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National regulatory agencies reference risk assessment 
for essential health and safety requirements. “Risk 
should be assessed and reduced”  

• Standards referencing Risk Assessment

• ANSI B11.0

• ISO 12100

• ANSI Z244.1

• ANSI B11.19

• ANSI RIA 15.06

• NFPA 79

• And the list goes on…

Examples of bad answers…

• I don’t know.

• The other machines are all wired that way.

• We have always done it that way.

• The OEM takes care of that for us. 



NFPA 79 – Electrical Standard for Industrial Machinery
“The risks associated with the hazards identified by the risk 
assessment shall be reduced such that the safety performance 
determined by the risk assessment is met”

RIA 15.06 – Industrial Robots and Robot System Requirements
“A Risk Assessment shall be performed and is no longer optional”
“Selection of a category 0 or category 1 stop (in accordance with 
IEC60204-1) function shall be determined from the risk assessment”

ISO 13849 – Safety of Machinery (PL)
“From the risk assessment (see ISO 12100) at the machine, the designer 
shall decide the contribution to the reduction of risk which needs to be 
provided by each relevant safety function which is carried
out by the SRP/CS(s).”

IEC 610508-1 – Functional safety of electrical/electronic/programmable electronic safety-related systems
For hardware safety integrity it is necessary to apply quantified reliability estimation techniques in order to 
assess whether the target safety integrity, as determined by the risk assessment, has been achieved, taking into 
account random hardware failures (see IEC 61508-2, 7.4.5).

ANSI B11.19 – Performance Requirements for Safeguarding
“Selection of the safeguarding requires task and hazard identification, and 
the application of documented risk assessment and risk reduction of the 
total production system.”

IEC 62061– Safety of Machinery (SIL)
“5.2.4.1 The safety integrity requirements for each SRCF shall be derived 
from the risk assessment to ensure the necessary risk reduction can be 
achieved. In this standard, a safety integrity requirement is expressed as a 
target failure value for the probability of dangerous failure per hour of 
each SRCF.”



RISK

Probability of Occurrence

• Exposure of person to hazard
• Occurrence of hazardous event
• Possibility to avoid or limit harm

is a 
function 

of

severity of 
harm

and

ANSI/ISO 12100: 2012; Figure 3

only changes with 
design



• The process serves as an effective tool for properly identifying and assessing the real hazards
involved in operating a particular machine. 

• Risk assessment provides a method for determining equivalent levels of protection when 
designing safeguards and stating OSHA’s minor service exception.  

• The process takes away the guesswork when estimating risk and prescribing safety system 
performance.

• Risk assessment is an active, documented process that can be filed and maintained for the entire 
life of the machine, and serves as documented proof of your “due diligence”. 

• Risk assessment establishes the foundation and early framework for the design and 
implementation of an effective machine safety program.



• Knowledgeable people involved in the team-based process

• The process is repeatable

• Identifies hazards that are associated with the workplace

• Identifies different approaches to reducing risk

• Document for review and future changes

• Industry Safety Standards require that the hazards be identified and reduced
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Scope
• Operational states (auto, manual)
• Specific tasks (loading/unloading, maintenance)
• A specific portion of the lifecycle (installation, operation)
• Who can be harmed (public, personnel)
• What can be damaged (people, equipment, environment).

Limits
• Use limits (operating modes, number of persons)
• Space limits (material flow, access points)
• Time limits ( production cycles, device wear)
• Environmental (temperature, humidity)
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Tasks

How people interact with the 
machine to identify how they 
could be harmed. Intended use 
and reasonably foreseeable 
misuse of the machine

Example tasks:
• Packing and transportation
• Unloading / unpacking
• Systems installation and 

assembly
• Start-up / commissioning
• Set-up / changeover
• Operation (all modes)
• Maintenance
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Hazards

Reasonably foreseeable 
hazards and hazardous 
situations shall be identified. 

Example hazards:

• Mechanical hazards
• Energy sources
• Slips and falls
• Hot surfaces
• Sharp edges
• Example hazardous 

situations: Equipment 
failure, Operator error



• Machine Hazards Lists:

• ISO 12100:2010 – Annex B

• ANSI B11.0:2020 – Annex D



• Needs to happen BEFORE risk reduction

• A combination of severity of harm and the probability
of occurrence

• Risk Scoring - Each task/hazard pair must be scored 
to derive a risk level.

Define all known machine characteristics and limits

Hazard Identification

Risk Estimation

Next Hazard

UNACCEPTABLE

ACCEPTABLE
Risk Evaluation Risk Reduction 

Complete for 
Particular Hazard

Risk Reduction



Severity of the hazard.
• S1: Slight (normally reversible injury)
• S2: Serious (normally irreversible injury or death)

Frequency and/or exposure to hazard.
• F1: Seldom to less often and/or exposure time is short
• F2: Frequent to continuous and/or exposure time is 

long

Possibility of avoiding the hazard or limiting harm.
• P1: Possible under specific conditions
• P2: Scarcely possible

*Note: ISO 13849-1 is not considered an assessment 
methodology
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13849-1/Annex A, Figure A.1



LO x FE x DPH x NP=H.R.N. 



Cl = Fr + Pr + Av 
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If the risk level is not acceptable, risk reduction measures can be implemented using the Hazard Control Hierarchy.
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Residual risk - The risk remaining after risk 
reduction measures  are taken.

OR
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2. Adjust the risk parameters affected by the final safeguards

1. With safeguard recommendations in place

3. Evaluate the residual risk, and determine if acceptable 



An awareness of machine hazards and risk is important in all phase of the machinery lifecycle
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Detailed design document used by the engineer to understand how to….

• Design circuits and software to the appropriate Performance Level as well as hard 
guarding requirements

• Design the circuit to function correctly in all modes of operation.

• Manual, Auto, Teach, when muted, how to reset etc..

• Serves as a basis for all activities to follow in the safety design process !

• We create our validation procedures based on this document!










