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Design and Manufacture of Calf-Link with Knee Joint Torque Sensor for
a Tendon-Driven Walking Assistant Robot

§ ESHIM A7)

|||)-I

= s} AdLE
orEeH, ALE

Jun-Hwan An' and Gab Soon Kim'#

1 ddistn JojA

=25k} (Department of Control & Instrumentation Engineering, ERI, Gyeongsang National University)
# Corresponding Author / E-mail: gskim@gnu.ac.kr, TEL: +82-55-772-1745
ORCID:

KEYWORDS: Walking-assist robot (3= 7 2&), Torque sensor (ETAIA{), Rated output (F1Z1E2), Repeatability error (HI=2M 2=,
Non-linearity error (H|M&iA @& ), Strain-gage (AEHRIAH|0[X])

In this paper, the design and fabrication of the calf-link with knee joint torque sensor of a tandem-driven walking-assist
robot is described. Tendon-driven walking-assist robots should be designed and constructed with a wire wheel and a torque
sensor, as one body to reduce the weight of the calf link. The torque sensor consists of four plate sensing parts crossed
90° around the wire wheel. Structural analysis was performed to determine the size of the torque sensor sensing part, and
a torque sensor was built by attaching a strain gauge to the sensing part. As a result of the characteristics test, the
reproducibility error and the nonlinearity error of the manufactured torque sensor were less than 0.03% and 0.04%,
respectively. As a result of the calibration, the reproducibility error and the nonlinearity error were less than 0.08%,
respectively. Thus, it is considered that the knee joint torque sensor of the calf link can be attached to the tandem-driven
walking-assist robot.
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Fig. 1 Application principle of tendon-driven method calf-link knee
joint torque sensor
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(b) Motion of knee joint
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Fig. 2 Simulation for measurement of torque of the knee joint
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Fig. 3 Structure of knee joint torque sensor of calf link and location
of strain gage
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Fig. 4 Wheatstone bridge circuit
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Fig. 5 Structural analysis of the knee joint torque sensor of calf link
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Fig. 6 Strain of sensing element of knee joint torque sensor
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Table 2 Characteristic result of knee joint torque sensor

Rated output Rated output Rated output error Reproducibility error Nonlinearity error
(FEM, mV/V) (test, mV/V) (%) (%) (%)
0.5156 0.5215 1.14 0.04 0.03
0.6000 |
0.5000 [ ~

Fig. 7 Manufactured knee joint torque sensor of calf link
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Fig. 8 Experimental device for characteristic test and calibration of
knee joint torque sensor

(b) Experiment view

AL AAGAE A%k 30 NmE 7HiS o AUSHEA =2
S74% 72 33] HoS glolth AAEY A LR
Zleom ARE ALRE eAbol1L 1.14%0| it QA= A}
= 0.04%0]%3L, o)7L 0 Nm&-§ 30 Nm71#] 3 Nm @A = =
7 AR ZF A AR SHear P S AR
5 o]&3dto Akstnt. vFzIAd L2k= 0.03%0] AL, o] A

Rated output (mV/V)
=) o
g g

:

0.0000

12 15 18
Reference torque (Nm)

Fig. 9 Characteristic test result of knee joint torque sensor
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