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Design of a Variable-Stiffness Type Safety Joint for Service Robots
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This paper aims to design a variable-stiffness type economical safety joint for service robots. The
safety joint was designed to have a passive shock absorbing mechanism for protecting human
from a catastrophic collision under service condition of robots. A simple mechanism composed of
two action disks for switching the load transfer, a spring and a screw for pre-load was proposed.
In order to evaluate the performance of the safety joint a testing platform which can carry out the
static and impact tests was also designed and fabricated. From the test results, the designed
safety joint was proved fo have a variable load-carrying capacity and about 42% impact
absorption capacity with simple manipulation of the control screw.
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F; = an external force

F, =3f= arotating force

F; =3f; = alifting force

8= an axial distance between two disks

Omax = the maximum axial distance

¢= a pre-compression displacement of a spring
&= arotating angle
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Fig. 1 Diagram of safety joint mechanism (a) matched
state (b) free-rotation state
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F1g 2 Action diagram of safety joint with robot arm
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Fig. 3 Action diagram of the safety joint mechanism
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Fig. 5 Schematic diagram of safety joint mechanism
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Table 1 Specifications of the ball transfer

Specification Value
Ball diameter 6.35mm
Ball transfer diameter 12mm
Max. allowable load 20kg
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Table 2 9k T,
Table 2 Specifications of the belleville spring
Specification Value
Outer (inner) diameter 27.7(14.45)ymm
Thickness Imm
Max. spring load 1300N
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Fig. 6 Prototype of the safety joint

Table 3 Specifications of the safety joint

Dimensions Value
Diameter 50mm
Length 42mm
Weight 450g
Spring constant 500kN/m
Payload 0~60N
Cut-off impulse 0.8 ~ 1.5Ns
Cut-off efficiency max 42%
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Safety joint

Fig. 7 Experimental platform for the safety joint
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Fig. 8 Display window for measured impact signal
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Table 4 Static critical load according to the pre-
compression displacement

# of | Pre- Spring  Critical  Torque
test | compression  force Load [Nm]
displacement  [N] [N]
[mm]

1 0.15 72.9 572 1.26

2 0.29 145.8 932 2.05

3 0.44 2188  13.08 2.88

4 0.58 291.7 1831 4.03

5 0.73 3646 2191 4.82

6 0.88 437.5  25.18 5.54

7 1.02 5104 29.59 6.51

8 1.17 5833  34.83 7.67

9 1.31 656.3  40.38 8.88

10 1.46 7292 4447 9.78

11 1.60 802.1 51.01 11.22

12 1.75 875.0 53.63 11.80

13 1.90 9479  55.75 12.27
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Fig. 9 Impulse response of the safety joint w.r.t. the pre-
compression displacement of the spring

Table 5 Impact test result from the different pre-
compression displacement

Pre-compression Max Force  Impulse

displacement [N] Ns]

[mm]

1 1.02 19 0.816
2 1.17 22 0.922
3 1.31 24 1.037
4 1.46 26 1.119
5 1.60 27 1.150
6 1.75 29 1.247

7 1.90 32 1.342
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