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Safety Assessment of Automated Production Systems Using Microelectronics

( 2nd Report)

—The Comprehensive Logic Models for the Analysis of Accidents Caused by Robots
(Part 1)*—

~
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by Yoshinobu SATQO**

In spite of the fact that some workers were inadvertently killed or injured by industrial robots, we are
obliged to use them, because we have yet to overcome such risks and increase productivity. Nevertheless,
the robot will be developed and utilized not only for the industrial sectors, but also for our daily life, and
in this context the safety of robots will become more important with greater social interest in the near future.

The purpose of this work is to improve the safety of robot systems, ranging from their design to use.

In the previous paper, a general technique to identify the hazards to be created in human-robot systems
was discussed. The next step of the safety assessment is to analyze the logic of hazard causation mechanisms.
In general, such analysis is made to given practical systems. On the other hand, the function to check the
oversight in any implemented analysis is very important. Such function will be given by investigating, so to
speak, comprehensive logic models made by assuming all cases of the hazard causation mechanisms.

Targets in this paper are two typical hazards, i. e., “Struck by robot body” and “Struck by robot arms”.
The comprehensive logic models which are used as such general-purpose fault trees are established with their
hazards as top events (Fig.1~3). The comprehensive logic models resemble the MORT (Management Oversight
and Risk Tree), and an individual fault tree can be obtained as a subset of the models, given an actual
specification of the human-robot system.

Futher, the statistical independence among the basic events of the models is estimated, and the author
concludes that the statistical independence is not expected under ‘the general condition, but that three factors
which dominate the interdependence among the basic events under that condition are extracted, and in addition,
the assumption of statistical independence will be approximately satisfied in each fragmentary system phase
defined by combining the factor-modes that are gained by dividing each factor into several modes (Fig.4).

Finally, minimal cuts.of the comprehensive logic models in some important system phases are then extracted
to obtain the main system failure modes (Table 2 ).

Keywords: Safety Engineering, Safety Assessment, Robot, Human-Robot Systems
Hazard Analysis, Logic Models.
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Table 1 A list of sorting gate locations

X3y —ruk—%

Number in | Event identification
triangles code above the triangles.
21 0] (Fig.1)
22 N (Fig.3)
23 Eb07 (Fig.1)
27 Nb02 (Fig.3)
28 * Ec08 (Fig.2)
29 Eel? (Fig.2)
30 Ed10 (Fig.2)
31 Ebl0 (Fig.2)
36 Na0l (Fig.3)
37 Nb05 (Fig.3)
40 E 407 (Fig.2)
41 Edo4 (Fig.1)
42 Ec05 (Fig.1)
43 Eel0 (Fig.1)
49 Ee04 (Fig.1)
51 Eel6 (Fig.2)
53 Ec06 (Fig.1)
55 Nb04 (Fig.3)
56 Eel3 (Fig. 1)
57 Ef16 (Fig.1)
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(1) CONDITION-MODES OF (20 MOVEMENT-MODES OF (3) EXISTENCE-MODES OF
. ROBOTS ROBOTS HUMANS

a) TRANSPORT/INSTAL-
LATION

b) ARRANGEMENTS
¢ ) PROGRAMMING
d) TEST RUNNING
e} STARTING
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g ) MAINTENANCE OR
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a) AUTONOMOUS MOVE -
MENTS BY COM-

a )} EXISTENCE BY
FUNCTIONAL AP-

MANDS TO BE IN- PROACH
TENDED b) EXISTENCE BY

b) AUTONOMOUS MOVE- NONFUNCTIONAL
MENTS BY NOT TO APPROACH

BE INTENDED

¢ ) HETERONOMOUS
MOVEMENTS

Strong Coherency
Coherency Not So Strong

Fig. 4 Modes to obtain system phases and the coherency among them.
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Table 2 Important minimal cut sets in the main phases of the Comprehensive Logic Models.
REBEFILIOELHCEIH»ZELCR N D Y P RS

Main Phases
gifvgosn; I;rtz}.r:len Im por;ant Minimal Cut Sets in the Phases*
in Fig. 4
Wiz | (N3 Ef06 Ef07, EcOT)(Nb03, Ef06 Ef07, Ee08) (ND03, Ef06 Ef07,
1) o)-ny| E€OB)NDOS, E£06 Ef07, Ee09)(NbOL Ef06 Ef07. Ee07)(NbDOL Ef06,
Ef07, Ee08)(NbOl, Ef06 Ef07, Eec06)(Nb0l, E {06 Ef07, Ee09)
b)c)-a)| (NCO4 E£06, Ef07, Ee0)(NcO4 Ef06 Ef07, Ec8) (NcO4, Ef06 Ef07
€78 B e06) (Nc04, Ef06, E£07, Ee09)
' py_ay | (N €05 E 23, Ed10, EAI(Nc05, Ef24, Ed10, EdI1) (Ncs, Ef25 EdI0,
¢ &V Ed11) (Nc05, Ef2, Ed10, Edill)
)by | (N €08 E 23 Ed10, EIN(Nc06, Ef24, EIO Ed11) (Nc05 Ef25 EdIo,
| Ed11) (Nc06, E£26, Ed10, Ed1l)
pyay | (NCO7 Ef23, Ed10, EI(NCOT, Ef24, Ed10, EdL) (Nc07, Ef25 EdI0
€ 3| Ed11) (Nc07, Ef26, Ed10, Ed11)
o) -a) (Nb0l, Eel6, Ed10, Ed11)(Nc08, Eel6, Ed10, Ed11) (Nc09, Eel6 EdI0,
47 Ed11) (Nb03, Eel6, Ed10, Edll) |
f)-a)-b) | (Nc15, Nc16, Eel6, Ed10, Ed11)(Nc1l, Nc12, Ncl4, Eel6, Ed10, Ed1l)
(NbOl, E£23, Ed10, EdI1)(Nbol, Ef24, Ed10, Ed11) (Nb0l, E £25 EdI0,
Edil) (NbOl, E£2, Ed10, Ed11)(Nc08, E£23, Ed10, Ed1l) (Nc08, E f24,
£)-p)-a) | E410. Ed1D) (Nc08, Ef25 Edl), Ed1)(Nc08, E£26, Ed10, Ed1l) (Nc0s,
Ef23, Ed10, Ed1l) (Nc09, Ef24, Ed10, Ed11) (Nc09, E £25, Ed10, Ed1l)
(Nc09, Ef£26, Ed10, Ed11) (Nb03, E £23, Ed10, Ed1l) (Nb03, E £24, Ed10,
Edll) (Nb03, E£25 Ed10, Ed11) (Nbo04, E £26, Ed10, Ed11)
oby-gy | (NC10. Ef23 Edl0, Ed11)(Nc10, Ef24, Ed10, Ed11) (Nc10, E £25 Ed10,
8/70)78) | £ 411) (Nc10, E£26, Ed10, Edll) ,
oe)-a) (Nc10, E£06, Ef07, Ee07)(Ncl10, Ef06, Ef07, Fe08 (Ncl10, E 06, E 07,
g)mc)ma) | £ .06) (Nc10, E £06, E £07, Ee09) ;

% Which generates the event Ea03 or Ea04, under the condition that the events Eb08 and Ebll

are usually caused.
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