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On Hazard Assessment of Innovative Systems

by Yoshinobu SATO*

In this paper the problem of how to assess hazards posed in innovative man-machine systems is discussed.
First, the procedure of hazard assessment for innovative systems with fewer operation data is discussed.
Secondly, action-change and action-chain models for identification of hazards are presented, and useful
identification results of hazards that could be posed in present or future human-robot systems are shown.
Thirdly, the second step of hazard assessment that is minute qualitative analysis of accident-causing-
mechanisms is discussed, and requisites to safety interlock systems or safety monitoring systems are mentioned
quoting fault trees extracted as subsets of comprehensive logic models which analyze general accident-
causing-mechanisms. Lastly, methodology of quantitative evaluations is described especially emphasizing
sequential nature of basic events for quantification of cut sets. '
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h) : Human & Changes

H ( R (r) : Robot & Changes
S (s) : Shaving Machine & Changes
H (-): Human & Injuries

Fig. 4-3 A representation of an accident by A-C models
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Table 4-2 Typical action-chainsfrom robot to human
v Ry b b AR OBLER R M

Kinds of robot’s | Typical action-chains among ele- | Kinds of robot’s Typical action-chains among ele-
actions ments actions ments
a) Energy- Typel: R(a)a—H(+) Disease-cau-| 2 : R(r)c—H(h)a—P(p)a—H(-)
transmission H(h)a—R(r)a—H(-) sing agents | 3 : R(r)c—P(p)a—H(-)
type H(h)e—R(r)a—H(") ete. R(r)c—P(p)c—H(")
Kinetic R(r)e—~H(h)a—R(r)a—H(-) R(r)c—P(p)d—H(-)
Thermal H(h)b—R(r)a—H("-) R(r)e—P(p)X—H(-)
Electri<.:al 2 R(r)a—H(h)a=P(pla—H(+) | g Supply-obst-| 3} R(r)d—P(p)a—H(-)
ACOPSt}Cal R(r)a—H(h)b—P(p)a—H(-) ruction type R(r)d—P(p)c—H(-)
Radiative R(r)a—H(h)b—P(p)c—H(") R(r)d—P(p)f—H(-)
R(r)a~H(h)b—>P(p)d—~H(-) 4: R(r)d—>P(p)f— SH(-
R (r)amsHi(h)es P (p)a—rH(+) (r) (p)f—Q(qla—H(")
R(r)a—H(h)e—P (p)c—H(+) e) Existence- |1: R(r)e—H(h)
R(r)a—H(h)e—P(p)d—H(+) form type | 2: R(r)e~>H(h)a—P(p)a—H(-)
R{r)a—P(p)e—~H(") f) Function- 1:R(r)f—H(")
R(r)a—P(p)d—H(-) failure type | 2 : R(r)f—=H(h)a—P(p)a—H(-)
R(r)a—P(p)f—H(-) R(r)f—H(h)e—=P(p)c—H(")
b) Information-| 2 : H(r)b—>H(h)e—=P(p)a—H(-) 31 R(r)f—P(p)a—H(")
propa. type | 3: R(r)b—P(p)a—H(-) R(r)f—P(p)c—H(+)
— f— .
¢) Agent-trans-| 1: R(h)c—H(-) R(nf=>Pp)~H)
fer type H(h)a—R(r)c—H(+) R(r) : A robot & changes. H(h) : A human & changes.
Chemical H(h)b—R(r)c—H(+) P(p) : A peripheral element & the changes.
agents H(h)e—R (r)c—H(") H(-) - The human & injuries.
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Table 4-3 Typically assumed scenarios of action-chain occurrences
fERESERICEEI N B+ ) F

Typical action chains among elements

Typically assumed scenarios of action-chain occurrences

R(r)a—H(-)

H(h)a—R(r)e—H(-)
H(h)e—R(r)a—H("-)

HMh)b—->R(p)a—H(-)
R(r)a—H(h)a— P(p)e — H(-)
R(r)a—H(h)b—> P(p)c — H( - )
R(r)a— H(he— P(p)d — H(-)
R(r)a—P(p)a—H(-)
R(r)a—P(p)c—H(-)

R(r)a—>P(p)f—H(-)
R(r)b—H(h)e—P(p)a— H(+)

R(r)b—P(p)a—H(")
R(r)c—H(-)

H(h)a=R(r)c—H(-)
R(r)c—H(h)a—P(p)e— H(-)

R(r)e—P(p)a—H(")
R(r)d—P(p)f—H(-)
R(r)e—H(")
R(r)e—H(h)a—P(p)e — H(+)

R(r)f—H(+)
R(r)f~>H(h)a —» P(p)e » H(+)

Signal to start has been propagated to robot accidentally, which sud-
denly moves and strikes human.

Electromagnetic waves has been radiated to robot, which fails to
control its power and crushes human.

Human strikes against robot.

Human has approached robot, which suddenly begins to move and
strikes him.

Human has pushed start button of robot accidentally, which strikes
him.

Robot has pushed human, who reels and strikes against peripheral
facilities.

Human has received electric shocks from robot and touched sensors
of peripheral equipment accidentally, which suddenly starts and
pours down acid upon him.

Robot has struck human, who falls into water and drowns.

Robot has radiated electromagnetic waves to peripheral machinery,
which falls into reckless driving and crushes human.

Robot has shattered tank of chemical agent, which pours down on
human.

Robot has destroied heart-lung machine, which stifles human.

Robot has given wrong information to human, who enters dangerous
zone and get caught in equipment.

Robot has touched sensors of peripheral machinery, which suddenly
begin to move and crushes human.

Signal to release has been propagated to robot accidentally, which
suddenly pours chemical agent on human.

Human has struck against robot, which pours acid on him.

Robot has transfered heavy material to human, who reels and stri-

" kes against peripheral facilities.

Robot has poured conductive liquid on machinery, which talls into
disorder and strikes human.

Robot has cut supply of information to heart-lung machine, which
stifles human.

Association with robot has been so hard that human becomes a
stomach ulcer.

Robot has approached human, who trys to avoid it and strikes °
against peripehral facilities.

Robot has failed to supply air for breath, and human suffocates.

Robot has failed to support human, who begins to fall and strikes
against the ground.
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Typical action chains among elements

Typically assumed scenarios of action-chain occurrences

R(r)f—H(h)e—P(p)c—H(")

R(r)f—P(pla—H(")
human.

R(r)f—P(p)c—H(")

Robot has failed to support human, who falls into acid tank.

Robot has failed to operate machinery, which is reversed and crushes

Robot has failed to operate equipment, which pours radioactive sub-
stance on human.
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