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EXECUTIVE SUMMARY

The Flexible Busbar represents a paradigm shift in high-voltage DC

interconnection within utility-scale and commercial & industrial (C&I) energy

storage systems (ESS). Moving beyond conventional rigid copper busbars, this

patented laminated flexible architecture resolves critical mechanical stress

points, vibration fatigue, and thermal expansion mismatches inherent in

modular battery stacking. Designed for Tier-1 LFP prismatic cells, the Flexible

Busbar delivers a sub-0.1 m Ω contact resistance stability over a 15-year

operational lifespan, significantly reducing ohmic losses and eliminating

hot-spot formation risks. This document serves as the official technical

overview and performance datasheet for system integrators, EPC contractors,

and asset owners seeking maximum reliability in high-throughput cycling

environments.



SYSTEM ARCHITECTURE & SAFETY

The Flexible Busbar consists of multi-layered, tin-plated oxygen-free copper

(Cu-ETP) laminates encapsulated within a high-dielectric, V-0 flame-retardant

polymer jacket. The architecture employs a hyperbolic-parabolic flex profile

engineered to absorb multi-directional displacement (X, Y, Z axes) up to ± 5

mm, decoupling rigid battery modules from enclosure vibrations induced by

grid transients or seismic activity. Each busbar integrates redundant contact

fingers with spring-loaded constant force technology, maintaining ≥ 150 N

contact pressure even after 5,000 thermal shock cycles (-40°C to +85°C). The

insulated sleeving includes integrated arc-flash suppression barriers, meeting

UL 94 V-0 and IEC 60664-1 creepage distance requirements, thereby

transforming the DC bus from a passive conductor into an active safety

component.



KEY FEATURES

- Mechanical Decoupling & Vibration Damping: Eliminates terminal fatigue on

prismatic LFP cells; validated under IEC 60068-2-6 (5g vibration, 10-500 Hz).

- Thermal Expansion Tolerance: Compensates for longitudinal growth up to 3.5

mm per meter of battery rack, preventing cell terminal shear stress.

- Sub-0.05 mΩ Terminal Impedance: Achieves lower total DC resistance than

rigid busbars due to optimized multi-point pressure distribution; reduces

annual energy loss by 0.8% per MWh.

- Arc Flash Containment: High-temperature silicone rubber jacket

self-extinguishes within 2 seconds; prevents cascading arc propagation during

insulation faults.

- Ultra-High Cycle Durability: Maintains electrical integrity after 8,000

mating/unmating cycles (IEC 60512-9-3).

- Universal C&I Compatibility: Fits standard 100Ah, 280Ah, and 314Ah LFP cell

terminals without modification; supports 1500 Vdc systems.

COMPLIANCE & STANDARDS

All Flexible Busbar configurations are fully certified to the most stringent global

energy storage standards. The product carries UL 4128 (Battery Busbar



Standard), UL 94 V-0 flammability, IEC 61439-7 for low-voltage switchgear

assemblies, and IEC 62109-1 for PV system safety. Additionally, the flexible

laminate construction passes the seawater resistance test per IEC 60068-2-52

(severity level 5), making it suitable for coastal or marine-energy storage

deployments. The busbar contributes directly to system-level UL 9540A thermal

runaway propagation resistance due to its non-flammable jacket and

arc-snuffing geometry. RoHS 3 and REACH SVHC compliance are standard.

TECHNICAL SPECIFICATIONS

Parameter Specification

Nominal Voltage Range 600 - 1500 Vdc

Continuous Current Rating (Model

250/400/630)

250 A / 400 A / 630 A

DC Resistance (typical) ≤ 0.05 mΩ per busbar

Operating Temperature Range -40°C to +125°C

Flexural Cycle Life (180°) > 200,000 cycles

Creepage / Clearance Distance 25 mm / 18 mm (1500 Vdc)

Flammability Rating UL 94 V-0 (Halogen-free)

Standard Cross Section 10 mm ² to 120 mm ² copper

equivalent



MATERIAL COMPOSITION & RATINGS

- Conductor: Oxygen-free copper (Cu-ETP) laminated, tin-plated (3-5 µm

thickness).

- Insulation: Cross-linked polyolefin + silicone rubber composite, halogen-free.

- Dielectric Strength: 6 kVac per mm for 60 seconds (unpunctured).

- Continuous Current Rating: 250 A / 400 A / 630 A (three standardized

variants).

- Peak Current (10 sec): 2.5x continuous rating (limited by cell terminal).

- Operating Temperature Range: -40°C to +125°C (ambient).

- Rated Impulse Withstand Voltage: 12 kV (1.2/50 µs).

- Creepage Distance: ≥ 25 mm (1500 Vdc working voltage).

- Clearance Distance: ≥ 18 mm (pollution degree 3).

MECHANICAL & ENVIRONMENTAL

- Flex Cycle Life (180 ° bend): > 200,000 cycles without conductivity

degradation (>95% IACS).

- Vibration Resistance: 5g rms, 10-500 Hz, 30 minutes per axis (no intermittent

contacts).

- Salt Spray Resistance: 720 hours (IEC 60068-2-11).

- IP Protection Class (mated): IP65 with optional compression seal boot.

- Torque Retention: M8 terminal screws maintain 12 Nm after thermal shock.



INDUSTRIAL DEPLOYMENT REFERENCE

In a recent 5 MWh BESS retrofit for a high-frequency islanded microgrid (75%

renewable penetration), replacing 480 rigid copper busbars with the Flexible

Busbar reduced field failure rates by 94% over 18 months. The primary failure

mechanism — torque relaxation and terminal pitting — was completely

eliminated. For greenfield C&I installations (e.g., 2-hour peak shaving

behind-the-meter), the Flexible Busbar enables a 30% faster modular assembly

and reduces total DC bus impedance by 0.45 mΩ per rack, translating to 2.3

MWh of recovered energy over a 10-year PPA period. The product supports

automated robotic assembly lines and comes with a standard 20-year

performance warranty (90% conductivity retention).


