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Assessment and Control of Risks
for Achieving Safety
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About the Teacher
• Safety by Design, MSc course, 

(course creator)


• Editorial board, System Safety Journal


• Member of standardisation committee 
for ISO/TC 199 “Safety of Machinery”


• See https://safety.productions 


• Contact


• Tel: 053 489 3278


• De Horst, W250


• M.Rajabalinejad@utwente.nl
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Overview
• Risk assessment and control (safety) by design


• Scope and issues


• History and current states


• Why? When? Where? Who?


• Ingredients and how to


• Best practices


• Exercise 
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IS IT SAFE?

• Designed by IKEA


• Produced in large scale


• Available in many countries


• See it in action
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• New technologies


• Autonomous


• Complex


• Uncertain


• Result in “large risks”

EXPERIENCE?

Rajabalinejad, 2015
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Ex Machina!
• Safe guarding is not an option


• Robotes


• Cobots


•  Exo-skeleton


• Servant drones
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Edmond De Belamy
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• Trust and empathy?


• $432,500 fortune for a student who used 


• min G max D x [log (D(x))] + z [log(1 – D 
(G(z)))].


• Isn’t this about emotion too?
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Friend or Enemy?
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Code of Hammurabi
As old as men exists

Code of Hammurabi, 1750 BC, BabylonAs old 

as men exists


• Code of Hammurabi, 1750 BC, Babylon


• a tooth for a tooth


• liability rules


• A house is built and collapses 
, killing the owner,  
the builder would be put to death
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Ship Safety
As old as men exists


Code of Hammurabi, 1750 BC, Babylon

Commité Maritime, 1897, Antwerp


• Maritime regulations


• See http://www.comitemaritime.org/A-
Brief-History/0,27139,113932,00.html 
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Insure Safety
As old as men exists


Code of Hammurabi, 1750 BC, Babylon

Commité Maritime, 1897, Antwerp


Safety of Life at Sea treaty, 1914 (after RMS 

Titanic)


• Safety of Life at Sea treaty, 1914 (after RMS 
Titanic)


• Safety equipment have to be in line with 
number of passengers 

RMS Titanic - wikipedia

 14



13/08/201913/08/2019CuriousU, Risk management, Safety by Design, Enschede, The Netherlands. Dr.Ir. Mohammad Rajabali Nejad.

System Safety
As old as men exists


Code of Hammurabi, 1750 BC, Babylon

Commité Maritime, 1897, Antwerp


Safety of Life at Sea treaty, 1914 (after Titanic)


System Safety 1950-1960

“System Safety Engineering: Military 

Specification for the Development of Air 
Force Ballistic Missiles.”, 1962, US Air Force
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System Safety
As old as men exists


Code of Hammurabi, 1750 BC, Babylon

Commité Maritime, 1897, Antwerp


Safety of Life at Sea treaty, 1914 (after Titanic)


System Safety 1950-1960

“System Safety Engineering: Military 

Specification for the Development of Air 
Force Ballistic Missiles.”, 1962, US Air Force


Unsafe at any speed, 1965, Ralph Nader


• Volvo, 3 point seat belts - GM, airbags
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Accidents

• They are often suddenly, 
unexpected, unwanted


• Have multiple causes leading 
to injuries, damage


• Are counted by number of 
accidents, victims, injuries,..


• Counted by ER (Emergency 
Rooms), CBS, Eurostat,..
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Hazard-To-Accident

Hazard

ACCIDENT

Timing

Traffic controls Rain Pedestrian
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Accidents on Road

• Are under the influence off 
quality of road vehicles, safety 
functions,…


• Traffic management system, 
more controls,…


• Regulations well enforced and 
applied


• Driving culture

 21
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Accidents in Elderly

Source: Letsel Informatie System 2002-2006 (jaarlijks gemiddelde), Consument en veiligheid ism Erasmus Medisch Centrum  Rotterdam. *Directe medische kosten van een 
ongeval waarna een SEH-behandeling of Ziekenhuisopname is gevolgd. 
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Accidents Young Children 
(0-4)

Source: Letsel Informatie System 2002-2006 (jaarlijks gemiddelde), Consument en veiligheid ism Erasmus Medisch Centrum  Rotterdam. *Directe medische kosten van een 
ongeval waarna een SEH-behandeling of Ziekenhuisopname is gevolgd. 
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Accidents in Home 
• Kitchen is often the most risky 

place @home


• 12.000 accidents a year 

• 41% Cuts (knives, kitchen 
tools, glass)  

• 27% Falls (kitchen steps, 
tripping) 


• 16% Burns  (hot liquid, 
cooking) 
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Just a prank

Source: Letsel Informatie System 2002-2006 (jaarlijks gemiddelde), Consument en veiligheid ism Erasmus Medisch Centrum  Rotterdam. *Directe medische kosten van een 
ongeval waarna een SEH-behandeling of Ziekenhuisopname is gevolgd. 
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Safety in Product Lifecycle

• Safety in full product life-cycle


• Needs (requirements)


• Design (functions)


• Test (acceptance)


• Implement (assembly) 


• Operation (use)


• Disposal (disassembly)
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Safety in Engineering 
Requirements

• Public become less tolerant to 
failures


• Big consequences for safety 
failure


• Cost


• Reputation


• Customers


• Market-share


• Less tolerant public

 27
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Safety in Product Design 
Toy Example

• Safety in full product life-cycle


• Needs 


• The toy breaks easily, 
generating small parts. 
Small children could put the 
small parts in the mouth and 
choke


• The product does not 
comply with the 
requirements of the Toy 
Safety Directive
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Safety in Engineering 
(Assembly)

Alphen aan den Rijn

Ondezoekraad
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Safety in Engineering 
Use

• Safety in full product life-cycle


• Needs (requirements)


• Design (functions)


• Test (acceptance)


• Implement (assembly) 


• Operation (use)

www.safety.fail
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Safety in Engineering 
(Disposal)

Danish Silo
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Red Faces for Being Too 
Late

• Get informed of regulations


• Be aware of hazards in a system


• Determine the causes of those 
hazards


• Develop/ verify controls


• Monitor the system


Not a coat of paint! 

Not after detail design!

 33

https://www.bbc.com/news/world-europe-27497727
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Easy To Fix in the Beginning

• Share of faults per category


• Primarily for IT projects


•  Based on research of 
Standish Group (1995), 
Scientific American (1994), 
NDIA (2003, 2006), DoD, .. 


• Easy fo fix in the beginning, 
very costly to fix at the 
implementation phase

 34
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Early Design Decisions

Rajabalinejad, 2016
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Metrics for Designers 

 37

• Designers or Engineers


• focus on functions and use 


• may overlook malfunction or 
misuse

Cost

Time

Quality
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Designers’ View
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Safety in Engineering 
(Design)

Ikea pet water dispenser, 2018
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Who Dies First?
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Technology or Safety?

Cost

QualityTime to 
market

Defend public 
safety

Regulate 
industry

Economic 
growth

Innovation
Standardization

Pull Push
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Dutch Design Week 2018
• Beyond non-stop workers


• Already started developing 
feeling for them


• Humiliation?! 
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Asset management 
Technical integrity of railways 
system 
Risk management 
Safety management 
Condition monitoring 
Big data & smart technology 
services

Contracting new rolling stocks 
Technical support 
Integration of new technolog-  
ies & services 
Fuel consumption, green energy  
 & CO2 emission 
Enabling for future possibilities

Door to door journey 
Safety, security, comfort 
Financial attractiveness 
Quality services: punctuality, 
availability, sustainability 
World-class stations 
(Digital) technology services 

Transport operation 
Maintenance execution 
Improving operational 
performances $ resiliency 
Human factors, occupational 
safety & organisational culture 
Transparency & financial 
health 
Internationally interoperable 

Success Framework 
For Netherlands Railways

User Operation

TechnologySupplier

Rajabalinejad, van Dongen, 2018, Framing Success: the Netherlands Railways Experience
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Success Framework 
For Netherlands Railways (NS)
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Poeple

System

Risk 
Management+ 

Systems 
Engineering

Environment

Design Components for 
Safety

• Needs three basics elements of


• people/humans


• product/system


• environment


• And three domains of 


• design


• engineering


• risk assessment


• Across the full product life-cycle

 48

Rajabalinejad, 2017
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Safety Gate: Rapid Alert System for dangerous non-food
products 

Alert number A12/0134/19

Category Hobby/sports equipment

Risk level Serious risk

Product user Consumer

Product Bicycle

Brand B'TWIN

Name B'TWIN City bike

Type / number
of model 

B"TWIN B' Original 900 Full Suspension Hybrid Touring, B'TWIN B' Original 500, B'TWIN B' Original 500 Hybrid
Touring, B'TWIN B' Original 900 Hybrid Touring, B'TWIN VTC B' Original 700 Customable Hybrid

Batch number /
Barcode Bicycles sold between 01.01.2016 and 31.08.2018

OECD Portal
Category 71000000 - Sports Equipment

Description City bicycle.

Country of origin Unknown

Alert submitted
by Romania

Risk type Injuries

Technical defect There is a defect in the front mudguard that may block the wheel during use.

Risk This could cause the cyclist to fall off the bicycle and suffer injuries.

Measures
adopted by
notifying country 

Recall of the product from end users

Company recall
page: h t t p : / / -

 

© European Commission (2019)

Product/ System
• System/ product


• combination of 
components, internal 
interfaces
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System+Human
• System


• combination of 
components, internal 
interfaces


• System + human


• human system interaction, 
user/ external interfaces

 51

 

Safety Gate: Rapid Alert System for dangerous non-food
products 

Alert number A11/0066/17

Category Childcare articles and children's equipment

Risk level

Product user Consumer

Product Children's bicycle

Brand Romet

Name Unknown

Type / number
of model 

1.) Diana 16Y (distributed: 18.09.2014 - 09.06.2016), 2.) Salto 16B (distributed: 18.09.2014 - 10.06.2016),
3.) Diana 16S (distributed: 24.08.2012 - 24.08.2016), 4.) Diana 12 (distributed: 24.08.2012 - 24.08.2016),
5.) Salto 16 (distributed: 01.09.2014 - 15.07.2016), 6.) Salto 12 (distributed: 26.08.2012 - 26.08.2016)

Batch number /
Barcode 

1.)5907782765447, 2.) 5907782765507 , 3.) 5907782765453 , 4.) 5907782765413, 5.) 5907782765491,
6.) 5907782765439 & 5907782765422 

OECD Portal
Category 71000000 - Sports Equipment

Description Children's bicycles equipped with 12" or 16'' wheels and additional side wheels (stabilisers), depending on the
model.

Country of
origin China

Alert submitted
by Poland

Risk type Cuts, Injuries

Risk 
The nuts on the cranks have sharp edges. During riding or maintenance of the bicycle, these sharp edges
may cut the user's leg or fingers. The bicycle seat posts have a quick-release mechanism which may cause
the seat to become unstable during the ride and the child may lose its balance and fall. The product does not
comply with the relevant European standard EN 8098.

Measures
adopted by
notifying
country 

Recall of the product from end users

 

© European Commission (2019)
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People
• Users assume that available 

products


• have expected qualities and


• are safe to use.


•  These assumptions 
are


• legally supported 
by authorities e.g. 
EU Commission

 52
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System+ 
Environment

• System


• combination of components, 
internal interfaces


• System + human


• human system interaction, 
user/ external interfaces


• System+environment


• system environment 
interactions

 53

 

Safety Gate: Rapid Alert System for dangerous non-food
products 

Alert number A12/0497/15

Category Machinery

Risk level Serious risk

Product user Consumer

Product Electric bicycles

Brand Baltik Vairas 

Name Unknown

Type / number of model 
Ruhrwerk, Panther, Göricke, Böttcher, Crosswave, D-Cycle, Ebsen, Kristall, EBIKE Ultrasport,
Spezi, MSA. The bicycle frame number is from 00022543 to 00049980 (frame numbering is not
chronological);

Batch number / Barcode Unknown

OECD Portal Category 71000000 - Sports Equipment

Description Electric bicycles produced during the period 2012 - 2014, equipped with "REVA" rechargeable
batteries. 

Country of origin Lithuania

Alert submitted by Lithuania

Risk type Burns, Fire

Risk The batteries of the e-bikes can present defective sealing, which could result in the
accumulation of humidity inside the battery and cause overheating and self-ignition.

Measures adopted by
notifying country Recall of the product from end users

Products were found and
measures were taken also in Denmark, Germany

Images

 

© European Commission (2019)
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System+Human+ 
Environment

• System


• combination of components, 
internal interfaces


• System + human


• human system interaction, user/ 
external interfaces


• System+environment


• system environment interactions


• System+human+environment


• technical and non-technical matters

 55

 

Safety Gate: Rapid Alert System for dangerous non-food
products 

Alert number A12/0497/15

Category Machinery

Risk level Serious risk

Product user Consumer

Product Electric bicycles

Brand Baltik Vairas 

Name Unknown

Type / number of model 
Ruhrwerk, Panther, Göricke, Böttcher, Crosswave, D-Cycle, Ebsen, Kristall, EBIKE Ultrasport,
Spezi, MSA. The bicycle frame number is from 00022543 to 00049980 (frame numbering is not
chronological);

Batch number / Barcode Unknown

OECD Portal Category 71000000 - Sports Equipment

Description Electric bicycles produced during the period 2012 - 2014, equipped with "REVA" rechargeable
batteries. 

Country of origin Lithuania

Alert submitted by Lithuania

Risk type Burns, Fire

Risk The batteries of the e-bikes can present defective sealing, which could result in the
accumulation of humidity inside the battery and cause overheating and self-ignition.

Measures adopted by
notifying country Recall of the product from end users

Products were found and
measures were taken also in Denmark, Germany

Images

 

© European Commission (2019)
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System + Environment 
Extreme Modes of Operation

• Safe in normal mode of 
operation 


• Safe in foreseeable (not 
normal) modes of operation


• Safe (perhaps not functional) 
in extreme mode of operation


• See https://safety.productions

 56
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USE SCENARIOS
• A product can be used by a 

user who 


• has not studied in 
engineering 


• is not a safety expert 


•  has not her full attention 
while using the product


• uses her (temporal) mental 
model 
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Safety Cube
Rajabalinejad, 2018
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Hazard Assessment for 
System of Interest 

System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

System a two-wheels personal 
vehicle powered & 
steered by human

sub-systems
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

System a two-wheels personal 
vehicle powered & 
steered by human

sub-systems
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

System a two-wheels personal 
vehicle powered & 
steered by human

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

System a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

driving behavior of other 
users on bicycle path or 
adjacent roads

System a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

driving behavior of other 
users on bicycle path or 
adjacent roads

System a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat

cyclists sits on (side) 
saddle, inaccurate 
adjustment, stands on 
pedals, steers by one hand
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

driving behavior of other 
users on bicycle path or 
adjacent roads

System ergonomically safe, 
CE marking, meet the 
expected safety level, 
visible to other users

a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat

cyclists sits on (side) 
saddle, inaccurate 
adjustment, stands on 
pedals, steers by one hand
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

traffic regulations in 
Netherlands and 
Europe, control 
functions

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

driving behavior of other 
users on bicycle path or 
adjacent roads

System ergonomically safe, CE 
marking, meet the 
expected safety level, 
visible to other users

a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems two wheels, frame, 
pedals chain, tires may 
go flat

cyclists sits on (side) 
saddle, inaccurate 
adjustment, stands on 
pedals, steers by one hand
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Hazard Assessment for 
System requirements, 
functions, and 
behavior

Physical system 
(system-SoS/
environment relation)

Use/misuse scenarios  
(human-system relation)

Environment and 
super systems

traffic regulations in 
Netherlands and 
Europe, control 
functions

bicycle path, roads, 
crossing, traffic lights, 
infrastructure, and 
natural environment

driving behavior of other 
users on bicycle path or 
adjacent roads

System ergonomically safe, CE 
marking, meet the 
expected safety level, 
visible to other users

a two-wheels personal 
vehicle powered & 
steered by human

cyclist cycles in a (non) 
specified path at night, 
rain, or cross roads, 
cyclist uses unassigned 
paths (shortcuts)

sub-systems components need to 
comply with standards

two wheels, frame, 
pedals chain, tires may 
go flat

cyclists sits on (side) 
saddle, inaccurate 
adjustment, stands on 
pedals, steers by one hand
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FAULT TREE
• For modelling system 

performances


• safety, reliability, maintainability, 
etc.


• Qualitative/ quantitative


• estimated probability 


• FT enjoys logic


• And/ OR


• FT and FMEA


• top <=> bottomn
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escalator moves 
fast

motors fail safety 
functions fail

Controll
er fails

motor 
1 fails

motor 
1 fails

motor 
1 fails

motor 
1 fails

sensor 
fails

actuat
or fails
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Rajabali Nejad, M., ISSC 2017, Albuquerque, USA

Naive Fault Trees

!71

system fails due to failure 
of all subsystems

Event 1 Event 2

subsystem 1 fails subsystem 2 fails

system fails due to failure 
of some subsystems

system fails due to failure 
of any subsystems

Event 3 Event 4

subsystem 3 fails subsystem 4 fails
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               work     output 
    works 
  
             works      fail 
input    fails      
   
             fails       

system 
fails

Electricity

Motors
Controller

Event Tree

!72
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Example Event Tree for 
Tunnel Fire Scenario

EVENT TREE FOR TUNNEL FIRE SCENARIO

!73
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Bowtie
Prevention barriers Mitigation barriers 

 
 
 

Cause 1 Accident 1 
consequences 

Hazard 

Cause 2 Accident 2 
consequences 

Hazardous 
condition 

Cause 3 Accident 3 
consequences 

Cause 4 Accident 4 
consequences 
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see www.bowtie.nl
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Failure Mode and Effect  
(FMEA) Analysis

Element Deviation

Analyse cause

Probability or 
Frequency Counter measure

Consequence

!75
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Element/function:

function: 

deviation cause P consequence counter measure

FMEA Work Sheet

!76
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Element/function: the escalator system
function: provide vertical transportation
deviation cause P consequence counter measure

escalator 
moves fast

controller 
malfunctions

unexpected 
behaviour

test different 
scenarios

safety system 
failure

uncontrolled 
behaviour

use high 
reliability system

motor error failure to 
function as 
expected

maintain the 
motors

FMEA Worksheet

!77
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17Definitions and Concepts

• Comparing the design and auditing the implementation to accepted codes 
and standards

• Test and analysis by similarity
• Quantitative risk assessment

Many industries will justify the ALARP level with a quantitative risk assessment of 
how it will impact societal risk. In other words, how many additional lives are saved 
with this hazard control? This application is very common in the United Kingdom 
especially in rail safety but highly controversial in the United States. But this is 
changing to some extent in the United States. Trade-off benefits in pollution control 
in some industries are now using the ALARP method (Figure 2.2).

2.3  CASE STUDY: BLACK SWAN EXTREME EVENTS, 
FUKUSHIMA NUCLEAR DISASTER

But how far do you go in preventing an accident? When do you stop? You can’t pro-
tect against everything, can you? What is a reasonable design limit? Do you need to 
worry about worst-case scenarios or just an average accident scenario? What about 
black swan events? These are critical questions that you have to answer before you 
start anything.

A black swan event simply put is a surprise and totally unexpected very rare 
event that is highly improbable but with catastrophic consequences (very, very 
low probability of occurrence with very, very high impact). These are very rare 

Intolerable
(Risk reduction 

regardless of cost)

Tolerable
(Relevant 

good
practice)

ALARP
(Relevant good 
practice + risk 

reduction until 
gross

disproportion)

Intolerable levels of risk
Adverse risk are intolerable 
irrespective of the benefits
Mitigation measures are 
essential at any cost if activity 
is to continue

As low as reasonably 
practicable
A level of risk that is tolerable 
and cannot be reduced further 
without expenditure of costs 
disproportionate to the benefit 
gained or where the solution is 
impractical to implement

Ideal levels of risk
Risks are negligible or so small 
that they can be managed by 
routine procedures and no 
additional risk treatment 
measures are needed
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FIGURE 2.2 (See color insert.) ALARP principle.
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HOW SAFE IS SAFE 
ENOUGH?

• How safe is safe enough?


• Main driver for insurance industry


• How much am I willing to spend to 
protect myself from accidents 
(including lawsuits and lost business 
revenue)?” 


• An example of safety cost


• After the 2010 BP Deepwater Horizon 
offshore oil platform explosion and oil 
spill in the Gulf of Mexico, BP has 
budgeted around $40 billion for 
paying out of claims and 
compensation. 
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A Quick Recipe  
For Safety Engineering

Modify the system if the risk is 
unacceptable 

1. Design out the hazard


2. Use safety devices


3. Use warning devices


4. Special procedure and 
training

 87
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Example Hazards  
See ISO 12100, ANNEX B 
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Example Hazardous 
Situation

Phase of life cycle Example situations Phase of life cycle Example situations

Transport
lifting, loading, 

packing, unloading, 
unpacking 

Operation 

Feeding, filling, 
loading/ unloading, 

removing waste, 
jams, supervision

Assembly 

Assembly, 
connecting to power, 

fixing, running, 
testing

Cleaning Housekeeping, 
lubrication, resetting, 

Setting Adjustment, feeding, 
loading, verification Fault-finding

Removal of parts, 
fault-finding, 

recovering from jam, 
replacement of parts, 

resetting
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Remove Hazards 
Design

• Suitable choice of design, eliminate hazards by


• hazards by gap safety, avoiding sharp edges & corners, 
limiting actuation force/noise/vibration, proper 
materials, appropriate technology, visible controls, 
isolation


• hazardous behaviour such as failure to stop moving 
parts, start/stop mechanism, safety functions, high 
quality/ reliability 
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Protect User/Product
• If Step 2 is not possible, reduce 

hazard of moving parts by


• fixed guards,  interlocking 
movable guards, adjustable 
guards, protective devices


• sensitive protective equipment 
e.g. laser scanners, trip bars…


• connecting guards properly to 
control system


• isolating the machine from all 
energy sources
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Inform Users ☹

• If Steps 2 and 3 are not 
possible, inform the user 
about


• operating procedure


• safe working practices


• sufficient information


• protective equipments    
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Take Away

Rajabalinejad, 2019
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