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Safety Assessment of Automated Production Systems Using Microelectronics
(First Report)

—Energy-Transfer Chains and Hazards of Ihdustrial Robots—

Yoshinobu SATO*, Noboru SUGIMOTO*, Tkuo MAE**

It is apparent that we have to recieve some risks when we use the Industrial robots for production,
because several cases of the injury accidents caused by robots have been already given in japan.

The technologies to apply ME (microelectronics) to the automatic machines or apparatus like industrtial
robots have greatly progressed and the usage of them are increasing rapidly.

And it seems that the technologies for the application of ME to the production systems will progress
further more in the near future.

Then it is necessary to achieve the safety assessment of the automated production systems using ME to
prevent the accidents that will be caused in the silsterns. ‘

In this report, the first step of the safety assessment for the potentially hazardous innovations such as
the technique to apply ME to the autmated production, the hazard identification method and its applica-
tion are discussed. ‘

Firstly we gave the strict definitions for the concepts “hazard” and “the production process®™.

Next we examined the patterns of the energy transfer chains that result in injury accidents related to
a system element. (Fig. 3).

And we proposed the concepts “Hazards related directly to a system element” and “Hazards related
indirectly to a system element” that are derived from the patterns of the energy transfer chains.

Then for the case study of the application of this hazard identificaton method, the energy forms which
are assumed to be possessed by industrial robots-persons-peripheral elements systems and to produce the
hazards to a person were examined and the types of the injury accidents caused by the hazards were
identified by using this method. (Table 1)

And it was concluded that the next step of the safety assessment process of potentially hazardous
innovations or systematical analysis of the hazards will be effectively derived from the result of the hazard
identification using this method.

* Mechanical Engineering Research Division **Directer of M. E. R. Division
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Table 1
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ldentification of the hazards related to industrial robots and impending over persons

Energy sources
possessed by
robots (han-
dling objects)

Hazards related directly to robots

Hazards related indirectly to

robots

Transfers of energy

Assumed types of
injury accident

Transfers of energy

Assumed types of
injury accident

Mass, Gravity,
Height

Toppling

Falls (of itself or

handling objects)

and

Propagation by

Being crushed
Being struck
Being cut

"Falls —Mechanical or electrical sparks

Falls—Destruction .of structures—
Falls or Topplings of structures or
personnel

— Flammable vapor — Explosion

Being crushed
Being struck
Being cut
Falls 3

Fire and blast
effects

Falls %

Short circuits
Electrical sparks

and

Prapagation by
touching/
through media

tric shock
Getting scalded

—>Explosion

Short circuit or sparks — Electrical
noise — Faulty signals in circuits —
Abnormal movement of peripheral
systems

touching Falls — Switch on of other system— Being caught
Faulty movement of it Being struck
Being cut
Falls
Kineti Move . : . .
inetic i Being struck Move or movement — Destruction of Being crushed
Movement of arms . . .
. Being run over structures — Falls or Topplings of Being struck
Movement of handling . )
biects Being caught structures or personnel Being cut
bl Being crushed o Falls 3%
] II\T/Iove or movemenF%CoIl.xsxons% Being crushed
an alls down of collided objects Being struck
. Move or movement— Switch on of Falls 3
Propagation by .
S other systems— Faulty movement of Being caught
Touching .
them Being struck
Being cut
Move or movement — Persons are Falls3 etc.
pushed into machines Being crushed
) . Being cut
Mt?vement o~f arms with handling Being struc
object — Objects get out of the place .
. . Being cut
— They come {flying — Destruction of
structures . Getting an elec-
Move or movement— They touch live ic shock
wires —electric leakage tric shoc
Electrical Leakage of electricity | Getting an elec- | Electrical sparks — Flammable vapor Fire and blast

effects
Falls %

Being caught
Being struck
Being cut
Falls

etc.

Plessure-volume

[

Wriggling of hoses,
Burst

and

Prop. by touch./
through media

Being struck

Burst effects

Burst — Something comes flying —1It
affects near systems —They get out
order — Faulty movement of systems

Being caught
Fallsx
ete.

Thermal
Casting

Hot foging
Hot working
Welding, etc.

Conduction

Transmission

Convection

Getting burned
Getting scalded

Conduction — Disorder of circuits—
Faulty movement of systems

Being caught
Being struck
ete.

Continue to next page
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Radiant
Radioactive
Ultraviolet
Infrared rays
'Ultrasonic waves
‘Laser ete.

Transmission

Radiation sick-
ness

Loss of eyesight
Being scorched
Hard of hearing

Transmission ‘of sensors of othes
systems — Faulty signals — Faulty
movement of systems :

vBein'g c"aughf

Being struck
Falls%
ete.,

1 Corrosive

Corrosion

Getting séalded

— Abnormal movement of systems

Corrosion of wiring— Leakage of
electricity — Electrical sparks —
Flammable vapor — Explosion

Corrosion of circuitrs— short eircuits

Being struck
ete.

Electrical
shocks

Fire and blast
effects

Static discharge and
Propagation by
touching/through media

Toxic pathogenic | Contamination - Poisoning
Contagions
Infections
(Possessed by (Hazards related directly to robots)
persons) Falls Falls
Mass, Gravity, [Toppling Striking
Height and -Cutting
C Propagation by o )
touching - Movement —Touch on switches or Being struck
Kinetic Move Striking [sensors — Faulty movement of robots | Being crushed
{Movement Cutting And Being caught
and Propagaton by touching Being cut
Prop. by touching _ ete.
Poor posture Lumbago Static discharge—>E'lectrica] noise— | Being struck
Over stress {Faulty signals in circuits—Abnormal | etc.
Electrical o movement of robots

And o
Propagation by touching

¥ also include the meanings of such injury accidents “"Getting burned, scalded”

by falls.
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SAFETY ASSESSMENT OF AUTOMATED PRODUCTION SYSTEMS USING

MICROELECTRONICS. (FIRST REPORT)

—Energy-Transfer Chains and Hazards of Industrial Robots— -

by Y.SATO, N.SUGIMOTO and I.MAE :

. Research Report of the Research Institute of Industr tlal Safety
RIIS-RR-32-5 (1984) '

In this report, the hazard idenification method and its apphcanon to mdustrlal
robots are discussed.

The strict definitions for the concepts “hazard” and “the producing process
were given. '

‘And the patterns of the energy transfer chains wh1ch result in injury accidents
were examined. -

Then for the case study of the application of thls hazard 1denuﬁcat10n method,
the energy forms assumed to be possessed by the robot working systems and to
produce the hazards to a person were exammed and types of injury accidents that
will be caused in the systems were identified.

It is concluded that the next step of the safety assessment process (:systematical
analysis of the hazards) will be effectively derived from the result of the hazard
identification using this method.

(8 Figures, 1 Table)



