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Design of slack-adjustable cable-driven actuator for the
hand rehabilitation robots

Yu Yating, Li Huijun,Lu Ye,Lai Jianwei,Song Aiguo

(School of Instrument Science and Engineering , Southeast University, Nanjing 210096, China)

Abstract: The traditional hand rehabilitation robots typically employ multiple actuators to independently control finger motions with the
high system complexity and cost, which limits the lightweight design and practical deployment. Although the underactuated mechanisms
can reduce the number of actuators, their cable length adjustment capability is structurally constrained, which limits the adaptability to
different hand sizes and initial postures and also degrades the motion response speed. To address these issues, a slack-adjustable
underactuated cable-driven actuator is proposed for hand rehabilitation robots, where the actuator employs a dual-pulley differential
mechanism to separate the driving cable from the finger cables. Here a knob-based adjustment mechanism is introduced to independently
regulate the initial slack of each finger cable without relying on the motor operation, which effectively reduces the initial dead zones and
improves the motion response performance. Meanwhile, the finger cables are arranged in a differential mechanism within the dual-pulley
system, enabling the automatic redistribution of cable length and tension according to different finger blockage conditions during
grasping, thereby realizing the adaptive grasping. The system is driven by a single motor and integrates gear transmission with the dual-
pulley differential mechanism to realize the coordinated control of thumb, index finger, and middle finger. Experimental results show that
the proposed slack adjustment mechanism reduces the average system response time by about 91.5% with an initial slack of
approximately 10 mm, which significantly enhances the motion responsiveness. Additionally the stable adaptive grasping performance is
maintained under the various finger-blocking scenarios. The measured fingertip forces of thumb, index finger, and middle finger reach
8.85, 8.29, and 7. 84 N, respectively, which meet the force assistance requirements for the hand rehabilitation training.
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Fig.1 Actuator structure
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Fig.2 Cable routing
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Table 1 The parameter table of actuator
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Fig.3 Displacement analysis
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Fig.5 Experimental validation platform
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Fig. 6  Fingertip force testing platform
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Table 2 Steady tension and slider displacement

BB REAm RUEMZE  MRmIEE

B BHLgER /N 8B SI/N #8R/N A8 fk/m
19.6( £ 18)
BH ZEHHE AR 3.3N 24.8 -0.17
20.2(P¥)
20. 0( H148)
RH ZE T H59M4R 3.0N 25.0 +0. 04
19. 5( 1)
3.3 N(&18) 23.4( &)
145 B iz 18.5 +0.12
3.2 N(H1¥8) 22.6(H1¥K)
3.3 N(H#8) 25.6( i)
B B iR 20.7 -0.16
3.2 N(##H§5) 26. 1(448)
[ = BB 30
------- B
Z,,l — My "
X7 - amn
& . IR

- 5 10 115 2b
I 1] /s
(a) B FEHHE IR
(a) Blocked thumb grasp

RIS 130
30— WHEAHE
....... g R PR -

Z | — M ! ] 5
P - i /““‘““ 2
& BINE / pme | &

108 ,’/’

0 5 0 15 20 25"

i a)/s

(b) FHIE R TRINE
(b) Blocked index finger grasp

- BHRALR 130
30r —-- BRHA
— #HRRN
Zoof RECEP
5
® BB
10 -
== 10 15 :
i [ /s
(c) #iH5 B IR
(c) Free thumb grasp
B 110
ol —-- wHRE
L P st
z | —HHEE) g
R B
10

I i) /s
(d) &R H HiE
(d) Free index finger grasp

K8 A& IR S Kb

Fig. 8 Experimental data of adaptive grasping
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Fig.9 Fingertip force measurement data
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