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1. The Metrology Challenge: Why Contact Probes Fail Elastomers

Measuring the dimensional tolerances of soft, flexible silicone parts (typically ranging from 10 to 70
Shore A durometer) presents a critical engineering challenge in high-precision B2B manufacturing
supply chains. Traditional coordinate measuring machines (CMMs) rely on tactile touch probes
equipped with physical rubies or styluses. When a physical probe indexes against a low-durometer
silicone component—such as a medical-grade valve diaphragm, an aerospace bellows, or a micro-
sealing gasket—the localized force instantly deforms the part topography.

Even an optimized, ultra-low probing force of 0.05 N will deflect flexible rubber matrix bases, introducing
significant measurement errors and yielding false out-of-tolerance readings. Consequently, mechanical
calipers, micrometers, and touch-evoked systems are fundamentally incapable of providing the
repeatable, untainted gauge repeatability and reproducibility (Gauge R&R) data required for advanced
global audits. To resolve this structural bottleneck, advanced manufacturing protocols must implement
non-contact optical and laser metrology systems.

Engineering Directive: Eliminating physical contact forces from the validation loop ensures that
flexible geometries are measured entirely in their relaxed, un-deflected baseline state, removing
variable operator bias and structural distortion from QA datasets.

2. Optical Profile Projectors (Shadowgraphs) for 2D Planar Metrics

Optical profile projectors—often referred to as digital shadowgraphs—serve as an exceptionally efficient
and robust solution for rapid, two-dimensional geometric dimensioning and tolerancing (GD&T) checks
on the production floor.

The soft silicone component is arranged on a precision-ground glass stage. A telecentric illumination
system projects a parallel beam of light from below the part, casting a crisp, mathematically sharp,
magnified silhouette of the profile onto a high-resolution digital imaging sensor or screen. Advanced
edge-detection software then interprets the boundary line contrast thresholds.
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Key Applications for Silicone Parts:

» Cross-Sectional Extrusion Verification: Ideal for evaluating precise dimensional metrics on sliced
cross-sections of custom extruded silicone profiles or multi-lumen tubing.

* Flash and Burr Analysis: Allows immediate, magnified inspection of parting-line flash thickness
and micro-tears without applying deflecting mechanical stress to fragile edges.

2D GD&T Measurement: Rapidly calculates absolute linear distances, inner/outer concentricity
radii, angles, and pitch configurations on flat gaskets or seal seats.

Line-of-Sight Limitations: While highly effective for two-dimensional profiles, profile projectors are limited
to clear line-of-sight planar views. If a complex liquid silicone rubber (LSR) component features deep
internal undercuts, stepped internal blind holes, or intricate 3D spatial contours, 2D optical
shadowgraphs cannot capture the complete volumetric data required for modern industrial compliance.

3. Multi-Sensor Vision CMM & Laser Scanners for 3D Verification

For complex three-dimensional geometries requiring holistic volumetric inspection, high-performance
manufacturing operations deploy Multi-Sensor Vision CMMs and Confocal Laser Scanners. These
computerized systems automate three-axis data collection at micron-level resolutions without modifying
part structures.

High-Resolution Digital Video Inspection

Automated vision CMMs utilize multi-megapixel CCD/CMOS digital cameras combined with
programmable ring, coaxial, and profile LED illumination arrays. This allows the system to adjust lighting
angles dynamically to accentuate subtle structural steps in clear or translucent silicone. Advanced sub-
pixel edge detection algorithms instantly lock onto true physical material boundaries by identifying
maximum grey-scale contrast gradients across the part's silhouette, eliminating variations caused by
different operators.

Laser Line and White Light Confocal Scanning

For cross-sectional depth mapping, complex height steps, and absolute surface flatness verification
across flexible planes, non-contact CMMs integrate high-speed laser displacement sensors or
chromatic confocal light probes. These sensors rapidly sweep across the elastomeric part, capturing
hundreds of thousands of data coordinates per second to compile a high-density 3D point cloud. The
inspection software overlays this point cloud directly onto the source native CAD model ( .STEP
or .IGES format), instantly generating a visual, color-coded geometric deviation heat map to track
shrinkage, warping, or cavity-to-cavity tooling variances.
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4. Metrology Performance & System Selection Matrix

Measurement Traditional Contact . . . .
. Optical Profile Projector Non-Contact Vision CMM
Attribute CMM
Dimensionality Cap 3D Volumetric 2D Planar / Cross- 3D Volumetric &
Sections Topographical
Elastomeric HIGH (Probe alters ZERO (Pure optical ZERO (Pure non-
Deformation Risk rubber geometry) light path) contact laser/optical)
Data Acquisition Slow (Point-by-point Ultra-Fast (Instantaneous Fast to Moderate
Throughput slow touch mechanical planar silhouette check) (Automated multi-axis
cycle) routines)
Surface Flatness & Poor (Prone to local N/A (Not capable of depth Excellent (High-density
Point Clouds slip & dent errors) metrics) point clouds via laser
sweeps)
Primary Rigid metal insert Extruded profiles, thin O- Complex 3D custom
Component Target bases, hard overmolds rings, stamped flat gaskets medical parts, complex
overmolding

5. Strategic Alignment with ISO 3302-1 Tolerance Classes

To establish full credibility during rigorous B2B international procurement audits, all optical and laser
inspection routines must align strictly with the global regulatory framework of ISO 3302-1 (Dimensional
tolerances for molded, extruded, and calendered rubber products). Because silicone rubber displays a
high coefficient of thermal expansion and experiences variable volumetric shrinkage during post-curing
secondary cross-linking, metrology procedures must strictly isolate environmental variables.

» Class M1 (Precision Metrics): Reserved for ultra-precise high-performance components (e.g.,
aerospace instrumentation, medical surgical micro-valves). Verification requires automated multi-
sensor vision systems housed within climate-controlled laboratory environments maintained rigidly at
23°C + 2°C. This temperature stability guarantees that the flexible polymer structure remains at its
nominal design equilibrium during testing loops.

» Class M2 (High Quality Industrial): The baseline standard for high-performance automotive seals,
consumer electronics gaskets, and industrial fluid components. Compliance tracking is managed
effectively using automated on-floor digital profile projectors integrated with localized statistical
process control (SPC) software.
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By shifting to an automated, non-contact edge-detection inspection framework, Reemane consistently
verifies compliance with Class M1 and Class M2 tolerance criteria. This methodology provides
international buyers with verified quality records, avoiding the measurement discrepancies common to

mechanical contact instruments.

Maximize Inspection Reliability with Advanced Optical Metrology
Assets

To schedule an engineering review, obtain formal Gauge R&R metrology reports, or request an ISO

3302-1 Class M1 compliance audit, contact our engineering group at sales@siliconefactories.com
or visit our quality management desk at www.siliconefactories.com.
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