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Improved Comfort Design of Sitting Lower Limb Rehabilitation Training Robot

WANG Nian-wen, CHEN Ming-han, TAN Xiao-meng, JI Chen, GAO Hui-yuan
(Yanshan University, Qinhuangdao 066000, China)

ABSTRACT: A sitting lower limb rehabilitation training robot was designed to enhance the human-machine comfort of
the rehabilitation training robot in order to meet the needs of lower limb rehabilitation training for stroke patients with
hemiplegia or patients with weak walking ability. Subjective evaluation method was used to evaluate the comfort degree
of the chair and back of the sitting lower limb rehabilitation training robot at different angles for different patients, and the
relative comfort angle range of the seat and back was obtained. The 95th percentile male and Sth percentile female virtual
human models were created with the help of JACK, and the force analysis module was used to conduct force analysis on
the 4th and 5th lumbar vertebrae (L4/L5) of the virtual human body to obtain the relative comfort angle interval of the seat
Got the ergonomics assessment of exoskeleton fit and display device visibility by analyzing the human-machine interac-
tion process between the user and the device. Through the analysis of the comfort degree of rehabilitation training robot,
the product size range which is more in line with the human-machine relationship is obtained, which provides an effective
method for the design of the comfort degree of rehabilitation training product.

KEY WORDS: ergonomics; sitting lower limb rehabilitation training robot; JACK; product size
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Fig.1 Traditional sitting lower limb rehabilitation robot
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Fig.2  Structural composition of a sitting lower limb reha-
bilitation training robot
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Fig.3 Overall lower limb rehabilitation training robot
comfort analysis framework
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Fig.4 Human biomechanical model
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Fig.5 The angle between the seat back and the seat surface
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Tab.1 Subjective comfort evaluation of waist
without lumbar support

JERFETS M o0 BN ET/N ORI/
90 21 25 4
100 25 24 1
110 27 21 2
120 19 25 6
130 16 26 8
140 18 25 7
150 14 27 9
160 13 27 10
170 19 26 5
180 22 25 3

®2 ENAESXEZFHTENGFEETN
Tab.2 Subjective comfort evaluation under the
condition of lumbar support

JERPSESE o0 BV EHR/N ARIEIN
90 21 26 3
100 27 22 1
110 28 21 1
120 19 25 6
130 18 26 6
140 15 30 5
150 12 29 9
160 13 27 10
170 10 30 10
180 0 25 25
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Fig.6 Rehabilitation training process simulation
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Tab.3 Thefourth and fifth lumbar vertebrae (L4/L5)

5595 EAM B PENS 4 WIS 5 WHEME (L4/L5) 201 55 5 Aot 4 RS 5 W IEME (L4/LS) &%)

HE R 5 A0 o ( i

- SN Y11 J1/MPa 9713 /1/MPa JEJI/N YIRi )/MPa  §7J% JJ/MPa
90 436.4 25.0 0.1 242.4 3.7 39
100 505.0 243 11 290.4 103 3.0
110 650.0 31 24 375.5 30.8 19
120 772.0 19.2 3.5 448.9 50.6 ~07
130 863.9 36.2 5.0 508.2 68.9 0.4
140 911.1 485 55 550.9 82.8 17
150 950.6 66.8 63 571.0 93.1 2.6
160 961.0 83.0 69 575.4 100.8 35
170 941.9 96.7 73 562.6 104.7 57
180 893.8 107.4 74 534.8 107.8 53
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Fig.7 Lower body physiological size measurement
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Fig.8 Lower exoskeleton
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Fig.9 The best visible area for both eyes

*k4 HEREKFEZENEFARN LM L,HE
Tab.4 Valuesof L;and L, when the angle between the
screen and the horizontal planeis different

BEAE KPR 5 95 Bk 5B S H ALtk

pl° L/mm  Lymm L;/mm L,/ mm
80 68 1175 90 1072
70 80 1139 99 1031
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Fig.10 Parametric design of a sitting lower limb
rehabilitation training robot
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