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1. Executive Summary: The HMI Graphic Failure Vulnerability

In high-tier human-machine interfaces (HMI)—such as automotive center consoles, medical patient monitors,

and  specialized  industrial  control  keypads—graphic  markings  provide  critical  user  guidance.  Engineering

groups often face field failures where functional text, logos, or icons fade, chip, or smudge within months of

deployment.  This  degradation  is  typically  driven  by  mechanical  abrasion  from repetitive  finger  friction  or

chemical exposure to surface disinfectants, hand oils, and industrial solvents.

When engineering custom elastomeric keypad assemblies, selecting the correct graphic application process

is  vital  to  matching  the  target  lifetime of  the  overall  product  housing.  Designing  control  panels  requires

evaluating the distinct performance trade-offs between traditional **Silicone Screen Printing** and multi-coat

**Laser Etching**. This report analyzes the chemical kinetics, production steps, and abrasion thresholds of

both  methods  under  standardized  mechanical  testing  to  help  engineering  procurement  teams  maximize

interface durability.

HMI Engineering Principle: Screen printing deposits a raised, cross-linked ink layer on top of the

silicone substrate; laser etching uses high-precision ablation to selectively vaporize an opaque

top-coat to expose an underlying translucent layer for backlighting.

2. Process Mechanics & Material Synthesis of Silicone Screen Printing

Traditional screen printing applies specialized inks directly through a woven mesh stenciling screen onto the

cured silicone keypad interface. Standard commercial printers often utilize generic solvent-evaporating inks to

cut  processing  costs,  which  leads  to  weak  adhesion  on  inert  silicone  matrices.  To  ensure  high  graphic

durability, industrial applications require multi-part, addition-cure silicone inks.

Addition-cure  inks  utilize  the  same  siloxane  base  chemistry  as  the  underlying  molded  component,

incorporating  platinum  catalyst  complexes  suspended  within  a  heat-reactive  fluid  matrix.  Following

application, the components enter high-temperature curing ovens ($150^{\circ}C ext{ to }180^{\circ}C$). This

thermal  cycle  initiates cross-linking reactions across the interface,  causing the ink base and the molded

keypad to bond into a single, integrated network. This co-vulcanization process creates high resistance to

peeling and delamination under typical mechanical stress profiles.
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3. Engineering Process Mechanics of Multi-Layer Laser Etching

Laser etching on elastomeric components is a multi-stage manufacturing sequence designed specifically to

produce back-lit graphics that remain clear and visible in low-light industrial or automotive environments. The

manufacturing matrix follows a precise sequence:

Base Molding of Translucent Substrates: The underlying keypad dome matrix is molded using high-

translucency liquid silicone rubber (LSR). This allows light from internal LEDs to pass through the

component body without obstruction.

Dual-Coat Spray Lamination: The cured parts enter automated spray cells where multiple color coats are

applied. The first layer is an internal base coat sprayed across the surface to define the final backlit color

of the icon. Next, an opaque top coat—typically a dark charcoal or black pigment matrix—is sprayed over

the base layer to block internal light transfer.

Computer-Controlled Laser Ablation: The multi-coated parts are placed into high-speed CNC laser

stations equipped with Nd:YAG or fiber laser sources. The focused laser beam select-fires across the

coordinate map, vaporizing the dark top coat to expose the underlying translucent base layer. This

produces crisp graphics with sharp edge definition down to tolerances of $\plusmn0.05 ext{ mm}$.

4. Durability Analytics: RCA Abrasion & Chemical Resistance Performance

To evaluate graphic longevity under standardized conditions, prototypes undergo mechanical testing using the

**RCA Abrasion Wear Tester (ASTM F2357 standard)**. This system applies a continuous, non-oiled paper

tape under fixed loading profiles (175g weights) against the graphic interface, counting the cycles required to

wear through the marking layer.

ASTM F2357 RCA Abrasion and Environmental Lifespan Testing

Evaluation Metric
Standard Cured Screen

Printing

Co-Vulcanized Platinum

Printing

Multi-Coat Laser

Etched Graphics

RCA Wear Cycles (175g

Load)
≤ 150 Cycles (Fades out) ≥ 400 - 600 Cycles

≥ 1,500 - 2,500 Cycles

(Top Rated)

Backlight Performance
Non-translucent (Surface

only)

Requires precise

registration mask

Flawless Light Halo

Propagation

Hand-Fatigue Oil

Resistance

Poor (Softens under

sebum)
Good resistance profiles

Excellent (Protected by

clear matte PU)

Graphic Feature

Resolution
Line widths ≥ 0.25 mm Line widths ≥ 0.20 mm

Ultra-Fine details down

to 0.05 mm

Setup CapEx & Tooling

Index

Very Low (Simple

stencil setups)

Low screen-mesh tooling

fees

Moderate (Requires

digital beam mapping)

• 

• 

• 
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5. Post-Processing Top-Coats: Protective Polyurethane Layering

To further extend graphic life past 2,500 RCA wear cycles on critical controls like automotive steering wheels

or  medical  keypads,  factories  apply  a  secondary  protective  top  coat  over  the  finished  graphics.  The

completed  keypad  assembly  undergoes  an  automated  spray  cycle  with  a  specialized  **Thin-Film  Matte

Polyurethane (PU) or Silicone Top-Coat**.

This  protective  layer  measures  between  15\mu  ext{m  and  }25\mu  ext{m} in  thickness.  It  serves  as  a

transparent barrier that absorbs mechanical friction and blocks chemical solvents before they can reach the

underlying printing inks or laser-etched lacquer coatings. This secondary step significantly boosts chemical

resistance against aggressive fluids like Isopropyl Alcohol (IPA), ethanol, and automotive grease, ensuring

graphics remain legible throughout the product lifecycle.

6. DFM and Sourcing Framework for Interface Engineering

To optimize  production  quality  and  control  manufacturing  costs  when  specifying  custom silicone  keypad

interfaces, design drawings should incorporate three key guidelines:

Specify Curing Chemistry for Printed Inks: When choosing screen printing, component blueprints must

explicitly require addition-cure, platinum-catalyzed silicone inks over generic solvent-evaporating

alternatives to ensure proper interface bonding.

Incorporate Stepped Borders for Laser Ablation: Laser-etched keycaps should design a small $0.3 ext{

mm}$ recess border around the base perimeter. This groove catches paint runoff during spraying,

maintaining a crisp parting line edge and clean color separation.

Define Explicit RCA Cycle Milestones: Sourcing RFQ packages should define clear performance

benchmarks based on the application environment—mandating at least 500 cycles for general consumer

electronics and over 1,500 cycles with a matte PU top coat for medical or automotive controls.

Secure Flawless HMI Performance with Certified Graphic Longevity

Eliminate  premature  graphic  fading,  maximize  button  backlight  clarity,  and  select  the  optimal

application path to meet demanding mechanical  and environmental  specifications.  To coordinate a

formal HMI design review, evaluate custom RCA wear datasets, or request a quotation on multi-coat

laser-etched  samples,  contact  our  interface  engineering  group  directly  at

sales@siliconefactories.com or visit our production facilities at www.siliconefactories.com.

• 

• 

• 
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