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1. The Mathematics of Multi-Part Tolerance Accumulation

In complex hardware architecture—ranging from electric vehicle battery modules to hermetically sealed
aerospace displays—the mechanical housing is rarely a single monolithic block. It comprises multiple
machined, cast, or injection-molded rigid components (aluminum, magnesium, or polycarbonate) stacked
together. Each of these rigid components carries its own localized manufacturing tolerance. When four or
five rigid parts are assembled, their individual variances compound mathematically. This phenomenon is
defined as tolerance stack-up. The ultimate casualty of this geometric variance is always the elastomeric
seal.

If a design engineer fails to execute a rigorous Root Sum Square (RSS) or Worst-Case tolerance stack-up
analysis, the physical gap engineered to house the silicone gasket (the gland) will fluctuate wildly. At Least
Material Condition (LMC), the gap expands to its maximum theoretical size; if the silicone gasket lacks
sufficient restorative rebound, the assembly suffers a catastrophic zero-pressure fluid leak. Conversely, at
Maximum Material Condition (MMC), the rigid components are at their thickest, collapsing the sealing gap to
its absolute minimum dimension. This is where the most devastating mechanical failures occur.
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2. The Lethal Fallacy of "Infinite Compressibility"

A pervasive, fatal misconception among novice hardware engineers is the belief that silicone rubber acts like
a compressible sponge. Because a silicone gasket feels soft to the human hand, engineers mistakenly
assume they can crush a three-millimeter gasket into a one-millimeter gap during a Maximum Material
Condition (MMC) assembly stack-up. This violates the fundamental laws of polymer physics.

Solid Liquid Silicone Rubber (LSR) and High-Consistency Rubber (HCR) behave as incompressible, highly
viscous fluids. They possess a Poisson's ratio of approximately zero point four nine nine (nearly 0.5),
meaning they displace volume but do not compress volumetrically. When a mechanical assembly bolts down
tightly during an MMC event, if the silicone volume exceeds the available void space within the gland, the
elastomer will act as a hydraulic wedge. The incompressible silicone will transmit massive internal
hydrostatic pressure outward, violently shattering plastic housings, cracking glass display screens, or
stripping the threads off securing bolts.

3. Back-Calculating Elastomer Slack: The 85% Gland Volume Rule

To mathematically insulate the assembly against tolerance stack-up disasters, Reemane Silicone mandates
that the elastomer footprint must be explicitly back-calculated from the Worst-Case Maximum Material
Condition of the rigid housing. The engineering objective is to design volumetric "slack" into the gland
architecture.

The golden rule of elastomeric sealing dictates that the total volume of the silicone gasket must never
exceed eighty-five to ninety percent of the total available gland volume at the absolute tightest tolerance
stack-up (MMC). This remaining ten to fifteen percent of empty void space (the "slack") provides a dedicated
expansion chamber. As the mating hardware clamps down and compresses the height of the gasket, the
incompressible silicone physically deforms outward. By engineering localized relief channels or designing a
precise trapezoidal cross-section, the displaced silicone flows safely into the slack zone, establishing a
hermetic seal without generating destructive hydrostatic pressure against the rigid enclosure.

4. Engineering the Compression Modulus for LMC

While back-calculating for MMC prevents catastrophic mechanical fracture, the silicone matrix must
simultaneously possess enough structural density to seal the assembly at Least Material Condition (LMC),
where the gap is at its widest. This requires a delicate balance of polymer compounding and Geometric
Dimensioning and Tolerancing.

If the gap variance between MMC and LMC is exceedingly wide, a standard sixty-durometer (Shore A)
silicone will fail. To bridge this massive gap variance, Reemane Chemical Engineers custom-formulate
specialized low-compression-set elastomers. By lowering the durometer to a highly resilient thirty or forty
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Shore A and integrating specialized hollow-core or "D-profile" cross-sectional geometries, we can engineer a
gasket that effortlessly compresses to forty percent of its height at MMC without exceeding gland volume
limits, yet still maintains over two Newtons per millimeter of positive sealing force at LMC.

Hardware Architecture Sub-Optimized Gland Architecture Reemane Volumetric Stack-Up

Metric Design

Maximum Material Gland volume < Seal volume (Causes Seal occupies < 85% of gland (Safe
Condition (MMC) housing fracture). volumetric flow).

Least Material Loss of compressive contact Maintained restorative pressure via
Condition (LMC) (Catastrophic fluid leak). low-modulus profile.

Elastomer Assumed compressible (Violates Treated as an incompressible
Compressibility Poisson's Ratio). hydraulic fluid.

Assumption

Tolerance Stack-Up Ignored; assumes nominal CAD Rigorous Worst-Case and Root Sum
Auditing dimensions are absolute. Square calculation.

Eradicate Tolerance Disasters in Your Multi-Part Hardware

Do not allow uncontrolled tolerance stack-up and glandular overfill to shatter your precision
hardware housings. Partner with Reemane Silicone to execute rigorous volumetric back-
calculations, guaranteeing absolute hermetic sealing at LMC and safe volumetric deformation at
MMC.

Submit your CAD assemblies for a comprehensive Geometric Dimensioning and
Tolerancing audit:

les@sili : .

Review our Metrology and Mechanical Engineering capabilities:

ii : : et a- !
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