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1. Introduction

The BESS industry is shifting from site-assembled battery racks to factory-assembled, pre-integrated systems.

Tesla's Megapack 3 — which began production on August 6, 2026 — exemplifies this trend: 78% fewer thermal

connection points, 28% more energy per unit, and 1 GWh deployable in 20 business days. Samsung SDI, CATL, and

BYD are following the same path.

This application note analyzes what this shift means for pack assembly line design. It covers welding station

requirements, EOL testing scope expansion, MES traceability architecture, and facility layout changes — based on

our engineering team's experience designing BESS lines for European and North American customers from 2023 to

2026.

2. The Megapack 3 Design Shift

Megapack 3 is not just a larger battery — it represents a fundamentally different manufacturing philosophy. The key

design changes and their line-level impacts are summarized below.

Design Change Megapack 2 XL Megapack 3 Line Design Impact

Energy per unit 3.9 MWh ~5 MWh Larger pack dimensions, heavier fixtures

Cell format 314Ah standard 2.8L large-format Welding parameters, cell handling, fixture load

Thermal

connections

Baseline −78% Fewer dispensing/sealing stations, higher per-

connection criticality

Site installation Component-by-

component

Megablock pre-

assembly

Factory must integrate switchgear, transformers,

PCS

Deployment

speed

Baseline 1 GWh in 20

business days

Output quality must be first-pass — no on-site

rework window

INDUSTRY CONTEXT

This is not a Tesla-only phenomenon. Samsung SDI's SBB 2.0, CATL's EnerC, and BYD's Cube Pro all follow the same

pattern of shifting electrical integration from site to factory. The North American ESS market reached 75.9 GWh in H1 2026

(+83% YoY), accelerating demand for factory-assembled systems.



3. Welding Station: Fewer Joints, Higher Stakes

A 78% reduction in thermal connection points does not mean fewer welds — it means the remaining cell-to-busbar,

busbar-to-busbar, and busbar-to-terminal welds carry more electrical load per joint in a denser pack. A single failed

weld in a 5 MWh module affects more stored energy than the same failure in a 3.9 MWh module.

3.1 Inline Weld Monitoring Becomes Non-Negotiable

For factory-assembled BESS lines, inline monitoring at every welding station is a baseline requirement, not an

upgrade:

Monitoring Type Function Specification

OCT (Optical Coherence

Tomography)

Real-time penetration depth

measurement

±0.05 mm accuracy, 10 kHz sampling

Plasma emission monitoring Keyhole stability detection 15% deviation threshold → auto-rework

flag

Post-weld AOI Surface defect detection Camera resolution ≥ 5 MP, 100%

inspection

COST OF RETROFIT

Retrofitting OCT and plasma monitoring to an existing welding station costs 3–5× more than specifying it in the original

equipment order. Payback period on a high-throughput BESS line is under 12 months based on our yield data.

3.2 Tighter Parameter Windows for Large-Format Cells

Our production data from 587Ah cell lines shows that power density windows of ±10% around the sweet spot

maintain 99.5%+ first-pass yield. Wider windows — the kind that work for 280Ah cells with more thermal margin —

produce marginal defects that pass visual inspection but fail under higher continuous discharge rates.

Parameter 280Ah Window 587Ah / 2.8L Window

Power density 10–30 kW/cm² 18–22 kW/cm² (±10%)

Welding speed 80–150 mm/s 80–120 mm/s (narrower)

Focus position tolerance ±0.5 mm ±0.3 mm

Shielding gas flow 15–25 L/min 20–25 L/min (higher minimum)

First-pass yield target ≥99.0% ≥99.5%

3.3 Fixture Rigidity for Heavier Cells

2.8-liter cells are significantly heavier than 314Ah cells and have different thermal expansion characteristics.

Welding fixtures need:

Higher clamping force (typically +30–40% vs 314Ah fixtures)

Active thermal compensation to maintain joint gap tolerances during high-speed welding



Servo-adjustable design to accommodate multiple cell formats on the same line



4. EOL Testing: From Pack-Level to System-Level

When the factory outputs a Megablock — not just a battery pack but a complete AC-connected system — EOL testing

scope must expand. Traditional pack-level tests are necessary but no longer sufficient.

Test Level Traditional BESS Line Factory-Assembled BESS Line

Cell level OCV, IR sorting OCV, IR sorting (unchanged)

Module level Weld inspection, OCV, BMS comm Weld inspection, OCV, BMS comm + thermal cycle test

Pack level Hipot, insulation, functional Hipot, insulation, functional + PCS integration test

System level Done on-site Done in factory: switchgear, transformer, PCS commissioning

KEY RISK

In our experience, the biggest risk in transitioning to factory-assembled BESS is underestimating system-level testing

complexity. Pack-level testing is well-understood. System-level testing — energizing the full AC-connected system with

transformers and switchgear — requires medium-voltage safety protocols, specialized test equipment, and significantly

more factory floor space. Manufacturers who skip this station end up doing system commissioning on-site, which defeats

the purpose of factory assembly.

4.1 System-Level Test Station Requirements

Requirement Specification

Medium-voltage equipment Rated for system voltage (typically 10–35 kV)

Test protocols PCS functional, protection relay, grid-sync, fault ride-through

Safety infrastructure MV interlocks, arc-flash protection, emergency shutdown

Cycle time 30–60 min per system (vs 3–5 min for pack-level)

Floor space 2–3× pack-level test station area

5. MES Traceability: Beyond the Cell

Megapack 3's 20-business-day deployment timeline leaves no room for on-site data reconciliation. Every

component — cell, busbar, weld, BMS, thermal interface, switchgear, transformer — needs traceable data from

factory to commissioning.

5.1 Expanded Data Scope

Traditional BESS MES tracks cell serial numbers, weld parameters, and test results. Factory-assembled BESS MES

must also track:

Switchgear serial numbers and test certificates

Transformer serial numbers and factory test reports

PCS firmware versions and configuration parameters



System-level commissioning test results

All linked to a single system identifier (not just pack-level)

5.2 EU Battery Passport Integration

The EU Battery Passport becomes mandatory on February 18, 2027 for industrial batteries above 2 kWh, EV

batteries, and LMT batteries. Factory-assembled BESS lines shipping to Europe need structured data output that

maps to Annex XIII data points. This is not a post-production add-on — it must be in the MES specification from the

start.

ADVANTAGE OF FACTORY ASSEMBLY

Factory assembly actually helps with EU Battery Passport compliance because data collection moves from a fragmented

site environment to a controlled factory environment. But only if the MES system is designed to capture the right data

from day one.



6. Facility Layout Changes

A factory-assembled BESS line is physically longer than a traditional pack line because it adds stations for PCS

integration, switchgear mounting, transformer connection, Megablock-level assembly, and final system-level

commissioning.

Layout Parameter
Traditional BESS

Pack Line
Factory-Assembled BESS Line

Line length Baseline +20–30%

Ceiling clearance 4–5 m 6–8 m (gantry crane)

Floor load capacity 500–800 kg/m² 1,000–1,500 kg/m²

Medium-voltage

test area

Not needed Required (system-level testing)

Gantry crane

capacity

Optional 10–20 ton

Additional stations — PCS integration, switchgear mounting, transformer connection,

Megablock assembly, system commissioning

7. Design Example: 5 GWh Factory-Assembled BESS Line

Background: A Southeast Asian BESS manufacturer planned a new 5 GWh line to produce pre-integrated 5 MWh

systems for domestic utility projects, targeting deployment in 2027.

Key design decisions:

Decision Choice Rationale

Cell format 587Ah prismatic Aligned with CATL/Hithium supply chain

Weld monitoring OCT + plasma at all stations Specified from RFQ; retrofit cost avoided

EOL test scope System-level included PCS + switchgear commissioning in-factory

MES EU Battery Passport-ready Annex XIII data mapping from day one

Line length 78 m (vs 60 m traditional) +30% for system integration stations

Ceiling height 7 m Gantry crane for Megabock assembly

Floor load 1,200 kg/m² Transformer + switchgear test area

Results after 8 weeks of production:



Metric Result

First-pass

weld yield

99.6%

System-level

test pass

rate

97.2% (improving)

Deployment

time vs site-

assembled

−40%

On-site

rework

incidents

0 in first 200 systems

KEY TAKEAWAY

The system-level test pass rate started at 94% and

improved to 97.2% over 8 weeks as test protocols were

refined. This learning curve is normal — budget for it in

your ramp plan.

8. Implementation Checklist

Before Ordering the Line During Commissioning

About Huiyao Laser
Huiyao Laser Technology (Luoyang) Co., Ltd. is a manufacturer of battery module and PACK assembly lines, laser welding

systems, and EOL testing equipment for EV and energy storage manufacturing. Our application engineering team provides on-

site parameter validation support for customer-specific cell and busbar combinations.
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