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Abstract: System safety engineers have developed and utilized the methods for identificsation,

analysis and assessment of hazards and risks produced in a designed and assumed system, such
as hazard-operability studies and fault-tree analysis. While, we have considered that the designing
of systems involving hazard-control systems is a job as an expert in each technological field. In
general, the systematization of designing is difficult because we can not express mathematically
the knowledge of systems syntheisis.

Recently since systems are getting more complicated and flexible, the cause of large percentage
of major hardware-failures that led to accidents has been hardly established. If the cause of
accidents is unpredictable, this suggests that the most productive way of increasing safety and
ameliorating risk is to mitigate the effect of an accident, i,e., to reduce its consequences. An
automobile seat-belt, for example, does not prevent accidents, it, however, reduces risk of injury
from an accident.

A hazard-control system (: the system which prevents damage, given that failures have oc-
curred) materializes the seat-belt approach. The author has made efforts toward categorizing and
systematizing the design of hazard-control systems in terms of an action-change and action-chain
(A-C) model for hazard-control. ' ,

This paper systematizes the structuring of an inherently fail-safe system and describes the
systematic procedure for multiphasic safety design based on the A-C model. The paper obtains
the following results: .

1. An entropy model for system state division is proposed. In the entropy model, the entropy
of system elements with regard to energy, information, disorganization of shape, etc. divides
system state into two states, ordered and disordered state. The ordered state evokes ordered-
state actions between system elements. Disordered state produces a function-failure action. The
entropy model clarifies the physical background of the A-C model. Next, the mode of system-
state transition is divided into two modes, ordered and disordered transition. Only the ordered-
state system-elements materialize the ordered transition. Then, an inherently fail-safe system is
established by the following definition; if a failure in a system brings about a disordered system-
transition from ordered state and if this transition prevents a damage which could be caused by
a hazard, then the system is an inherently fail-safe system with regard to the failure and the

hazard.
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2. The paper generalizes hazard-restraint strategy as the follovviﬁg four principles; 1) exclu-

sion or elimination of undesirable action source, 2) prevention of undesirable changes, 3) controls

which prevent a system from transferring to a damage-producing systems phase, and 4) controls

which transfer a system from a damage-producing system phase to a damaga-avoidable one.

Principles 3) and 4) are materialized by hazard-control systems. Designing of fail-safe and fault-

tolerant structures into hazard-control systems is hazard-restraint tactics. Multiphasic safety

design is the implementation of the hazard-restraint strategy and tactics.

3. The paper defines the rules for structuring a fail-safe, fault-tolerant, and inherently fail-

safe systems, and establishes the method of elaborate and systematic multiphasic safety design.

4. Examples involving a chemical batch-processing plant demonstrates the new technology

and confirms its effectiveness.

Key Words: A-C model, Multiphasic safety design, Inherently fail-safe system, Fail-safe system,

Fault-tolerance system, Chemical processing plant, Entropy model.
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Fig. 3 Conceptualization of an emergency external-cooling-system
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