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Fundamental Structure of Safety Control System.

— Principles of Safety Control and Configulation Method for Fail-safe System —
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Abstract: Recently, the reliability of industrial machines has been remarkably improved. In reality,
however, there still have been a large number of accidents caused by industrial machines mostly due
to failures in safety securing means. On the other hand, the evolution of mechatronic machines has
brought new safety problems, such as the runaway of machines caused by electromagnetic noises.
Therefore, the safety securing means of a machine should be so fail-safe as to exactly prévent any
accident by stopping the machine in case of machine failure.

In view of the above consideration, this paper describes a theory of securing safety for such a
system that enable men and machines to cooperate to work each other, and examines the validity
of the system configulation theory proposed for a fail-safe system to achieve such a system.

Chapter 2 treats the safety promotion process through many experiences of accident. Such a
conventional safety system that people accept the occurrence of a hazardous failure owing to the
probablistic reason are discussed. This study is based on the concept of fail-safe that never accepts
the failures of hazardous side.

In chapter 3, such logically unate relation that outputs energy only when safety is confirmed is
discussed. Energy used for the industrial purpose is basically different from the energy that causes
natural desaster. Industrial energy should be normally controlled and any disastor should be avoided
in deterministic (not probablistic) manner by means of fail-safe control technology. The reason for
deterministic safety based on logically unate relation is explained by a thermodynamic model.

A logical structure of safety securing system is discussed in chapter 4. An accident is analysed,
and the accident process is expressed by binary logic. The safety defined as the denial of accident
can be indicated as a confirmation of safety by means of safety signal. Such uncertain condition that
safety is not confirmed should be judged as hazardous for a reason that safety must be guaranteed
by all means. This truth is concluded as the “principle of safety confirmation”.

In Chapter 5, an evaluation of safety is newly proposed, and in chapter 6, a model of the safety
man-machine operation system attained through formulation is actually applied to the working site
where men and machines are collaborating each other, and the validity of such model is demon-
strated.

Keywords; Safety, Safety control, Fail-safe, Inherent safety, Fool-proof, Interlock, Logically unate
relation, Safety confirmation, Safety principle
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