
MATERNAL MEDICAL DEVICES & SOF T ELASTOMER DYNAMICS REPORT

Breast Pump Silicone Flanges: Balancing
Tactile Softness, Skin Safety, and Constant
Suction Force

Document  Ref:  WP-2026-MAT-511  |  Core  Specification:  FDA  21  CFR  177.2600,  ISO  10993,  and  Non-Linear  Deflection

Modeling

Prepared by the Reemane Biomedical Polymer Systems & Cleanroom Manufacturing Division

1. Executive Summary: The Bio-Mechanical Paradox of Vacuum

Interfaces

In contemporary maternal care and neonatal nutrition systems, the breast pump flange (or breast shield)

operates as the critical interface between the electromechanical vacuum engine and delicate mammary

tissue. Unlike rigid thermoplastic funnels that impose localized high-pressure nodes leading to ischemia

and  milk  duct  occlusion,  elastomeric  silicone  flanges  are  engineered  to  replicate  the  dynamic

biomechanics  of  infant  nursing.  The flange must  achieve two contradictory  physical  states:  it  must

exhibit  ultra-low  durometer  surface  compliance  to  form  a  hermetic  vacuum  seal  across  diverse

anatomical topographies, while simultaneously maintaining sufficient structural rigidity along the funnel

neck to prevent catastrophic collapse under cyclic negative pressures ranging from -50 mmHg to -300

mmHg.

Engineering this dynamic interface requires an exhaustive understanding of non-linear hyperelasticity,

precise control  over the polymer’s kinetic coefficient of friction, and absolute adherence to pediatric

biocompatibility  standards.  The  transition  from  legacy  Polypropylene  (PP)  and  Thermoplastic

Elastomers  (TPE)  to  optical-grade  Liquid  Silicone  Rubber  (LSR)  mandates  rigorous  Design  for

Manufacturing  (DFM)  protocols,  specifically  targeting  flashless  parting  lines  to  eliminate  epidermal

micro-abrasions  and  ensuring  absolute  compliance  with  global  extraction  limits  for  lipid-rich  fluid

pathways.

Bio-Kinematic Axiom: Increasing vacuum pump motor power cannot compensate for a poorly

sealed flange. True fluid extraction efficiency relies entirely on the viscoelastic conformity of the

silicone  lip,  which  must  translate  negative  pneumatic  pressure  into  uniform  physiological

stimulation without causing tissue shear stress.
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2. Hyperelastic Kinematics: Managing Structural Deflection Under

Negative Pressure

During  the  automated  pumping  cycle  (typically  30  to  60  cycles  per  minute),  the  silicone  flange

experiences rapid, oscillating negative pressure gradients. If the elastomeric wall is excessively soft, the

cyclic vacuum will  cause the funnel  geometry to invert  or  collapse, pinching the areolar tissue and

terminating milk flow. The structural deflection (δ) of the elastomeric funnel wall under a uniform vacuum

load (P) is modeled using the non-linear shell deflection formulation:

δ = (P • R4) / (Esec • t
3) • K 

Where P represents the applied negative pressure amplitude, R is the instantaneous funnel radius, E
sec

is the hyperelastic secant modulus of the silicone matrix, t is the localized wall thickness, and K is a

geometric form factor. Because deflection (δ) is inversely proportional to the cube of the wall thickness

(t3), Reemane implements a geometrically tapered DFM architecture.

The flange features an ultra-thin, highly compliant peripheral lip (0.6 mm to 0.8 mm) that conforms

instantly to the skin to create a hermetic vacuum boundary. As the geometry approaches the central

tunnel, the wall thickness aggressively tapers up to 3.5 mm. This gradient ensures the central bore

maintains absolute structural rigidity under maximum vacuum draw, preserving the aerodynamic flow

path while the soft outer lip absorbs all cyclic skin-shear forces.

3. Mitigating Frictional Shear: Surface Modification for Delicate Tissue

Raw, high-purity siloxane polymers naturally exhibit  high surface tackiness and a high coefficient of

friction (μ ≈ 0.8 to 1.2). During the rhythmic push-pull cycles of an electric breast pump, a high-friction

silicone surface will drag and stretch the epidermal layers, leading to micro-tears, severe friction blisters,

and pain that inhibits the natural let-down reflex.

To eliminate surface stiction without applying migratory chemical lubricants that could contaminate the

breast  milk,  Reemane  alters  the  surface  topography  of  the  LSR mold.  The  tool  cavity  undergoes

precision micro-texturing via spark erosion (EDM) or laser ablation, creating a controlled, microscopic

matte finish (VDI 24 to VDI 27) on the skin-contacting surfaces. This micro-texture significantly reduces

the real contact area (A
c
) between the silicone and the epidermis, lowering the effective sliding friction

coefficient to μ < 0.3. The result is a smooth, velvet-like tactile feel that glides harmlessly over the skin

during cyclic vacuum pulses while maintaining the hermetic suction seal.
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4. Material Matrix Performance Comparison: Flange Substrates

Performance

Criteria

Reemane Soft-Touch

LSR (20 Shore A)

Medical-Grade TPE

(Thermoplastic)

Rigid Polypropylene

(PP)

Tactile Compliance

& Sealing

Elite (Conforms

flawlessly to tissue)

Moderate (Prone to

vacuum leakage)

Poor (Causes

localized pressure

trauma)

Compression Set

(Cyclic Memory)

Excellent (≤ 10%;

instant cyclic

recovery)

Poor (Permanent

deformation over

time)

N/A (Rigid structure)

Thermal

Sterilization

(Boiling/Steam)

Absolute (Survives

135°C indefinitely)

Fails (Melts or warps

under steam

autoclave)

Moderate (Degrades after

repeated boiling)

Lipid / Fatty Acid

Resistance

Premium (Zero

degradation from milk

fats)

Moderate (Can absorb

odors/lipids)

High (Chemically inert to

lipids)

5. Purity and Extraction Compliance: Managing Lipid-Rich Fluid Paths

Breast milk is a highly complex, lipid-rich emulsion served to the most vulnerable patient population:

neonates. The silicone flange serves as the primary collection funnel, meaning the extracted milk flows

directly  across its  surface.  Legacy industrial  elastomers cured with  peroxide catalysts  leave behind

organic acid residues (such as benzoic acid) that readily leach into fatty biological fluids. Furthermore,

standard silicones may contain trace unreacted cyclic volatile methylsiloxanes (CVMS, specifically D4,

D5, and D6), which are strictly regulated under European Chemicals Agency (ECHA) guidelines due to

their potential bioaccumulation profiles.

Reemane exclusively formulates breast  pump flanges using platinum-catalyzed,  addition-cure Liquid

Silicone Rubber (LSR). This reaction pathway produces zero volatile byproducts. Following the primary

high-speed injection molding phase, every flange undergoes an intensive secondary thermal post-cure

cycle  inside  HEPA-filtered  vacuum  ovens  at  200°C  for  4  hours.  This  aggressive  thermal  sweep

vaporizes all  residual low-molecular-weight siloxanes, guaranteeing that the final component passes

FDA 21 CFR 177.2600 limits for n-Hexane extraction (simulating high-fat food contact). The finished

product is certified under ISO 10993-5 (In Vitro Cytotoxicity) and ISO 10993-10 (Skin Sensitization and

Irritation), ensuring absolute biochemical safety.
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6. Flashless Micro-Tooling DFM for Skin Safety

In wearable and automated breast pump assemblies, any geometric defect along the flange lip will inflict

immediate pain upon the user. Because Liquid Silicone Rubber possesses an extremely low viscosity at

elevated vulcanization temperatures, microscopic parting line mismatches in the mold tool will result in

"molding flash"—a razor-thin, sharp extrusion of cured silicone along the seam.

To eliminate this  hazard entirely,  Reemane utilizes fully  automated,  CNC micro-machined tool  steel

molds paired with cold-runner valve gates. The tool mating surfaces are precision-ground to achieve a

shut-off  tolerance  of  less  than  3  microns  (0.003  mm).  This  "flashless"  DFM  strategy  produces  a

completely seamless, continuous skin-contact edge, eradicating the need for manual deflashing (which

often leaves jagged trim marks) and delivering a statistically flawless process capability index (C
pk

 ≥

1.67) for mass commercial production.

Elevate Maternal Comfort with Reemane Optical-Grade Medical Silicone

To coordinate a non-linear hyperelastic deflection FEA review, evaluate micro-textured surface DFM

parameters, or request certified FDA extraction data logs for lipid environments, contact our medical

engineering desk at sales@siliconefactories.com or inspect our cleanroom facility at 

www.siliconefactories.com. 
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