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1. Executive Summary: The Dynamic Engineering Realities of Harsh

Ingress Defenses

Outdoor  localized  infrastructures—specifically  high-output  architectural  LED  luminaires,  smart  city

hyper-local  sensors,  and  remote  5G  macrocell  telecommunication  enclosures—are  subjected  to

relentless  environmental  stress  loops.  Internal  electronics  generate  intense  thermal  spikes  during

operational peaks. When the infrastructure cycles off, rapid interior temperature drops trigger a localized

negative pressure loop—acting as a micro-vacuum that aggressively pulls external moisture, humidity,

and micro-dust past faulty gasket parameters.

To secure an authentic **IEC 60529 IP68 ingress protection rating** (continuous submersion beyond 1

meter  under  specified  pressure  thresholds)  and  guarantee  a  20-year  structural  service  lifespan,

engineering teams must  transition away from legacy commodity  elastomers.  This  paper  details  the

cross-sectional  geometry  principles,  hyperelastic  material  criteria,  and  accelerated  mechanical

validation  protocols  required  to  produce premium continuous  extruded silicone profiles  and spliced

enclosure gaskets.

Ingress Risk Management: Achieving an IP68 boundary is not simply a matter of high initial

torque clamping. Excessively rigid sealing profiles deform enclosure lids, creating localized gaps

that invite water ingress. Success relies on balancing material compression deflection with long-

term elastic recovery profiles.

2. Polymer Kinetics: Why Silicone Outperforms EPDM in Harsh Climates

When remote hardware installations face outdoor deployment, selecting the base elastomer backbone

directly dictates the infrastructure's vulnerability to environmental decay. While ethylene propylene diene

monomer (EPDM) is commonly used as a commercial weatherstripping choice, its hydrocarbon matrix

degrades rapidly under intense solar radiation and high operating temperatures.

Silicone rubber utilizes an inorganic polysiloxane backbone composed of repeating silicon-oxygen ($

ext{Si-O-Si}$)  bonds.  The  binding  energy  of  a  siloxane bond is  approximately  $445 ext{  kJ/mol}$,
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significantly higher than the $348 ext{ kJ/mol}$ carbon-carbon ($ ext{C-C}$) binding threshold of EPDM.

This  atomic  configuration  makes  premium  silicone  highly  resistant  to  ultraviolet  (UV)  radiation

fragmentation and high-intensity atmospheric ozone exposure. 

Furthermore,  silicone  maintains  stable  elasticity  across  a  broad  thermal  range,  from  **-50°C  to

+200°C**.  EPDM  hardens  and  experiences  glass  transition  crystallization  at  approximately  -35°C,

causing it to lose its sealing compliance and crack under sub-zero vibrations. This cold-weather failure

path risks environmental leakage in high-latitude telecom deployments.

3. Cross-Sectional DFM Design: Optimizing Closure Force and Hollow

Bulb Compression

Continuous extruded strips utilize custom cross-sectional  profiles designed via  advanced non-linear

Finite  Element  Analysis  (FEA)  to  minimize  required  clamping  loads  while  optimizing  compression

recovery behaviors.

Hollow Bulb Geometries (D-Strips and P-Strips)

Solid  rubber  profiles  require  excessive  structural  compressive  loads  to  deform,  risking  sheet-metal

warping or  plastic  latch fractures on delicate enclosure doors.  Hollow profile designs incorporate a

central void pocket. Under initial closure loads, the thin outer bulb wall undergoes predictable buckling

flexure, distributing mechanical tension symmetrically across the sealing plane. This provides a secure

seal at up to **50% lower initial closure force** compared to solid geometries.

Co-Extrusion Technology Matrices

To  streamline  automated  assembly  sequences,  Reemane  implements  dual-durometer  co-extrusion

engineering  lines.  A  single  continuous  strip  is  manufactured  with  two  integrated  durometers.  The

mounting  base consists  of  a  rigid,  high-durometer  solid  silicone backbone (**70 to  80 Shore  A**),

allowing  for  stable  mechanical  retention  in  metal  slots  or  secure  bonding  via  automated pressure-

sensitive adhesive (PSA) tapes. The active sealing bulb is co-extruded as a hyper-compliant, soft solid

or  closed-cell  sponge cushion  (**20  to  30  Shore  A**),  achieving  zero-gap IP68 conformity  against

uneven, cast-aluminum or stamped structural enclosure mating borders.

4. Technical Performance Matrix: Sealing Materials Comparison

Reviewing accelerated environmental aging and mechanical compression set data shows the distinct

lifecycle differences between silicone variations and standard industrial EPDM:
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Performance Metric
Solid HCR Silicone (40

Shore A)

Closed-Cell Silicone

Sponge

Industrial Weathering

EPDM

Compression Set

(22h @ 100°C)

EXCELLENT (≤ 12%

drift; exceptional

memory)

HIGH (≤ 18%

deformation under

continuous load)

POOR (≥ 45% drift;

experiences

compression flat-

lining)

Low-Temp

Flexibility

Boundary

Passes down to -55°C

(Retains elastic seal)

Passes down to -60°C

(Remains highly

compliant)

Fails at -35°C

(Hardens and

develops micro-

cracks)

UV & Solar

Radiation Lifespan

20+ Years (Zero

surface chalking or

decay)

20+ Years

(Impervious to

atmospheric

degradation)

3–5 Years

(Experiences deep

micro-fissure

degradation)

Closure Force

Demands

Medium to High

(Requires precise hollow-

core DFM)

Ultra-Low (Easily

compresses under

low hand latch loads)

Medium (Requires robust

structural enclosure

latches)

Water Absorption

Rate (Immersion)

≤ 0.5% (Negligible fluid

transmission)

≤ 1.0% (True non-

interlocking closed-cell

barrier)

≤ 4.5% (High risk of

micro-pore water

retention)

5. Precision Post-Processing: Vulcanized Splicing and Core Adhesive

Tape Systems

A continuous extruded profile must be securely joined into a continuous perimeter loop to safeguard

rectangular enclosure door tracking paths. Legacy methods rely on cold-glue cyanoacrylate bonding

along cut edges, but these joints rapidly embrittle and separate when exposed to high moisture and

freezing environments.

Reemane utilizes automated **hot-vulcanized splicing cells**. Extruded cut ends are positioned inside a

precision machined heated fixture, and an unvulcanized raw silicone compound layer is injected into the

seam interface. Under high heat and pressure, the splice line undergoes complete molecular cross-

linking, producing a uniform elastomeric structure with joint tensile strength reaching **90% of the base

profile material**. 
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For  strip  layouts  requiring  integrated  mounting  adhesives,  extrusion  profiles  are  paired  with  high-

performance  acrylic  or  silicone-base  **heat-activated  adhesive  tape  systems  (HATS)**  inline.  This

thermal bonding approach eliminates the risk of strip separation from metal or plastic channels during

field installations.

6. Laboratory Validation Protocols: Verifying IP68 Boundary Conditions

To verify  that  extruded batches can withstand severe field conditions,  samples undergo continuous

evaluation inside a fully accredited Quality Assurance lab. Testing protocols include:

Hydrostatic Pressure Submersion Testing: Assembled enclosure boxes containing the spliced

silicone profiles are placed inside automated pressure chambers. The tank is pressurized to match a

**3-meter water column depth (approx. 30 kPa)** for an extended hold cycle of 72 hours. Post-test

inspections verify zero moisture traces inside the core chamber cavity.

Accelerated Thermal Compression Set (ASTM D395): Strips are compressed to 25% of  their

original height and placed inside laboratory ovens at $125^{\circ} ext{C}$ for extended schedules.

Samples must demonstrate high elastic recovery performance to ensure reliable enclosure sealing

behavior after summer seasonal heat spikes.

ASTM G154 Xenon-Arc UV Simulation: Profiles are exposed to intense UV radiation and moisture

condensation  cycles  to  verify  that  they  maintain  their  physical  properties  over  long-term

deployments, ensuring zero surface cracking or degradation.

Optimize Remote Hardware Lifespans with Certified IP68 Silicone

Extrusion Engineering

To coordinate a cross-sectional DFM engineering review, obtain certified ASTM D395 compression

recovery logs, or request production-ready custom co-extruded samples, contact our industrial

applications division at sales@siliconefactories.com or inspect our automated manufacturing

facility at www.siliconefactories.com. 

• 

• 

• 
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