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Quick Overview

Overmolding — the process of molding one material onto or around another — has become one of the most
powerful techniques in plastic part design, enabling engineers to combine rigid structural substrates with soft-
touch grips, create integrated seals, encapsulate electronics, and produce multi-color aesthetic components in
a single manufacturing cell. The global overmolding market, valued at $12.3 billion in 2023, continues to
expand at 6.8% CAGR as product designers push for fewer assembly steps, reduced part count, and enhanced
user experience through multi-material integration. From medical device handles with antimicrobial TPE grips to
automotive sensor housings with molded-in silicone seals, overmolding eliminates secondary assembly
operations and creates bonds that can exceed the strength of either individual material.

This comprehensive guide covers the two fundamental overmolding approaches — two-shot (multi-shot)
molding and insert overmolding — along with material compatibility science, bond strength engineering, design
rules, and application-specific recommendations. Whether you are overmolding a soft TPE grip onto a
polypropylene power tool handle or encapsulating a PCB with thermoplastic for waterproofing, the design
decisions you make in the CAD model directly determine whether your bond will hold for the product's service
life or delaminate within weeks. Understanding the polymer chemistry of bonding, the thermal requirements of
the process, and the geometric design factors that promote adhesion is essential for successful multi-material
part design.

While both approaches produce multi-material parts, two-shot (multi-shot) molding and insert overmolding differ
fundamentally in process flow, equipment requirements, and economic viability at different production volumes.

Engineering Notes

Two-Shot vs Insert Overmolding: Choosing the Right Process

While both approaches produce multi-material parts, two-shot (multi-shot) molding and insert overmolding differ
fundamentally in process flow, equipment requirements, and economic viability at different production volumes. Two-
Shot (Multi-Shot) Molding: In two-shot molding, the substrate (first shot) is injected in one cavity of a rotating or
sliding mold, then the mold indexes to a second station where the overmold material (second shot) is injected directly
onto the still-warm substrate. The entire cycle completes in a single press with a specialized two-shot injection
molding machine equipped with two independent injection units. The critical advantage is that the substrate never
leaves the mold between shots, remaining at 80-120°C when the second material is injected — this elevated
temperature promotes chemical bonding and interdiffusion at the material interface. Cycle times typically range from
35-60 seconds for both shots combined. Two-shot molding requires higher tooling investment ($60,000-150,000 for
the complete mold set vs. $25,000-60,000 for a single-shot tool) but eliminates all manual handling, making it the
preferre

Material Compatibility: The Chemistry of Overmolding Bonds

The success of an overmolding application hinges on material compatibility between the substrate and overmold.
Compatibility is governed by three factors: chemical similarity (solubility parameter proximity), surface energy
matching, and thermal processing window overlap. The fundamental rule: materials with similar solubility parameters
bond, and materials with dissimilar parameters require mechanical interlocks. The Hildebrand solubility parameter (;B’
provides a quantitative measure — materials within 1.0-1.5 (MPa)"(1/2) of each other typically form acceptable
chemical bonds. The most reliable material pairings in industrial overmolding are: Compatible Overmold Materials
Typical Peel Strength (N/mm) TPE-V (Santoprene), TPE-S (SEBS), PP-based TPO TPU (polyester-based), TPE-U,
PC-based TPU TPE-A (PEBA), TPU (polyether-based) Chemical (hydrogen bonding) PBT (Polybutylene
Terephthalate) TPE-E (COPE like Hytrel), TPU Semi-chemical (solvent-like interface) Critical compatibility warnings:
PP and PE are among the most challenging substrates due to their non-polar, low-surface-energy nature (surface
energy ~29-31 mN/m vs. 42-46 mN/m for p
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Bond Strength Engineering and Design Factors

Overmolding bond strength is not a single material property — it's a system-level outcome determined by material
choice, processing parameters, and geometric design. Understanding how each factor contributes enables engineers
to design bonds that meet functional requirements without over-engineering cost. Processing Parameters: Melt
temperature of the overmold material is the single most influential process variable. Increasing overmold melt
temperature by 10-15°C typically improves bond strength by 15-25% by reducing melt viscosity at the interface
(enabling better wetting) and providing more thermal energy to soften the substrate surface. Injection speed affects
bond formation through shear heating at the interface — higher speeds (200-400 mm/s vs. 50-100 mm/s) generate
frictional heat that can raise the interface temperature by 10-20°C locally. Pack pressure ensures intimate contact
between materials during solidification; insufficient pack pressure (< 50% of injection pressure) results in micro-gaps
at the interface, reducing effective bond area by 10-30%. For two-shot molding, the delay time between first and
second shot is cri

Design Rules for Successful Overmolding

Overmold wall thickness: 40-60% of substrate thickness, minimum 0.8mm: The overmold layer should be thick
enough to fill completely without short shots but thin enough to avoid differential shrinkage that causes warpage. For
TPE overmold on rigid substrates, 1.0-2.5mm thickness provides optimal tactile feel. Below 0.8mm, flow length is
severely limited (maximum 30-40mm from gate). Include mechanical interlocks even when chemical bonding is
expected: A 0.5-1.0mm deep undercut per side, through-holes at 30-50mm spacing, or a continuous groove with
45-60° dovetail angle provides redundant mechanical retention. This adds $500-1,000 to tooling cost but prevents
field failures that cost 50-100x more. For safety-critical applications (medical, automotive), mechanical interlocks are
mandatory regardless of chemical compatibility claims. Transition zones between substrate and overmold should use
30-45° ramps: Abrupt thickness transitions at the overmold edge create stress concentrations and provide a peel
initiation site. A 30-45° ramp transition over 2-3mm spreads peel stress over a larger area and reduces the risk of
delamination starting

Industry Application Matrix

Power tool soft-grip handle PA66-GF30 / TPE-S (SEBS, Shore A 55-70) Peel > 4 N/mm; chemical resistance to oils
Medical device overmolded seal PC / TPE-U (medical grade, USP Class VI) Insert overmolding, manual load IP67
seal integrity; biocompatibility Automotive sensor encapsulation PCB + Connector / PA66-GF30 or PBT Insert
overmolding, robotic load Vibration resistance 20G; -40 to 125°C Consumer toothbrush handle PP / TPE-V
(Santoprene, Shore A 40-60) No delamination after 500 dishwasher cycles

Cost Decision Framework

Determining the most cost-effective overmolding approach: The economic breakpoint between insert overmolding
and two-shot molding is typically 50,000-100,000 parts per year. Below 50k: insert overmolding with manual loading,
$25,000-60,000 tooling, $0.08-0.25 labor/part. Above 100k: two-shot molding, $60,000-150,000 tooling, $0.00 labor/
part (fully automated). The crossover point where two-shot's automated savings repay the additional tooling
investment is approximately 18 months at 100k/yr volume. A hidden cost: insert overmolding yields 2-5% scrap from
misloaded inserts vs. < 1% for two-shot. For the substrate material, design for the minimum wall thickness that meets
structural requirements — reducing substrate thickness from 3.0mm to 2.0mm saves 33% on material cost and
15-20% on cycle time (cooling time scales with thickness squared). Overmold material cost is typically $4-8/kg for
TPE grades — minimize overmold coverage to functional zones rather than fully wrapping parts for aesthetic-only
coverage.

Common Troubleshooting for Overmolding

Delamination at overmold-substrate interface Incompatible material pair; insufficient substrate surface temperature;
mold release contamination Increase overmold melt temp 10-15°C; verify substrate surface > Tg at overmolding;
eliminate mold release on interface Material compatibility testing per supplier datasheet; thermal imaging to verify
interface temp; clean substrate handling protocol Overmold short shots (incomplete fill) Overmold wall thickness
150:1 Increase overmold thickness to 1.0mm minimum; add additional gates to reduce flow length Moldflow
simulation of overmold fill pattern; minimum thickness design rule of 0.8mm Substrate deformation during
overmolding Overmold melt temperature exceeds substrate HDT; insufficient substrate cooling Reduce overmold
melt temp 5-10°C; add cooling to substrate in two-shot mold Verify substrate HDT > overmold melt temp by 30°C
minimum; GF-reinforced substrates resist deformation better Flash at overmold parting line Overmold cavity does not
seal adequately against substrate; worn shutoffs
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RFQ Checklist

« Application environment: temperature, moisture, UV, chemicals, sterilization, or outdoor exposure.

* Mechanical requirements: load, stiffness, impact, wear, friction, creep, and fatigue life.

» Drawing requirements: tolerance class, critical dimensions, surface finish, threads, inserts, and
inspection method.

« Production needs: prototype or production quantity, expected annual volume, target unit cost, and lead-
time window.

» Material notes: preferred grade, color, reinforcement, flame rating, certification, and substitute-material
flexibility.

Need manufacturing support?

Share your drawing, target material, working environment, tolerance requirements, and quantity. Nylon
Plastic can help evaluate manufacturability, material alternatives, and production quotation details.

Contact: nova@nylonplastic.com | https://nylonplastic.com/contact/
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