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Abstract Aiming at the shortcomings of most of the current upper limb rehabilitation robots, this paper first designed a 4—
DOF rigid-flexible coupled series-parallel rehabilitation robot arm with the advantages of rope drive and parallel structure.
Secondly, under the condition of mapping relationship with joint space, the kinematic model of the rehabilitation manipulator was
established by using the D-H coordinate method. Finally, in the Matlab environment, the relation between each joint angle, rope
length and speed with time was simulated and analyzed. The analysis results show that the rationality of the structural design of
the rigid-flexible coupling series-parallel rehabilitation manipulator is presented, and it also provides a theoretical basis for

analyzing the trajectory planning of the rehabilitation manipulator.
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(a) Structure diagram of the rigid-flexible coupling series-parallel
rehabilitation manipulator
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1- Support column plate; 2- Forearm connecting rod; 3- Elbow

drive motor; 4- Big arm cuff; 5- Big arm connecting rod;

6-Motor support frame; 7- Rope traction motor; 8- Shoulder

nested mechanism; 9- Rope; 10- Forearm cuff; 11- Wrist fixed rod.
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(b) Virtual prototype model of the rigid-flexible coupling series-parallel
manipulator recovery

B RN S AL 7 2

Fig. 1 Overall mechanism scheme of rehabilitation mechanical arm
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Fig.3 Schematic diagram of shoulder joint extension/flexion
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Fig. 5 Shoulder kinematics model

JRHRIZ Bl AR

TR H RN IB B AR R O'-X'Y' Z" AR T [ 5E
MAPRR 0-XYZ 435 WL ff1 Z-Y-X SR fift 14128 3
AT AR T AR bR R B BESEFE I R N
—cacPBsy-—sacy cas,B]

cacfBcy —sasy

R= |sacBcy+tcasy —-sacfBsy+tcacy sasf

—sBey cB

(7)

sBsy

A, ¢ 18FR cos PREL, s 1UFR sin PR%L,
JA FRAZ 2 i B 2L 0z s T 5 B AR A K,

G R DR
L =b, -r-Re, (8)
A (8) AT DRI & 4a R A, AP
I.=I L,1 =1 b, —r - Re, | (9)

2.2 BIEBIEEhES

FIH D-H 2% B #8 AT 1IE 32 sh 2% 50 Hr . K &
Sepry| B e (S N 71 o VA W =RVl B e Y v
K6 FiR,

FLABBRFRIE N 0™, I B JE AR A bR R g k1T
R B EAFSBUE N @ = 260 mm,d =- 130 mm,a =
- p./2, T BRARBRTE R 175 A8 4 28 AT LAAS 21 0 i
FEEIHUARE A i i A5 B . PR RS AT 14~ A il
J& BT LRI A R FE I ° T, = A, W]

X[
/()[

K6 JEATAARER

Fig. 6  Connecting rod coordinate system

cld O -s6@ acé
s 0 0 cl asb

A= (10)
0o -1 0 -d

0 0 0 1

H XS A FEIBHLRG R ER IR 13 3h 27 2 A ] 45
PN HILAE) 1) JE 2 L B2, K i 75 1) T 5 R e =X (7) K
(10) AH3fe , FTASRF AR IR 3 1) A i A6 B 2R 45 ) JF 106 T
3R] 5 AR 28 22 18] 18 28 465G 2 TSR AS HUAUE 119
BTN
x =—as as Af +ac yc fc a8 —dc as B
y=acasyd +asasBc Al —dsasB (11)
z=ac Bc Af - dc B
o, ¢ i 03 cos(i +j) ,s i RFE sin(i +)

3 MWMEITET @SR

TAEZS (8] A BEAR 4 B0 S W S MIUARUEY 1) T A
AE , A SCHES MU 9 AR 2 (DR SR At RS2 LA
A (B ER ) B4 AT IA TAEVE R

FURIT, SRR A2 ] 9753k 2206 3 Bl 70l i
Brid R AR i, bk il i 22 R 4k i
HTARZS (B 5 AR T 1 SR A A5 2 A9 T4 2 18] B0
PEANGER , BANTE ] T2 B 2 R SRR . 14 i
R e 22 P 1 75 R S T AR s (el 5, e 5 vk
SRAGAT BN TAF 25 18] AR EDWLE 5 (HL 7 15K i T
VEZS 1] A 2 2 MUUE AL FI el B2 B R A, i 45K
AR RIS RIXE RS R T LB T A2 (]

fHTAT PRI, AR SR8 HRSERF R 1835 AR M B HILIK
T B T AR5 1]

SR IR IA 8 i R B A GE e 2R A A 1
AR BT . AR T A A ik IR ok, SRk



5 46 B4 2 1]

WA Gy B2 A B S R B R AT SRR PR T
AR TAEZS [ A3 AR 2 [, s A R B ML
TAEZS AR A . AR SCE SR RIS DL TAF
23 [AIHE TSR A SR A TR AN 181 7 P, EL A SR i o
e,

1) 38 SRAG 09 1E2 22 05 B A5 B B S HLUE A
Ui FFX T AR R 2R L ) B P

2) FERAS T IZ SIS EIN , ] rand () BREG™ 42
NS0~ 1 IBEHLIENE A BEAL ALK AR 5 45 3 0C 15 /1 B2
O BERLIE N

0; = 0 + (00 = 0,,) rand (j) (12)

K, 0, AR MR R/ME; 6, FRTAER
R0 RTTECH, BUE R 1~ 45 7 kB
A,

3R 2) AR EIR N A OIEEHLEAR AL Z 5
2T SRAS UGS AR S AH X T HE AR R R A7 ]

4) 38 3 7 A5 7 2R AT A5 20 B R s Y TAE
Z3 6], HUN=80 000, R A5 5] (14 5 52 MU AR i (1) T
YEZS [ aniEl 8 iR,

Start

HURRE Fr R

Math model of mechanical arm

v
e S BT

Determine the range of angels

v
BEMHLD KR, AL

Set random variable to produce pesudo-random value

BINKTRREHE

Stack random values of joint variables

RTIEE

RKAifg R
Whether the upper joint
angle is reached?

ANo| EFZEERRE

Forward kinematics solution

221 TAEZE A

Draw workspace

End
7 BREHUE T1E2 B sR g i fe

Fig.7 Flow chart of rehabilitation manipulator workspace solving

HF 8 T L Y A2 BILBE A S mT 38 35 114 22 (1]
AR BB, TO W] 25, 7 B HUAMAE 45 2535 1 S B
iz gl7S (8], TAEZS ] 38 BRI A 5 R S AUV 363t
ZHOAFT . INTIRAIE 1 I SRR & R I F IR AL AL
BT B IERRTE o Ja Sem BRI O S S It T e
B

4 B EHPEHES T

FERATZS [l =R 2 B AR E AT POE ALK, O
R RUTE)

ZEF . WIZHES BRI E U 2 sh etk o bt 957
500
500
£ =}
a =
s 0 £ 0
-500
500 5 500
-500 : — :
Fng, ~500 ~500 8‘«\“\ ~400 200 0 200 400
: X/mm

(a) TR M=4ER (b) xoy Pl 5%

(a) Three-dimensional figure of workspace (b) Plane projection of xoy

500 500
E o E o 'ii!
b N ’ )
=500 + =500 .
—400 -200 0 200 400 -500 0 500
X/mm y/mm
() xoz P 5 (d) yoz FTH ¥

(¢) Plane projection of xoz

K8 RRAHUME TRz )

Fig. 8 Rehabilitation manipulator workspace

(d) Plane projection of yoz

T, 2w,
== —t + —t
125 375
m™ o, 2,
=—t - —
P 125 375
y = Etz_ 3it3 (13)
25 7500
p=>Tp T
50 7125
0s:<5

K, a By YINEIZSh T s 0 S I ) i
15 ¢ Az B B[R] KOG BT R B A (1), FE
Matlab TAEFREE T, SR ARAT 15X (13) 9 REE AL K
Ui AT AR AL I N B 9 R,

500

z/mm
(=]

-500

200 300

200
"’/’12111 100

-200 0 <l

0

B9 HUARE A 2 e e 2k

Fig. 9 Change curve of mechanical arm end attitude

TEAS B FE AU A v L () Sy B4 730042 B
2FR A A9 B R S 5 R BE AR B DA R A g R I K
B AR BAE SR 10 Fras, K10 gk
AATAR U EAE R U T i B = WL 5 A it
A
5 Zig

i X B B LA N B 5E SR AT R AUE , 5
T T — PRI RS A R I AU I X H o 7 1 is
ST PSS NE .

D) $EH —Fh U [ b BE NI ZERE A 8 IF KRR &2 ML



958

2024 4

X5 Joint angle / (°)

0 1 2 3 4 5
i E) Time ¢/ s
(a) KT A 2R

(a) Change curves of joint angle

S

#3& Rope length /mm
= W
wn [=3
f=] (=]

~

N

=3

S
N

1 2 3 4 5
i} 18] Timet/s

(b) R LR
(b) Curves of the rope length

W
1

MELLLEN

433E Rope velocity / (mm/s)

1 2 3 4 5
i 18] Time 7/ s
(c) RHARAL LR
(c) Change curves of the rope velocity

10 {5 E4s

Fig. 10  Simulation results
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