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Executive summary 

Failure Mode and Effects Analysis (FMEA) is a foundational engineering tool for proactively identifying 

and mitigating failure risks in products and processes. Traditionally, FMEA is applied to design (DFMEA) 

and manufacturing processes (PFMEA) to prioritize risks and guide corrective actions before costly 

failures occur. Robust Design FMEA refines the traditional Design FMEA framework by embedding 

robust-design principles — most notably the use of P-diagrams and explicit treatment of variation and 

noise factors. This paper compares the two approaches, highlighting how Robust Design FMEA 

augments traditional DFMEA in methodology, risk analysis scope, and design robustness outcomes. 

1. Standard Design FMEA: purpose and key features 

The primary goal of standard DFMEA is prevention: to correct design weaknesses before manufacturing 

or field deployment, improving product reliability and safety. Standard Design Failure Mode and Effects 

Analysis is a structured risk assessment process used during product development to: 

• Identify potential failure modes in a design. 

• Determine their effects on product performance or safety. 

• Prioritize those risks based on severity, occurrence, and detectability (e.g., via Risk Priority 

Numbers). 

• Recommend actions to mitigate or eliminate high-risk failure modes. 

Key features 

• Focuses on design issues — functions, parts, interfaces. 

• Documents failure modes, causes, effects, and risk ratings. 

• Prioritizes risks, usually via Severity × Occurrence × Detection metrics. 

• Typically initiated early in design but often revisited across iterations. 
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2. Robust Design FMEA: core enhancements 

Robust Design FMEA builds on standard DFMEA by explicitly incorporating robust design principles and 

methods designed to make designs and products less sensitive to variation, or noise — both internal 

(manufacturing tolerances, material variability) and external (environmental conditions, usability, and 

interactions). 

• Integration of P-diagrams — a Parameter Diagram maps input variables, control factors, noise 

factors, and output performance, anchoring failure modes to noise sources. This supports 

analysis of variation-driven failure, not just failures arising from single-mode faults. 

• Anticipation of variation effects — rather than focusing solely on failure causes internal to the 

design, Robust Design FMEA actively considers how variation in operating conditions or 

uncontrollable factors leads to degraded function. 

• Expanded failure context — mechanisms of failure are identified not only for what can go 

wrong, but why they are sensitive to noise factors, leading to a design that is inherently more 

stable under variation. 

• Meta-evolution from RPN-focus to outcomes-focus — a trend away from strict RPN-driven 

prioritization toward assessing risk outcomes directly, given the well-documented issues with 

interpreting and acting on RPNs in traditional DFMEA. 

• Outlines a verification and validation plan — using the P-diagram, teams can outline testing 

parameters and induced noises, resulting in a robust design plan focused on control planning 

using robustness principles. 

3. Comparative analysis 

The table below summarizes how the two approaches differ across objective, analytical focus, risk 

characterization, treatment of variation, methodological tools, and output. 

Aspect Standard DFMEA Robust Design FMEA 

Objective Identify and prioritize failure modes in a 
design early. 

All of DFMEA’s objectives, plus improved resistance 
to variation and noise and clear identification of 
failure mechanisms. 

Focus of analysis Functionality and failure modes as discrete 
events. 

Functionality plus interaction with control and noise 
variables. 

Risk characterization Severity × Occurrence × Detection (RPN). Risk-based assessment with robust design context; 
less emphasis on RPN alone. 

Variation 
consideration 

Implicit; often through separate tolerance 
analysis. 

Explicit via P-diagrams and structured noise factor 
analysis. 

Methodological 
tools 

FMEA worksheet templates; standard 
severity/occurrence scales. 

Standard DFMEA tools plus P-diagram and robust 
design methods. 

Output List of prioritized failure modes with 
mitigation actions. 

Prioritized failure modes and design adjustments 
that reduce sensitivity to variation, failure 
mechanisms, verification and validation plans, and a 
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robust control plan. 

4. Practical implications 

Design effectiveness 

By embedding robust design thinking, this approach better equips engineers to prevent failures that 

occur due to variation and noise, not just faulty design logic. Standard DFMEA excels at early 

identification of obvious failure modes but may under-represent how real-world variation contributes to 

failure, especially in complex products with many interacting variables. 

Quality outcomes 

Robust Design FMEA explicitly aligns with design for reliability and design for robustness, which are 

central to quality and performance in high-reliability sectors such as automotive, aerospace, and 

medical devices. 

Limitations and considerations 

• Complexity and effort — incorporating robust design tools (P-diagrams, noise factor evaluation) 

requires additional training and documentation discipline. 

• The RPN debate — while this methodology de-emphasizes the traditional RPN, many industrial 

standards still rely on it; alignment with organizational practices may require thoughtful 

adaptation. 

5. Conclusion 

Standard Design FMEA is a powerful tool for early identification and mitigation of design failures. 

However, it often treats failure modes in a static context without deeply addressing the effects of 

variability. By contrast, Robust Design FMEA enriches DFMEA with robust design principles that explicitly 

confront variability, improving design resilience and reliability in real-world conditions. 

Incorporating robust design perspectives into FMEA not only enhances risk detection but can 

fundamentally improve product performance against variation — a distinction essential for 

advanced engineering and quality excellence. 
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