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Quick Overview

Plastic welding encompasses a family of joining processes that fuse thermoplastic components through the
application of heat, pressure, and time. Unlike metal welding, which melts the base material at temperatures
exceeding 1,000°C, plastic welding operates within the relatively narrow thermal processing window of each
polymer—typically between 180°C and 350°C. Selecting the right method from among hot plate, ultrasonic,
vibration, and laser welding can mean the difference between a hermetic, load-bearing joint and a brittle failure
point that cracks under the first thermal cycle. For design engineers working in automotive, medical device, or
consumer electronics sectors, understanding these distinctions is not optional—it is fundamental to meeting
IP67 sealing requirements, passing drop tests, and maintaining consistent production yields above 98%.

This guide provides a structured comparison of the four dominant industrial plastic welding methods, with
actionable data on material-weld compatibility charts, joint geometry design rules, and destructive testing
protocols. Whether you are transitioning from adhesive bonding to achieve faster cycle times, or evaluating
whether your glass-filled nylon housing can be laser-welded to a transparent polycarbonate lens, the reference
tables and design guidelines that follow are drawn from real production experience across thousands of welded
assemblies. By the end, you will have a clear decision framework based on part geometry, material pairings,
annual volume targets, and budget constraints.

Hot plate welding, also known as heated tool welding, is the oldest and most mechanically straightforward
plastic joining technique. A heated platen—typically aluminum with a PTFE non-stick coating—is inserted
between the two parts to be joined. The parts are pressed against the platen at controlled pressure (0.1-0.5
MPa), allowing a melt layer of 0.5-2.0 mm to form on each face. The platen is then withdrawn, and the parts
are pressed together under higher force (0.15—-0.8 MPa) for a controlled cooling period ranging from 10 to 60
seconds depending on wall thickness. This sequential melt-seal-cool cycle produces joints with tensile
strengths reaching 85-95% of the parent material for compatible polymers such as PP, PE, and unfilled PAG.

Engineering Notes

Introduction to Plastic Welding

Plastic welding encompasses a family of joining processes that fuse thermoplastic components through the
application of heat, pressure, and time. Unlike metal welding, which melts the base material at temperatures
exceeding 1,000°C, plastic welding operates within the relatively narrow thermal processing window of each polymer
—typically between 180°C and 350°C. Selecting the right method from among hot plate, ultrasonic, vibration, and
laser welding can mean the difference between a hermetic, load-bearing joint and a brittle failure point that cracks
under the first thermal cycle. For design engineers working in automotive, medical device, or consumer electronics
sectors, understanding these distinctions is not optional—it is fundamental to meeting IP67 sealing requirements,
passing drop tests, and maintaining consistent production yields above 98%. This guide provides a structured
comparison of the four dominant industrial plastic welding methods, with actionable data on material-weld
compatibility charts, joint geometry design rules, and destructive testing protocols. Whether you are transitioning from
adhesive bonding to achieve
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Hot Plate Welding: Principles and Applications

Hot plate welding, also known as heated tool welding, is the oldest and most mechanically straightforward plastic
joining technique. A heated platen—typically aluminum with a PTFE non-stick coating—is inserted between the two
parts to be joined. The parts are pressed against the platen at controlled pressure (0.1-0.5 MPa), allowing a melt
layer of 0.5—-2.0 mm to form on each face. The platen is then withdrawn, and the parts are pressed together under
higher force (0.15-0.8 MPa) for a controlled cooling period ranging from 10 to 60 seconds depending on wall
thickness. This sequential melt-seal-cool cycle produces joints with tensile strengths reaching 85-95% of the parent
material for compatible polymers such as PP, PE, and unfilled PA6. The primary advantage of hot plate welding lies in
its tolerance for large, complex parting line geometries. Parts with non-planar joint surfaces, variable wall thicknesses
ranging from 1.5 mm to 15 mm, and overall dimensions exceeding 1,200 mm can be welded with a single-cycle tool.
Automotive intake manifolds, tail lamp housings, and fluid reservoirs are classic applications. However, the cycle time

Ultrasonic Welding: High-Speed Precision Joining

Ultrasonic welding delivers high-frequency mechanical vibrations—typically 15 kHz, 20 kHz, 30 kHz, or 40 kHz—
through a titanium or aluminum horn (sonotrode) directly into the joint interface. These vibrations, at amplitudes
ranging from 20 to 120 ;&0 f V 2xFox V 2A vWaW ate localized frictional heating at the energy director or shear joint,
causing the polymer to melt within 0.1-0.5 seconds. The entire cycle—including the hold time for solidification—
completes in 0.5-3.0 seconds, making ultrasonic welding the fastest plastic joining method available. Joint strengths
for amorphous thermoplastics such as ABS, PC, and PMMA routinely achieve 90-100% of the base material strength
when the energy director geometry is correctly specified. The critical design element in ultrasonic welding is the
energy director: a triangular ridge (typically 0.25-0.75 mm tall with a 60° or 90° included angle) molded into one of
the mating surfaces. This ridge concentrates ultrasonic energy at a precise line, ensuring rapid, controlled melt
initiation. For semi-crystalline polymers such as nylon (PA6, PA66), POM, and PBT—which absorb more ultrasonic
energy i

Vibration Welding: Large-Part Linear Friction Joining

Vibration welding operates on the principle of linear friction: one part is clamped stationary while the mating part
oscillates horizontally at frequencies of 100—-240 Hz with amplitudes of 1.0-4.5 mm under controlled pressure of 0.5—
2.0 MPa. The resulting frictional heat melts the polymer at the joint interface within 1-5 seconds, after which vibration
stops and the parts are held under pressure for 2—5 seconds to solidify. The process is particularly well-suited for
parts with joint surface areas ranging from 50 cm? to over 1,500 cm?—think intake manifolds, instrument panels, and
battery trays—where the large contact area demands a process that can deliver high power (1-15 kW) across an
extended weld zone. Compared to ultrasonic welding, vibration welding sacrifices speed for area coverage and
material versatility. Semi-crystalline thermoplastics including PP, PA6, PA66, POM, and PBT weld reliably with
vibration, though the 1-4.5 mm of melt displacement (collapse distance) must be designed into the part from the
start. This displacement requirement means that vibration-welded assemblies need an additional 2-5 mm of material
above t

Laser Welding: Precision for Transparent-to-Opaque Joints

Laser transmission welding (LTW) uses a near-infrared diode laser (typically 808—980 nm wavelength, 20-200 W) to
pass through a laser-transparent upper part and heat a laser-absorbing lower part at the joint interface. Carbon black
is the most common absorbing additive at 0.2—0.5 wt%, though colorless Clearweld® absorbers enable transparent-
to-transparent welds for aesthetic applications. The laser beam is traversed along the weld contour at speeds of 50—
500 mm/s, generating a precise, flash-free weld seam typically 0.5-2.5 mm wide. The absence of mechanical
vibration makes laser welding ideal for assemblies containing sensitive electronics, MEMS sensors, or pre-loaded
components that cannot tolerate the g-forces of ultrasonic or vibration processes. The primary constraint of laser
welding is material pairing: the upper part must transmit at least 20% of the incident laser energy at the operating
wavelength, while the lower part must absorb efficiently. Natural (unfilled) PA6 and PA66 transmit 60—-80% at 940 nm
in sections up to 3 mm thick, making them excellent upper-part candidates. Glass-filled nylons, however, scatter the
laser b

Six Design Rules for Reliable Plastic Welds

Match Welding Method to Polymer Type: Amorphous thermoplastics (ABS, PC, PMMA, PS) weld well with all four
methods. Semi-crystalline polymers (PA, PP, POM, PBT) require higher energy input and perform best with hot plate
or vibration welding. Always consult the material supplier's weldability datasheet before finalizing a process choice.
Design the Joint, Not Just the Part: Incorporate weld features—energy directors (0.25-0.75 mm height, 60° or 90°
angle), shear joints (0.2-0.4 mm interference), flash traps (1.5x weld bead volume), and alignment features—into the
3D CAD model during the initial design phase, not as an afterthought during tooling kickoff. Control Moisture Content
Before Welding: Hygroscopic materials (PA6, PA66, PC, PBT) must be dried to <0.15% moisture content before
welding. Moisture flashing to steam during heating creates voids and porosity in the weld zone, reducing tensile
strength by 20—40%. Pre-weld drying at 80°C for 2—4 hours is standard practice. Maintain Uniform Wall Thickness at
the Joint: Weld interface wall thickness should not vary by more than +15% around the perimeter. Thicker sections
act as heat s
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Industry Application Matrix

Burst pressure >5 bar, thermal cycling -40°C to +120°C 1SO 10993 biocompatibility, particulate <50 ;Z£O « croe c,
sealing, cosmetic weld line Chemical resistance, leak rate <1 cc/min at 3 bar

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 guotation details.

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