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1 INTRODUCTION

Safety System Engineering(SSE) is defined as the combination of tasks and activities
of system safety management and SSE enhances operational effectiveness by satisfying the
system safety requirements in a timely, cost-effective manner throughout all phases of
system life cycle.

SSE develops as industry develops. It is the product of modern science and technology

and also becomes an important branch of safety science.
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1.1 Basics of Safety System Engineering

1.1.1 System

System is the study object of system engineering, which is a combination of people,
procedures, facility, and/or equipment all functioning within a given or specified working
environment to accomplish a specific task or set of tasks. A system embodies four
characteristics:

1) Integrity

A system is a complete whole composed by two distinct elements (components or
subsystems). Different elements form an unified whole which is equipped with certain new
functions through synthesizing and unifying instead of random assembling although the
elements have different functions. Only when new functions appear, may a system
perform functions properly and effectively.

2) Relativity

Elements in a system are interactive and independent, through which the system is
linked effectively and may perform its functions.

3) Purposefulness
Any system aims at certain tasks or goals. In order to fulfill certain aims of a system,

prescribed functions must be embodied so as to offer the system optimal planning,
designing, controlling, and managing and so on in system life cycle, i. e. the phases of
planning, designing, experimenting, manufacturing and applying.

4) Environment adaptability

Any system is in a certain physical environment, so it must adapt to the changes of
the environmental conditions. The effects of environments on the system must be taken

into consideration in system research,

1.1.2 System Engineering

As a new science in 1950s, system engineering studies system, applying modern
science and technology with the aim of system optimization.

System engineering is a scientific methodology of planning, designing, manufactur-
ing, experimenting and applying in organization and management systems, it is applicable

to any systems.

1.1.3 SSE

SSE, based on basic theories and methodologies of system engineering, pre-identifies
and analyzes hazardous elements existing in system, assesses and controls them to ensure
the expected system safety. To be more specific:

(1) The theoretical basis of SSE is the science of safety and system. It is a system
engineering of industrial and mining enterprises with field of occupational safety and

health.
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(2) The purpose of SSE is pursuing the safety of the whole process of the system as

well as its whole process.
(3) The key point of SSE is the identification, analysis and assessment of system

hazardous elements, system safety decision and accident control.
(4) The expected safety target of SSE is to control system risks to an acceptable
level. That is to say, to control accidents economically and effectively and keep system

risks under safety index.

1.2 Research Objects, Contents and Methods of SSE

1.2.1 Research Objects of SSE

As a scientific approach,SSE has its own research objects, Any manufacturing system

is composed of three factors: first, operating and managing personnel who are engaged in
manufacturing activities; second, physical conditions which are necessary to
manufacturing such as machines and factory buildings; third, environment in which
manufacturing takes place. The above three factors comprise “man-machine-environment
system”; each factor is one subsystem of the whole system and they are called man
subsystem, machine subsystem, and environment subsystem, respectively.

1) Man subsystem

Whether the man subsystem is safety or not involves the problems as the following,
physiological and psychological factors of human, the properly whether the prescriptions,
regulation criteria and managing methods etc. suit human or not and whether it’s likely to
be accepted by human., During the study, man should be regarded not merely as one in
nature or in a company, but as one in a society. Problems must be analyzed and solved
from the perspective of sociology, anthropology, psychology and behavior science. In man
subsystem, man should not only be looked on as an eternal composing part, but also as a
kind of creature of self-respect and self-love, with feelings, thoughts and subjective
initiatives,

2) Machine subsystem

For this subsystem, the safety of the workpiece shape, size, material, intensity,
technology and reliability of equipments should be taken into account. Meanwhile,
requirements of meters and operating pieces on man, and requirements of meters and
operating pieces from the perspective of anthropometry, physiology, relevant parameters
of psychology and physiology process designing should not be ignored.

3) Environment subsystem

For this subsystem, physicochemical and social factors need to be considered.
physicochemical factors include noise, vibration, dust, poisonous gases, cosmic ray,
sunlight, temperature, humidity, pressure, heat, chemical hazardous substance and so
on. Social factors are composed of management system, time quota, personnel

organization and interpersonal relationship etc. .

o
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The three subsystems interact and interplay, which make the safety of overall system
in a certain state. For example, physicochemical factors affect the life cycle and precision
of machines or even damage machines; noise, vibration, temperature, dust, and poisonous
gases of machine subsystem affect man and environment subsystems; the states of human’
s psychology and physiology are usually subjective factors of mal-operation; social factors
in environment subsystem will affect human’s psychology and bring potential hazards to
safety. That is to say, the above three subsystems, which interact, restrict and influence
each other form an organic whole of “man-machine-environment”, Only starting from the
relations in and between these subsystems, can safety problems be really solved in
analyzing, assessing and controlling the safety of “man-machine-environment system”.

The object of SSE is “man-machine-environment system”.

1.2.2 Research Contents of SSE

SSE is a scientific approach (technique) which studies how to utilize theories and

methodologies of system engineering to ensure system safety. The main technological
methodologies are system safety analysis, system safety prediction, system safety
assessment and system risk control.

1) System safety analysis

In order to increase system safety and reduce or exterminate accidents, the
prerequisite is to identify the hazardous elements in advance, then to master their
characteristics thoroughly and to understand clearly the degree of their effects on system
safety. Only in this way, can the main potential hazards be found out and effective
protection measures be taken to improve system safety. “preliminary” means that, no
matter which stage the system is in its life cycle, safety analysis must be carried out,
hazardous factors be identified and mastered before the operation of certain stage. This is
what needs to be solved in system safety analysis,

System safety analysis is a kind of technical approach which employs theories and
methodologies of system engineering to identifies, analyzes existed hazards in a system and
makes qualitative and quantitative descriptions with reference to practical needs.
According to relevant references, there are many forms and methods on system safety
analysis and cautions in operation as well,

(1) Based on the system characteristics, the requirements and aims of analysis,
employ different analysis methods in that no method is applicable to any cases because of
its characters and limitations. Several methods need to be used simultaneously to make up
for limitations of each other or make comparisons; hence, results of analysis can be
verified.

(2) The methods should not be utilized mechanically, they need to be reformed or
simplified when necessary.

(3) Never be restricted to the application of the methods, but explore new ways and
methods based on system theories instead. Meanwhile, the former effective methods also

need to be improved to form systematic safety analysis methods.
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2) System safety prediction

Prediction is a science of studying future. With the development of science and
technology, and the development of production, human’s prediction activities are more
and more frequent, prediction fields broader, prediction methods and techniques more
advanced. It is widely applied to many fields, such as economy, technology and social
development. The effective combination between prediction techniques and controlling
methods is the main stream of modern safety technology.

3) System safety assessment

System safety assessment, based on system safety analysis, identify the hazardous
elements in the system. However, that does not mean that measures must be taken to all
the hazardous elements. Instead, it needs to have a good grasp of the accident risks
through system safety assessment and then compare them with relevant system safety
index. If the accidents risks are above the index, measures need to be taken to control the
hazards with the aim of keeping them below the index.

4) System risk control

Any system safety techniques of prediction, analysis or assessment will not be able to
take effect as expected if there are no effective management skills and methods.
Therefore, system risk control develops with system safety techniques of prediction,
analysis and assessment. Its key characteristics is to carry out safety management on
system in full scale during its whole process based on the integration, relevance and

orderliness of system, so as to control system safety.

1.2.3 Research Methods of SSE

Based on the theory of safety science, a research method of SSE develops and matures

on the basis of former research methods. Generally speaking, there are five methods:

1) From the integrality of a system

Research methods of SSE must start from the integrality of the system, on which the
methods process and target of solving safety problems are considered. For example, safety
requirements on each subsystem must be consistent with that of the whole system and
other functions. In the process of system research, contradictions between subsystems and
the system or between subsystems themselves must make use of system optimization to
find solutions which are acceptable to each part. Meanwhile, system optimization should
be utilized through all the phases of system planning, designing, developing and applying.

2) Essential safety approach

Essential safety approach is the aim of safety technology, and it is also the kernel of
SSE approaches. Due to the consideration of man-machine-environment in safety as one
“system”, the kernel aim is essential safety, which is the methods and techniques of
system essential safety regardless of studying from system contents or objectives,

3) The match of man and machine

The match of man and machine is a crucial factor among that affecting system safety, The

man-machine match which studies safety in industry is safety man and machine engineering; while
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