Low-Clamp-Force Sealing with Soft
Silicone Washers

How to balance softness, sealing contact, compression stops, thin-wall housings, long-term
compression, tooling, and validation

Limited clamp load

Lol

( Plastic cover / enclosure / flange )
Compression stop (__ __] Compression stop
( Rigid or thin-wall lower housing )

Soft washer conforms under modest closure load; hard stops prevent uncontrolled over-compression.

Direct recommendation. A soft silicone washer can be useful when a plastic cover, thin-wall enclosure, delicate
component, or low-torque fastener cannot provide high clamp load. However, low hardness alone does not create a reliable
seal. The washer must develop sufficient local contact pressure while the assembly controls squeeze, housing deflection,
extrusion, and long-term compression set.
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Scope. This guide addresses static face sealing with molded or cut silicone washers. Final geometry, compression,
material, pressure capability, media compatibility, and clamp load must be validated against the actual assembly and
service conditions.
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1. When Low-Clamp-Force Sealing Is Needed

Some assemblies cannot tolerate the bolt torque or flange load normally used to compress a firm gasket. A softer
silicone washer can reduce the load required to obtain useful deformation and surface conformity.

1. Thin plastic covers and housings

High clamp load can bow the cover, strip threads, crack bosses, or create uneven pressure between screws.
2. Lightweight electronic or sensor enclosures

The housing may need environmental sealing without a heavy metal flange or large fasteners.

3. Delicate optical, ceramic, or molded components

The assembly must seal without transmitting excessive compressive load into the protected component.

4. Low-torque service covers

The user may repeatedly open and close the assembly, so the seal should work within a practical torque range.
5. Large-diameter but low-pressure interfaces

The challenge may be keeping a continuous seal around a large perimeter while preventing the cover from bending
between fasteners.

0 Soft Compound e Controlled Area g Hard Stop

Improves conformity A narrow sealing Limits squeeze and
at limited closure land can reduce protects plastic

load, but can total load versus covers, screws and
over-compress. a very wide pad. long-term recovery.

Low clamp force is a system design problem - not a hardness-only decision

Design objective: Reduce the force needed to create a continuous sealing contact without making the washer so soft,
wide, or highly compressed that it creeps, extrudes, takes a permanent set, or allows the housing to bottom out
unpredictably.

2. Softness Helps Conformity, but Hardness Is Not
Clamp Force

Shore A hardness describes indentation resistance. It is useful for defining a general softness direction, but it does not
directly specify the force required to compress a finished washer.

Compound modulus and stress-strain behavior
Washer thickness

Loaded sealing area

Amount of compression

Shape factor and lateral confinement

Hole diameter and outside diameter

Surface texture

Temperature and time under compression

Important: Two silicone compounds at the same nominal Shore A hardness can produce different clamp loads and
long-term recovery. For a critical project, compare the exact material grade and prototype washer rather than relying on
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hardness alone.
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3. Washer Area Has a Direct Effect on Total Clamp
Load

A common redesign mistake is making the entire washer wider in the belief that more contact area always improves
sealing. A wider elastomer area may improve stability in some assemblies, but it can also increase the total force
needed to reach a given average contact pressure.

Basic relationship:

Total clamp force is related to the contact pressure developed in the seal multiplied by the loaded area. The exact
elastomer response is nonlinear, but the relationship explains why a very broad flat pad may require more total closure
force than a narrower controlled sealing land.

1. Broad flat washer

Simple and robust, but a large compressed area can increase closure load and may transmit more force into a thin
plastic cover.

2. Narrower sealing land

Concentrates deformation and contact into a smaller functional area, which can reduce the total load needed to create
local sealing pressure.

3. Raised bead on a washer

A molded bead can localize initial contact while the surrounding washer controls position and provides secondary
support.

4. Multiple sealing lands

Two narrow concentric lands can sometimes provide redundancy, but each land changes the compression and venting
path and requires project-specific validation.

Do not minimize the sealing land blindly. A very narrow bead can become unstable, sensitive to molding variation, or
vulnerable to surface defects. The land width, height, hardness, compression, and mating-surface condition must be
developed together.

4. Use Controlled Compression Instead of Torque
Alone

Fastener torque is only an indirect way to control elastomer compression. Friction in the screw, plastic thread, washer,
insert, and housing can cause large differences between applied torque and actual clamp force.

For a soft silicone washer, a mechanical stop, shoulder, rigid spacer, groove depth, or housing land can provide a more
repeatable final compressed thickness.

Nominal squeeze:
Squeeze (%) = (free washer thickness - installed thickness) / free washer thickness x 100

1. Integrated housing stop

The plastic or metal components contact at a defined gap so the washer cannot continue compressing as the screws are
tightened.

2. Shoulder screw or rigid spacer

The hardware sets the closed position and reduces dependence on operator torque.
3. Controlled groove depth

The washer sits in a recess that limits final compression and helps with location.

4. Compression limiter

A rigid limiter around a bolt or local fastening point protects the elastomer and housing from excessive local squeeze.
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5. Why Over-Compressing Soft Silicone Can Reduce

Long-Term Reliability

Soft silicone can initially seal well under relatively modest load, but excessive compression is not a substitute for good
geometry. Long-term performance depends on the material retaining enough elastic recovery to maintain contact as

the assembly ages.
Permanent thickness loss after prolonged compression
Reduced recovery after the cover is reopened
Extrusion into a clearance gap
Local bulging around screw locations
Housing distortion or boss damage
Greater sensitivity to thermal cycling

Uneven pressure caused by fastener spacing

Compression set matters: Compression-set testing is used to evaluate how much permanent deformation remains after
an elastomer has been held under a defined compressive condition and then released. For a sealing project, use the exact

material and service temperature to determine whether long-term recovery is acceptable.

6. Thin Plastic Covers Need Deflection Control

A soft washer cannot compensate indefinitely for a flexible cover. If the cover bows upward between screws, the
washer may be highly compressed near the fasteners and barely compressed at the midpoint.

1. Fastener spacing

Large spacing increases the unsupported span and can create low-contact zones between screws.
2. Cover stiffness

Material, wall thickness, ribs, curvature, and local bosses determine how clamp load is distributed.
3. Washer position

A sealing line placed far from the fastener pattern can increase bending leverage.

4. Local compression stops

Stops should be positioned so they control closure without creating a gap at the sealing land.

Prototype check: Measure or observe the contact condition halfway between fasteners, not only beside the screws. A leak

path often appears where the cover deflects the most.

7. Surface Finish, Flatness, and Leakage Path

Soft silicone is useful because it can conform to small surface irregularities, but it cannot reliably seal every scratch,

sink mark, mold mismatch, porous surface, or warped flange.
Mating-surface flatness and warpage
Mold texture or machining marks
Parting-line steps
Gate or ejector witness near the seal
Coating thickness variation
Contamination, dust, oil, or assembly debris

Local scratches crossing the sealing path

Shenzhen Reemane Silicone Technology Co., Ltd.

Page 5



Reemane | Low-Clamp-Force Soft Silicone Washer Guide | RM-SEAL-005

8. Material and Environment Must Be Reviewed
Together

A very soft silicone may solve a room-temperature clamp-load problem but still be unsuitable if the washer sees
aggressive chemicals, long-term high temperature, pressure, outdoor weathering, or repeated disassembly.

1. Temperature

Confirm continuous and short-duration temperature, because modulus, recovery, and compression-set behavior can
change with service conditions.

2. Contact media

Provide water, oil, coolant, detergent, solvent, gas, or cleaning-agent information. Standard silicone is not compatible
with every fluid.

3. Pressure and vacuum

A low-clamp-force face seal must still maintain sufficient contact and support against the actual differential pressure and
clearance.

4. Outdoor exposure
UV, ozone, moisture, and thermal cycling can matter for outdoor enclosures and lighting components.
5. Repeated opening

A service washer should recover after disassembly and reseal without requiring uncontrolled additional screw torque.

9. Manufacturing Options for Soft Silicone Washers

1. Compression-molded washer

Suitable for custom thicknesses, molded sealing beads, locating features, controlled edges, and three-dimensional
washer profiles.

2. Die-cut washer from silicone sheet

Suitable for flat two-dimensional geometries when the required sheet material, thickness, surface, and tolerance are
available.

3. Molded washer with local sealing features
Useful when a flat support area and a raised sealing land must be combined in one part.

The manufacturing route should be selected after reviewing annual quantity, thickness, profile, tolerance, material,
required sealing features, and whether a dedicated mold provides enough functional advantage.

10. Sample Validation for a Low-Clamp-Force Washer

Measure the free washer thickness and critical diameters.

Confirm the exact material grade and hardness direction.

Assemble the washer at minimum, nominal, and maximum expected closure conditions.

Inspect whether the housing reaches the intended mechanical stops.

Check cover deflection between fasteners.

Perform the relevant leak, water, air, dust, vacuum, or functional test.

Condition samples at the required temperature or environment when relevant.

Hold the assembly compressed for a defined period and review retention after aging.

Open the assembly and inspect washer recovery, bulging, extrusion, tearing, and permanent deformation.

Repeat with tolerance-extreme housings when the seal is fit-critical.
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Approval principle: The correct washer is the one that seals across the real assembly tolerance range without requiring
clamp load that damages or distorts the surrounding structure.

Shenzhen Reemane Silicone Technology Co., Ltd. Page 7



Reemane | Low-Clamp-Force Soft Silicone Washer Guide | RM-SEAL-005

11. Information Needed for a Low-Clamp-Force Washer
RFQ

Washer STEP file, 2D drawing, physical sample, or clear product photographs.
Free washer ID, OD, thickness, and critical tolerances.

Housing and cover drawings, including the mating sealing surfaces.

Fastener quantity, location, spacing, and available tightening method.
Available mechanical stop, groove, shoulder, or limiter details.

Maximum acceptable clamp load or screw torque if known.

Operating pressure or vacuum and the required sealing target.

Operating temperature and contact media.

Required material, Shore A hardness, color, or surface requirement.

Prototype quantity, first production quantity, and estimated annual usage.

Existing failure such as leakage, warped cover, stripped screw boss, over-compression, extrusion, or permanent set.

Reemane Project Support

Reemane manufactures custom silicone sealing washers, molded washers, sealing rings, flat gaskets, and
related static sealing components. Projects can begin from a drawing, physical sample, housing
dimensions, or an existing washer that is leaking or requiring excessive clamp force.

O-Rings & Washers: www.siliconefactories.com/custom-silicone-rubber-parts/custom-silicone-o-rings-and-washers/
Seals & Gaskets: www.siliconefactories.com/custom-silicone-seals-and-gaskets/

Compression Molding: www.siliconefactories.com/silicone-compression-molding/

Get a Quote: www.siliconefactories.com/get-a-quote/

Email: sales@siliconefactories.com

Technical boundary. This guide supports preliminary seal and DFM discussion. Final clamp load, material, squeeze,
pressure capability, service life, and leakage performance must be verified with the actual assembly and approved
samples.
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