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Explain FMEA

Failure Mode and Effects Analysis (FMEA) is a structured, systematic risk assessment methodology used across

engineering, manufacturing, and systems operations to identify potential failure points before they occur.

Rather than reacting to failures after a product launch or operational incident, FMEA prompts engineers and teams to
proactively analyze how a component or step could fail, what impact that failure would have, and how to prevent or
detect it.

Core Components of FMEA

Every FMEA analysis breaks down a system or process into three primary dimensions:

1. Failure Mode: What could go wrong? (e.g., O-ring seal degradation, memory leak, solder joint crack).
2. Failure Effect: What is the consequence if it fails? (e.g., hydraulic fluid leakage, application freeze, loss of telemetry).
3. Failure Cause: What specific mechanism triggers the failure? (e.g., excessive thermal expansion, unhandled exception,

mechanical vibration fatigue).

The Scoring & Risk Assessment Model

To prioritize which risks require immediate engineering changes, FMEA evaluates three factors on a scale from 1 (best /
lowest risk) to 10 (worst / highest risk):

» Severity ($S$): Evaluates the severity of the effect on the user, system, or environment.

o 1 = Negligible impact; 10 = Hazardous without warning / safety violation.

» Occurrence ($0$): Evaluates the likelihood or frequency of the root cause occurring.
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o 1 = Extremely unlikely / historical zero failure; 10 = Inevitable / frequent failure.
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» Detection ($D$): Evaluates the ability of existing controls or tests to spot the failure before it reaches the customer.

o 1 = Certain detection by automated checks; 10 = No detection mechanism exists.

Risk Priority Number (RPN)

Traditionally, these three scores are multiplied to yield a combined metric:

$$RPN = S \times O \times D$$
» Scale: $1 \text{ to } 1000%

» Thresholds: High RPN items (typically $>100$ or items with $S \ge 8% regardless of RPN) trigger mandatory

corrective actions to redesign, add redundant controls, or improve quality testing.

Modern Standard Note (AIAG & VDA): Updated automotive and aerospace quality standards increasingly use Action

Priority (AP) tables (classified as High, Medium, or Low priority) rather than pure RPN. This ensures that high-severity

safety hazards are prioritized even if their occurrence or detection numbers are low.

Primary Types of FMEA

Type
DFMEA (Design FMEA)

PFMEA (Process FMEA)

FMEA-MSR (System Response)

Focus Area

Subsystems, components, and physical

design features

Manufacturing, assembly lines, and

human operational procedures

Automated monitoring and fault

detection

Interactive FMEA Risk Calculator
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Goal

Uncover design weaknesses, material
mismatches, or structural limits prior

to manufacturing.

Identify process flaws, tooling setup
issues, operator errors, or

environmental variables.

Evaluate how software/hardware
detects and reacts to sensor or

hardware failures during operation.
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Use this interactive evaluator to model failure scenarios, compute Risk Priority Numbers, and analyze the impact of design
or process mitigations on total risk.

Here is a deeper, production-ready architectural look at Failure Mode and Effects Analysis (FMEA), moving beyond the

high-level basics into advanced execution frameworks, critical implementation pitfalls, and modern automated workflows.

1. Advanced Structural Methodology: The 7-Step Approach

Modern industry standards (specifically the joint AIAG & VDA FMEA Harmonized Handbook) moved away from ad-hoc

brainstorming in favor of a rigorous 7-step system execution.

| 7-STEP FMEA FRAMEWORK |

[1. Scope] — [2. Structure] — [3. Function] — [4. Failure Analysis]

[7. Documentation] <— [6. Optimization] <— [5. Risk Analysis (AP)] <

Step-by-Step Breakdown

Step Phase Core Deliverable / Focus

1. Planning & Preparation Scope Definition Project boundaries, team assembly,
timeline, and boundary diagrams

(Block Diagrams / P-Diagrams).

2. Structure Analysis System Breakdown Deconstructing the system into System
$\rightarrow$ Subsystem
$\rightarrow$ Component (DFMEA) or
Process Item $\rightarrow$ Operation
$\rightarrow$ Element (PFMEA).

3. Function Analysis Intended Output Mapping inputs, intended functional
outputs, and performance
requirements to each structural

element.

4. Failure Analysis Mechanism Mapping Establishing the Failure Chain: Failure
Mechanism (Cause) $\rightarrow$
Failure Mode $\rightarrow$ Failure
Effect.
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5. Risk Analysis Evaluation Assigning S, O, D ratings and
evaluating current
preventive/detective controls to

determine Action Priority (AP).

6. Optimization Risk Mitigation Designing corrective actions, assigning
ownership, defining target dates, and
recalculating residual risk post-
mitigation.

7. Results Documentation Standardization Formal report for engineering reviews,
regulatory audits, and feeding
feedback loops back into future design

baselines.

2. RPN vs. AIAG & VDA Action Priority (AP)

While traditional FMEA relies heavily on multiplying scores ($RPN = S \times O \times D$), this approach has a critical
mathematical flaw: it treats all factors equally.

An event with $S=10, O=2, D=2% ($RPN = 40%$) represents a fatal safety hazard, yet it yields a lower priority score than a
trivial cosmetic flaw with $S=2, O=5, D=5% ($RPN = 50%). Modern frameworks replace pure RPN with Action Priority (AP)
logic matrices.

Action Priority Classification Logic

Severity Level (S)

v v
High Severity (8-10) Low Severity (1-4)
v v v v
High Occur. Low Occur. High Occur. Low Occur.
High Detect. Low Detect. High Detect. Low Detect.
v v v v
[HIGH AP] [MEDIUM AP] [MEDIUM AP] [LOW AP]
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» High Action Priority (H): Mandatory action. Highest priority to refine design/process controls, regardless of cost.
» Medium Action Priority (M): Recommended action. System/process modifications should be evaluated to reduce risk.

» Low Action Priority (L): Optional action. Current controls are deemed adequate, but incremental optimization can be

considered.

3. Deep Dive: Designing the Failure Chain

A common mistake in FMEA execution is confusing the Cause, Mode, and Effect. A single event exists at different levels

depending on your perspective in the system hierarchy:

[System/User Level] [Component Level] [Root Physics / Software Level]
FATLURE EFFECT «<— FAILURE MODE = FAILURE CAUSE
(What the user sees) (How the unit fails) (Why it failed internally)

Technical Example: Automotive Electric Power Steering (EPS)

EFFECT: Total loss of steering assist at high speed
(Severity S = 9)

A

MODE: MOSFET bridge power switch stuck in OPEN state

' A

CAUSE: Electrical overstress / thermal failure due to
insufficient heatsink thermal interface material (TIM)

(Occurrence 0 = 4, Detection D = 3)

4. Operational & Engineering Pitfalls to Avoid
1. Scoring Inflation / Score Haggling

Teams often waste hours arguing whether Occurrence is a 3 or a 4 to keep RPN below an arbitrary threshold (e.g.,
$<100%).
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¢ Fix: Standardize objective criteria tables tied to concrete metrics (e.g., $0=4 \rightarrow \text{PPM failure rate } 1

\text{ in } 2,000%) rather than subjective intuition.

2. Using FMEA as a Static "Check-the-Box" Document

An FMEA created solely for product releases or regulatory sign-offs ends up ignored in a shared drive, rendering it

useless for actual engineering feedback.
¢ Fix: Treat FMEA as a Living Baseline Document. Any field failure, design change request (DCR), or engineering
change order (ECO) must reference and update the system FMEA.
3. Relying Solely on Detection Controls

Attempting to lower overall risk by adding inspection steps (improving Detection) rather than fixing the underlying

design flaw (lowering Severity or Occurrence).

o Fix: Prioritize preventive actions (design changes, error-proofing/Poka-Yoke) over detective actions (testing, end-of-

line inspections). Quality cannot be inspected into a product.
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