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Safety Assessment of Automated Production Systems Using

Microelectronics (4 th Report)
—Evaluation of Hazard Controllability of an Industrial Robot-Part 1—

by Yoshinobu SaTo*

Abstract | An actual unmanned manufacturing station consisting of an NC machine and an
industrial robot is assumed (Fig.1). The main hazards of the robot to a human, which occur
during troubleshooting in an automatic operation mode, are enumerated using “Action-Chain-
models” (Fig.2). Fault Trees of accidents caused by the hazards are given as subsets of “Logic
Models for the Analysis of Accident-causation-Mechanisms” (Fig.3), and minimal cut struc-
tures are represented by Priority-AND Gates to consider sequential properties of basic events
(Fig.4) . Furthermore, a manual safety mechanism, an automatic one, and a combination of
the two, which cut off the power sources of the robet when a human enters a hazardous zone,
are evaluated by comparing expected numbers of occurrences of the top events (Fig.5) .
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Fig.1 An unmanned-manufacturing work station.
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a) Casesl & 2 : Systems with Manual Cut-Off Mechanisms

STRUCK BY MOVING MANIPULATOR

0

BARRIERS
NOT PROVIDED

Ea 04

MOVEMENT OF
MANIPULATOR

@ Eb 10

[
( COMMANDS TO MOVE BY CANCEL-)

]
HUMAN IN HAZARDOUS ZONE
FOR TROUBLE-SHOOTING (Nc09)

Eb 12

" Oa 02

|
POWER SOURCES

Ed11
Ee2l

]
MANUAL OPERATION IS PERFORMED, BUT INTRUCSION OCCURS

MANUAL CUT OFF BEFORE COMPLETION OF ONE-BLOCK-SEQUENCE

OPERATION NOT

PERFORMED Ed 11,2
Ed 11,1

b) Case 3 & 4 : Systems with Automatic Cut-Off Mechanisms

INTERLOCK
MECHANISMS
NOT PROVIDED

LATION OF HALT CONDITION

Ef 24

Ea 04

Q Ea 04

1 1
Ed 10 (' Eb12 for Neoy ) ,
A Eb 10 0a 07 Eb 12

T
Ef 24 FAIL TO INTERLOCK
CAUSE MANUAL CUT-OFF

Ef 24 Q Ed 10 MECHANISMS NOT PROVIDED

N\ Ed 11,3
FAILURE OF INTERLOCKING FAILED

OWING TO FAULT OF

POWER SOURCES EXIST BE-

SENSOR OPERATION
Ee 18 \_/ Ee 19
C) Cases 5,6,7 & 8: Systems with Manual and Automatic Cut-Off Machanisms
0
Q Ea 04"
I —1
Ed 10 ( Eb 12 for Nc09' )
Q Eb 10 0a 02 Eb12’
I
Ed 10 Ed 11
Ef 24 Ed 10’ ‘ Ed 11
Ed 11, 1
Ed 11,1 Ed 11,2
Ee 18 Ee 19

Fig.3 Fault trees of accident-causation mechanisms.
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