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Safe Speed Limit of Robot Arm During Teaching
and Maintenance Work
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ABSTRACT

Serious injuries and deaths due to multi-jointed robot occur when a man mispercepts,
especially during robot teaching and maintenance work. Since industrial robots often
operate with unpredictable motion patterns, establishment of safe speed limit of robot arm
is indispensable.

An experimental emergency conditions were simulated with a multi-jointed robot. and
response characteristics of human operators were measured.

The result showed that failure type, robot arm axis. and robot arm speed had significant
effects on human reaction time. The reaction time was slightly increased with robot arm
speed, though it showed somewhat different pattern owing to failure type. Furthermore
the reaction time to the axis which could flex or extend, acting on a workpiece directly,
was fastest and its standard deviation was small.

The robot arm speed limit securing a ‘possible contact zone' based on overrun distance
was about 25cm/sec. and in this sense the validity of safe speed limits suggested by many
precedent researchers were discussed.
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Fig.1 Overrun distance as a function of reaction time
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Table 1 Recommended safe speed limits of robot arm

A1/ Aota Adde Agsdn
Beauchamp et al. 191 1Tem/sec
ANSI R15.06 1946 25cm/sec
Barrett 19% 1dcm/sec
ISO/TC184/WG 1986 3em/sec
N§C 1985 15cm/sec
Collins 1984 14cm/sec
Percival 1984 B/ B om/se

&/ % Bose

Richtiinie 1934 25em/sec

Vandeest 194 Jcmy/sec
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Table 2 ANOVA of reaction time(single-component failure)

variable S df MS F significant
main effects 83 1 66 L4 000
falore type 434 1 434 740 006
robat arm speed 40141 3 1BB® BUT 000
failure prob. 1.306 2 065 L10° 323
axis 043 5 6.087 10.530° 000
residual 90.8% 1645 0.578
total 102379 1656 0.618

* significant. @=0.05

&, S8 :sum of square
d.f.:degree of freedom
MS ‘mean square
F F statistic
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