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Ultrasonic Welding
Ultrasonic Welding (USW) is a solid-state welding process that produces a weld by local
application of high frequency vibratory energy.

From: Modeling, Sensing and Control of Gas Metal Arc Welding, 2003

Related terms:
Mechanical Vibration, Laser Beam Welding, Welding, Melting, Ultrasonics, Transducers,
Amplitudes, Polymer
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Ultrasonic Welding
In Handbook of Plastics Joining (Second Edition), 2009

Publisher Summary
Ultrasonic welding is one of the most popular welding techniques used the in welding industry. It is fast, economical, easily automated, and
well suited for mass production, with production rates up to 60 parts per minute being possible. Ultrasonic welding uses ultrasonic energy
at high frequencies (20–40 kHz) to produce low amplitude (1–25 μm) mechanical vibrations. The vibrations generate heat at the joint
interface of the parts being welded, resulting in melting of the thermoplastic materials and weld formation after cooling. Ultrasonic welding
is the fastest known welding technique, with weld times typically between 0.1 and 1.0 seconds. In addition to welding, ultrasonic energy is
commonly used for processes such as inserting metal parts into plastic or reforming thermoplastic parts to mechanically fasten components
made from dissimilar materials. Ultrasonic welding is used in almost all major industries like automotive, electronic and appliances,
medical, packaging etc. A limitation of ultrasonic welding is that with current technology, large joints cannot be welded in a single
operation. In addition, specifically designed joint details are required. Ultrasonic vibrations can also damage electrical components,
although the use of higher frequency equipment can reduce this damage. Also, depending on the parts to be welded, tooling costs for
fixtures can be high.

Ultrasonic welding of plastics and polymeric composites
A. Benatar, in Power Ultrasonics, 2015

Abstract
Ultrasonic welding is one of the most popular methods for joining plastics and it is becoming an important method for welding polymeric
composites. This chapter first describes the theory of ultrasonic welding including viscoelastic heating and the difference between near-field
and far-field ultrasonic welding. The chapter then includes a process description of plunge and continuous ultrasonic welding. The chapter
then discusses ultrasonic welding equipment including power supply and controller, stack, actuator, and fixture and a description of the
different process control modes. Finally, the chapter discusses joint and part design and thermoplastic material weldability.

Introduction to joining methods in medical applications
L. Quintino, in Joining and Assembly of Medical Materials and Devices, 2013

2.2.3 Ultrasonic welding
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Ultrasonic welding (USW) is a solid-state welding process that produces a weld by local application of high-frequency vibratory energy while
the work pieces are held together under pressure.  A sound metallurgical bond is produced without melting the base material.

Typical components of an ultrasonic-welding system are illustrated in Fig. 2.5; these include sonotrode, transducer and anvil. The ultrasonic
vibration is generated in a transducer and the vibration is transmitted through a coupling system or sonotrode. The sonotrode tip makes
direct contact with one of the work pieces there by transmitting the vibratory energy into it. The clamping force is applied axially through
the sonotrode. The anvil supports the welding and opposes the clamping force.

Sign in to download full-size image

2.5. Ultrasonic welding.

Ultrasonic welding is used for applications involving both similar and dissimilar joints as well as the welding of polymers. The process is
used to produce lap joints in metals, plastic sheets and plastic films in varied shapes as wires (crossed or parallel), ribbons and flat surfaces.
For joining other types of assembles that can be supported on an anvil, set-ups are designed for the material and the part shape required.

Next to fusion, the most important non-adhesive and non-mechanical method of joining plastics is ultrasonic welding.

5

Ultrasonic welding of medical plastics
H.J. Yeh, in Joining and Assembly of Medical Materials and Devices, 2013

11.8.6 Scan welding: sewing, slitting, sealing
Ultrasonic welding can be conducted in a continuous operation. Scan welding of rigid thermoplastics is possible with self-aligning part/joint
designs. Other applications for scan welding are for textile and film bonding, such as sewing, slitting and sealing. These thin thermoplastic
materials can be sealed with patterns or edge-sealed (slitting) with two or more layers (woven and/or non-woven materials). A typical sewing
(or continuous sealing) welding operation is shown in Fig. 11.22. Either one or both of the horn and anvil can be in rotary shape. But as
mentioned in the welding operation section, designing a rotary horn for a production line is very complicated and will require heavy R&D
investment just for the ultrasonic-welding process.
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11.22. Other ultrasonic-welding applications: sewing; sealing.
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Alternative fabric-joining technologies
E.M. Petrie, in Garment Manufacturing Technology, 2015

13.4.1 Ultrasonic welding
Ultrasonic welding has become a well-accepted method for joining high-volume, relatively small plastic parts. In this process, an ultrasonic
generator is used to produce oscillations of one substrate against a stationary second substrate. This, in turn, causes intense frictional
heating between the two substrates, which is sufficient to rapidly generate a molten weld zone. With pressure and subsequent cooling, a
strong bond can be obtained. The basic parts of a standard ultrasonic-welding device are shown in Figure 13.6.

Sign in to download full-size image

Figure 13.6. Equipment used in the standard ultrasonic-welding process.

From Grimm (1995).

The ultrasonic-welding process consists of four phases. In phase 1, the horn is placed in contact with the substrate, pressure is applied, and
vibratory motion is started. Heat generation due to friction melts points of direct contact, and the molten material flows into the joint
interface. In phase 2, the melting rate increases, resulting in increased weld displacement, and the part surfaces fully meet. Steady-state
melting occurs in phase 3, as a constant melt layer thickness is maintained in the weld. In phase 4, the holding phase, the vibration ceases,
maximum displacement is reached, and a high joint strength occurs as the weld cools and solidifies.

In the ultrasonic-bonding process, the material is fed between a vibrating ultrasonic horn and a stationary anvil (plunge mode) or a moving
wheel (rotary mode). High-frequency mechanical vibrations (20–40 kHz) are transmitted through the substrate to generate a frictional heat
built-up at the joint interface and to achieve a sufficient temperature to melt and bond the materials. Because the heat necessary for
bonding is produced at the interface and not from the outside of materials and carried to the joint via conduction, the ultrasonic-welding
process starts exactly at the interface and heat degradation of the fibres is minimized.

Ultrasonic horns can vary in size up to a maximum of about 24 cm by 4 cm if rectangular, or about 9 cm in diameter if circular. The actual
shape of the horn relates to the particular welding operation to be achieved. One of the advantages of ultrasonic welding is that the same
process can incorporate an ultrasonic cutting edge to enable “cut and seam” processing.

Ultrasonic-bonding technology has entered garment manufacturing as an advanced technique for joining synthetic materials and blends to
produce continuous impermeable seams or localized points of joining. Typical uses of ultrasonic welding are the application of motifs to
garments, the curing and sealing to length of ribbons and straps, and the shaping of small garment parts that would otherwise be costly
and time-consuming to sew.

Fabrics may be 100% synthetic or blends with up to 40% natural fibres content. For nonsynthetic fabrics or blends with more than 40%
natural fibre content, heat-activated materials (thermoplastic adhesive films or fabric coatings) are placed between two pieces of fabric. The
material must have uniform thickness, yarn density, tightness of weave, elasticity of the substrate, and style of knit which are the factors that
can influence the welding ability. The various fabrics that can be joined by ultrasonic welding are shown in Table 13.15.

Table 13.15. Fabrics that can be joined using ultrasonic welding
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Natural

Cotton Woven, knitted, fleece,
nonwoven

x Requires adhesive film

Cellulose Woven, knitted, fleece,
nonwoven

x Requires adhesive film

Wool Woven, knitted, fleece,
nonwoven

x Requires adhesive film

Silk Woven, knitted, fleece,
nonwoven

x Requires adhesive film

Glass Woven, knitted x Requires adhesive film

Carbon Woven, knitted x Requires adhesive film

Synthetic

Acrylic Woven, knitted x Can be cut via ultrasonic welding, but bonding requires an
adhesive film

Regenerated Cellulose

• Acetate Woven, knitted, fleece,
nonwoven

x Requires adhesive film

• Viscose Woven, knitted, fleece,
nonwoven

x Requires adhesive film

Nylon Woven, knitted, fleece,
nonwoven

x With or without adhesive film

Polyester Woven, knitted, fleece,
nonwoven

x With or without adhesive film

Polypropylene Woven, knitted, fleece,
nonwoven

x With or without adhesive film

Polyethylene Woven, knitted, fleece,
nonwoven

x With or without adhesive film

Coated x Without adhesive film

• Polyurethane x Without adhesive film

• Polyvinyl chloride x Welding is inhibited by plasticizers

• 
Polytetrafluoroethylene

x Spray coats can be welded, thick coats need a film interlayer

Laminated x Preferably with a film interlayer

Elastic fabrics x With an elastic film interlayer

Natural-to-synthetic
blends

x Synthetic melts into natural fibre or use adhesive film layer

From Jones (2013).

Several companies produce automated ultrasonic-welding equipment for the garment industry. For example, Swiss manufacturer Schips
(www.schips.com) has introduced several ultrasonic machines for hemming, continuous assembly of two fabrics with bonding tape, and
welding of folded elastic to garment fabric. PFAFF (www.pfaff.com) has developed ultrasonic “cut and seam” equipment.

Fabric groupFabric group Fabric subgroupFabric subgroup Suitability of ultrasonic
welding
Suitability of ultrasonic
welding

CommentsComments

YesYes Some casesSome cases NoNo

Polymer Matrix Composites
J.J. TIERNEY, ... P.-E. BOURBAN, in Comprehensive Composite Materials, 2000

2.31.4.2.3 Ultrasonic Heating
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Ultrasonic welding is a technique where vibrational energy causes surface asperity deformation that is dissipated into heat. This heat then
melts the surface asperities, which then flow, increasing interfacial area and allowing for molecular diffusion of the polymer chains. Often, in
order to have better control of the process, energy concentrators or directors are molded into one of the parts to increase polymer heating
and flow. Benatar and Gutowski (1986) found that ultrasonic welding of small composites produced weld strengths equivalent to the short
beam shear strength of the composite. This method of welding is usually limited to small parts due to limitations in power per unit area.
Benatar and Gutowski developed two methods for welding large parts, sequential welding where the part is sequentially welded, and scan
welding where the parts are moved under a horn at a constant velocity. Both methods were equally successfully, producing parts with bond
strengths of 80% of the adherends.

Pressure welding methods
Klas Weman, in Welding Processes Handbook (Second Edition), 2012

11.5 Ultrasonic welding
Ultrasonic welding bonds the workpiece parts together by vibrating them against each other at high frequency under pressure. To some
extent, the equipment used for this is similar to that used for resistance welding, except that it is vibration, rather than electric current, that
provides the energy input to the workpiece. Supported against a solid base, the parts to be welded are pressed together by the tool that
transfers the vibration. An electromechanical ultrasonic head operates at a frequency in the range 20–60 kHz, with an amplitude of only a
few hundredths of a millimetre. A layer of oxide, or even of insulation, need not prevent a good connection. However, the surfaces should
be thoroughly degreased, as grease acts as a lubricant and degrades the quality.

Ultrasonic welding is suitable both for welding of plastics and metals. Ultrasonic welding of metal is used for thin sheet, films or wires. Parts
to be joined should preferably be fairly small: at least one of them – the one that will be made to vibrate – should not be more than a few
millimetres in size. An example of the use of this method is that of making electrical connections in aluminium or copper. Very thin
conductors can also be welded in this way. The particular advantage of this method when using it to weld items in sensitive electronic
equipment is that it produces very little heat.

•

•

•

•

Sulfone-Based Resins
In Handbook of Plastics Joining (Second Edition), 2009

38.1.3 Ultrasonic Welding
BASF AG: Ultrason E (features: transparent, amber tint)

Ultrasonic welding is recommended for parts with cross-sectional areas of 200 cm2 (31 inches2) or less or for welds of up to 10 cm2 (1.6
inches2) area. Larger parts necessitate two or more welding operations, which are performed simultaneously or one after the other. The
short time required for welding, viz. two seconds, permits extremely rapid cycling. The geometry of the weld must conform to the
requirements for ultrasonic welding.

The welding parameters depend on the material and the design of the molding, and particularly good results have been achieved with the
following settings:

frequency 20–40 kHz

amplitude 20–60 μm

welding time 0.1–2.0 seconds

specific welding pressure 1–5 MPa (145–725 psi)

The attainable joint efficiency, that is, the ratio of the strength of the weld to that of the material, lies between 0.3 and 0.6, the actual figure
depending on the material and the design of the molding.

Reference: Ultrason E, Ultrason S Product Line, Properties, Processing, Supplier design guide, BASF Aktiengesellschaft.

Polyethylenes
In Handbook of Plastics Joining (Second Edition), 2009

30.3.2 Ultrasonic Welding
HDPE (form: AWS ultrasonic test specimen)

Ultrasonic welding of four HDPE nanocomposites with 0, 3, 6 and 9 wt% nanoclay was investigated. The effect of weld force, amplitude of
vibration and weld time for energy director joints or weld collapse for shear joints, on weld strength were evaluated. Three parameter, three
level design of experiments were utilized to find near-optimum welding parameters.

https://www.sciencedirect.com/science/article/pii/B9780857095107500112
https://www.sciencedirect.com/science/book/9780857095107
https://www.sciencedirect.com/science/article/pii/B9780815515814500408
https://www.sciencedirect.com/science/book/9780815515814
https://www.sciencedirect.com/science/article/pii/B9780815515814500329
https://www.sciencedirect.com/science/book/9780815515814


13.04.2019 Ultrason�c Weld�ng - an overv�ew | Sc�enceD�rect Top�cs

https://www.sc�enced�rect.com/top�cs/eng�neer�ng/ultrason�c-weld�ng 6/7

•

•

•

•

For HDPE energy director samples, the maximum weld strengths were 21.54, 9.39, 7.65, and 6.23 MPa (3124, 1360, 1110, and 904 psi) for
the 0, 3, 6, and 9 wt% nanoclay, respectively. This clearly shows that the maximum weld strength decreases with increasing nanoclay
content. These samples had low weld strengths and this suggests that an energy director joint may not be the best option for welding
nanocomposites.

For the shear joint samples, the maximum weld strengths were 25.42, 19.43, 19.01, and 16.45 MPa (3687, 2818, 2757 and 2386 psi) for the
0, 3, 6, and 9 wt% nanoclay, respectively. These were obtained using the following welding parameters: 24.7 μm peak-to-peak amplitude,
578.2 N (130 lbf ) weld force and 0.381 mm (0.015 inches) weld collapse. It can be seen that the decrease in weld strength with increasing
clay content was much lower for the shear joint samples, probably due to the more favorable flow of the melt compared to energy director
joints. Shear joints also have the advantage that load transfer through the joint can be increased by increasing the collapse or weld area.
Therefore, for ultrasonic welding of HDPE nanoclay composites, shear joints would be a better choice than energy director joints.

Reference: Flowers S, Humphrys S, Thomas J, Mokhtarzadeh A, Benatar A: Study of ultrasonic welding of HDPE-based nanoclay
composites. ANTEC 2006, Conference proceedings, Society of Plastics Engineers, Charlotte, May 2006.

HDPE

The recommended near-field ultrasonic welding conditions for HDPE are:

Amplitude of oscillations: 40 μm

Frequency: 22 kHz

Welding force: 500 N (112 lbf )

Welding time: 1.2 seconds

Reference: Vinogradov AA: Selecting the method and conditions of welding components of low-pressure polyethylene. Welding International,
13(4), p. 413, 1999.

HDPE

Far field welding of high density polyethylene was not successful. The parts melted at the horn/part interface with little or no melting of the
energy director. It is suggested that for semicrystalline polymers, the length of the part should be chosen such that the joint interface is at a
displacement antinode. This is done by designing the top part to be half a wavelength. This will make far field ultrasonic welding as effective
for semicrystalline polymers as it is for amorphous polymers.

Reference: Benatar A, Cheng Z: Far-field ultrasonic welding of thermoplastics. ANTEC 1989, Conference proceedings, Society of Plastics
Engineers, New York, May 1989.

HDPE

Near field welding of high density polyethylene was successful, but amorphous materials produce stronger bonds. It was generally found
that increasing the weld pressure initially increases the weld strength, with further increases in pressure decreasing strength due to
unfavorable molecular alignment. Increasing the weld time increased energy dissipated and strength; the strength leveled off at weld times
greater than 1.5 seconds. Increasing the amplitude of vibration increased the energy dissipated and strength more than with amorphous
polymers such as ABS and polystyrene—with the exception of low amplitudes.

Reference: Benatar A, Eswaran RV: Near-field ultrasonic welding of thermoplastics. ANTEC 1989, Conference proceedings, Society of
Plastics Engineers, New York, May 1989.

The effects of sterilization on medical materials and welded devices
W.J. Rogers, in Joining and Assembly of Medical Materials and Devices, 2013

4.4.3 Ultrasonic welding or bonding
Rigid PVC parts that have been molded are suitable for ultrasonic bonding, and may be EO, or irradiation sterilized.

Ultrasonic welding depends on materials softening not melting with increased temperature. Therefore, it is suitable only for thermoplastic
polymers, not thermosets. For example, ABS, acrylic, polycarbonate, and PVC are amorphous polymers – with little or no crystalline
structure, they are ideal for ultrasonic welding. Polyethylene, polypropylene, polyester and nylon are semi-crystalline – much more difficult
to weld with ultrasonics. In general, best results are obtained when both components to be welded are made from identical material, but in
some cases dissimilar materials can be welded using ultrasonics. For this to work the materials must be chemically compatible and have
similar melting points (easier for amorphous materials – see the discussion of amorphous and crystalline materials above). One of the better
combinations is acrylobutylstyrene (ABS) and acrylic (PMMA), though others are also possible to different degrees. Irradiation technique,
however, may not work well with this joint because of the sensitivity of PMMA to irradiation. While polyethylene and polypropylene are both
olefin the general consideration appears to be that these are chemically incompatible. Similarly, irradiation sterilization of these two
materials would be disadvantageous.
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