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ARTICLE INFO ABSTRACT
Article history: Maintaining good health is a top priority for many people, particularly active
Received 7 February 2023 seniors with a variety of physical activities. The shoulder is a complex joint that
Revised 21 February 2023 is particularly susceptible to injury, but it plays a crucial role in many physical
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activities. This study aimed to measure using a strain gauge manufactured by a
3D printer to detect shoulder motion. The sensor was fabricated using carbon
Keywo.r ds nanotube (CNT) and nylon conductive filaments, and TPU filaments. The
3D _prmtmg sensor in this paper was manufactured by printing three conductive lines on the
Strain gauge _ main body printed with TPU. The manufactured sensor was attached to the
Sh01.1lder mom?n‘ shoulder to measure the motion of the shoulder. In this paper, we confirmed the
Motion recognition possibility of detecting shoulder movement of sensors through experiments
Resistance type sensor measuring three shoulder motions.
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(c) Print the entire structure
at once
Fig. 2 3D printer and print head with sensor output

(b) Print head with dual nozzle

Extruder

Hot-End

(a) Bowden extrusion
Fig. 3 Two types

(b) Direct extrusion
of extrusion systems
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(b) Extension
Fig. 4 Three motions to check for shoulder motion

(c) Abduction
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(a) Composition of the experiment
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(b) Configuration diagram of the experiment
Fig. 5 Composition of experimental equipment
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Fig. 6 Composition of motion experiment to measure shoulder
movement

Table 1 Resistance values for the three sensors

Resistance value (kQ2)

Classification " Jud o 4 5t Average
value
Sensor 1 | 13.736 | 13.681 | 13.626 | 13.517 | 13.846 | 13.68
Sensor 2 | 20.912 | 20.825 | 20.446 | 20.537 | 20.906 | 20.73
Sensor 3 | 15.575|15.511 | 15.511 | 15.448 | 15.575| 15.52
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(c) Sensor 3
Fig. 7 Resistance value change graph of three type sensors
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Fig. 8 Hysteresis of three type sensors
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—— Forward flexion (0°~180°)
—— Extension (0°~60°)
—— Abdution (0°~130°)
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Fig. 9 Resistance change graph of three types of sensors for
three movements of the shoulder
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Table 2 Resistance change rate and amount of change

Resistance change rate (%)
Classification i
Basilc Fom.'ard Extension | Abduction
bending* | flexion

4.02% 6.78% 0.2% o
Sensor 1 (0.55) (0.98) (0.03) 1.97% (0.28)
Sensor 2 9.24% 10.34% 31.79% 0.33%

(1.9) (3.16) 9.24) (0.1)
Sensor 3 1.24% 2.94% 1.73% 3.01%

0.2) (0.51) (0.3) (0.52)

* Basic bending : Resistance value of Fig. 7
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