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DEFINITION

The Seal Compatibility Decision Tree (Interactive PDF) is a structured, clickable

digital resource designed to guide engineers and maintenance personnel through

systematic evaluation of elastomeric seal material compatibility with lubricants,

operating temperatures, chemical exposures, and mechanical stresses in multi-function

gearboxes. It integrates industry-standard compatibility data (e.g., ASTM D471, ISO

1817) with application-specific parameters to prevent seal swelling, shrinkage,

hardening, or extrusion failure. As an interactive PDF, it uses embedded logic

(hyperlinked branches, form fields, and conditional navigation) to dynamically tailor

recommendations based on user inputs.

OVERVIEW

Seal compatibility is critical in multi-function gearboxessuch as those used in

wind turbines, mobile hydraulics, or aerospace actuatorswhere a single gearbox may

host multiple lubrication zones (e.g., gear oil, servo fluid, grease) operating under

divergent thermal, pressure, and chemical conditions. Incompatibility between seal

elastomers (e.g., NBR, FKM, HNBR, EPDM) and lubricants (mineral oils, PAOs, esters,

polyglycols) can lead to accelerated aging, loss of sealing force, leakage, or

catastrophic system contamination. The decision tree codifies empirical and

standardized test data into a hierarchical diagnostic workflow: users begin by

selecting seal material type, then input lubricant chemistry class, maximum

continuous operating temperature, exposure duration, and dynamic vs. static service

mode. Each node applies pass/fail thresholds derived from immersion testing (volume

change  15%, hardness change  10 IRHD, tensile strength retention  70%)

and real-world field validation. The interactive PDF enhances usability through

embedded tooltips referencing ASTM/ISO test methods, hyperlinked material datasheets,

and auto-generated compliance reportsenabling traceable, auditable decisions

without requiring offline databases or specialist software. This approach bridges the

gap between generic material compatibility charts and application-specific

engineering judgment, significantly reducing trial-and-error during design, retrofit,

or lubricant changeover.

KEY COMPONENTS

1. Interactive navigation logic (clickable decision nodes)

2. Lubricant chemistry classification engine (e.g., Group IV base oils, synthetic

esters, PAGs)

3. Elastomer performance database (swell %, compression set, TR-10 values per ISO 23529)

APPLICATIONS

  - Lubricant upgrade qualification for legacy gearboxes

  - Cross-functional seal selection during multi-fluid system integration

  - Root-cause analysis of premature seal failure in fielded equipment

KEY FORMULAS

Volume Change Percentage: V (%) = [(V_final  V_initial) / V_initial]  100

  -> Quantifies elastomer swelling or shrinkage after lubricant immersion per ASTM D471;

used to assess chemical compatibility.

Hardness Change (IRHD): H = |H_final  H_initial|

  -> Measures degradation-induced softening or embrittlement; acceptable limit typically

10 IRHD per ISO 1817.

Compression Set Recovery Ratio: CSR (%) = [(t  t) / t]  100

  -> Evaluates permanent deformation after stress relief; t = original thickness,

t = recovered thickness after 30 min recovery (ASTM D395).

RELATED CONCEPTS

  - Lubricant specification mapping

  - Elastomer aging kinetics



  - Multi-fluid system contamination control
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