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End-of-Line Testing Specification for BESS Pack Assembly Lines

Applications: Utility-scale BESS pack lines, C&I energy storage, containerized battery systems

Target audience: Production engineers, quality managers, procurement teams specifying EOL test stations

1. Introduction

A BESS pack that passes EOL testing is not necessarily a good pack—but a BESS pack that fails EOL testing is
guaranteed to be a bad one. For manufacturers shipping 280Ah or 314Ah LFP packs into utility-scale projects, the
EOL testing station is the last gate before a multi-million-dollar liability leaves the factory floor.

This application note defines the minimum EOL test sequence, acceptance thresholds, equipment specifications,
and takt time considerations for BESS prismatic pack assembly lines. The content is derived from 30+
commissioned ESS lines producing packs ranging from 50 kWh C&I units to 400 kWh containerized BESS systems,
deployed between 2023 and 2026.

2. The Six Mandatory EOL Tests

Every BESS pack must pass all six tests below before release. Skipping any test to save cycle time is the most
common cause of field returns in the first 12 months of a new line.

Typical
Purpose X
Duration
1  Open Circuit Voltage (OCV) Verify cell voltage balance within module 10-15s
2 Insulation Resistance Confirm dielectric isolation between busbar network and 15-30s

pack enclosure

3 Hi-Pot (Dielectric Withstand) Stress insulation at elevated voltage to detect latent defects 20-60s

4  Internal Resistance (DCIR) Identify high-resistance joints from welding or bolting 10-20s
defects

5 BMS Communication Verify CAN/RS485 handshake, cell-level data acquisition, 30-60s

protection circuit response

6  AirTightness (Helium or Confirm pack enclosure sealing for IP67/IP65 rated outdoor 60-180s
Pressure Decay) BESS
FIELD DATA

Lines that omit air tightness testing report 3-5x higher field return rates for water ingress within the first 18 months of
deployment, particularly in coastal and tropical installations.



3. Acceptance Thresholds by Pack Type

The thresholds below apply to standard 280Ah / 314Ah LFP prismatic BESS packs. Projects with custom cell formats

or extreme environment requirements should adjust in consultation with the cell manufacturer's specification

sheet.
Utility-Scale (Outdoor Instrument
Standard BESS (Indoor C&I) .
Container) Accuracy
ocv Cell-to-cell AV £ 20 mV within module  Cell-to-cell AV < 10 mV within +1mV
module
Insulation > 500 MQ at 500V DC > 1000 MQ at 1000V DC +2% reading
Resistance
Hi-Pot 1500 V AC for 60 s, leakage < 5 mA 2500 VACfor60s, leakage < 5mA  +1% voltage, £0.1
mA current
DCIR Module-level < 0.5 mQ above cell Module-level < 0.3 mQ above cell +0.01 mQ
spec spec
BMS CAN 2.0B handshake, all cell voltages Same + RS485 daisy-chain Protocol analyzer
Communication readable, temperature sensors within verification, protection circuit required
+2°C activation test
Air Tightness Pressure decay: 500 Pa drop < 50 Pa Helium sniff: leak rate < 1x107° Calibrated to NIST-
in60s Pa-m3/s traceable standard

CRITICAL NOTE

Hi-Pot test voltage must be selected based on the pack's maximum working voltage, not the cell nominal voltage. A 1500
V pack requires 2500 V AC Hi-Pot per IEC 62619. Using 500 V on a 1500 V pack provides no meaningful insulation
validation.

&4, Takt Time Calculation for EOL Stations

The EOL testing station is the most common bottleneck on BESS pack lines. A miscalculated takt time here reduces
the entire line's OEE by 15-25%.

Equation: EOL Station Takt Time
3(test durations) + handling time + pass/fail decision time
(15 + 30 + 60 + 20 + 60 + 120) + 30 + 10 = 345 s = 5.75 min

TeoL

TeoL

For a line targeting 5 PACK/hr (720 s takt), a single EOL station at 345 s is not a bottleneck. But for a 10 PACK/hr line

(360 s takt), a single station cannot keep up. Solutions:



Strategy

Throughput

Parallel dual EOL stations

Split sequence: electrical + mechanical in separate

stations
Skip air tightness for indoor C&I packs

Reduce Hi-Pot duration from 60sto 30 s

i Cost Impact

2x capacity +40% EOL equipment cost

1.5x capacity +25% floor space

Save 120-180s Not recommended for outdoor

Save 30s Acceptable if validated with 500-sample Cpk

study



5. Equipment Selection Criteria

5.10CV / DCIR Tester
Measurement range 0-5V DC (0CV), 0-5 mQ (DCIR)
Accuracy OCV 1 mV, DCIR £0.01 mQ
Probe type Spring-loaded Kelvin (4-wire) probes, gold-plated
Channels Multi-channel for simultaneous module-level scan (min 24ch)
Integration MES data upload via Ethernet/IP or Modbus TCP

5.2 Hi-Pot / Insulation Tester

Output voltage 0-5000V AC, programmable

Leakage measurement 0-20 mA, resolution 0.01 mA

Dwell time 1-999 s programmable

Safety interlock Dual-channel safety relay, PL d per ISO 13849

Discharge circuit Automatic discharge to <50 V within 2 s of test completion

5.3 BMS Communication Test Station

Parameter Specification
Protocols CAN 2.0B, RS485, Modbus RTU
Test sequence Handshake — cell voltage readout — temperature readout — protection circuit

activation — fault injection response
Fault injection Over-voltage, under-voltage, over-temperature simulation via software

Data logging All cell voltages, temperatures, and fault responses logged to MES

5.4 Air Tightness Tester
Parameter Pressure Decay Method Helium Method
Sensitivity ~50 Pa resolution 1x1077 Pa:m3/s

Test time 60-180s 30-120s



Parameter Pressure Decay Method Helium Method
Equipment cost $8,000-15,000 $40,000-80,000

Recommended for Indoor C&I packs (IP54) Outdoor utility-scale (IP67)

SELECTION GUIDE

For packs destined for outdoor containerized BESS with IP67 rating, helium leak testing is strongly recommended.

Pressure decay cannot reliably detect seal pinhole leaks below 0.5 mm diameter—exactly the defect size that causes
moisture ingress over a 10-year service life.



6. Design Example: 16Wh BESS Line EOL Configuration

Project: Southeast Asian utility-scale BESS factory, 1 GWh/year, 280Ah LFP, 1P16S module — 52-module rack,

outdoor containerized deployment.

EOL station configuration:

Station Tests

Station 1 (Electrical) OCV + DCIR + Insulation + Hi-
Pot

Station 2 BMS comm + protection

(Functional) circuit

Station 3 (Sealing) Helium leak test

Total 6 tests

Results after 6 months of production:

Metric Result

60s

90s

Duration

125s

Equipment

Hioki BT3562 + custom Hi-Pot

CAN analyzer + fault injection
box

INFICON ECOTEC E3000

275 s+ 30 s handling =305
s

KEY DECISION

The initial design used pressure decay for sealing test.

Pack first- 99.4%
. After 3 moisture-ingress field returns in the first 2
pass yield
months, the station was upgraded to helium leak
EOL station 91% testing. Zero sealing-related returns in the subsequent
OEE 4 months.
Field return 0.02%
rate (12 mo)
Line Helium test (mitigated by parallel
bottleneck station)
1. EOL Test Station RFQ Checklist
Specification Items Vendor Evaluation
[0 Packdimensions and weight range defined O Instrument brand and model disclosed (not
[0 Pack voltage class (LV/HV) and max working voltage "equivalent")
stated [0 Calibration certificates provided for all instruments
[0 Required test items listed with pass/fail thresholds [0 Safetyinterlock architecture documented (PL level)
[ Takttime target per station stated [0 FAT test plan includes 8-hour continuous run
[0 Fixture design accommodates all pack variants [0 Spare parts list with lead times provided
[0 MESdataformatand protocol specified [0 Remote support capability (VPN/teamviewer) confirmed



[0 Instrument calibration plan included [0 Reference sites with similar pack format available

8. Common EOL Testing Mistakes

Mistake Consequence Correct Approach

Using 500 V Hi-Pot on 1500  Latent insulation defects pass EOL, fail in Hi-Pot voltage = 1.67x max working voltage
V pack field after 6-12 months per IEC 62619

Skip BMS protection Protection board DOA not detected until Always inject over-voltage/over-temp fault
circuit test field commissioning and verify BMS response

Pressure decay for Pinhole leaks undetected, moisture ingress Use helium leak testing for all outdoor-rated
outdoor IP67 pack in humid climates packs

No MES data binding for No traceability for field returns, cannot Every test result logged with pack serial
EOL results identify root cause number and timestamp

Single EOL station for 10+ EOL becomes bottleneck, line OEE drops to Plan parallel or split stations from day one
PACK/hr line 60-70%

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 EOL station commissioning and test parameter validation for customer-specific pack configurations.
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