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Improved Wearability of the Upper Limb Rehabilitation
Robot NREX with respect to Shoulder Motion

o
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Abstract: NREX, an upper limb exoskeleton robot, was developed at the National Rehabilitation Center
to assist in the upper limb movements of subjects with weak muscular strength and control ability of the
upper limbs, such as those with hemiplegia. For the free movement of the shoulder of the existing NREX,
three passive joints were added, which improved its wearability. For the flexion/extension movement and
internal/external rotation movement of the shoulder of the robot, the ball lock pin is used to fix or rotate
the passive joint. The force and torque between a human and a robot were measured and analyzed in a
reaching movement for four targets using a six-axis force/torque sensor for 20 able-bodied subjects. The
addition of two passive joints to allow the user to rotate the shoulder can confirm that the average force
of the upper limb must be 31.6% less and the torque must be 48.9% less to perform the movement related

to the axis of rotation.

Keuwords: Exoskeleton Robot, Misalignment, Additional Joint, Reaching, Rehabilitation
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[Fig. 2] Limited Shoulder Range of Motion
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[Table 1] Percentage of the Average Force with Respect to Axes

Fx Fy F;

Target | Pre | Post Pre | Post Pre | Post
A-B A-B A-B

A) | B A | B A | B

T1 100 | 32.6 | 67.4 | 100 | 84.2 | 15.8 | 100 | 116.5 |-16.5

T3 100 | 31.5 1 68.5| 100 | 90.8 | 9.2 | 100 | 82.2 | 17.8

T4 100 | 57.9 1 42.1| 100 | 95.7 | 43 | 100 | 105 | -5

Té 100 | 54.6 | 454|100 | 99.6 | 0.4 | 100 | 1093 | -9.3

Average | 100 | 44.2 | 55.8 | 100 | 92.6 | 7.4 | 100 | 103.3 | -3.3

[Table 2] Percentage of the Average Torque with Respect to Axes

Tx Ty T,

Target | Pre | Post Pre | Post Pre | Post
A-B A-B A-B

A | B) A) | B) A) | B)

Tl 100 | 76.1 | 23.9| 100 | 33 | 67 | 100|322 | 67.8

T3 100 | 86.7 | 13.3 | 100 | 36.3 | 63.7 | 100 | 41.9 | 58.1

T4 100 | 91.4 | 8.6 | 100 | 55.9 | 44.1 | 100 | 79.8 | 20.2

T6 100 | 949 | 5.1 | 100 | 49.8 | 50.2 | 100 | 89.6 | 10.4

Average | 100 | 87.3 | 12.7 | 100 | 43.8 | 56.2 | 100 | 60.8 | 39.2

[Table 3] Percentage of the Average Total Force/Torque with

Respect to Targets
FToIaI TTOLaI

Target Pre | Post Pre | Post
A-B A-B

@A) | B) @A | B
T1 100 59.6 40.4 100 38.1 61.9
T3 100 57.1 429 100 413 58.7
T4 100 75.7 24.3 100 64.7 353
T6 100 81.3 18.7 100 60.2 39.8
Average 100 68.4 31.6 100 51.1 48.9
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Y axis, (¢) Force in Z axis, (f) Torque in Z axis, () Total force, (h) Total torque, Fro.=1/Fs +Fy +F; , Trou=
T + 17 + T, , Time = Operating Time, w/o AJ: without Additional Joints, w/ AJ: with Additional Joints
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