 2 AE A B, 5 S0RSE AR 300
JEZR,

A A A L T T ik, T R
TR B3 RO BB R 731 TG ARG A R AL, A RESK
PR FE T, Rt , 2% 3 23O e 1 FH T B
BHL 7 47 i B TR A I S - SR 40 AR
L1005 S B T R R A 4 N SE G, 2R
spline [l £& X Jin 1 251 R B R REAT LA, (H R
B A B R R oK R 4 AN 28 IR
A% K R T J-A (Jiles-Atherton ) 587
TR R 5 g R BEL  FE AT LA (R A AL R
P 2 ST R | A7 B T R R A B () X R,
SO R AR AR 25 . HL W 2 A SR TR A R
% ARSI RH 7 40 A 3R R (R AR LA X R
T AL R R R 5G4 B g 66 A o 2 285 7R v A AR B
A AERTFR M, T BT BRI BR A A RE 1S 2 N
F PRAE TR A AE R FR . HRT, £
L R AR A S B g e B T 6 v G B 0 A A

(T RAFAE S i

G AR SCHRE T B R A AR AT
FIA B-W(Bouc-Wen ) IRHF AL, 45 5 HORURFE
EFK SBT3 77 18 FH A BR ], X A TR 4T 17
it 5 IR FHBCHE 1) 22 15 38 A B o A 0 2 it
(53 - ARSI VAR B IPN &/ SRR ]
R BH ) o B A B T

1 MRARERK T B A TR R S FE 4 I

TETT REIUIR AR 51 B0 i B R
IBIFTE AT, T 250Xt B D R BT AR 1R RT3 A
P N B A MR T AL PR . SRR iR Bk
T RER IR - Fe MR- 2 e 1 B

081

0.6} & o

of
o
o
of
ooooo
o°
0°

80

To B AR ) 4E

10 2;) 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0
FKATHAA/ )
BT R R BT SRR A — 5% FA e ik h 26
Fig. 1  Single-course resistance torque versus angle

characteristic curve of spacesuit shoulder soft joint
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Fig.2 Figure of traditional B-W model curve
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characteristic curve of spacesuit elbow soft joint
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