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Abstract 
Risk assessment is critical in the design of safe machinery. The methodology used must support the 
goal by providing a means to estimate risk that encompasses all of the relevant risk parameters. The 
risk parameters are defined in ISO 12100 [10], including the Severity of Injury and three probability 
terms, the Probability of the Hazardous Occurrence, the Frequency and Duration of Exposure, and 
the Possibility to Avoid or Limit Harm. Many tools are published that do not adequately reflect these 
parameters, including CSA Z434 [14], and ANSI RIA R15.06 [2]. This paper analyzes the problems 
inherent in this methodology and proposes a new system that meets the requirements and simplifies 
selection of functional safety Performance Levels or Safety Integrity Levels. 
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Notes 
This presentation supports the original white paper, “Evaluation of Problems and Challenges in 
CSA Z434-14 Annex DVA Task-Based Risk Assessment Methodology”, July 4, 2015. 
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The CSA / RIA risk assessment tool that was published in the 2003 edition of CSA Z434, and 
subsequently added to CSA Z432-04 contains a number of logical and structural errors that lead users 
to make significant errors when attempting to use the tool. This presentation highlights the key issues 
presented in the author’s whitepaper, “Evaluation of Problems and Challenges in CSA Z434-14 Annex 
DVA Task-Based Risk Assessment Methodology”. 
 
Risk assessment poses significant challenges for machine builders and users. Many machine builders 
are micro and small enterprises, ”Mom & Pop shops”, while relatively fewer are medium and large 
sized companies. Ultimately, micro, small and medium sized enterprises (SMEs), 1-250 employees in 
size [A], need guidance in lieu of having internal expertise in most cases. Larger enterprises, with 251 
employees or more, are more likely to be able to afford technical staff to guide technical development 
teams in risk assessment. 
 
Standards like CSA Z432 must support both the SMEs and the larger machine builders, as well as 
machinery users. Similar divisions in size exist with users, with similar limitations on in-house 
expertise. Users may have additional challenges resulting from their need to apply consistent risk 
assessment methods to more than just machinery. Risk assessment teams in these cases are often 
drawn from Joint Health and Safety Committee members, who may or may not have any specific 
training in risk assessment, and may not use these skills often enough to keep them fresh and familiar. 
 
CSA Z432 needs to support all of these people by providing a logical, straightforward, risk assessment 
tool that is consistent with international best practices, and that does not require users to “guess” 
when using the tool. 
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This slide shows the “Safeguarding Selection Matrix” published in CSA Z432-04. This tool was 
adapted with small changes from CSA Z434-03. Table 2 is one of the significant sources of 
misunderstanding in this standard, since it appears to imply a mapping between the risk parameters in 
the left column, with the Hierarchy of Controls in the center column, and the functional safety 
requirements in the right hand column. 
 
The tool is inconsistent with ISO 12100, because it fails to provide a parameter for the “Probability of 
the Hazardous event”. Without this parameter, non-operational hazards experienced during 
maintenance activities cannot be assessed. 
 
The scale definitions are too coarse, which is typical in simple decision trees like this. In addition, the 
scale definitions for exposure and avoidance have gaps and vague language that cause users difficulty. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The “E” scale has a massive gap between the two divisions that forces users to attempt to interpolate, 
frequently leading to errors.  
 
The “A” scale also requires significant guesswork, although there is less need for interpolation than the 
“E” scale. While the 250 mm/s figure is long used in the robotics sector, there is significant research 
showing that the 250 mm/s value used as the threshold of avoidance is in fact too fast, and that a 
value in the range of 140-170 mm/s is more consistent with preventing injuries [B], [C], [D].  
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This version of the RIA scale was [published in CSA Z434 2nd Edition, 2003. The scale included a 
“Risk Reduction Index”, seen in the right-most column of Table 2. The scale definitions were 
unchanged from those used in CSA Z432-04. 
 
All of the same issues discussed on the previous slide exist in this tool, since the Z432 tool was 
derived from this one. 
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This table was included in CSA Z434-03, further adding to the confusion of users. The mapping from 
the Risk Indices on the far left appear to be hard-mapped to certain levels in the Hierarchy of Controls 
by the horizontal lines in the table, i.e., R1 > Hazard Elimination / Substitution > Control Reliable. If 
this tool is taken seriously, then the initial risk assessment of a robot in most applications would result 
in: 
 
S2>E2>A2>R1!Eliminate the hazard (the Robot!) 
 
This is not what was intended by the committee who published this table, but unfortunately is one of 
sources of problems that users encounter with this tool. It gets worse when the Validation Table is 
used, since the text with the table encourages readers to achieve an R3 or R4 “Risk Index”. This can 
only be achieved by reducing the Severity score from an S2 to an S1. This can only be done if the 
control measure affects the physical characteristics of the hazard in some way, however, this 
limitation is not well understood by users, resulting in users incorrectly reducing the severity scores to 
achieve R3 or R4. 
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This decision tree comes from CSA Z434-12, Annex DVA, and shows the new S3 division of the 
Severity scale. 
 
The new Severity division has no effect on selecting a “Risk Reduction Priority”, and completely 
ignores all of the probability factors. Selecting S3 is functionally equivalent to selecting S2>E2>A2.  
 
The scale definitions were slightly modified, but the changes completely fail to correct the real 
problems. 
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The Results 
 
The problems inherent in the existing CSA tool result in: 
 

•  Risks that are incorrectly assessed (+/-) 
•  Incorrectly selected controls 
•  No means to determine residual risk(s) 
•  Meaningless risk assessment documents 

 
Users end out missing the mark, while expending significant time and effort on using the tool. 
Guarding is consequently under-or-over specified, with resulting injuries or excessive costs for “over 
guarding” hazards. Maintenance and service activities are frequently ignored, which is especially 
significant since we know that the vast majority of injuries occur during these segments of the 
machine life cycle. 
 
 These comments are based on more than 25 years of experience with clients in a wide variety of 
manufacturing sectors, including automotive, aerospace, food and beverage, machine tools, and 
general manufacturing, as shown in the VDW slide below [F].  
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The Opportunity 
 
In the 3rd edition of CSA Z432 we have an opportunity to change the narrative to promote compliant 
assessment tools. If we choose to eliminate an out-of-date and error prone tool, and provide some 
examples of other tools that are proven in use, and that do not suffer from the design issues that are 
predominant in the existing tool, we can significantly help our users to do a better job. At the end of 
the day, it’s about helping Canadian workplaces protect the safety of their workers.  
 
Bring Canada’s central machinery safety standard up to world class 
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These parameter scales are taken from IEC 62061:2005 Annex A 
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