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Preface

The recommendations on 'Ulrasonic assembly of
thermoplastic mouldings and semi-finished products” were
drawn up by a working party composed of manufacturers of
ultrasonic welding equipment, producers of raw materials and
users, under the auspices of the German Electrical Manufac-
turers Association (ZVEI).

Ultrasonic technigues for the joining of thermoplastic
mouldings are widely used in industry. As experience has
been acquired in this field it was felt that it would be beneficial
1o compile the existing knowledge in the form of a puideline.
So as not 1o confuse the piciure, exceptional applications of
the technology have been disregarded.

The recommendations are inlended to be an aid in the
application of ultrasonic technigues for the joining of plastics
and & contribution 1o the clarification of problems and the
gvoidance of mistakes.

In the case of critical applications it is recommended
that contact should be made with the manufacturers of the
ultrasonic eguipment or the producers of the raw materials.

All the information has been given according fo the
best knowledge of those concerned. No liability whatsoever
can be assumed, however.

Participating firms:

BASF AG, Ludwigshafen

Bayer AG, Leverkusen

Robert Bosch GmbH, Stuttgart

Branson Schallkraft GmbH, Heusenstamm
Herfurth GmbH, Hamburg

Herrmann Uitraschalltechnik GmbH, Karisbad-Ittersbach
Hoechst AG, Frankfurt/M

KLN-Ultraschall GmbH, Heppenheim
Nederandse Philips Bedrijven B.V., Eindhoven
Siemens AG, Erangen, Minchen
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1. General (Basic points)

The range of mechanical vibrations which can be heard
by the human ear lies between freguencies of 16 Hz and
16,000 Hz. The non-audible frequencies below 16 Hz are
known as infrasound and those between 16,000 Hz and 10
Hz as ultrasound (US). Frequencies above 10" Hz are known
as hypersound. The frequency is the number of vibrations per
second.

Ultrasonic vibrations are used in a2 wide range of techni-
ques such as purifying, metal welding, machining, metal form-
ing, soldering, materials testing, locating, diagnosis, therapy,
signal transmission, elc. As & result of the increasing use of
thermopiastics in the last two decades ultrasonic joining tech-
niques have developed into an imponant process in joining
technology. Ultrasonic plastics welding and riveting in particu-
lar have been widely applied in the fields of electrical equip-
ment, components and the motor car and 1extile industries,
According 1o the area of application ultrasonic welding equip-
ment with frequencies between 20 and 50 kHz is used.

Commercial electrostrictive and magnetostrictive
transducers almost always vibrate longitudinally, which means
that the sound-emitting surface of the oscillator vibrates sinu-
soidally around the position of rest of the surface.

Figure 1 shows a longitudinal wave, With this kind of
wave the direction of propagation and the direction of vibration
coincide, The distance between two equal vibrational states is
denoted by the symbol 4 (wavelength).

A can be calculated from the following eguation:

=¥

L = wavelength
v = sound velocity of the material
i = frequency
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Figure 2: Transverse wave

The mixed type which occurs is known as a dilational
wave (fig. 3).
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Figure 3: Dilalional wave

In the compression range a thickening 1akes place and
in the expansion range (greatest amplitude) a dilution takes
place.

An upright wave is formed as a result of the reflection of
the vibrations produced by the ultrasonic transducer on the
sound-emitting end surface of the mechanical resonance unit
of the vibrational system. The pesition of the nodal point of
vibration (zero longitudinal amplitude) and of the loop of
oscillztion (maximum longitudinal amplitude) remains con-
stant. The mechanical resonance unit is therefore usually
positioned at the nodal point of vibration. The work surface of
the sonotrode is in the loop of oscillation, in other words at
maximum longitudinal amplitude,

The emergence of uncontrolied flexural waves (fig. 4)
is to be avoided in the design of sonotrodes.

Figure 1: Longitudinal wave

Pure longitudinal waves only occur in spatially unli-
miled media or in dimensions = 4 . On account of the
geometrical shape of the energy conductor (transformer,
sonotrode) in ultrasonic equipment used in joining technology
there is usually & mixture of transverse and longitudinal vibra-
tions. In the case of transverse waves the direction of vibration
is perpendicular to the direction of propagation (fig. 2).
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Figure 4: Flexural wave



2. Methods

2.1 Ultrasonic welding of mouldings and semi-
finished products made of thermoplastics

In accordance with DIN 1810, part 3, and DIN 16960,
shest 1, the mouldings are heated and plasticised and, as
pressure is applied, welded at the joining surfaces or inter-
faces as a result of the effect of ultrasound, preferably without
any welding additive being used. The necessary force is pro-
duced manually or mechanically. The force and the direction
of vibration are generally at right angles to the joining surfaces.
Welding can be carried out in cycles or continuously.

In ultrasonic welding the electrical vibrations in the
ultrasonic range produced by the generator are converiedin
the transducer (converier) into mechanical vibrations of equal
frequency and transmitied 10 the work pleces via the transfor-
mer (booster) and the sonotrode. The generator, the trans-
ducer, the intermediate piece and the sonotrode work in reso-
nance.

The heating in the joining area takes place as a result of
the absorption of the mechanical vibrations, the reflection of
the vibrations in the joining zone and the interface friction of
the joining surfaces.

Of key importance for obtaining & good reproducible
weiding quality are, along with the right choice of ultrasonic
weiding equipment, the effects of the thermoplastics, which
are connacied with the nature of the raw materials, the manu-
facturing conditions and the constructive shaping of the
mouldings (work pieces), the design of the joining surface and
the ability io work with optimised welding parameters.

2.2  Further possible uses

The methods described in greater detall under point 8
operate according 1o the same principle as the ultrasonic
welding of thermoplastics (point 2.1).

O near-field welding (direct ultrasonic welding), point 8.1.1
O far-field welding (indirect ultrasonic welding), point 8.1.2
O welding with inserted sealing, point 8.1.3

O welding of mouldings - injection-moulded, extruded, biow-
formed, thermoformed — with semi-finished products or
sheet, point 8.1.4

O welding of mouldings — a combination of injection-
moulded, extruded or thermoformed parts, point B.1.5

O spot welding, point 8.1.6-_

O seam welding and sewing, point 8.1.7

O welding of coated cardboard or fabrics, point 8.1.8

O ultrasonic forming, point B.1.2

O riveting, point 8.2.1

O flanging, point 8.2.2

O tamping, point 8.2.3

O ultrasonic embedding of metal paris, point 8.3

0O ultrasonic separating seam welding, point 8.4

O ultrasonic joining of non-woven textile fabrics (fabrics with

mouldings), point 8.5
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Figure 5: Diagram of consiruction of an ultrasonic welding apparalus

Ultrasonic welding eguipment consists basically of the
welding press, the generator, the transducer (converler) with
the transformer (booster) and the welding 1ool (fig. 5). The
welding tool consists of 2 sonolrode and a holding fixture
{anvil). The foree required for the welding process is produced
by the welding press.

31  Types of equipment

3.1.1 Manually operated equipment

Manually operated egquipment is known as hand weld-
ing apparatus or welding guns.

In practice hand welding apparatus tends 1o be used
with generator power outputs between 100 and about 1000
wafls, Higher outpuls are also possible in exceptional cases.
Hand-lever presses are only used for simple jobs.

The hand weiding apparatus consists of:

O generator

0O mechanical resonance unit of the ultrasonic system (trans-
duger in housing with handie and connecting cable).

3.1.2 Pneumatically operated equipment (standard
equipment)

In practice pneumatically driven, and in some special
cases hydraulically of magnetically driven, welding presses
are primarily used. Figure 5 shows a pneumatically operated
welding press. In this eguipment the generator is incorporated
in the top part of the machine or positioned separately. This
ultrasonic welding equipment is preferred in cases where a
compact welding arrangement is desired.

With the standard ultrasonic welding apparatus the fol-
lowing features are important:
O compressed air connection (generally 6 bar)
O contact force (up to about 4000 N at 6 bar)
adjusiable power stroke
adjustable ultrasound switch-on time (triggering)
adjustable lowering and impact speed
mechanical setting of level of mechanical resonance unit

free space between sonotrode and table, as well as be-
tween sonotrode and machine column or stand

pracise guidance of the mechanical resonance unit
paralieliety of sonotrode and holding fixture.
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3.1.3 Special machines and installations

Individual technical solutions 1o problems are in-
creasingly required and this necessitates the use of special
machines or instaliations. This applies, for instance, to tasks
for which the use of an ultrasonic welding unit is not sufficient
or to moulded parts with which it is necessary to work on
several welding levels and/or different welding positions,

The welding times in ultrasonic installations are very
short. As the installations are mainly used for mass-produced
articles, it is appropriate to use semi-auiomatic or fully auto-
matic machinas. An extension to the standard installations
which is often made is the provision of a round control desk
(rotary table) or a linear feed unit.

3.2 Description of the individual components and their
method of operation

3.2.1 Generator

The generator converts energy from the mains supply
into & frequency required for the mechanical resonance unit.
The preferred frequency range is 20 kHz, There are also
installations with a frequency up 1o 50 kHz.

The generator power output required depends upon
the particular task. It is customary to operate with a power
output in the range 100 o 4000 watts per weiding unit.

The no-load power of the generator is made up of the
residual losses of the electrical system and the losses of the
mechanical resonance unil. Every attempt should be made to
keep the no-load power as low as possible. It should always
be set at the minimum. The limits given by the manufacturers
should be observed!

Power under ioad is undersiood 1o mean the power
expressed in watts that the generator provides to the mecha-
nical resanance unit under load at fairly constant amplitude up
1o the rated load of the generator. The period for which it is
switched on and the building-up under load should be taken
into account (see operating instructions).
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3.2.2 Mechanical resonance unit of the ultrasonic sys- 3.2.2.1 Booster

tem
The booster transmits the mechanical vibratory energy
t usually consists of the transducer, the booster and to the sonotrode and transforms the vibration amplitude deli-
the sonotrode. Figure 6 shows the vibrational response of the vered by the transducer to the value regquired at the sonoi-
mechanical resonance unit. On the left of figure & the mecha- rode.
nical resonance unitis in a position of rest, in the middie the
sonotrode is vibrating in the extensional phase and on the A mechanical analogy to the task performed by the
right in the compression phase. booster is the gearbox in a car (figure 7).

The ampiitude is half the total oscillation amplitude. It is
measured on the front surface with a dial gauge or an electrical 3.2.2.2 Sonotrode
linear measuring instrument; while the total excursion is mea-
sured with a microscope. The welding, riveting or embedding tool known as the
sonotrode performs the following operations:
The oscillation amplitude the total path (peak 1o peak) - : :
covered by the front surface of the sonotrode during vibration, 0 ittranemits the vibraiory anergy
O it transmits the contact force

O ittransforms the amplitude
O it carries out the forming operation.

Vibrating system Car

Engine

e Ao Transducer
Zo

e T LR
e
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for transiorming changing the
the amplitude transmission
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1
t |
Sonotroge Wheels
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Figure 7: Mechanical analogy booster/gearbox

Booster
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The sonotrode is particularly important, as good results
can only be ensured if it is propery designed for a given
moulding. Incomectly manufactured sonotrodes (wrong fre-
guency, unfavourable transformation and impedance) can re-
sult in the destruction of the mechanical resonance unit or in
considerable damage to the generator. The manufacture of
simple sonotrodes (up to & diameter of about 60 mm) is
described under point 9.

3.2.3 Holding fixture (anvil)

The holding fixture is used to position the lower pari of
the moulding. It can also be used as a guide for the upper part
of the moulding (fig. 11). It acts as an end support for the
sonatrode. s work surface is geometrically adapted 1o the
mouldings.

The following matarials are preferred:
O steel
O aluminium
O brass
O caslt resing (preferably filled).

~ In order to protect sensitive moulding surlaces the
holding fixture can be fitted with elastic materials (e.g. FTFE,
cork, rubber, leathar or Elast).

3.3 Facllity for setting the welding parameters on the
welding apparatus

The control part of the apparatus makes it possible o
s&t all necessary welding parameters.

3.3.1 Welding and holding time

The experience of the users and manufacturers has
shown that the welding time should be as short as possible in
order to achieve the reguired welding guality {possibly less
than 1.5 sec). If the welding period is longer there is a risk that
the moulding will be damaged and where necessary a more
powerful ultrasonic welding apparatus must be used. Foliow-
ing the action of the ultrasound there is a short holding or
cooling period. The holding period is generally shorer than
the welding period.

3.3.2 Point at which the ultrasound Is swiiched on

In practice the ultrasonic energy is switched on befors,
during or after the placing bf-the sonotrode on the moulding
according 1o the particular task involved. The switching on can
either be time-contralled or pressure-controllied,

3.3.3 Contactforce

The contact force is to be coordinated with the ampli-
tude, the output of the installation and the geometrical shape
of the joining surface.
3.3.4 Sefting the stroke and its speed

The working stroke can be sel steplessly and has fo be

adapted 1o the paricular task involved. The same applies 1o
the speed of the stroke.

3.3.5 Path-dependent control system

In the control system described under 3.1.1 the energy
is switched off after the welding time has finished. It is also
possible to limit the weld time by means of path-dependent
switching off, The switching off can be set and takes place
a;t&a;_' H;g pre-selected final position of the sonotrode has been
r ;
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4. Procedures for optimising the welding parameters

It is recommended that the following sequence should
be adopted:

O determining the amplitude (point 4.1)

O matching the comact force to the amplitude and generatar
power output (point 4.2)

O setfting the point for switching on the ultrasound
{cushioned or freely vibrating placing of the sonctrode)
{point 4.3}

O setting the impact velocity of the sonotrode {point 4.4)
O sening the welding and holding time (point 4.5 and 4.6).

4.1  Determining the amplitude

The amplitude is 10 be coordinated with the material,
the construction of the moulding and the geometrical shape of
the joining surface (see table 3, page 34).

Mouldings made of semi-crystalline plastics genarally
require higher amplitudes than mouldings made of amorphous
plastics,

The reference values are as follows:
O amorphous piastics 10 - 30 pm,
O semi-crystalline plastics 25 - 50 um.

Establishing an amplitude which is suited to the mate-
rial and the moulding usually can only be done by experiment.
It can best be determined by using boosters with different
transformation rafios. For the first experiments it is best o
begin with the smallest transiormation ratic.

4.2 Matching the contact force to the amplitude and
the generator power output

The amplitude and the contact force affecting the join-
ing zone are closely linked with each other. The contact force
should therefore be very carefully coordinated with the ampli-
tude, the generator putput power and the particular applica-
tion.

The following can be 1aken as rough reference values:

low amplitude = high pressure
high amplitude - low pressure

When the welding parameters are being optimised the
contact force, starting from the smallest value, is increasad
until a reliable quality of welding seam has been oblained. The
displayed generator power output should be relatively con-
stant after optimisation,

4.3  Setting the point for switching on the ultrasound
(triggering)

The triggering effects the time-controlled or pressure-
controlied switching on of the ultrasonic energy. The ultraso-
nic energy can be switched on before, during or after the
placing of the sonotrode on the moulding. When the switching
on is time-controlied there is a choice of all three possibilities.
When the switching on is path-controlied the sonotrode mus!
be vibrating during impact. When the switching on is press-
ure-controlled there is a possible choice ranging from impac:
with slight force up to full contact force.

In ulirasonic plastics welding it generally helps if the

generator is switched on after the pre-selected contacl force
has bean reached.
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In riveting and flange-welding the sonotrode should be
vibrating when placed on the moulding, 50 as to plasticise the
synthetic material as guickly as possible.

In the embedding of metal pants the ultrasonic energy
has 1o ba switched on before contact is made between the
sonotrode and the moulded part, 5o as to avoid embedding in
the insufficiently plasticised drilled hole or cold embedding.

4.4  Setting the impact velocity of the sonotrode

The impact velocity has 1o be established empirically. it
is In the range of about 0.5 mm/sec. 1o 50 mm/sec. and has a
decisive influence on the welding guality.

For riveting, flange-welding, tamping and embedding &
slower impact velocity is used.

4.5 Setting the welding time

The welding time depends upon:
O the generator power output
O the material
O the size of the joining surface
O the sinking depth
O the ultrasound switch-on point
O the amplituge
O the contact force.

It is generally established by experiment. In order 10
avoid damaging the material of the joining pars the weiding
time should be kept as shor as possible (if possible betwaen
0.2 and 1.5 sec.), and where necessary more powerful ultra-
sonic welding equipment must be used. In some cases it can

be useful to switch off the welding time by means of a path-
controlled control system.

4.6 Setting the holding time

The holding time should be tailored to the paricular
application. It should be kept as short as possible for econo-
mic reasons. The exact setting has to be established by ex-
periment. The holding period is generally shorter than the
welding period.



9. Raw materials-related influences on the welding response of

thermoplastics

As well as the shape of the moulding, the information
about the material provided by the manufacturers of the raw
materials can also be referred to for a first peneral assessment
of the ultrasonic welding response of thermoplastics. Of this
data the following items permit approximate conclusions to be
drawn about the welding responss.

5.1  Density

This shows in comparison with the basic types whether
there are large quantities of additives, e.g. glass fibres (GF),
glass globes (EE), asbestos, talcum, etc,, which affect the
welding response. In most cases the density is increased by
these additives.

5.2 Shear modulus G' and mechanical loss factor
tan d according to the temperature

Favourable welding properties can be expecied from a
high G' or E shear modulus which is constant up 1o the glass
transition tempearature. At the same time the mechanical lozs
factor tan 4 (aftenuation) should be low up 1o the glass transi-
tion temperature and as constant as possible. Hard amor-
phous plastics have these favourable properties at room
temperature (fig. B). The soundwaves are conveyed 10 the
joining surface without much loss and convened into heat.
Most reinforced materials increase the stiffness, as a result of
which the shear modulus is also raised.

The shear modulus is also affected in the casze of
unfilied thermoplastics by the moisture content, the level of
crystallinity and the crystal orentation and seli-contained
slress. These influences are also operative in the case of
reinforced thermoplastics.
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material (S8)
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A marked fall in the shear modulus curve up to the
glass transition 1emperature (T,) of up 1o the melting zone (Tw)
means an increase in the mechanical iozs factor and causes a
marked attenuation of the sound waves on the way to the
joining surface (fig. 9). In general the energy losses are grea-
terin the case of semi-crystalline plastics than in the case of
hard amorphous plastics. Mouldings of the same shape usual-
Iy require a higher generator power output or longer welding
period and a higher ampiftude in the case of semicrystalline
plastics as comparad with those made of amorphous plastics.
In general it is cesirable 10 have a shorier welding period.

5.3  Meiting heat or heatl content and specific calorific
capacity C,

The higher the value is in particular al the glass transi-
tion temperature or in the melting range, the greater the
amount of energy which is required for plasticising the mate-
rial In the joining zone. This means a longer welding period or
where nacessary a more powerful ultresonic welding installa-
tion, the latter being preferable.
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54 Melting range or thermoplastic range

The heating of the joining zone beyond the melting
range must be guaranieed by the choice of appropriate weid-
ing parameters (poin 4).

55 Sound velocity

The sound velocity in the synthetic material is lempera-
twre-controlled and is important where the moulding acts as a
sound conductor, e.g. in far-figld welding.

56 Melt viscosity

The viscosity of a plastic melt (expressed, for instance,
by the MF| Metlting Index) influences the welding responsa.

High-moiecule, viscous plastics, characterised by a low
MFI, generally requira more energy 10 be melted. This means
& longer welding period or that a higher power output of the
ultrasonic welding apparatus is necessary,



Plastics with a low melt viscosity, characterised by &
high MFI, melt more quickly. Molten material can suddenly
Ieave the joining zone in such cases. To avoid this the welding
pressure, the welding period, the amplitude, the triggering and
the design of the joining zone should be coordinated with
particular care.

Most reinforced and filling materials increase the melt
viscosity, i.e. the motten material is more viscous. Small guan-
tities of some fillers, e.g. mica and talcum, reduce the melt
viscosity and the molten material is more mobile and flows
more guickly.

57 Reinforced materials, filling materials and other
additives

Reinforced materials:
Glass fibres, glass giobes, carbon fibres, talcum, asbestos,
efc.

Filling materials: _
Wood fiour, chalk and other mineral and organic filling mate-
rials.

Other additives: .
Stabilisers, lubricants, dyes, softenars, flame-retarding addi-
tives, anti-static coatings, &ic.

The nature and quantity of these additives can affect
the welding response and the welding result. The construction
of the mouldings and the welding conditions should be ad-
justed accordingly.

15



6. Influence of the conditions in which the mouldings are
manufactured on the welding response

It is mainly injection-moulded parts which are weided
ultrasonically, and in some special cases moulded parts which
are manufactured by biow moulding, thermofarming or extrusion.

The mouldings must be manufactured under conditions
sufted to the particular type. The reason for defective welding
is often to be found in unsullable manufacturing conditions.

6.1 Injection-moulded paris

6.1.1 The effects of moisture

As a result of too high a moisture content in certain
thermoplastics damage is caused in injection moulding and in
welding by streaks, bubbles or porous structures. This re-
duces the usefulness, the visual appearance and the quality of
the welded joint. Thermoplastics which are 100 damp should
theretore be dried before welding.

With a number of plastics, e.g. types of polyamide, the
odesirable maximum viscosity should first be obtained by con-
ditioning (moisture absorption). As well as this desired in-
crease in the moisture content, a number of other tharmoplas-
tic mouldings also absorb undesired moisture from the atmos-
phere.

Az ultrasonic weiding of damp mouldings leads in both
cases to bad results — porous welding seams, longer welding
times — conditioning should be carried out only alter the ultra-
sonic welding. Moisture-sensitive mouldings must be pro-
tected right up to welding {e.g. in PE bags). For the ultrasonic
riveting and flanging of polyamide parts a slight moisture
content can be an advantage. The advice on drying and pro-
cessing contained in the information sheets of the raw mate-
rials producers should be foliowed.

6.1.2 Influence of the processing conditions

A tool which is designed badly or which is not suited to
the material, as well as wrong processing conditions, can have
an adverse effect on the production of moulded parts by
injaction moulding and lead 1o poor welding results.

These can include:

fluctuations In size (contraction, after-contraction, war-
page)
fluctuations in weight {level of filling)

surface defects (sunk spnts, imperfect outiine of the joining
surface)

lack of uniformity (shrinkage cavities, flow seams, stres-
5e5)

processing defects (decomposition, separation)

excessive intarnal stresses (particulary in the case of
amorphous plastics).

O oo o

o

6.1.3 Minimum duration of storage

Injection-moulded parts made of partially crystalline
thermoplastics should not be welded immediately afier baing
taken from the injection moulding machine, because after-
contraction in welded parts can produce undesired stresses
(warpage) or even cause them 1o be destroyed. A minimum
duration of storage between injection moulding and ultrasonic
welding of 24 hours is therefore necessary. Injection-moulded
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pars made of amorphous thermoplastics do not require this
minimum duration of storage.

£.1.4 Regenerated materials

What has been stated above applies 1o the use of
original material. The addition of considerable quantities of
regenerated materials can have an adverse effect on the
welding properties of mouldings.

6.1.5 Mould release agents and impurities

Deposits of mould release agents or impurities on the
joining surface should be avoided. If it is not possible to
dispense with mould release agents, it should be bome in
mind that the mouldings display differing quantities of the
mould release agent on the joining surface and can adversely
afiect the welding properties. Where necessary, the mouid-
ings should be cleaned.

6.2 Extruded semi-finished products and blow

moulded parts

The same influencing factors as fisted under 6.1.1 to
€.1.5 apply 10 blow mouided, thermoformed and extruded
mouldings.



7. Design of mouldings

The injection moulding method presents the simplest
way of producing satisfactorily welded mouldings. A number
of important factors should be observed in the construction of
the mouldings, the design of the sonotrode and the holding
fixture, and also during welding. Examples are described in
the foliowing sections.

The different welding responses of thermoplastics
should be taken into account in the choice of material. The
mouldings which are to be joined should be constructed in
such a way that the plasticisation necessary for welding is
present in a reproducible way in the joining surface.

The necessary preconditions for obtaining high-quality
weldings shouid already be created in the planning phase.
Depending upon what is required of the welded joint, the
demands which the construction should 1ake into account
include the following:

O load capacity of the welding seam

O leaktightness with regard to liguids and gases

O wvisually attractive appearance

O the ;vuin‘ing of expelled molten material and synthefic
particies inside the mouldings.

As well a5 by the welding parameters (point 4), the
quality of the welded joint that can be obtained is affected by
the following faciors:

O the nature of the material

O the construction of the moulding

DO the position and design of the joining surfaces
O the arrangement of the energy direcior
]

the positioning and clearance between the upper and lower
part

O the coupling of the sonotrode
O free sinking path
O support in the holding fixiure.

7.1 Construction of the mouldings

The mouldings should be rigid. Sufficiently thick walls
should be provided for. There is a danger of damage with
mouldings the walls of which are 1oo thin,

7.1.1 The rounding-off of corners and edges

All cornars and edges should be rounded off adequate-
ly on the mouldings. Minimum radii of 0.2 10 0.5 mm are
suggested, This is particularly important in the case of hard
plastics. In ultrasonic welding Junctions which are too sharp
can resultin fractures,

7.1.2 Position of the joining surface and the distance
from the sonotrode

The position of the joining surface should be as vertical as
possible 1o the axis of the sonotrode and parallel to the front
surface of the sonotrode. The joining surface should also be
on one plane. Where this cannot be done, it is recommended
that contact should be made with the manufacturers of the
ultrasonic equipment or the producers of the raw materials.

The distance between front surface of the sonotrode/
joining surface should be small (see also near-field and far-
field welding, points B.1.1 and 8.1.2).

2. Roof

3. Edge contact

Fig. 10: Basic forms of the energy director
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7.1.3 Size and design of the joining surface

The geometry of the joining surface is to be tallored to
the requirements in relation to the weiding seam. Decisive
factors are:

O the nature of the material
O the construction of the moulding.

Provision should be made for energy directors (energy
concentrators) in order to obtain short welding cycles and to
avoid damage. A distinction is made between cone-shaped,
loop-shaped and roof-shaped anergy directors, as well as the
edge contacts which act as energy directors for flattened
SEams.

7.1.4 Energy director (ED)

The function of the energy director is to iniiate rapidly
the plasticisation of the joining surface by the concentration of
energy. Any shape or size of the ED can be chosen within
certain [imits. The following basic shapes (fig. 10) can be
distinguished according to the nature of the plastic, the con-
struction of the moulding and what is reguired of the weided
joint

O Cone or loop-shaped energy director
O roof-shaped energy director
O edge contacts for simpie and double shear joints.

It does not as a rule make any difference 1o the welding
result on which half of the moulding the EDs are fitted. In
special cases (as in different combinations of plastics) the best
position should be found out by experiment. In the case of
mouldings with varying ridigity the EDs should be placed in
the softer moulded part.

7.1.5 Centring of mouldings

The upper and lower par of the moulding should be
centred in such a way that they retain their position during
welding, The centring height should not be below 1 mm. Aga
rule, centring should where possible be over the moulding.

The aflowance for clearance between the upper and the
lower part should be small, a1 least 0.05 mm, however. This
clearance should alsc be present in the case of sloping and
tapering walls up 10 the final sinking depth. Where & combina-
tion of mouldings made of different types of ptastics (e.0.
reinforced/non-reinforced) is concemned, their different fading
rates should be taken inlo account.

Allowance for clearance

—

1. Geometry of the joining surfaces

Sonotrode

2

3. Hoiding fixture (anvil)

2. Studs and
grilled holes

upper part of moulding

lower part of moulding

N holding fixture

4. Spnotrode and holding fixture

Figure 11: Possible ways of ceniring mouldings
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The following methods of centring (fig. 11) are chosen:
O by the geometry of the joining surfaces
O by the stud and the drilled hcle
O by the holding fixture

O by means of centring by sonotrode and the holding fixture.
(This can only be used where there is a particularly high
dimensional accuracy of the mouldings. This method of
centring is only used in special cases.)

7.1.6 Free sinking path of the upper part

The upper part must be able to sink unhindered in
ultrasonic welding. No edges, ribs or bridges must be abie 1o
imercept the upper part during the sinking movement.

7.1.7 Resonance of ribs, butts, bolts and other function-
al elements

Free-standing ribs, butts, bolis and insered parts can
be damaged during ultrasonic transmission or can cause dam-
age 1o the moulding. It is possible to remedy this by having
sufficiently large radii on comners, edges and junctions, short
welding times or also by the use of vibration-absorbing bases.

Figure 12; Welding seam coverad inwards

7.1.8 Separation of particles during weiding

During welding particles can separate from the welding
seam or its surroundings and penetrate into the interior of the
mouldings. This can be avoided to a large extent by the
covering of the welding seam (fig. 12).

7.1.8 Support in the holding fixture

The lower part of the moulding should be supported
sufficiently in the holding fixture and centred for the welding
oparation (see also point 3.2.3). With thin-walled mouldings
and particularty with flattened seams it is advisable to support
the side walls aimost up to the joining zone (fig. 13).

[

Figure 13: Supporting of the lower part of the moulding in the
holding fixture

7.1.10 Coupling surface of the sonotrode

For the coupling of the sonotrode there sould as far as
possibie be a level surface which is adapted to the moulding
and sufficiently large (fig. 14). Where the dimensions of the
surface are too small the transmission of the ultrasound is
reduced. Damage 1o the coupling surface is the consequence.

Correct

Wrong

Figure 14: Coupling the sonctrode with the moulding
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By touching up or by using carbon paper, 1o which &
sheet of thin while paper is attached, it is possible 10 show
whether the contact betwean the sonotrode and the surface of
the mouiding is uniform.

The coupling of the sonotrode 1o highly polished or
structured surfaces can result in markings. The efiect of such
marks can be reduced by the use of sheeting placed between
the sonotrode and the surface, e.g. PE shesting.

7.2 Geometry of the joining surface

If there iz no available experience in choosing the
dimensions of the energy director, it is advisable for reasons
of easier re-working by injection moulds to begin with low
levels of the energy director (ED).

7.2.1 Joining surface design with cone-shaped and
ped energy directors

EDs of this kind can be used for joining moulded parts
and flat paris. Figure 15 shows the lower pan of 8 moulding
with cone-shaped energy directors. They are not suitable for
seal welds.

Energy
directors
{cone)

/i

N

Wl

Figure 15: Lower part of moulding with cone-shaped energy
direciors

Angle e is about 60 to 90°, The height of the ED is
between 0.2 and 1 mm. With semi-crystalline plastics the EDs
should generally be designed higher than with amorphous
plastics.

7.2.2 Joining surface design with roof-shaped energy
directors

Welding seam patierns with roof-shaped EDs can be
used with aimast all moulding dimensions. The ED shouid

= Energy director

Figure 16: Roof-shaped energy director
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have an angle of between 60 and 90°, The height h can be
batween 0.2 and 1 mm, in special cases up 1o 2 mm, accord-
ing to what is required of the welded joint (fig. 16).

A symmetrically arranged ED is to be preferred 1o an
asymmeitrical one. It should meet the opposile joining surface
as near as possible to the centre. In exceptional cases several
small EDs can be used instead of one large one. They can be
staggered and also arranged at different heights.

We show below in figures 17 10 22 a number of shapes
of joining surfaces which have proved their worth. The propor-
tions can be changed within certain limits. Special shapes are
likewise possible.

N\T

Figure 17: Upper part with inner centring. Welding seam co-
vered inwards, molten material can flow outwards,

N\

Figure 18: Upper pari with ouler centring. Welding seam co-
vered outwards; molten material can flow inwards.

.

|
|
|

N\
\\

Upper par with double-ceniring. Because of tha
requirament of high dimensional stability prefar-
ably anly used with fairly small moulding dimer-
sions.

Figure 18:



Figure 20; Shape of seam for fairly large mouldings.

Q |

Figure 21; Upper part with inner centring, a > 0.6 mm.

Figure 22: Upper pan with double-sided centring.

Larger units can also be welded with the type of seam
Ilestrated in fig. 20. The sonotrode has 1o be brought down on
the flange of the upper part. The fiange of the lower part has 1o
be supported by the holding fixture. By centring on the upper
of lower part the seam can be coverad internally or externalty,
This type of seam is useful in welding for polyolefing,

Fig. 21 shows an upper part with inner cantring and
asymmetrical energy director, This type of joint is most suited
1o ultrasonic welding of hard amorphous and partially crystal-
line plastics.

Fig. 22 depicts an upper part with double-sided cen-
tring in the lower parl. The clearance at the side must be
maintained until the complete sinking depth has been
obtained. On account of the requirement for high dimensional
stability this is best used only with fairly small moulding
dimensions.

7.2.3 Design of joint surface with shear joints (SJ)

Shear joints (step joints) are preferred for seal welds
and when semi-crystalline plastics are used. The mouldings
whould have a narrow tolerance and the allowance for ciear-
ance should be small. The side walls of the lower parts should
be supporied up to the level of the weld. Fig. 23 fllustrates the
principle of & shear joint.

Allowance for clearancs —s— —-—

|

N\

S

ot

R |

08-1,5—=

1.0-15—

Figure 23: Principle of a shear joint

Figures 24 10 27 show types of design of shear joints
which have proved their value,

Figure 25 shows double shear joinis with and without
ED on the lower part. Because high dimensional stability is
required this is best used only with fairly small moulding
dimensions.

Double shear joints with and without ED on the lower
part can be seen in figure 26. The second shear joint iz anly
effective with increasing sinking movement of the upper part.
Because of the required dimensional stability it can only be
used with fairly small moulding dimensions.

Stud welding Is adopted for joining mouldings which
are 10 be weided firmly, but not close to one another. It can be
used with most hard amorphous and semi-crystaliine plastics.
Approximately the same considerations apply for the dimen-
sioning of the joining surfaces as in the case of shear joints
(figure 27). In exceptional cases seal weids are possibleasa
result of adding elastic seal elements.
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8. How to apply the different processes

8.1 Ultrasonic welding B.1.1 Near-field welding (direct ultrasonic welding)
According to DIN 18960 a distinction is made between The joim surface is near 10 the front surface of the
near-field (direct) and far-field (indirect) ultrasonic welding. sonotrode, i.e. the distance of the contact surface of the
sonotrode/plastic moulding from the joint surface can be up to
about & mm (figure 28).
Sanotrode

? | / Mouldings
W | / Z Holding fixture

Figure 28: Ultrasonic walding in the near field

Sonolrode

Mouldings

W ' - Holding fixiure

Figure 29: Ultrasonic welding in the far figld




8.1.2 Far-field welding (indirect ultrasonic welding)

The distance between the contact surface of the sono-
trode/plastic moulding and the joint surface is more than about
€ mm. The ultrasonic energy is transmitted through the upper
moulding wall 1o the joint surface (figure 28). For this reason
only sufficiently rigid plastic paris (e.g. PS, ABS, AB, PMMA)
can be welded by means of the indirect ultrasonic welding
technigue. A number of semi-crystalline plastics (e.g. POM,
PETP, PETE, PA) can also be welded in the far field given a
favourable peometry of the moulding.

The plastic between the front surface of the sonotrode
and the joint surface is scarcely heated.

8.1.3 Welding with an inseried seal

Tight welds can generally be produced with ultrasonic
welding. This applies to most joint surface designs, but parti-
cularly for shear joints. In exceptional cases seal welds are
obtained via an inserted elastic seal (e.g. O rings). Figure 30
shows an example.

upper part

saal

lower pan

Figure 30: Ultrasonic welding of mouldings with inserted
seal,

8.1.4 Welding of mouldings - injection moulded, ex-
truded, blow moulded, thermoformed - with semi-
finished products or sheeting

When there are no energy directors available or when
they can only be obtained at great expenditure, it is recom-
mended that the spot welding method (figure 31) should be
adopted (see point 8.1.6).

In ultrasonic welding of sheeting with injection
moulded, extruded, blow moulded or thermoformed mould-
ings or with sheeting, sonotrodes with grooves (diamond-
shaped patterns, adges) of the weiding surface should be
used, ‘

8.1.5 The welding of mouldings - combination of injec-
tion moulded, extruded or thermoformed parts

Imjection moulded parts can be welded with biow
moulded, extruded or thermoformed mouldings, The energy
director is injeclad on the injection moulded parts. The mould-
ings should as far as possible consisis of the same type of
plastic. In figure 32 the lid has been ultrasonically weided with
a yoghurt carton.
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Joint surface
Injection-

moulded
part

U

Blow-moulded
[ par

Figure 31: Ulirasonic spot welding of biow moulded and in-
jection moulded parts

Carton b Lid
thermoformed) o (injection moulded)

Figure 32: Lilirasonic welding of thermolormed with injection
moulged parts,



1.1.6 Spot welding

Ultrasonic spot welding is used predominantly where
‘or instance flat mouldings without weld preparation (ED) have
[0 be walded (e.g. semi-finished products, thermoformed,
blow moulded, extruded and large-surface mouldings).

Figure 33 illustrates the principle of spot wﬁdlng. The
tip of the sonotrode penetrates through the upper part into the
lower parl. Heat is produced on the contract surfaces of the
mouldings, as a result of which the material is plasticised and
waided. The expelled plastic fiows upwards and forms a ring-
shaped elevation. The back of the lower part remains largely
free of marks. The mouldings can be fixed appropriately by
hoid-downs or clamping devices, The thickness of the mould-
ing adjacent to the sonotrode should not exceed B mm. Spot
welding can also be carried out with a moveable ultrasonic
hand welding apparatus (welding gun).

The welding of mouldings and semi-finished products

(sheseting, fabrics, plates, profiles) is done in the shape of a
seam. Figures 34 to 37 show variants of seam welding.

With the aid of special open 'ultrasonic sewing

machines’ fabrics, knitted fabrics and sheeting are "sewn,
hemmed, pleated, stitched and stamped'. The proportion of
natural fibres can be up to 35%.

Sonotrode

Sonotrode
welding width
1-4 mmapprox.

rotating
end support
{anwil)

Figure 33: Principle of vitrasonic spot welding

8.1.7 Seam welding and sewing

rotating
end suppon
{anvil)

7
N

rotating sonotrode,
designed as impulse
tail wheel with

radial vibrators

Figure 34: Ultrasonic seam welding, continuously powsered
by the sonolroda.

Figure 35: Ultrasonic seam welding, continuously powered
by the rotating end support.

Sonotrode

fixed
holding fixture
{anvil)

Figure 36: Ultrasonic saam welding, transport of sheeting
only by traction of the foil.
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fixed holding fixture
(anwvil)

rotating end support
{anvil)

Figure 37: Ultrasonic seam welding non-continupusly by line seam sonotrode.

8.1.8 Welding of coated cardboards or fabrics

It is possible to join plastic-coated cardboards or fabrics
by means of ultrasonic welding (Figure 38). Here the ultraso-
nic enargy penetraies the base material and welds the coating
together. It is a good idea 1o groove the front surface of the
sonotrode,

Sonotrode

cardboard
or
fabric

plastic
coating

l——nmdmg fixture

Figure 38: Arrangement in ultrasonic welding of coaled card-
boards or fabrics

B.2 Ultrasonic forming

Mouldings made of thermoplastics can be plasticised
and formed ultrasonically. This is done for example in riveting,
flanging and tamping. A particular advantage is that, as com-
pared to forming with a warm die, the sonotrode remains cold
during the forming process and hence al the same time per-
forms the function of the cooling die.

In order to initiate plasticisation guickly it helps 1o block
the moulding which is o be worked. If, however, the moulding
co-vibrates in resonance, longer working times have 1o be
allowed for, This can have an adverse efiect on the quality of
the moulding. In ultrasonic forming it should be taken into
account that plasticisation first begins on the surface and
penetrates from there 1o deeper zones. The zones which are
1o be formed should ideally be formed in a plasticised stale.
The torming conditions should therefore be tailored exactly 10
the plastic and the welding task. if not enough plasticised
zones are formed, stress cracks and/or a weakening of the
lpad capacity can be expected.

The usual ultrasonic welding eguipment can be used
for forming operations.

B.2.1 Riveting

As in ultrasonic welding, in ultrasonic riveting the
sonotrode serves 1o transmit the mechanical vibralory energy
to the stud. It is the riveting tool and is manufactured in
accordance with the desired stud design and the number of
pins which are 1o be riveted at one stroke, It is possibie to
carry out several rivetings with & sonotrode. Multiple-head
instaliations are used in the riveting of large pars (e.g. dash-
boards in the car industry).



Diagram of shape Diagram oi shape
of sonotrode, stud of sonotrode, stud stud _|
component and design component and design diameter
stud design stud design

B d:=1-5

] d:=2
F d:=05
H

Figure 39: Frequently used types of stud and stud diameters
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The riveting time (‘welding time') depends upon the
material and the diameter of the stud. It is betwean about one
and three seconds. In many cases it helps 1o work with the
hold-down. The following points should be taken into account
in riveting:

O adjustment of the excese length of the stud 1o the shape of
the stud (the excess length of the stud should correspond
to the volume of the stud)

O slow lowering speed of the sonotrode

O low pressure and generglly higher amplitudes than is the
case with ultrasonic welding

O holding time until the stud solidifies

O wear on the shape of the sonotrode (above all in the
riveting of glass fibre reinforced plastics).

The stud is usually injected on the moulding. The
fastening of the stud should not be sharp-edged but should
have the largest possible radius. This prevents plasticisation
or cracks in this area. Shaft designs as shown in figure 39 H
have proved reliable.

The part which is 1o be riveted to the plastic is given an
opening which fits the stud with a slight allowance for clear-
ance, The excess length of the pin and the stud design de-
pend upon

O the material which is 10 be riveled

O the desired firmness

O the dimensions of the stud

O the dimensional tolerances for & multiple rivet joint,

Figure 38 shows types of studs which are frequently
used. Stud designs A and B are preferred for thin pins up 1o
about 3 mm. Studs designs C and D have proved themselves
particulariy reliable. With these shapes the contact surface
between sonotrode and rivet pin through the central tip, which
must engage centrally, is at first very small. The ultrasonic
energy passes through here. Stud design D is preferred on
account of its good stability,

_Inthe case of version E the front surface of the sono-
trode is provided with a knurled pattern {cross-hatched). This
shape of stud has proved its value for single and in particular

for multiple rivet joints. The rivel zone is knurled over a large
surface on the front surface of the sonotrode. In this way
inaccuracies of positioning between the sonotrode and the
rivet pin, as well as dimensional tolerances in the distance
between several riveting positions, can be offset.

With a fairly large rivet pin diameter it is recommended,
in particular in order to avoid sunk spols during the injection of
the parts, that hollow pins (figure 39, version G) or several thin
pins should be used.

For the riveting of glass fibre reinforced thermoplastics
higher ultrasonic power is reguired than in the case with the
same plastic without a plass fibre additive.

As riveting sonotrodes are subject to a relatively high
degree of wear with plass fibre reinforced plastics, the work
sutface of the sonotrode must be designed so as to be wear-
resistant.

With the riveting of the materials PA, POM, PETP and
PBTP, as well a5 there being an optimum design of the shape
of the stud, the riveting conditions must be specially adjusted.
The use of the shapes C, D and E as shown in figure 33, as
well as higher amplitudes and power outputs than with hard
amorphous plastics, is preferred. The binding of the stud
should have a sufficiently large radius (figure 33 H).

822 Flanging

Ag in metal working, moulded parts made of plastic can
also be flanged. In this way plastic components can be joined
to one another and in combination with materials of a different
nature. Actording to the task to be performed, the sonotrode
should be contoured on its work surface in order o plasticise
and form edges, pins, projections or other fastening devices.

Ultrasonically produced flanges are particularly econo-
mical. The processing times are comparable to the usual
cycles in the ultrasonic welding of mouldings. When glass
parts are being flanged the sonotrode must not come into
contact with the glass parL. '

Figures 40 and 41 contain examples of internal and
external flanges.

Before flanging

1. Plastic housing
2. Sonotrode

3. Metal disc which
isto be fastenad

After flanging

Figure 40: Internal flanging, fastening & metal disc in a plastic housing.
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1. Metal base

2. Sonotrode

is 10 be fastened

3. Pipe support which

After flanging

Before flanging

Figure 41: External flanging, fastening a plastic pipe support on the base of a container
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Figure 42: Examples of ultrasonic tamping.




8.2.3 Tamping

Ultrasonic tamping is a process similar to flanging for
fastening materials of a similar or different nature to one
another. The synthetic material plasticised by the sonotrode is
pressed info pockets, recasses or drilied holes. This process
produces an insoluble joint (figure 42).

8.3 Ultrasonic embedding of metal parts

Threaded inserts, grub screws or other metal parts can
be ultrasonicalty embedded in thermoplastics.
Depending upon the size and shape of the metal parts, high
torsional strengths and stabilities can be obtained.

Where there are favourable differences in height be-
tween the embedding levels several parts can be embedded
simultaneously in one operation with an assembled sonotrode
(figure 43). The lower sonotrodes have 10 be adjusted to the
differant joining levels.

Figure 43: Sonotrode combination for embedding melal pants
af gifferan! joining levels

With very long metal paris it is often an advanlage 1o
allocate the plastic parn 1o the sonotrode and hold the metal
part in the halding fixture.

Where the insertion holes in the plastic pan are also
injecied in eve shapes, it should be borme in mind that mark-
ings can appear on the back, usually in the form of sunk spots.
The ratio of the wall thickness of the eyelel to the wall thick-
ness of the moulding stated by the producers of the raw
matenal must be taken into account in such cases,

The following should be taken into consideration in
order o obtain 2 stress-free embedding of the metal paris with
& high torsional strength and stability,

The metal parts can be placed without going out of line
by the drilling of 2 pilot hole which is about 0.1 - 0.2 mm larger
in diameter than the metal part. The metal parts which are 1o
be embedded must be kept sufficiently aligned.
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Figure 44: Plastic mouidings with injected eyelets for the in-
sertion of metal pars.

The eyes should have a radius = 0.2 mm a1 the junc-
tion with the plastic part (figure 44).

The insertion hole should be slightly smaller than the
metal part which is to be embedded (Table 1).

Where conical metal parts are o be embedded in cyiin-
drical insertion holes, about half of the metal part should drop
into the inserticn hole. The undersize of the insertion hole
should be such that the volume of the mass which is plasti-
cised during embedding is at least equal to the volume of the
recesses or edges of the metal pan.

For blind holes the insertion hole must be at lzast2-3
mm deeper than the metal part o be embedded in order 1o
absorb the displaced plastic meit.

Where high torsional strength and stability are required,
the thickness of the wall for insertion holes in eyelets should
be at lzast 1.5, and preferably = 2 mm. The recommendations



3f the producers of the raw material and the manufacturers of
e machines and the metal parts should be adhered 1o, The
amplitude should be as small as possible in embedding, sc as
o arutb:' stresses, the formation of cracks or destruction of the
ayelets.

_ Itis of advantage to place the sonotrode when itis
vibrating, or 1o introduce the ultrasonic energy immediately

after a very slight pressure bulld-up. The sinking speed should
be low. The ultrasound should only be applied until the metal
part is embedded. Metal abrasion is 10 be expected as a result

of embedding.
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Figure 45: Threaded insert with collar.

Kiatit Length Diameter in mm Insertion
atric of bushing hole in mm Threaded bush 1
thread inmm D1 D2 (rec. value)
M3 5.5 40 4.7 43
M4 7.5 52 6,15 5,65
M5 80 "™~ 6.4 7.35 6.85
MB 10,0 7.7 8.75 8.25
ME 12.0 9.7 11.3 10.8
—

. Length Diameter in mm Insartion

Meatric v 2
of bushing hole in mm Threaded bus 2

thread i s D1 D2 (rec. valug)
M3 58 3.9 4,7 4.0
M4 B2 B.5 6.3 56
M3 85 6.3 7.1 6.4
M& 12,7 1.9 8.7 8.0
Ma 12,7 85 10,2 86

Table 1: Recommanded diameter of hole for insertion of threaded inserts 1 and 2.
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Table 2: Extraction forces and overspeeds of embedded threaded inserts M 3.5; M4 and M5.

In order to keep the tensile force on the threaded
insarts low it is recommended that the threaded insert should
be allowed 1o protrude about 0.7 mm over the surface of the
plastic. In this way, in the event of bolting, the forces which are
exerted are supported on the front surface of the insert and
not on the plastic. Otherwise the insert and the welding sur-
face are under a continuous tensile load. In the case of the
threaded insert in figure 45 the protruding collar provides a
support.

The rigidity that can be oblained with some thermoplas-
tics is listed In Table 1. Lower or higher values can be attained
according to the conditions under which the plastic paris are
manufactured and the embedding conditions.

8.4 Ultrasonic separate-seam welding

Non-woven taxtile fabrics (fabrics and kn :rmad fabrics)
with & thermoplastic portion can be separated and hardened
ultrasonically. The thermoplastic portion should be at least
B5%.

Ultrasonic separation can be carried out continugusly
or in cycies. Separating is carried out by either the sonotrods
or the holding fixture being designed as dies. The wear on the
dies should be taken into account.

The advantages are: no fraying of the cutting edges.

3z

8.5 Ulrasonic welding of non-woven textile fabrics
(e.g. fabrics with mouldings)

Another special application is the welding of fabrics
onta mouldings (figure 4B). It is also possible, however. 1o join
a fabric and a moulding when different plastics come together.
Here the plasticised synthetic material penetrates the struc-
ture of the fabric and in this way a joint between fabric and
moulding is obtained. It is advisable 1o provide energy direc-
tors on the moulding.

Figure 46: Arrangement for ultrasonic welding of fabries and
mouldings.




J. Sonotrode manufacture

L1 General

The sonotrode serves as 2 means of fransmitting the
fibratory energy from the transducer (converter] to the joint
surface, and also usually as a transformer for the mechanical
impiitude.

As already described under point 3.2.2 "Sonotrode’,
he design and manufacture of a sonotrode requires special
yention. Incorrectly manufactured sonotrodes impair the
welding quality and can lead o the destruction of the vibration-
il system and to considerable damage to the generator.

Sonotrodes are manufactured predominantly by the manufac-
turers of ultrasonic equipment.

If the parameters, required frequency, transfarmation or
speed ratio and lateral dimensions (./D)are adhered to,
sonotrodes with maximum lateral dimensions of 80 mm at
about 20 kHz or 30 mm at 40 kHz can be made by the user
himself. It is preferable to begin with the manufacture of step-
ped sonotrodes (figure 47a).

The length () of the sonotrode normally corresponds to half a
wavelength /2 (figure 47a). For special applications sono-
trodes with lengths several times L'2 or combined /2 sono-
trodes are alsoc manufactured (figure 48).

Sonotrodes which on account of large lateral dimen-
sions require slots (figure 43) should under no circumstances
be made by the usar himsall unless he has sufficient basic
knowledpe about the construction of sonotrodes,

—— E q |—
S
ll; i
Y - K
]
T <l
1 1 : S
| Dy [—-— Eg'_""'
S = Anti-node K = nodal point * = Connecting thread £ Amplitude
oscillation of oscillation
Figure 47: Sonotrode % = Standard version
S S E, & = stepped, b = conical
f e o
| S | A Cross-sectional varianis:
W/ | Circle/circle Circle/rectangle Rectangle/reciangle
™~ \ b jon rat -
K | TT == = Trans{ormation ratic of the sonotrode
=
|
¢-
I. .
| : *
= o
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s e |
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—f i J(_ % T
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Figure 48: Assembled combined sonotrode 21‘-‘% Figure 48; Sonotrode with rectangular form (with siots)
S = Anti-node oscillation K = Nodal point of oscillation
* = Connecting thread £ = Amplitude
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Amplitude um
Material Values adopted
in practice
Polystyrol (PS) 1510 30
Polystyrol
impact strong (SEB) 2010 35
Acryl, butadiene-
styrol (ABS) 2010 30
l Stryol-acryl nitrile
(SAN) 1510 30
Polymethyl methacrylate
(PMMA) injection mould 2010 35
Modified (PPO) 2510 40
Polycarbonate (PC) 25 1o 40
Polyacetyl resin (POM) 4010 50
Polyamide (PA) 35 to 55
Polyethyl enterephtalate (PETP) 4510 55
Polynuthyl enterephtalate (PBTB) 40 1o 50
Cellulose derivatives 2510 35
PVC hard 20 to 40
PVC soft 2510 40
Polyethylene (PE) 2510 B0
Folypropylens (PP) 3010 60

Table 3: Recommended values for the amplituga in ultrasonic
walding in the near field. The ampiitudes can differ with modi-
fied materials.

Seund Variations
Material r:-"r o
vo () 5
Tianium alloy
TIAIVES 4300 + 100
Aluminium
alioys
AlCuMg2 5100 % 100
AICuUMGPR 5000 + 100
Aluminium 5100 | =200
|
Monel annealed |
and quenched 4350 ! + 150
|
1550 steel
(RT 11) tempered 5250 \ + 50
Ferrotitanite
WFN hardened 6950 ‘ + 150

Table 4: Sound velocity of various sonolrode materials
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8.2 Sonotrode materials

As very high amplitudes predominate in the welding of
plastics and forming (Table 3), the stress load on the song-
trode is considerable. It means that only materials with z high
alternating impact strength and low absorption can be used,

The alloys titanium (TIANVE4) and aluminium (AICuMg2)
have proved to be best. Both these alloys have great stabiiity
and with distortion-free operation can withsiand a load up to
40 pm amplitude at 20 kHz. At higher frequencies lower
amplitudes are employed.

The sound velocity of the following sonotrode materiads
can be seen in Table 4,

Titanium alloy TIAIVE4:
Large series, with coating also suitable for glass fibre rein-
forced plastics.

Aluminium aflay AICuMg2:
Large series, can likewise be coated,

AlCuMgPb:
Experimental sonotrodes, small series.

Monel:
Up to an amplitude of 20 um hard metal plates or hard metal
pins can be soldered in.

1550 steel temperad (RT 11):
Mainly for embedding metal parts in plastics.

Ferro-titanite:
Extremely non-abrasive, therefore particularly well-suited to
the riveting of glass fibre reinforcec plastics.

9.3 Shapes of sonotrode

Sonotrodes can be manufaciured in various shapes
and dimensions. In practice the following shapes have proved
particularly refiable:

. Stepped form with circular section (figure 47a)

. Conical form with circular section (figure 47b)

. Stepped form with square and rectangular section (figure
43)

4. Exponential form

D Py =

9.4 Sonotrode parameters

Sound velocity v
Wavelength/2 =§ b
Frequency {
Input diameter of the sonotrode

with circular section (booster) Dy
Output diameter of the sonotrode

with circular section (to the moulding) D
Input surface of the sonotrode A,
Output surface of the sonotrode A
OQutput diameter of the booster Dy
(Coupling surface 1o the sonotrode)

Output surtace of the booster g

(Coupling surface to the sonotrode)
Output amplitude of the booster

Input amplitude of the sonotrode
Output amplitude of the sonotrode
Transformation or speed ratio

Wr fir

Tay e



The following values should be indicated by the manufacturer
of the instrument and strictly observed:

Sound frequency f + wolerance
Amplide of the booster £s
Output surface or output diameter

of the booster AaorDa

9.5 Determining the sound velocity

It the sound velocity of the sonotrode material is not
known, it can be established with the measuring device (figure
50), the frequency of a 130 mm long sample without rolling
scale or draw scale being measured. The sound velocity is
obtained from the function

ym=32-]-1

in which the function | = 3 * D must be fulfilled, as
sound velocity depends upon shape,

By coordinating a cylinder with a diameter of about 40
mm made of the sonotrode material with the unknown sound
velocity as given under section 9.9 the sound velocity and the
resonance length can be established.

The junction to the smaller cross-section s on the
nodal plane. The junction should have a radius, asthere is a
danger here of cracks forming. With sonotrodes with maxi-
mum cross-sectional dimensions of 60 mma R = 10 mm has
beean found to be satisfactory. The length lo can be calculated
from the function for the simple eylindrical body:

o= by b=y g+ Ky ey

The correction faclors k1 and kz depend upon the give sono-
frode cross-section.

Transformation ratio § = % - (-%ﬁllu .
!

The sound velocity v can be seen from Table 4 and s or
lzin Table 5. To make it easier to coordinate sonotrodes by
shortening their lengths, the established length of the sono-
trode shouid be increased by 2-3 mm. With increasing practi-
cal experience and carrect use of Table 5 this additional
amount can be reduced or dispensed with.

Calculating the length of a rotationally symmetical
sonotrode with an e-function

8.7

Exponential form

9.6 Determining the length of stepped sonotrodes %
o= 2 x-.‘,/1 - (____‘;L;D;T-fﬂ)i
Stepped sonotrodes are made up of
i =1+ 15
(figure 47a).
h. B
V'S
65
mm —_—
5200
B& e ——
———— 5150
& = 5050
— hﬁ—:_
i — e —— — L 5000
—— — ———
= o SR e e —
61 f ——— = 4850
— : _----'_"'=|-—-—-1_-._.
"'----—-___________ -'-—--J__z‘gocl
5.:|_—.__._=_____ ‘—'I—-i _'l—-.-.-—-l-=_________
—-—-________‘_ i -"'—-r—-_..___.__ =
] - 4B50
e ———— —
=L
59 ‘i é !F =—4B800
5 10 i 15 20 cm 25
bo=— 49 Ar=125 R=10
— ATV L : i/._._._._z""jz
= ——— THanium l’
R =10mm,
— i T ——
fo =20 kHz |
— o] -

Table 5: Determining diagramatically I and Iz with stepped sonolrodes.



The e-function sonotrode is very good in terms of 9.8 Establishing the length of a conically shaped so-
sound, but expensive 1o manufacture and is therefore only notrode with rotationally symmetrical and rectan-
used to a small extent, espeacially as most sonotrodes are gular cross-section
used in practive with a speed ratic smaller than 1 : 4.

The conical sonotrode is the most difficult to caloulate
of the three shapes mentioned. In practice, therefore, the
) ) n D, function of the exponential sonotrode is generally used and
Transiormation ratic g = "'l"l'if o multiplied by a safety factor of 1.1. Table & makes it possible to
= * determine the length of the cone for different sound velocities
with diametrical ratios up 10 1 : 4 in the case of sonotrodes

lo v
160 ﬁf;m
E
t:‘;} j,,-f"' 5300
— 5200
150 f‘f:"’f ; 5100
- - _—"1_— 5000
145 _,,«é'f i e O P
..-"""
; WS
1315 —*‘l?;r/“—/{f-}‘ééf/;f 4450
2 —
— 1~ [~ L—T1 _ 4350
s e ] 1+ | 4200
125 ] 1 N 0,
L1
120 P P
115 f"éé |
— 1 | !
110 ?f |
|
105 '
1 2 25 3 4 D,/D;
—_ lo -
— 10 | — 10—
Ar T omeesmmels l
T = - = = v - o — - I:II" .%2.- %

Table 6: Diagram for establishing the length of conical sonotrodes depending upon diameter ratio and sound velocity
f = 20.0 khz. The above formula spplies 1o designs with rectangular cross-sections. Inserfion thread M16 x 1.5; depth
of thread 15 mm. It is necessary to have additional length of 3 mm for checking.
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with threads M 16 x 1.5 and thread depths of 15 mm. With

targer thread diameters there should be additional length on
the thraad side,

Transformation ratio

=
5-1,."% - cog2-1 o (1 --.,_,%J sin-2-1

8.8 Tuning the blank sonotrode

The frequency of the blank sonotrode is as a result of
added material of 2-3 mm generally 0.5 10 1 kHz below the
desired resonant frequency. The sonotrode reaches the re-
quired frequency as a result of being shortened and remeasu-
red several times. The sonotrode measuring device is used to
measure the natural frequency (figure 50). i consists of an RC
generator, 8 measuring transducer and frequency indicator.
Sonotrode measuring devices are also marketed as compact
devices with buili-in RC generator,

For measuring, the sonotrode is placed as shown in
figure 50 on the measuring transducer or in the case of other
types of instrument screwed 1o the measuring transducer,
which is connected 1o the RC generator. The probe (vibration
receiver) coupled with the tuning instrument touches the tip of
the sonotrode. The frequency range in which the sonotrode is
assumed 1o lie must be gone through on the RC generator.
The resonant frequency has been obtained when the maxi-
mum amplitude reading is observed on the tuning instrument
or when the indicator reading of the instrument is obsenved on
the compact instrument.

Maximum indication
(resonance)

Frequency indication in Herz

b,

Probe

Sonotrode

P m—— Vibration pick-up
1Y \ ] I. @
- »
. e 20000 | =
b oy,
mA @
- Frequency tuner
On/Off switch
+ power adjustment
[ e 2

Figure 50; Sonotrods measuring device
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9.10 Practical example

Calculation of a sonotrode made of titanium for 2 mowul-
ding made of polystyrol with & diameter of 25 mm.

Data given by the manufacturer of the machine;

Amplitude of the booster £x =10 um
Coupling diameter of the booster D, = 35 mm
Working frequency f =20kHz=x 0.2 kHz

Required amplitude for the moulding made of polystyrol, Table
3, page 34,; = 25 um (selacted)

for an ideal
coupling surface:

Amplitude transformation g = 32— %ﬁ% -25
1

| -
=1

Fir

=3

e

ey

1. Sonotrode with stepped shape (circular section) diagram-
matic solution, Table 5, page 35.

. VI I -
i~5- )
D1—1*",§"D§ = 25 75 = 3053 —40mm

Dy =4cm
Ay = 1257 em?
Dy, = 2.5 cm (adapied to the part)
Ay = 4.9cm?
v = 4950 m/s for the titanium selected, Table 4, page 34
ly = 614 mm Table 5, page 35
I = E1.7 mm Table 5, page 35
b =Lh+k
b =B144+61.7=123.1mm
+ allowance of 2 mmat lz

Arithmetical solution

o= K+ 5y = 5230 ~ 123,75 mm

+ allowanceof 2 mm

The correction factor K is adopted with 1.

2. Conicalform

Diagram solution, Table 6, page 36

Aproximate calculation of the transformation ratio

i q%; cnly applies for small diameters.

The divergence for % = Jisapproximately

2
10% and at % = 55 approximately 30%.

g =£-23um_og

E 10 um
D; = 25 mm {adapted to the part)
D] = _,? * {}5

Dy, =25'25=62.5mm
l, =134mm + 3 mm allowance (Table &)

In the example presented the stepped shape is
chosen, as less material is required and the coupling surface is

completely covered. The sonotrodes should be attunded 1o the
required frequency as describad in point 8.9,
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8.11 Reworking sonotrodes

When sonotrodes which have already been attuned are
reworked on the front surdface (adjustment of the front surface
of the sonotrade to the outline of the moulding) the frequency fo
becomes higher. Afterwards the sonotrode can be outside the
permissible tolerance and may no longer be operated onthe
ultrasonic welding instrument. It is possibie to reduce the fre-

guency again slightly.
9.11.1 Frequency correction

The frequency should be increased:

O Shortening ofthe complete length (applies 1o all shapes of
sonotrode). Attention: notlinear!

The frequency should be reduced;

O Conical shape (figure 51}, exponential form, cylinder— ma-
king & groove at the centre of gravity.

O Stepped shape (figure 52)—shonening of length r.

O Square or rectangular shape — widening of the siots br
(figure 49].

Centre of gravity

Figure 51: Reduction of the resonani frequency of a conical
sonotrode by a groove at the cantre of gravity.

Figure 52: Reduction of the resonant frequency of a stepped
sonoirode (slepped cylfinder) by shontening length |,



10. Safety measures for ultrasonic assembly

The accident-prevention regulations, the noise control
measures (see section 11} and the operating instructions ofthe
manufacturers of the equipment should be observed when
ultrasonicinstallations are being operated.

Uttrasonic welding equipment is subject to the require-
ments of the law on high frequency and has to be registerad
with the German Federal Post Office.

Contact with vibrating sonotrodes should be avoided.
Direct action of ultrasonic energy on the skin causes the tissua
to be heated and destroyed. Experience hitherio has shown
that powar densities up to 2 W per cm? are not dangerous ifthe
ultrasonic energy does not continually strike the same part of
the skin.
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11. Noise-control measures

11.1  Preliminary remarks

Irritating or harmful noise can occur during ultrasonic
thermoplastic assembly. Where necessary one should thereio-
re check that the accident-prevention regulation on "Noise' and
paragraph 15 ofthe Decree on Workplaces are observed /1/2/,
These lay down that individuals may be exposed to an estima-
ted lavelin accordance with DIN 45645/3/ of at most 90 dB (A).
The estimated level refers to noise within the hearing range of
the human ear. According to DIN 1320/4/ this range lies be-
tweean 16 Hz and 16 kHz. Ultrasonic installations, however, also
emit sound &t higher frequencies which, although they cannot’
be heard, can be repistered by a sound level meter. Whenthe
assessed level is being measured the proportion within the
audible sound range should therefore be separated from thatin
the ultrasonic range /&/. This is not possibie with every measu-
ring instrument.

11.2 Measuring procedure

As yel thereis no binding regulation which deals clearly
with the measuring of the working sounds of ultrasonic equip-
ment. In/7/ Christ describes how the use of & 1" standard
microphone is sufficient for separating the ultrasonic propor-
tion. The estimated leve! is obtained accordingly from the A-
assessed sound level at ear level of the operator obtained in
time in the course of several work cycles; the average overa
period of time is most simply obtained with an integrating sound
level meter, The upper frequency level of 1" microphones ends
differently, depending on the manufacturer, inthe range of
about 20 kHz. Higher frequencies are largely suppressed by
the microphone. This method is therefore suitable for measu-
ring ultrasonic eguipment with an operating frequency clearly
above the upper frequency limit of the microphone. When
ultrasonic eguipment with an operating fregquency of about 20
khz is being measured, excessively high estimated levels are
measured on account of the upper frequency limit of the mi-
crophone.

In /B Noé& reports on industrial measuremenis carried
out on @ whole number of ultrasonic welding apparatuses. The
results show that in the audibie range the sonic proportions at
half the operating frequency oithe ultrasonic instaliations de-
termine the noise leviel. Noé therefore suggests a measuring
procedure in which account is taken only of the proportion
which can be registered with an octave filter of the middie
frequency B kHz. When the octave filter of the middie frequency
8 kHz is used the sound level meter registers a frequency
range of 5.6 kHz 1o 11.2 kHz. This measuring procedure can
thus be used for ultrasonic installations with an operating fre-
guency of the upperaudible limit (18 kHz according 1o DIN
1320). When loud sounds below 6.5 kHz ocour this proportion
should likewise be taken into account by the measuring of the
lower ooctave bands.

Asthese accounts show, both measuring proceduras
have their limitations. The problem could easily be solved by
the use of a low-pas filter with & limiting frequency of 16 kHz and
a high edge sleepness designad for ultrasonic egquipment. (A
manageable measuring instrument of this kind is not yet sold on
the market, but is aiready belng deveioped and tesied.

11.3 Concluding remarks

Where animpermissibly high level of noise inthe audi-
ble range occurs in ultrasonic assembly, experience has shown
that a remedy can always be provided by the transducer, inter-
mediate piece, sonotrode and mouldings being partially or
completely enclosed /9/. In particular the non-audible propor-
tion of the ultrasound is reduced o an acceptable levelas a
result of covering. Where necessary, it is recommended thatin
each particular case the application of the noise-control measu-
res should be checked with the manufacturer of the machine.,
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With regard to the non-audible proportion of the ultra-
sound Dr. K. Brende! of the Physikalisch-Technische Bunde-
sanstaltin Braunschweig reporis in /5/ on an international
working party of the World Health Crganisation (WHO). The
view of the warking party is as follows:

"Upto uttrasonic levels of 120 dB no loss of hearing
capacity or other physiological changes would seem to ocour in
the individuals concerned. With regard to the complaints which
have increasingly been made recently about headaches, indis-
position and dizziness as 8 result of high ultrasonic intensities
in the air, the view was expressed that the relatively high levels
of harmonic componants in the audible range can be regarded
as the cause of this,"

As high frequencies can be more easily suppressed
than low ones, a noise-control measure for the audible range
always results in a considerable reduction of the non-audible
ultrasonic proportion.

11.4 Suggested reading on noise-control measures

1/ Arbeitsstattenverordnungv.1.5. 1875
§ 15— Schutz gegen LArm

27 Unfaliverhitungsvorschrift,.L&rm'" des Hauptver-
bandes gewerblicher Berufsgenossenschalien
in Ausgabe vom 1,12.1874

137 DINA4S 645 41977
Einheftliche Ermittlung des Beurtellungspegels fir
Gerduschimmission am Arbeitsplatz

/4 DIN1320 10/1969
Akustik; Grundbegritie

{5/ PTB-Mitteilung 87 (1977)45.319
Warking Group on the Health Aspects of Exposure
1o Ultrasound Radiation

fa/  DIN45 633 3/1870
Prézisionsschallpegeimessean
Blatt 1: Allgemeine Anforderungen

fit  Chrst,E
Gerauschmessungen an Uliraschall-SchweiBma-
schinen
Die Berufsgenossenschaft (1977) 11 8.505-507
{8/ Nog& E-L

Messen der Arbeitsgerdusche beim Schweilen,
Léten und Reinigen mit Ultraschall
SchweiBen und Schneiden 28 (1877)55.183-185

{89/ Christ,E.
Gerauschminderung an Ultraschall-SchwelB-
maschinen
Die Beruflsgenossenschaft (1977) 11 5. 508-511

10/ Acton Ultrasonics, Jan. (1976) 5. 42
11/ DINST 411T.1
M2/ VDEM411TA

13/ L Veit
Wirkung von Ultraschall auf das Gehor, Bestands-
auinahme
Forschungsbericht Nr. 231

14/ 1. Veit
Betrachtung Ober die bakannten Wirkungen von
Uttraschall auf das menschliche Gehbr
Zeitschrift fiir LArmbekémpfung 27. 188 182 (1880)



12. Areas of application

The examples given in the following areas of application
have in some cases been applied in practice for many years
(athough it is not claimed that this is an exhaustive list).

121 Electrical engineering, electronics, lighting engi-
neering, communications

Welding:

Plugs, cabie plugs, pull-refiefs, connecting reeds, for plug hou-
sings, reels, bobbins, contact pants, fluorescent tube holders,
automatic cut-outs, switching relays, plug mouldings, printed
circuit boards, cut-out boxes, injections moulded bar ledges on
extruded cable shafts, cable drums, lamp housings, arc cham-
bers, ight barriers, torch housings, limit switches, signal lamps,
ielephone recelver— earplece — separator plug,

Riveting:
Voltage distributors, metal contacts in cable plugs, fuse swit-
ches, printed circuit boards, plugs.

Flanging, tamping:

Wire mountings, metal parts in contact housings, torch batte-
ries, pull-reliefs, connecting reeds in plug housings, bobbins
with soidering connections, plastic discs in metal whaels,

Embedding:
Contact wires in circults, threaded inserts in housings.

122 Radio, Phono, TV, Video

Welding:
Cassettes for recorders, paris for video and tape recorders,
loudspeaker enclosures, headphones.

Riveting:
Pick-up head for record player.

Embedding:
Threaded inserts in chassis for radio telephone equipment.

12.3 Photography, cinema, optics

Welding:

Transparency frames, developing boxes, film reels, pocket
cassetles, flash-light cubes, camera and cine camera hou-

sings, housing parts of overhead projectors, binocular hou-
Eings.

Aiveting:
Chassis for slide and film projectors.
Embedding: e

Chassis for slide projectors.

12.4 [Engin=ering, precision engineering, installation,
office equipment

Wealding:

Inspection glass sealings, damp-proof insulations, water sepa-
rators, mixing valve controls, roller blind controls, Instrument
handies, clock housings, ink cartridges, propeliing pencils,
Ibagl-puint pens, pens, typewriler covers, cartridges for Indian
ink pens.

Flanging:
Discs for gaming machines, plastic discs in metal wheels,
ballbearing and roller-bearing separators.

Rivating:
Pliers, typewriter golf balls,

125 Household appliances

Welding:

Housings, handies, ascending pipes and meatal bases with
plastic rings in coffee potsfor coffee-makers, handles and
water containers for electric irons, deep-drawn refrigerator
trays with compartments, filters on frames for extractor hoods,
functional parts for food processors, hair-dryers, housings,
nozzles and accessories for vacuum cleaners, cigarette-ligh-
fers.

Flanging:
Coffee filtters (fabric or metal strainers)

Embedding:
Eearing bush in hair dryer fan wheel.

126 Transport

Welding:

Reflectors, headlamp parts, rear lamps, rear reflectors for bicy-
cles, wamning triangles, street marking posts, sun vizors, inte-
rior and exterior mirrors for molor vehicles and motor bikes,
plove compartment covers, buttons and switches, ventilator
nozzles, dashboards, storage comparments, panelling vizors,
motorcar and lorry emblems, horn housings, electrical parts for
cars, valves for cooling fluld systems, corners of bumpers,
safety-belt locks, safety-belts, fuelfilers, radio screens, acces-
sories for central locking mechanism,

Riveting:
Dashboards, instrument board frames, functional parts for door
locking devices.

Flanging:
Intericr and extarior mirrors, endeovers on Bowden wires, fan
blades, adjusting levers for ventilator flaps.

Embedding, )
Threaded bushes and pins in dashboards, steering-column
panelling.

12.7 Furniture trade

Welding:
Legs, buttons and handles for furniture.

Rivefing:
Welding functional parts.

Embedding:
Threaded inserts and grub screws for furniture parts.

12.8 Sport, leisure, hobbles, toys

Welding:
Ski bindings, skiing glasses, 1oy figures, parts for toy housings,
train sets, toy cars, efc., watering cans.

Riveting:
Pocket-knife handles.

128 Snl:k.lglng. transport, medical equipment, cosme-
cs

Welding:

Jars and other receptacies for cream, etc., shafts for electric
toothbrushes, toothbrush cases, tube 1ops and caps, cases and
other packagings for cosmetic articles, protective foil on cos-
metic articles, lids, blow-moulded receptacies with injection
moulded spouts, yoghurt cartons and lids, ampules for blood
transfusion equipment, artificial kidneys, filters for biological
applications, screw-1ops on flexible containers.
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Fianging:
Make-up mirrors, ampule plugs.

12.10 Others
Sewing:

Hemming of fabrics, sewing of stretch fabrics, pleating of quilts
made of synthetic non-woven materials.




13. Collection of examples

Plant pot

The level extruded base made of ABS is joined wi-
thout edge preparation by means of ultrasonic spot
welding to the thermoformed receptacle.

Flap for car radio:

The steel axle is fixed ultrasonically at both endsin the
housing made of ABS. The sonotrode is placed while
vibrating.

L
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Reflux preventer

] Basic body

The reflux preventer made of POM prevents (dirty)
water from a domestic appliance (e.g. dishwasher)
from flowing back into the supply pipe in the possible
event of low pressure. The refiux prevenier consisis
of a basic body and two lids, which are welded with
each other so as to be liguid-tight.

Time control for a toaster

Housing —

Thistime control enables the duration of thetoasting
io be set according 1o individual requirements, so as
to be accurate and repeatable. The housing and the
lid are injection moulded with POM. The lidis welded
with the housing 5o as to be air-tight.

One-way cigarette lighter

Tank

The componenis, which are subjectto internal pres-
sure, consist of the tank and a lid which is welded with
it. They are made of POM,




Pneumatic unit
01 G?ver

A

Valve body s’

——
K

Pneumatic units made of POM are used for control-
ling pressure, guantity and direction. In each valve
body there are several valve pistons, which move ina
cylindrical drilled hole. After assembly the drilied ho-
les are sealed with disc-shaped covers inan ultraso-
nic welding process.

Lid

-3
N N
N
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Housing — 194

Controls which are injection moulded with POM are
used in single lever mixing valves. After the incorpo-
ration of ceramic sealing washers the lid and the
housing are welded with each other sc as1o be liguid-
tight.

Quenching chamber
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The quenching chamber made of PAT1 is welded with
a double flattened seam on account of the required
pressure tightness. The test pressure is 10 bar.

I
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Artificial kidney (Dialyse)

The housing, the core and the lid are welded in one
cycie. All welded parts are made of PC.

Rear lamps for motor vehicles

Cover

made of ABS
([complete with
lamphoider)

i W
.-’#\" PRMMA

Forthe rear lamp shown here acover made of ABS s
welded in one process with the reflector housing
made of FMMA.,

Reflectormade of |

Watering can

— Coliecting groove for
B welding flash

%g— Bodyofcan

—_— =4

The base of the illustrated watering can made of PSis
welded with the housing so as 10 be water-tight.




Central electrical system for motor vehicle

The housing is welded tight with the lid, both being
made of GFay-PABS. For reasons relating o the parts
itwas necessary 1o weld with a wedge-shaped ener-
gy director. A shear joint would be better.

Graduated beaker for urine

NN L
2

B0

i T |

The lid with the lower part and all the inside bars are
welded s0 as 10 be water-tight. All the welded pans
are made of SAN,

% ll Lower pan [
(

Curved water outles
— — Sonotrode

Holding fixture

NS

S Housing

- .
e

|
N g0e
The curved water cutlet made of GP-PPO modifiad
has io be welded so as to be absolutely water-tight
and mechanically stable (filler arm of the mouth rinse
beaker next to the dentist's chair).
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Spectacle frames

The hinges made of chrome steel are embeddedin
spectacie frames made of PAB. The extraction force is
upto TOON,

Anghesections N&\\\\\S

The injection moulded spacing bolts are welded with
the extruded angle section. Both parts consist of
ABS.

Compactcassettes

The viewing window made of N-PS is welded tight
with the housing made of impact-proof PE.




Mounting for fluorescent tubes

Displaced
centring

The centring of the two thin-walled parts made of PC
iz done by means of laterally displaced centring
studs. As a resull of interrupting the energy directors
shorterwelding times are obtained with a lower ma-
chine power output. A tight weld is not necessary.

Pushbutton

Upperpar

{-}.

Lowerpan

The upper part made of PCis welded with the lower
pan made of GFag-PC.

Pushbutton body

144 + 0,06
Alter welding

The component tolerances can be adjusted by means
of the path dependent switching off of the ultrasound.
Both welded paris are made o FC.




Repeating colls

Ultrasound is used to fix in one cycle the soldering
tags Inthe coll housing made of PC.

Induction colls

Ultrasound is usedto fix in one process five soldering
tags in the coil housing made of PC.

Pump impeller

The pump impeller pars consist of GF x-PPO with
difierent colourings (black and beige). The particular
feature of this weld is that three components are
weldedin one process.




Lower pant

The two halves of the cage are injected with GF -
PAGE. Afterthe roliers have been fitted in the lower
part of the cage, the upper pan is brought down, fitted
over the injected journals and welded ultrasonically.

Petrol filter

Lid

Housing

Thefilter housing and the lid are made of GF4,-PABE.
Thefilter insert made of PE is clamped to the housing
atthe same time as the lid is welded. Special require-
ments in relation to the weld: operating pressure-
tightness up to 5 bar, test pressure B bar, bursting
pressure minimum 17 bar.

A T 8 e ok e ]

Ventilation and air-escape valve for motor vehi-
cletanks —— & 3%
e
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The two outer parts are injected with POMand are
welded ultrasonically In the far field without a sonotro-
de casting. To obtain absolute pressure-tightnessthe
weld was made as a concealed flatiened weld, Spe-
cial requirements: operating pressure up lo B bar, {est
pressure 10 bar, bursting pressure minimum 30 bar.

w



Wheel rims for prams

FREFE
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The two halves of the rim are injected with PSsoasio
have a high impact strength. The welding takes pia-
ces inthe ouler ring, the two parts being fixed to each
other simultaneously during welding as a result of the
spacial design of the weld seam. Considerable de-
mands are made on the weld, as pram whaals are
tested for shock resistance and torsion by the Techni-
scher Uberwachungsverein (German government
body responsible for motor vehicle safety standards),

Field coil for electric motor

A R US|
Sonotrode
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Anvil

The wound field coils are insulated with PE foil
(groove insulation). It is necessary here to weld the
two ends of the foil flat ultrasonically. The sketch
shows the design of the sonotrode.

Coverfor electric motor
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Two brushholders and a sintered bearing are riveled
ultrasonically onto the cover made of PA.




