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In the high-stakes environment of automotive engineering, the margin for error is virtually non-existent. Failure 

Mode and Effects Analysis (FMEA) has long served as the cornerstone of risk management, providing a systematic 

approach to identifying and mitigating potential failures before they reach the consumer. However, for decades, the 

industry was divided between two primary standards: the Automotive Industry Action Group (AIAG) in North 

America and the Verband der Automobilindustrie (VDA) in Germany. The publication of the AIAG & VDA FMEA 

Handbookmarked a historic shift, harmonizing these methodologies into a single, unified framework. This article

provides an exhaustive technical analysis of this consolidated standard, exploring its core mechanics, the

revolutionary 7-Step approach, and the strategic transition from Risk Priority Numbers (RPN) to Action Priority (AP).

The Evolution of Failure Mode & Effects Analysis (FMEA)

FMEA is not a static document but a living analytical method used to ensure that potential issues are addressed 

throughout product and process development. The AIAG & VDA FMEA Handbookwas developed to address the

inconsistencies that arose when global suppliers had to maintain different FMEA processes for different Original

Equipment Manufacturers (OEMs). By merging the best practices of both organizations, the new handbook

provides a more robust, mathematically sound, and structurally disciplined approach to risk assessment.

The primary objective of this harmonization is to improve the quality of the FMEA process by focusing on the logic 

behind the failure, rather than just the numerical output. This requires a deep understanding of three distinct types 

of FMEA: Design FMEA (DFMEA), which focuses on product functions and failure modes at the design stage; 

Process FMEA (PFMEA), which examines the manufacturing and assembly steps; and the newer FMEA for 

Monitoring and System Response (FMEA-MSR), designed for supplemental functional safety analysis.

The Theoretical Framework: The Seven-Step Approach

Perhaps the most significant change introduced in the AIAG & VDA Handbook is the transition to a Seven-Step 

Methodology. This framework provides a structured workflow that ensures no aspect of the system or process is

overlooked. Unlike previous versions where the analysis often felt fragmented, the 7-step approach creates a

cohesive narrative from scope definition to documentation.

Step 1: Planning and Preparation

The foundation of any successful FMEA is clarity of scope. In this step, the multi-disciplinary team defines what is 

included and, more importantly, what is excluded from the analysis. Key tools used here include Boundary 

Diagrams for DFMEA and Process Flow Diagramsfor PFMEA. This step ensures that resources are focused on

the most critical areas, preventing the "boiling the ocean" syndrome where teams attempt to analyze every minor

component with the same level of intensity.

Step 2: Structure Analysis

In Step 2, the team identifies the physical or functional hierarchy of the system. In DFMEA, this involves breaking 



the product down into its system, subsystem, and component levels. In PFMEA, it involves identifying the process

steps and the specific work elements (Man, Machine, Material, Environment) required for each step. The goal is to

create a visual representation of the relationships between different parts of the process or product.

Step 3: Function Analysis

Once the structure is defined, the team must determine what each element is supposed to do. A function is 

typically described using a Verb + Nounformat (e.g., "Transmit torque" or "Apply adhesive"). This step links the

technical requirements to the structural elements identified in Step 2. Understanding the "intended function" is

critical because a failure mode is, by definition, the loss of that function.

Step 4: Failure Analysis

This is the core of the FMEA process. The team identifies how a function could fail (Failure Mode), the 

consequences of that failure (Failure Effect), and the underlying reason for the failure (Failure Cause). The AIAG & 

VDA Handbook emphasizes the "Failure Chain":

•  Failure Effect (FE): What happens at the next higher level, the end-user, or the vehicle?

•  Failure Mode (FM): What is the specific functional loss?

•  Failure Cause (FC): What specific technical deficiency at the lower level led to the mode?

Step 5: Risk Analysis

In Step 5, the team assigns scores for Severity (S), Occurrence (O), and Detection (D) based on standardized 

1-10 scales. Severity measures the impact of the Failure Effect; Occurrence measures the likelihood of the Failure 

Cause occurring; and Detection measures the ability of the current controls to catch the failure before it reaches the 

customer. The combination of these three factors determines the Action Priority (AP).

Step 6: Optimization

Optimization is where the actual risk reduction occurs. The team identifies additional actions to reduce the risk,

prioritizing the reduction of Severity first (if possible, though often difficult without design changes), then

Occurrence, and finally improving Detection. This step ensures that the FMEA is a proactive tool for improvement,

not just a reactive documentation exercise.

Step 7: Results Documentation

The final step involves communicating the results of the FMEA to stakeholders. This includes documenting the logic

used, the risks identified, and the effectiveness of the mitigation strategies. A well-documented FMEA serves as a

valuable knowledge base for future projects.

Technical Comparison: AIAG 4th Edition vs. AIAG & VDA Handbook

To understand the depth of the new standard, one must examine how it differs from its predecessor, the AIAG 4th

Edition. The following table highlights the critical technical shifts.



Feature AIAG 4th Edition (Legacy) AIAG & VDA 1st Edition (Current)

Methodology Flexible/Less structured Strict 7-Step Approach

Risk Evaluation Risk Priority Number (RPN = S x O x 
D)

Action Priority (AP) Tables

Focus Often focused on filling the form Focused on functional relationships 
and logic

DFMEA/PFMEA Link Loose connection via characteristics Strong alignment through functional 
analysis

Standardization North American Automotive standards Global Automotive Harmonization

The Shift from RPN to Action Priority (AP)

For years, the industry relied on the Risk Priority Number (RPN), a simple multiplication of S, O, and D. However,

RPN was mathematically flawed. For example, an S=10, O=2, D=2 (RPN=40) would be treated with less urgency

than an S=2, O=5, D=5 (RPN=50), even though the first scenario involves a safety-critical failure. 

The Action Priority (AP)system replaces RPN with a logic-based table that prioritizes risk based on the specific

combination of S, O, and D scores. The AP levels are defined as follows:

•  High (H): The team MUST identify an action to improve the process or design. Existing controls are 

insufficient.

•  Medium (M): The team SHOULD identify an action to improve, or justify why no further action is taken.

•  Low (L): The team COULD identify an action, but the current risk level is generally acceptable.

This logic-based approach ensures that high-severity issues are addressed regardless of how low the occurrence

or detection scores might be, significantly enhancing consumer safety.

Detailed Analysis of Severity, Occurrence, and Detection Logic

To provide an in-depth understanding, let's look at the mathematical logic behind the scoring metrics in the AIAG &

VDA framework.

Severity (S)

Severity is rated on a 1-10 scale. A score of 10 represents a failure that affects vehicle safety or violates

government regulations without warning. A score of 1 represents no discernible effect. The new handbook provides

more granular definitions for impacts on the manufacturing plant, the shipping plant, and the end-user.

Occurrence (O)

Occurrence scores are based on the predicted frequency of the failure cause. This is no longer just a guess but is 

driven by historical data, similar processes, and the robustness of the Prevention Controls. If a design has been

proven in the field for years without issue, the Occurrence score would be low (e.g., 2 or 3).

Detection (D)

Detection evaluates how well the Detection Controls(e.g., automated sensors, vision systems, or manual

inspection) can identify the failure mode or cause. The AIAG & VDA standard emphasizes that detection happens



*after* the failure has occurred or the cause is present, but *before* the product leaves the station or plant.

Practical Implementation: A Field Guide for PFMEA

Implementing a PFMEA according to the AIAG & VDA standard requires a disciplined approach. Below is a

procedural checklist for manufacturing engineers.

1.  Define the Process Flow: Map every step from receiving to shipping. Identify "Key Process Input 

Variables" (KPIVs).

2.  Identify Work Elements: For each process step, evaluate the 4Ms: Man (operator skill), Machine (tooling/

equipment), Material (incoming parts), and Environment (ambient conditions).

3.  Link Failure Mode to Work Elements: Determine how a failure in a Machine (e.g., worn drill bit) leads to a 

Failure Mode (e.g., hole too large).

4.  Assign Prevention Controls: What is in place to prevent the worn drill bit? (e.g., preventive maintenance 

schedule).

5.  Assign Detection Controls: What is in place to find the large hole? (e.g., 100% automated gauging).

6.  Determine AP: Look up the S, O, and D combination in the Action Priority tables.

Case Study: Steering System Design FMEA

Consider the design of an electric power steering (EPS) motor. Using the AIAG & VDA approach, the analysis

would proceed as follows:

•  Structure Analysis: EPS System -> Motor Subsystem -> Brush Assembly.

•  Function Analysis: The Brush Assembly must provide electrical continuity to the commutator.

•  Failure Analysis: Failure Mode: Intermittent electrical contact.

•  Failure Effect: Loss of steering assist (Severity = 9 or 10).

•  Failure Cause: Insufficient spring tension in the brush holder.

Common Pitfalls and Troubleshooting in FMEA

Despite the clarity of the AIAG & VDA Handbook, organizations often face challenges during implementation. Here

are common errors and their solutions:

1. Confusing Prevention and Detection

The Error: Listing an inspection step as a prevention control.The Solution: Prevention controls reduce the 

likelihood (Occurrence). Detection controls find the error(Detection). If it happens and you catch it, it's detection. If

it never happens because of the control, it's prevention.

2. High RPN/AP Phobia

The Error: Artificially lowering scores to avoid having to take action.The Solution:The FMEA should be an honest

reflection of risk. High scores are not a sign of failure but an opportunity for engineering excellence. Management

must foster a culture where high-risk identification is rewarded, not punished.

3. Lack of Cross-Functional Input

The Error: One engineer sitting alone in an office filling out the FMEA form.The Solution:FMEA requires input

from Design, Manufacturing, Quality, Logistics, and even Sales. A single perspective will inevitably miss critical

failure causes or effects.

The Broader Implications for Global Quality Standards



The harmonization represented by the AIAG & VDA FMEA Handbook is a milestone for Industry 4.0. As

manufacturing becomes increasingly digital and interconnected, the need for standardized risk assessment

languages becomes paramount. Digital FMEA software can now leverage this 7-step structure to create "Smart

FMEAs" that link directly to Control Plans and Work Instructions, ensuring that the insights gained during analysis

are actually applied on the shop floor.

Ultimately, the transition to the AIAG & VDA standard is more than a clerical update; it is a fundamental shift toward

a more scientific and logical way of thinking. By focusing on the structural and functional relationships within a

system, automotive professionals can move beyond simple compliance and toward a proactive state of zero-defect

manufacturing. Organizations that embrace this methodology will not only meet OEM requirements but will also

build more resilient, reliable, and safer products for the global market.
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