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INTRODUCTION 

Modern industrial machinery has reached a level of complexity and autonomy that 

would have been unimaginable only a few decades ago. Robots collaborate with humans, 

production lines operate with minimal supervision, and entire factories function as 

interconnected ecosystems of sensors, drives, controllers, and software. Yet despite this 

technological progress, one principle remains unchanged: machines must be safe. Safety is 

not an accessory, not a secondary feature, and not a bureaucratic requirement. It is a 

fundamental engineering discipline that protects human life, ensures reliable operation, and 

preserves the integrity of industrial processes. 

The purpose of this book is to provide a complete, structured, and practical 

understanding of machine safety — from the foundational principles and international 

standards to the detailed engineering methods used to design, implement, verify, and 

validate safety systems. It is written for engineers, technicians, integrators, and decision-

makers who must navigate the complex landscape of functional safety, risk assessment, 

electrical design, safety PLC programming, and human factors. 

Safety is often misunderstood as a set of devices: emergency stops, guard switches, light 

curtains, scanners, relays, and PLCs. In reality, safety is a holistic engineering process that 

spans the entire lifecycle of a machine. It begins with the first conceptual sketch and ends 

only when the machine is decommissioned. Every design decision — mechanical, electrical, 

software, organizational — influences the level of risk and the effectiveness of protective 

measures. 

The foundation of modern machine safety is built upon international standards such 

as ISO 12100, ISO 13849‑1, IEC 62061, EN 60204‑1, EN ISO 14119, and EN ISO 13855. These 

standards define the methodology for identifying hazards, estimating risks, determining 

required Performance Levels (PLr) or Safety Integrity Levels (SILr), selecting appropriate 

components, designing architectures, and validating safety functions. They provide a 

common language for engineers across industries and countries, ensuring that safety is 

approached systematically and consistently. 

However, standards alone are not enough. Real-world safety requires engineering 

judgment, practical experience, and an understanding of human behavior. Machines do not 

operate in isolation — they are used, maintained, and sometimes misused by people. 

Human factors such as fatigue, distraction, overconfidence, time pressure, and routine play a 

significant role in accidents. A strong safety culture, supported by training, communication, 

and leadership, is essential for ensuring that protective measures are respected and 

effective. 

This book is structured to guide the reader through the complete process of safety 

integration. It begins with the fundamentals of machine safety and the safety lifecycle. It 

then explores risk assessment, PL and SIL determination, safety components, electrical 

safety, safety PLC programming, validation, documentation, and human factors. Each 
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chapter builds upon the previous one, forming a coherent and practical framework for 

designing safe machines. 

The goal is not only to explain how safety works, but to show how safety thinking 

becomes part of the engineering mindset. A safe machine is not simply compliant — it is 

reliable, efficient, and trusted by operators. It reflects the professionalism and integrity of 

the engineer who designed it. 

The following chapters provide the knowledge, structure, and practical tools needed 

to design machines that meet the highest standards of safety and performance. Whether 

you are building a small automated workstation or a complex robotic cell, the principles in 

this book will guide you toward solutions that are technically sound, legally compliant, and 

fundamentally safe. 
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CHAPTER 1 – FUNDAMENTALS OF SAFETY INTEGRATION 

Safety integration is the foundation of modern machine design. It is not a separate 

discipline, nor a final step added at the end of a project. Instead, it is a continuous 

engineering process that spans the entire lifecycle of a machine — from the first conceptual 

sketch to the final day of operation. Understanding the fundamentals of safety integration is 

essential for every engineer, technician, and decision-maker involved in the design, 

construction, programming, installation, and maintenance of industrial machinery. 

This chapter provides a comprehensive and deeply detailed overview of the 

principles, standards, methodologies, and engineering mindset required to design safe 

machines. It establishes the conceptual and practical foundation upon which all subsequent 

chapters build. The goal is not only to explain what safety is, but to show how safety thinking 

becomes an integral part of professional engineering practice. 

 

1.1 WHAT MACHINE SAFETY REALLY IS 

Machine safety is the discipline that ensures machines can perform their intended 

functions without causing harm to people, equipment, or the environment. It is a structured 

engineering approach that combines mechanical design, electrical engineering, control 

systems, human factors, and organizational processes into a unified framework. 

Machine safety is not simply the presence of protective devices such as emergency stops, 

guard switches, or light curtains. These devices are only one part of a much larger system. 

True safety is achieved when: 

• hazards are identified and understood, 

• risks are evaluated systematically, 

• protective measures are selected based on engineering logic, 

• control systems are designed to be fault-tolerant, 

• human behavior is considered and respected, 

• documentation is complete and traceable, 

• verification and validation confirm correct operation. 

Machine safety is therefore both a technical and a human discipline. It requires 

knowledge of standards, engineering principles, and real-world behavior. It requires the 

ability to predict how a machine might fail, how an operator might act under pressure, and 

how protective systems must respond to prevent harm. 
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1.1.1 SAFETY AS A SYSTEM PROPERTY 

Safety is not a component — it is a property of the entire system. A machine is safe 

only when all elements work together: 

• mechanical design, 

• electrical design, 

• control logic, 

• software, 

• protective devices, 

• operator interfaces, 

• maintenance procedures, 

• organizational culture. 

A single weak link — a poorly placed guard, an unreliable contactor, a confusing HMI 

screen, or an untrained operator — can compromise the entire safety system. 

 

1.1.2 SAFETY AS AN ENGINEERING MINDSET 

Safety is not only a set of rules; it is a way of thinking. Engineers who understand safety: 

• anticipate failure modes, 

• design for fault tolerance, 

• consider human behavior, 

• avoid assumptions, 

• document decisions, 

• validate their work. 

This mindset is what separates professional engineering from improvisation. Safety is the 

discipline that forces engineers to think clearly, systematically, and responsibly. 

 

1.2 WHY SAFETY IS A KEY FACTOR IN MACHINE DESIGN 

Safety is essential for several interconnected reasons. It protects people, ensures 

reliable operation, reduces downtime, improves quality, and fulfills legal obligations. A 

machine that is not safe is not functional — it is a liability. 
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1.2.1 PROTECTION OF HUMAN LIFE 

Industrial machines can generate enormous forces, high speeds, extreme 

temperatures, and hazardous energy. Without proper safety measures, accidents can lead to 

severe injuries or fatalities. The primary purpose of safety integration is to prevent such 

outcomes. Every protective device, every safety function, and every design decision 

ultimately serves this purpose. 

 

1.2.2 RELIABILITY AND PRODUCTIVITY 

A safe machine is a reliable machine. Safety systems prevent unexpected 

movements, uncontrolled energy, and dangerous conditions that can damage equipment or 

interrupt production. Operators who feel safe work more confidently and efficiently. Safety 

reduces downtime, improves process stability, and increases overall productivity. 

 

1.2.3 LEGAL AND REGULATORY COMPLIANCE 

Machines placed on the market must comply with international standards and 

regulations. In the European Union, compliance with the Machinery Regulation and 

harmonized standards is mandatory for CE marking. Failure to comply can result in: 

• legal penalties, 

• product recalls, 

• operational shutdowns, 

• reputational damage, 

• civil and criminal liability. 

Compliance is not optional — it is a legal requirement. 

 

1.2.4 OPERATOR CONFIDENCE AND HUMAN BEHAVIOR 

Operators must trust the machines they work with. A machine that behaves 

unpredictably or lacks proper safety measures creates stress, hesitation, and unsafe 

improvisation. A well-designed safety system builds confidence and encourages correct 

operation. 

 

1.2.5 QUALITY AND PROCESS STABILITY 

Safety and quality are closely linked. Machines that operate within safe limits 

produce consistent results. Safety systems prevent unexpected movements, incorrect 

sequences, and hazardous conditions that could affect product quality. 


