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1. Executive Summary: The Automation Dilemma of Pick-and-Place

Kinematics

In high-speed automated packaging environments, silicone suction cups act as the primary interface

between industrial robotics and delicate product substrates. Whether handling irregular food surfaces,

fragile  glass  vials,  or  high-gloss  cosmetic  containers,  the  cup  must  strike  a  precise  equilibrium:  it

requires enough surface softness to achieve an instant vacuum seal upon contact, yet sufficient wear

resistance to endure millions of pick-and-place cycles against abrasive packaging substrates without

dimensional degradation or debris generation.

Standard commodity elastomers often fail this dual-requirement. Overly soft materials suffer from rapid

abrasive wear and structural edge tearing, while hard materials lack the surface compliance needed to

conform to textured or  curved packaging shapes,  leading to frequent  vacuum loss.  Engineering an

industrial  suction  cup  requires  precise  control  over  the  polymer’s  durometer-to-abrasion  tensor,

incorporating high-tear silicone masterbatches that retain softness across the operational cycle.

Automation Reliability Axiom: You cannot compensate for a poorly formulated, stiff elastomer

by simply increasing system vacuum pressure. High throughput demands a viscoelastic lip that

conforms instantaneously, minimizing the required contact force and preserving the integrity of

fragile payloads.

2. The Wear-Softness Trade-off: Non-linear Material Dynamics

The mechanical interface of a suction cup operates under a complex shear-compression load cycle.

During contact, the cup lip must deform to create a hermetic barrier. The contact surface stress (σ
c
)

required for sealing is a function of the material durometer (E), while the volumetric wear rate (W) is

governed by the Archard wear relationship:
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W = K • (F • d) / H 

Where K is the dimensionless wear coefficient, F is the applied normal force during the pick cycle, d is

the sliding distance per cycle, and H is the material hardness. To achieve high wear resistance without

sacrificing surface softness (Shore A 30-50), Reemane utilizes high-molecular-weight siloxane polymers

reinforced with specialized nanometer-scale silica fillers. These particles are surface-treated with vinyl-

coupling agents to chemically anchor them into the siloxane network, creating a "self-healing" matrix

that prevents abrasive particles from penetrating the surface.

3. Geometric Design and Lip Geometry DFM

The sealing lip geometry dictates the cup's ability to maintain a vacuum under lateral loading. Standard

hemispherical  cups  often  fail  under  shear,  whereas  multi-bellows  or  "flat-thin"  lip  geometries  offer

superior adaptation to substrate irregularities.

Adaptive Lip Tapering: Reemane employs a tapered wall design where the lip thickness transitions

from 0.5  mm at  the edge to  1.5  mm at  the support  base.  This  permits  instant  surface wetting

(softness) during the initial contact phase, while the structural base ensures high-load integrity (wear

resistance).

Support Rib Architecture: To prevent the center of the cup from collapsing during high-vacuum

draw-down,  internal  reinforcement  ribs  are  strategically  positioned.  These  ribs  minimize  internal

volume and reduce cup deformation,  ensuring that  the seal  remains stable even at  high robotic

acceleration (exceeding 5G).

4. Material Matrix Performance Comparison

Performance Criteria
Reemane Reinforced

LSR

Standard Commodity

LSR

Traditional NBR

Rubber

Abrasive Wear Index

(ASTM D3389)

Elite (< 50 mg loss

per 10k cycles)

Moderate (150 mg loss) Poor (Rapid surface

degradation)

Surface Compliance

(Shore A)

35-45 A (Maintains

seal elasticity)

Variable (Hardens over

time)

Stiffens & cracks

with ozone

exposure

Tear Strength (ASTM

D624 Die B)

Premium (> 45 N/mm) Moderate (~25 N/mm) Adequate (Prone to

notch failure)

• 

• 
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5. Flashless Multi-Cavity LSR Tooling Strategies

In high-speed vacuum applications, the integrity of the suction cup lip is paramount. The presence of

molding flash—even as thin as 0.02 mm—along the sealing edge creates a permanent micro-channel

for  atmospheric  air  to  breach the  vacuum seal,  leading  to  dropped payloads.  Standard  transfer  or

compression molding techniques cannot reliably eliminate flash on ultra-thin lip profiles.

To overcome this,  Reemane utilizes fully automated Liquid Silicone Rubber (LSR) injection molding

systems paired with cold-runner block tooling. The tool steel cavities are CNC micro-machined and

polished to mirror finishes, ensuring perfect parting-line shutoffs. By holding mold tolerances to within

+/- 0.005 mm and utilizing precise servo-driven valve gates, the LSR is injected with absolute volumetric

control.  This  flashless  DFM  strategy  produces  completely  smooth,  continuous  sealing  edges,

guaranteeing 100% vacuum retention across every production batch and a statistical process capability

index ($C_{pk}$) exceeding 1.67.

Optimize Packaging Line Throughput with Reemane High-Durability

Suction Assets

Eliminate robotic downtime caused by suction cup degradation. Reemane provides full non-linear

material stress modeling, automated cold-runner micro-tool lines, and batch-tested abrasion

resistance reports. Contact our automation tooling desk at sales@siliconefactories.com or inspect

our DFM capabilities at www.siliconefactories.com. 
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