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EXECUTIVE SUMMARY

This document serves as the definitive technical overview and datasheet for the
comprehensive Laser Welding Integrity Testing protocol suite, specifically
engineered for Tier-1 Battery Energy Storage Systems (BESS). This rigorous,
multi-stage testing and documentation framework validates the structural and
electrical integrity of all laser-welded busbar, cell interconnection, and module
assembly points. As a cornerstone of our zero-defect manufacturing philosophy,
this protocol ensures that every weld within the energy storage platform meets
or exceeds the most stringent industry standards for mechanical strength, low
electrical resistance, and long-term cyclic durability. The system incorporates
real-time monitoring, non-destructive testing (NDT) methodologies, and
Al-driven data analytics to produce a complete digital passport for every critical

welded joint, enhancing safety, reliability, and asset lifespan.



SYSTEM ARCHITECTURE & SAFETY

The laser welding integrity testing architecture is a multi-layered process
integrated directly into the automated production line. The framework is
structured around four core pillars: In-Process Monitoring, Post-Weld NDT
Verification, Data Acquisition & Traceability, and Final Certification. The safety
protocol is governed by a fail-safe mechanism where any deviation from the
pre-defined weld quality parameters triggers an immediate system halt,
flagging the specific module for manual inspection and rework. This proactive
approach to quality management effectively mitigates risks associated with
high-resistance joints, which are a primary precursor to localized heating,
thermal runaway, and premature system failure. The documentation process
adheres to 1ISO 9001:2015 quality management principles, ensuring meticulous

control over every step of the welding and verification process.



KEY FEATURES

- Feature 1: Al-Powered Real-Time Weld Monitoring: Utilizes high-speed
cameras and optical coherence tomography (OCT) sensors to analyze the melt
pool dynamics during the laser welding process. This allows for immediate
detection and correction of parameters related to focus, power, and speed.

- Feature 2: Multi-Technique NDT Validation: Employs a combination of
automated ultrasonic testing (AUT), digital radiography (DR), and eddy current
testing (ECT) to provide comprehensive post-weld verification, identifying
subsurface defects like porosity, cracks, and lack of fusion.

- Feature 3: Laser-Generated Traceability Markers: Each welded assembly is
marked with a 2D data matrix code that contains a complete digital record of
the weld parameters, inspection results, and the specific operator or machine
responsible for the work, ensuring complete traceability.

- Feature 4: 3D Digital Twin Integration: The dataset generated from the testing
process is used to create a 3D digital twin of the battery module's internal
interconnection system. This asset provides a detailed, searchable record for

future maintenance, failure analysis, and predictive maintenance planning.

COMPLIANCE & STANDARDS



The Laser Welding Integrity Testing Documentation framework is designed to
meet and exceed the verification requirements of several international
standards. This ensures global acceptance and facilitates project financing. Key

compliance frameworks include:

- UL 9540A: Test method for evaluating thermal runaway fire propagation in
battery energy storage systems, requiring high-integrity connections to prevent
fault conditions.

- IEC 62619: Safety requirements for secondary lithium cells and batteries,
covering the safe operation of battery systems and their critical
interconnections.

- ISO 9712: Non-destructive testing - Qualification and certification of NDT
personnel, guaranteeing that all testing is performed by certified professionals.
- UN 38.3: Transportation testing of lithium batteries, where weld integrity is
crucial for passing mechanical shock and vibration tests.

- AIAG CQI-15: The Automotive Industry Action Group guideline for Special
Processes: Welding, adapted for our high-volume manufacturing environment

to ensure process stability and capability.

TECHNICAL SPECIFICATIONS

- Weld Monitoring Systems: Automated optical coherence tomography (OCT)



and high-speed coaxially-mounted cameras with a resolution of 10 um/pixel.

- NDT Modalities: Phased-array ultrasound, digital micro-focus radiography (20
um focal spot), and high-frequency eddy current (up to 10 MHz).

- Data Retention: Full electronic weld record (FEWR) with each joint's data
retained for a minimum of 20 years.

- Test Accuracy: Defect detection capable of identifying voids as small as 50 um
and cracks down to 0.1 mm in length.

- Weld Inspection Cycle Time: 2.5 seconds per critical busbar weld, maintaining
production throughput without compromising inspection coverage.

- Data Integrity: Blockchain-backed data storage prevents tampering and
ensures the immutable nature of the production records for warranty and

forensic purposes.

Parameter Specification
Nominal Capacity per Module 1.2 kWh / 2.4 kWh
Welding Technology Continuous Wave Fiber Laser (1.5 kW)

with Beam Shaping

Inspection Modalities Al-OCT, Phased Array Ultrasound,

Digital Radiography

Traceability Standard Data Matrix Code per JIS C 0104

(IEC/1SO) with 2D Passport

NDT Sensitivity Defect Detection: Voids > 50 um,




Cracks > 0.1 mm

Data Retention Period

20 Years (Blockchain Encrypted)

INDUSTRIAL DEPLOYMENT

This documentation protocol is critical for large-scale MWh projects where the

reliability of thousands of interconnections directly affects the system'’s lifetime

performance and ROI. The digital passport provided for each module enables

remote diagnostic capabilities and allows for data-driven warranty claims,

creating an ecosystem of trust between the supplier, the system integrator, and

the asset owner.




