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INTRODUCTION

What is DFMEA?

DFMEA ( Design Failure Mode and Effects Analysis ) is a structured methodology used in engineering to:
. Identify potential design failures and their effects on a system.
. Assess risks and establish mitigation plans.
o Improve product reliability and quality, ensuring safety and customer satisfaction.

DFMEA is particularly useful in industries such as automotive, aerospace, and electric vehicles (EVs), where safety

and performance are critical.

OBJECTIVES OF DFMEA

DFMEA aims to:
. Improve the quality, reliability, and safety of products.
. Reduce development costs by identifying failures early.
. Document actions taken to reduce risks.

o Aid in the development of robust verification and control plans.

o Enhance customer satisfaction by minimising product failures.

Example - DFMEA in EV Battery Management System (BMS):

In an EV Battery Management System (BMS), DFMEA helps engineers prevent thermal runaway, voltage imbalances,
and battery degradation by analysing potential failure modes in:

. Cell balancing circuits (e.g., failure to distribute charge effectively).
. Battery temperature sensors (e.g., incorrect readings leading to overheating).

. Communication between BMS and vehicle systems (e.g., data corruption leading to incorrect charge/discharge
decisions).

DFMEA PROCESS & METHODOLOGY

Step 1: Define System & Function Requirements
. Identify critical functions of the design (e.g., for BMS: voltage regulation, thermal control, SOC estimation).

o Define operating conditions (e.g., extreme temperatures, high power demand, charging cycles).
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Step 2:

Step 3:

Step 4:

Identify Potential Failure Modes
Analyse how each component might fail.
Example for EV Battery Management System (BMS):
° Full failure: BMS stops functioning, leading to battery shutdown.
° Partial failure: SOC (State of Charge) estimation errors result in range anxiety.

° Intermittent failure: Communication loss between BMS and vehicle ECU.

Determine Failure Effects & Assign Severity Ranking
Evaluate the consequences of each failure mode.
Assign severity rankings based on impact:
° 9-10: Safety risk (e.g., battery fire due to overheating).
° 7-8: Functional degradation (e.g., reduced battery performance).
° 5-6: Loss of secondary function (e.g., failure in diagnostics alerting system).

° 2-4: Minor inconvenience (e.g., inaccurate battery percentage display).

Identify Failure Causes
Investigate root causes using historical data, testing, and design analysis.

Example for BMS: Overcharging due to a failed voltage sensor.

Identify & Assign Prevention Controls
Prevention measures include software and hardware protections.

Example for BMS: Implementing redundant temperature sensors to prevent overheating.

Assign Detection Controls & Ratings
Define how failures can be detected before reaching the user.
Assign detection rankings:
° 1-3: Highly likely to detect (e.g., real-time diagnostics with alerts).
° 4-6: Moderate detection ability (e.g., periodic maintenance testing).

° 7-10: Hard to detect (e.g., latent sensor drift without alerts).
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Step 7: Calculate Risk Priority Number (RPN)
. RPN Formula:
. Example for BMS: If thermal runaway has:
° Severity = 10 (safety risk)
° Occurrence = 3 (rare, but possible)
° Detection = 4 (can be detected via sensors)

° RPN =10 x 3 x 4 = 120 (High priority for mitigation)

Step 8: Develop Risk Mitigation Plans
. Focus on reducing severity, occurrence, or improving detection.

. Example for BMS: Adding automated cooling control and shutdown mechanisms.

Step 9: Implement Corrective Actions
. Modify design, enhance testing, and update control systems.

. Example for BMS: Implementing Al-driven predictive maintenance to detect potential failures before they occur.

Step 10: Monitor & Reanalyse Risk (Recalculate RPN)
. Compare before-and-after RPN values to measure improvement.

. Ensure continuous improvement in failure prevention.

KEY DFMEA INPUTS & TOOLS

. Design Requirements (Corporate, Regulatory, Safety)
. Historical Performance Data (Field failures, warranty claims)
. Quality Function Deployment (QFD) (Customer requirements to design parameters)

. P-Diagram (ldeal Function vs. Failure Modes)

DFMEA IN ELECTRIC VEHICLES (EVS) - BMS EXAMPLE

How DFMEA Helps in EV Battery Management System?
o Prevents Critical Failures: Identifies high-risk failures such as thermal runaway, short circuits.
o Improves Reliability: Enhances battery lifespan through predictive diagnostics.
. Ensures Safety Compliance: Meets industry safety standards (ISO 26262 for functional safety).
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Example DFMEA Table for EV Battery Management System

Severity Occurrence Detection

Component  Failure Mode Effect Cause (S) (0) (D) RPN
Voltage Incorrect voltage ~ Overcharging, Sensor drift, EMI 10 3 4 120
Sensor reading battery fire interference

Temperature Fails to detect .

S overheating Thermal runaway  Sensor failure 10 2 5 100
c icati BMS
om':ngll;léca 0 Data corruption miscommunicatio  Software glitch 8 4 3 96
n

BENEFITS OF DFMEA IN EV DEVELOPMENT

. Prevents Safety Issues: Reduces risks of battery explosion, fire hazards.
. Reduces Costs: Minimises warranty claims and recalls.
. Enhances Customer Satisfaction: Ensures reliable and long-lasting EV batteries.

. Supports Regulatory Compliance: Meets safety standards (ISO 26262, IEC 61508).

CONCLUSION

DFMEA is a powerful tool in EV Battery Management and other automotive applications, helping engineers predict
failures, assess risks, and implement effective mitigation strategies. Implementing DFMEA in BMS design ensures
enhanced safety, performance, and reliability in electric vehicles.

By systematically following the DFMEA approach, companies can proactively eliminate risks and create a robust, fail-
safe design for EVs.
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