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EXECUTIVE SUMMARY

Telecommunications hardware reliability extends beyond operational uptime to
encompass the full asset lifecycle, including warehousing, logistics, and field
sparing. This document defines the storage environmental tolerances for
carrier-grade equipment, establishing certified limits for temperature and
humidity during non-operational phases. Adherence to these specifications
ensures zero degradation of solder joint integrity, PCB laminate stability,
electrolytic capacitor shelf life, and conformal coating performance. Devices
maintained within the published storage envelope retain full factory calibration

and MTBF ratings upon deployment.



STORAGE ENVIRONMENTAL CLASSIFICATION

Per Telcordia GR-63-CORE and ETSI EN 300 019-2-1 (Class 1.2), our hardware is
classified for extended long-term storage in uncontrolled but sheltered
environments. The storage temperature humidity tolerances apply to fully
assembled units, spare line cards, power supplies, and optical transceivers.
Unlike operational limits which require active thermal management, storage
tolerances assume zero internal heat generation and no forced airflow. The
specified ranges represent non-condensing conditions with a maximum

wet-bulb temperature of 29°C (84.2°F).

ABSOLUTE STORAGE LIMITS

THERMAL ENDURANCE RANGE: -40°C to +85°C (-40°F to +185°F)



This 125°C span accommodates global logistics from Arctic tundra transit to
equatorial warehouse stagnation. The lower limit prevents LCD damage,
lubricant solidification in cooling fans, and ferrite core embrittlement. The
upper limit avoids electrolytic capacitor venting, lithium battery accelerated

aging, and housing deformation.

RELATIVE HUMIDITY RANGE: 5% to 95% (non-condensing)
Extended exposure to 95% RH at +40°C (104 °F) is validated for 672-hour
steady-state tests per IEC 60068-2-78. The 5% lower limit prevents ESD

sensitivity increases and desiccation of hygroscopic materials.

TEMPERATURE CHANGE RATE: < 3°C per minute
Rapid thermal shocks during warehouse transfers or air freight transitions are
controlled to prevent micro-cracking of BGA solder spheres and ceramic

capacitor fracture.

Parameter Specification

Storage Temperature Range -40°C to +85°C (-40°F to +185°F)
Storage Relative Humidity Range 5% to 95% (non-condensing)
Maximum Wet-Bulb Temperature 29°C (84.2°F)

Max Thermal Change Rate 3°C per minute

Altitude (Unpressurized Storage) 0 to 15,000 feet (4,572 meters)




Condensation Avoidance Acclimation

4 hours minimum for AT > 30°C

Unopened OEM Packaging Humidity

<30% RH for 12 months (with

desiccant)

Storage Duration to 24 Months

No derating within absolute limits

Storage Duration 24-60 Months

+70°C upper limit, capacitor reforming

required

Storage Duration >60 Months

Factory recertification mandatory

STORAGE DURATION DERATING GUIDELINES

For storage periods exceeding 12 consecutive months without controlled

climate intervention, the following derating factors apply:

12-24 months: No derating within absolute limits. Recommended periodic

inspection (every 6 months) for corrosion on exposed connectors.

24-60 months: Derate upper temperature limit to +70°C (158°F). Electrolytic

capacitors require reforming prior to deployment (24-hour gradual voltage

ramp).

>60 months: Factory recertification required. Lithium batteries must be




replaced. Humidity exposure limited to 75% RH maximum.

CONDENSATION AVOIDANCE PROTOCOL

Absolute humidity must remain below the dew point relative to storage
ambient. The critical limit: moisture vapor pressure < 2.5 kPa. For rapid
temperature ascents (e.g., cold-soaked equipment moved into warm
warehouse), mandatory 4-hour acclimatization period in sealed antistatic bag
with desiccant. Condensation events cause signal integrity degradation on
high-speed differential pairs (> 10 Gbps) and promote creep corrosion on

silver-containing terminations.

COMPLIANCE STANDARDS MATRIX

ISTA 2A: Transit-induced vibration and shock during storage handling
IEC 60068-2-1 (Ab): Cold storage endurance at -40°C for 72 hours

IEC 60068-2-2 (Bb): Dry heat storage at +85°C for 96 hours

IEC 60068-2-30 (Db): Damp heat cyclic (25°C to 55°C, 95% RH, 6 cycles)
Telcordia GR-121-CORE: Fiber optic component storage requirements

MIL-STD-810H Method 507.6: Humidity extremes for equipment in storage

PACKAGING IMPACT ON STORAGE TOLERANCES



Original OEM packaging (cardboard + ESD foam + moisture barrier bag +
desiccant) extends effective storage tolerance to 98% RH for 72-hour transients.
Desiccant packs maintain internal bag humidity below 30% for 12 months when
unopened. Opened but repackaged units lose humidity protection and must
observe 20% to 80% RH limits. Vacuum-sealed antistatic metallized bags with
humidity indicator cards (HIC) are mandatory for spare line card storage

beyond 3 months.

FIELD STORAGE RECOMMENDATIONS

Site spares stored in outdoor cabinets: Limit to 6 months unless cabinet
maintains internal RH between 15% and 70% via breather drains. Use silica
gel-based passive humidity control for NEMA 4X enclosures. For remote hut
storage without HVAC, install thermostatically controlled resistive heaters to
maintain temperature above -20°C (-4°F) to prevent LCD freeze damage on

management modules.

FAILURE MODES FROM STORAGE VIOLATIONS

High temperature (>85 ° C): Electrolyte vaporization (capacitor ESR

increase >300%), LCD blackening, battery swelling



Low temperature (<-40°C): Solder embrittlement (reduced shock tolerance

from 50G to 15G), LCD response time >5 seconds

High humidity (>95% RH): Creep corrosion of silver electrodes, via barrel

oxidation, fungal growth on conformal coating

Low humidity (<5% RH): ESD vulnerability increase from 2kV to 500V human

body model, plasticized component cracking

LIFECYCLE MANAGEMENT INTEGRATION

Asset tracking systems must log storage temperature humidity histories for

warranty validation. Devices exposed beyond absolute limits for cumulative 96



hours or more receive modified warranty terms. Our telemetry-enabled spares
packaging includes RFID with embedded environmental sensor (temperature
accuracy +0.5°C, humidity +3% RH) that triggers alerts upon excursion. This
data integrates with major warehouse management systems (SAP EWM, Oracle

WMS) for automated quarantine workflows.

CONCLUSION

The defined storage temperature humidity tolerances provide a certified
operational envelope for telecom hardware between deployment phases. Strict
adherence eliminates premature aging, maintains regulatory compliance, and
preserves full equipment value. For deployments requiring extended storage
beyond 60 months or in extreme environments (volcanic, marine tidal, or
high-altitude desert), consult the Ruggedized Extended Storage Addendum

(Document OEM-TS-4023).



