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The insertion of connecting elements 
using ultrasound
Covestro Engineering Thermoplastics
Processing and design characteristics

In contrast to the joints produced by ultrasonic welding and  
riveting, which cannot be undone again, disconnectable joints 
between plastics moldings are achieved by introducing 
metal inserts equipped with internal or external threads into 
the parts. Readily disconnectable joints with a high torsional 
and pull-out strength can be achieved in this way, as a func-
tion of the shape of the plastic, the injection molding parame-
ters and the design features of the threaded bushes and 
stud bolts used.

There are several different ways of introducing connecting  
elements with internal or external threads into thermoplastic 
parts in order to create joints that can be undone again at 
any time. The different processes are set out below:

– �direct encapsulation during the injection molding of the 
plastic component

– �subsequent insertion with the aid of heat and pressure
– mechanical screwing-in of the inserts
– �the press-in process, with inserts that expand when the 

screw is inserted at a later date
– insertion using ultrasound

Ultrasonic waves, which take the form of mechanical, alter-
nating oscillations at approximately 20 kHz, are used to start 
the threaded metal component resonating via a sonotrode. 
The interfacial friction that develops between the metal and 
the plastic, under a defined contact pressure, causes the 
polymer to heat up and melt at the contact surface, thus per-
mitting the metal component to sink into the plastic part  
as the pressure continues to act. The molten compound flows 
around the undercuts on the threaded insert and anchors 
the insert in place during the subsequent solidification pro-
cess. The pressure required to insert components by the 
ultrasonic method must be set in advance as a function of 
the dimensions of the threaded component (its diameter and 
length) and the melting point or melting range of the thermo-
plastic. For metal components with a diameter of 5 mm or so 
it is best to work with no more than a medium sinking rate. 

This method has the following advantages compared with 
encapsulation by injection molding:

– �rapid, clean, low-stress and cost-effective insertion
– �the injection molding process can be run with short cycle 

times, since the time-consuming insertion of threaded 
bushes is dispensed with

– �the metal components do not need to be preheated as  
is necessary with certain thermoplastics in order to permit 
encapsulation by injection molding

– �the injection molds are not damaged due to incorrectly 
positioned threaded inserts or stud bolts

The ultrasonic method can also be used to introduce more than 
one insert at a time, as with encapsulation by injection molding. 
Threaded inserts can be introduced into all types of thermo-
plastics, including those with poor ultrasonic weldability. 

As extensive investigations have shown, insertion by the  
ultrasonic method takes place in stages, with downtimes of  
a few hundredths of a second in between. The metal com
ponent is thus truly hammered into the plastic, particularly 
during the initial phase. As already stated above, the metal 
component generates frictional heat as it vibrates at the 
contact surface between the metal and the plastic. This fric-
tional heat causes a relatively thin layer of the plastic to 
melt, enabling it to flow into the undercuts on the metal com-
ponent. The frictional heat is above the softening or melting 
range of the plastic, which means that virtually no additional 
stresses develop in the plastic, providing that certain con
ditions are respected. What, then, are the points that need to 
be borne in mind for insertion by the ultrasonic method?
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The production of the plastics parts

In the majority of cases, metal components are inserted into
“injection moldings”. Inherent stresses develop in thermo-
plastic injection moldings on account of the molding process 
and the subsequent cooling phase. Plastics with a high relax-
ation capacity eliminate these internal stresses in the course 
of time without undergoing any essential change in shape, 
whilst plastics with a lesser capacity to relax cannot do this 
so well on account of their low tendency to creep under stress. 
These include a range of “engineering plastics”. These mate-
rials largely retain their internal stresses and, under some 
circumstances, have the functional stresses acting via the 
metal component superimposed upon them.

Where injection moldings possess excessively high inherent
stresses, it is thus possible for crazing to occur either imme-
diately after insertion or at a subsequent stage, particularly if 
the metal components are subject to high tensile, compres-
sive or torsional stresses. To ensure that low-stress parts are  
obtained, it is essential that the following processing para
meters recommended for the plastic in question be observed:

– melt temperature
– injection speed
– injection pressure
– holding pressure
– mold temperature

In many applications, such as in housings, the side opposite 
the insert will be visible on the finished part. The hole to  
take the insert must then not leave any marks on the surface. 
In such a case, it is necessary to establish a compromise 
between the minimum wall thickness of the boss which is 
necessary to achieve the requisite pull-out or torsional 
strength and the maximum wall thickness of the part which 
will just permit marks to be avoided. Table 1 contains ap
proximate values for the wall thickness ratios of the part and 
the boss for a number of plastics.

Since many of the standard commercial metal bushes are  
conical in shape, conical holes are frequently required. The 
thickness of the boss is thus greatest at the transition to the 
housing wall. This leads to an increase in the cross-section, 
which can cause sink marks to form on the reverse side in 
this region on account of the slow cooling of the material 
during injection molding. Even selecting a somewhat higher 
melt temperature and a higher injection and holding pres-
sure will not, as a rule, solve this problem. The sink marks will 
be more visible on smooth or high-gloss surfaces than on 
profiled surfaces and more visible with dark colors. In addition, 
the flow path, i.e. the distance from the gate, and the melt 
viscosity play a role here. It should also be borne in mind that 
the transition from the boss to the housing wall should be 
rounded off with a small radius of ≥ 0.2 mm. This is illustrated 
in Fig. 1.

There are a number of different ways in which bosses can be
connected to the rear of visible surfaces in order to ensure 
that they are correctly tailored to the application in question. 

Abmessungen der Aufnahmebohrung

Plastics from the Covestro range Rib / wall thickness ratio
Wall thickness of boss Wall thickness of boss

Bayblend®
Makrolon®

PC + ABS
PC

1
1

2.0 – 2.5
2.0 – 2.5

Visible sink marks can be avoided by:
– a higher holding pressure
– not locating bosses in flat sections, where possible
– surface roughness or a grain finish
– light colors
– a radius of ≥ 0.2 mm at the transition from the boss to the wall

Table 1: Approximate values for rib / boss / wall thickness ratios to prevent sink marks in different plastics
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The diameter of the hole to take the insert should be smaller 
than the insert itself and be dimensioned in such a way that 
the volume of molten compound that is displaced corre-
sponds approximately to the volume of the undercuts or 
knurling on the metal component, or is no more than 10 to 
15 % greater than this. Table 2 gives details of the bush  
diameters and holes required for inserts from two manufac-
turers of threaded inserts. These dimensions will be subject 
to variation if different metal parts are used, depending on 
the volume of the undercuts or knurling etc. In general, it  
can be assumed that for metal components with an outside 
diameter of up to 5 mm, the hole to take the element should 
be approximately 0.4 mm smaller and for components of 
more than 5 mm, approximately 0.6 mm smaller. If conical 
metal components are to be inserted into cylindrical holes, 
then the diameter of the hole should correspond approxi-
mately to the mean diameter of the metal component:

Slightly different dimensions may be required, depending on 
the shape of the insert. This will guarantee a firm connection 
inside the plastic part. With blind holes, care must be taken 
to ensure that the hole to take the insert is at least 1.5 to 3 mm 
deeper than the metal part, depending on the diameter in 
question. If semi-crystalline plastics are being used and large 
holes are required, meaning that the boss to take the insert 
has a relatively large wall thickness, it is important to make 
allowance for the overall shrinkage of the plastic as well. If this 
is not done, dimensional changes could result, leading to 
insertion difficulties (excessively small hole) or to an insuffi-
cient level of strength (excessively large hole). With conical 
metal inserts, the diameter will generally be some 0.3 to 1.1 mm 
smaller than the diameter at the top of the hole. This will make 
it possible for the insert to be introduced without it becom-
ing tilted. With cylindrical inserts, a guide hole can be provided 
to permit tilt-free insertion. This is also illustrated in Fig. 1.

Fig. 1: Schematic diagram of the hole to take the insert
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Der Durchmesser der Aufnahmebohrung soll um so viel kleiner
sein, dass die aufgeschmolzene und weggedrückte Masse etwa
dem Volumen der Hinterschneidungen bzw. Rändelungen des
Metallteiles entspricht bzw. höchstens 10 bis 15 % größer ist. In
Tafel 2 sind einige Angaben in bezug auf Buchsendurchmesser
und Aufnahmebohrung der beiden deutschen Hersteller von
Gewindeeinsätzen angegeben. Diese Maße können bzw. müssen
bei der Verwendung anderer Metallteile zum Einbetten variiert
werden, und zwar je nach Volumen der Hinterschneidungen,
Rändelungen usw. Allgemein kann man davon ausgehen, dass
bei einem Außendurchmesser des Metallteiles bis 5 mm die Auf-
nahmebohrung etwa 0,4 mm und über 5 mm rund 0,6 mm klei-
ner sein soll. Wenn konische Metallteile in eine zylindrische
Bohrung eingebettet werden, sollte die Bohrung etwa dem
mittleren Durchmesser des Metallteils

The diameter of the hole to take the insert should be smaller than
the insert itself and be dimensioned in such a way that the
volume of molten compound that is displaced corresponds
approximately to the volume of the undercuts or knurling on the
metal component, or is no more than 10 to 15 % greater than this.
Table 2 gives details of the bush diameters and holes required for
inserts from the two manufacturers of threaded inserts in
Germany. These dimensions will be subject to variation if
different metal parts are used, depending on the volume of the
undercuts or knurling etc. In general, it can be assumed that
for metal components with an outside diameter of up to 5 mm,
the hole to take the element should be approximately 0.4 mm
smaller and for components of more than 5 mm, approximately
0.6 mm smaller. If conical metal components are to be inserted
into cylindrical holes, then the diameter of the hole should
correspond approximately to the mean diameter of the metal
component:

D1 + D2
2

entsprechen. Auch hier sind Abweichungen, je nach Gestaltung
des Metallteiles, möglich. Dadurch wird eine gute und feste
Verbindung im Kunststoffteil gewährleistet. Bei Sacklöchern ist
darauf zu achten, dass die Aufnahmebohrung je nach Durch-
messer mindestens 1,5 bis 3 mm tiefer als das Metallteil lang ist.
Bei größeren Aufnahmebohrungen, mit relativ großer Wand-
dicke des Aufnahmedomes und der Verwendung von teilkristal-
linen Kunststoffen, muss die Gesamtschwindung des betref-
fenden Kunststoffes mit berücksichtigt werden. Es könnten sich
sonst Maßänderungen ergeben, die zu Schwierigkeiten beim
Einbetten (zu kleine Aufnahmebohrung) oder ungenügender
Festigkeit (zu große Aufnahmebohrung) führen. Bei konischen
Metallteilen ist der Durchmesser im allgemeinen etwa 0,3 bis
1,1 mm kleiner als der obere Durchmesser der Aufnahme-
bohrung. Das ermöglicht ein verkantungsfreies Einführen. Bei
zylindrischen Einsätzen ermöglicht eine Führungsbohrung das
verkantungsfreie Einsetzen, wie ebenfalls aus Bild 1 ersichtlich
ist.

Slightly different dimensions may be required, as a function of
the shape of the insert. This will guarantee a firm connection
inside the plastic part. With blind holes, care must be taken to
ensure that the hole to take the insert is at least 1.5 to 3 mm
deeper than the metal part, as a function of the diameter in
question. If semi-crystalline plastics are being used and large
holes are required, meaning that the boss to take the insert has a
relatively large wall thickness, it is important to make allowance
for the overall shrinkage of the plastic as well. If this is not done,
dimensional changes could result, leading to insertion diffi-
culties (excessively small hole) or to an insufficient level of
strength (excessively large hole). With conical metal inserts, the
diameter will generally be some 0.3 to 1.1 mm smaller than the
diameter at the top of the hole. This will make it possible for the
insert to be introduced without it becoming tilted. With cylin-
drical inserts, a guide hole can be provided to permit tilt-free
insertion. This is illustrated in Fig. 1 once again.

Führungsbohrung /
Guide hole approx.
~0.1 – 0.2 mm
größer als DBuchse /
larger than Dbush

r ≥ 0.2 mm

Aufnahmebohrung /
Hole to take insert

Kunststoff-Formteil /
Plastic moulding

DBuchse /
Dbush

Bild 1: Prinzipskizze für Aufnahmebohrung. Fig. 1: Schematic diagram of the hole to take the insert.
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Insertion

The diameter of the sonotrode, the tool that is used to intro-
duce the insert, should be at least equivalent to that of the 
metal part and preferably somewhat larger. The plastic com-
ponent must be fixed in place in order to stop it from slipp
ing under the influence of the ultrasound. The sonotrode 
must also make good contact with the metal insert, otherwise 
disturbing noises may develop at audible high frequencies.

It is best to work with a sonotrode that is already emitting 
sound when it comes into contact with the metal part. The 
insert should be introduced at the lowest possible sinking 
rate in order to ensure that the plastic has sufficient time to 
melt and that stresses are avoided. An excessively high 
sinking rate can lead to crazing or can cause the boss to 
burst apart. The pressure should also be set at the lowest 
possible level. To ensure that optimum strength is achieved, 
the sound should only continue to act until the metal part 

has been fully inserted. If the sound is applied for longer than 
this, it will loosen the structure of the plastic. In transparent 
plastics, this is indicated by the previously transparent melt 
going cloudy (Fig. 2).

The amplitude should be somewhere between 25 and 40 μm. 
The higher the amplitude, the greater the danger of stresses 
or crazing developing, or even of the boss being destroyed 
in the case of bosses with thin walls. Care should also be 

taken to ensure that, when the threaded bushes have been 
inserted, the surface of the bush is either flush with the sur-
face of the plastic or protrudes several tenths of a millimetre 
above it. This will ensure that, when the connection is made 
at a later stage, the force of the nut acts on the surface of 
the bush and not on the surface of the plastic part. If this is 
not so, permanent tensile stresses will develop between the 
bush and the plastic, and this can lead to a loosening of the 
structure or to crazing in a whole series of plastics.

Table 2: Dimensions of ®Hit-Sert 2 and ®Sonic-Loc threaded bushes with approximate values for the hole to take the insert

Fig. 2: �“Hit-Sert 2” threaded bush inserted in transparent PC. Left: ts = 0.5 s = 
good; right: ts = 1.0 s = cloudy. The structure has become looser again; 
the ultrasonic action time was excessively long.

Metric thread Length of bush
in mm

Diameter of bush in mm Diameter of hole 
in mm (approx. 

values)

®Hit-Sert  
threaded bush

D1 D2

M3 
M4
M5 
M6
M8

	 5.5 
	 7.5 
	 9.0 
	 10.0 
	 12.0

	 4.0 
	 5.2 
	 6.4 
	 7.7 
	 9.7

	 4.70 
	 6.15 
	 7.35 
	 8.75 
	 11.30

	 4.30 
	 5.65 
	 6.85 
	 8.25 
	 10.80
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Einbetten

Die Sonotrode, das Werkzeug zum Einbetten, soll mindestens
den Durchmesser des Metallteiles aufweisen, besser aber etwas
größer sein. Das Kunststoffteil muss fixiert sein, damit ein Weg-
rutschen unter Schalleinwirkung vermieden wird. Die Sonotrode
muss ferner einen guten Kontakt mit dem Metallteil haben, da
es sonst zur unerwünschten Geräuschbildung durch hörbare,
hohe Frequenzen kommen kann.

Insertion

The diameter of the sonotrode, the tool that is used to introduce
the insert, should be at least equivalent to that of the metal part
and preferably somewhat larger. The plastic component must be
fixed in place in order to stop it from slipping under the in-
fluence of the ultrasound. The sonotrode must also make good
contact with the metal insert, otherwise disturbing noises may
develop at audible high frequencies. 

Metrisches Länge der Durchmesser der Buchse in mm / Aufnahme- Gewindeeinsatz
Gewinde / Buchse in mm / Diameter of bush in mm bohrung in mm Hit-Sert 2 /
Metric thread Length of bush (Richtw.) / Hit-Sert

in mm Diameter of hole threaded bush
in mm 

D1 D2 (approx. values)

M 3 5.5 4.0 4.7 4.3
M 4 7.5 5.2 6.15 5.65
M 5 9.0 6.4 7.35 6.85
M 6 10.0 7.7 8.75 8.25
M 8 12.0 9.7 11.3 10.8

Metrisches Länge der Durchmesser der Buchse in mm / Aufnahme- Gewindeeinsatz
Gewinde / Buchse in mm / Diameter of bush in mm bohrung in mm Sonic-Loc /
Metric thread Length of bush (Richtw.) / Sonic-Loc

in mm Diameter of hole threaded bush
in mm 

D1 D2 (approx. values)

M 3 5.8 3.9 4.7 4.0
M 4 8.2 5.5 6.3 5.6
M 5 9.5 6.3 7.1 6.4
M 6 12.7 7.9 8.7 8.0
M 8 12.7 9.5 10.2 9.6

Tabelle 2: Abmessungen von Gewindebuchsen der
Ausführungen ®Hit-Sert 2 und ®Sonic-Loc mit
Richtwerten für die Aufnahmebohrung.

Table 2: Dimensions of ®Hit-Sert 2 and ®Sonic-Loc
threaded bushes with approximate values for
the hole to take the insert.

Es ist vorteilhaft, mit „schallender“ Sonotrode aufzusetzen, d. h.,
der Schall sollte bereits beim Aufsetzen auf das Metallteil ein-
setzen. Dabei soll das Einbetten mit möglichst geringer Ein-
sinkgeschwindigkeit erfolgen, damit der Kunststoff genügend
Zeit zum Aufschmelzen hat und Spannungen vermieden werden.
Eine zu schnelle Einsinkgeschwindigkeit kann zu Rissen oder
Auseinanderplatzen des Domes führen. Auch der Druck soll
so gering wie möglich eingestellt werden. Zur Erzielung opti-
maler Festigkeit darf der Schall nur so lange einwirken, bis das
Metallteil voll eingebettet ist. Eine darüber hinausgehende
Schalleinwirkung führt zu einer Gefügelockerung, bei trans-
parenten Kunststoffen an einer Trübung der vorher transparen-
ten Schmelze erkenntlich (Bild 2).

Die Amplitude, d. h. die halbe Schwingweite, soll etwa zwischen
25 bis 40 µm liegen. Je größer die Amplitude, desto größer die
Gefahr von Spannungen, Rissbildung oder gar Zerstörung bei
Domen mit geringer Wanddicke. Es sollte ferner darauf geach-
tet werden, daß bei eingebetteten Gewindebuchsen die Ober-
fläche der Buchse mit der Kunststoffoberfläche abschneidet oder
einige Zehntel mm übersteht, damit bei einer späteren Ver-
schraubung die Kräfte der Mutter auf die Buchsenoberfläche
einwirken und nicht auf die Oberfläche des Kunststoffteiles.
Sonst tritt zwischen Buchse und Kunststoff eine dauernde Zug-
belastung auf, was bei einer Reihe von Kunststoffen zu einer
Lockerung des Gefüges oder zu Spannungsrissen führen kann.

It is best to work with a sonotrode that is already emitting sound
when it comes into contact with the metal part. The insert should
be introduced at the lowest possible sinking rate in order to
ensure that the plastic has sufficient time to melt and that
stresses are avoided. An excessively high sinking rate can lead
to crazing or can cause the boss to burst apart. The pressure
should also be set at the lowest possible level. To ensure that
optimum strength is achieved, the sound should only continue
to act until the metal part has been fully inserted. If the sound is
applied for longer than this, it will loosen the structure of the
plastic. In transparent plastics, this is manifested by the
previously transparent melt going cloudy (Fig. 2).

The amplitude should be somewhere between 25 and 40 µm. The
higher the amplitude, the greater the danger of stresses or cra-
zing developing, or even of the boss being destroyed in the case
of bosses with a low wall thickness. Care should also be taken
to ensure that, when the threaded bushes have been inserted, the
surface of the bush is either flush with the surface of the plastic
or protrudes several tenths of a millimetre above it. This will
ensure that, when the connection is done up at a later stage, the
force of the nut acts on the surface of the bush and not on the
surface of the plastic part. If this is not so, permanent tensile
stresses will develop between the bush and the plastic, and this
can lead to a loosening of the structure or to crazing in a whole
series of plastics.

Metric thread Length of bush
in mm

Diameter of bush in mm Diameter of hole 
in mm (approx. 

values)

®Sonic-Loc 
threaded bush

D1 D2

M3 
M4
M5 
M6
M8

	 5.8 
	 8.2 
	 9.5 
	 12.7 
	 12.7

	 3.9 
	 5.5 
	 6.3 
	 7.9 
	 9.5

	 4.7 
	 6.3 
	 7.1 
	 8.7 
	 10.2

	 4.0 
	 5.6 
	 6.4 
	 8.0 
	 9.6

5

Einbetten
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and preferably somewhat larger. The plastic component must be
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D1 D2 (approx. values)
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D1 D2 (approx. values)

M 3 5.8 3.9 4.7 4.0
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M 6 12.7 7.9 8.7 8.0
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Ausführungen ®Hit-Sert 2 und ®Sonic-Loc mit
Richtwerten für die Aufnahmebohrung.

Table 2: Dimensions of ®Hit-Sert 2 and ®Sonic-Loc
threaded bushes with approximate values for
the hole to take the insert.

Es ist vorteilhaft, mit „schallender“ Sonotrode aufzusetzen, d. h.,
der Schall sollte bereits beim Aufsetzen auf das Metallteil ein-
setzen. Dabei soll das Einbetten mit möglichst geringer Ein-
sinkgeschwindigkeit erfolgen, damit der Kunststoff genügend
Zeit zum Aufschmelzen hat und Spannungen vermieden werden.
Eine zu schnelle Einsinkgeschwindigkeit kann zu Rissen oder
Auseinanderplatzen des Domes führen. Auch der Druck soll
so gering wie möglich eingestellt werden. Zur Erzielung opti-
maler Festigkeit darf der Schall nur so lange einwirken, bis das
Metallteil voll eingebettet ist. Eine darüber hinausgehende
Schalleinwirkung führt zu einer Gefügelockerung, bei trans-
parenten Kunststoffen an einer Trübung der vorher transparen-
ten Schmelze erkenntlich (Bild 2).

Die Amplitude, d. h. die halbe Schwingweite, soll etwa zwischen
25 bis 40 µm liegen. Je größer die Amplitude, desto größer die
Gefahr von Spannungen, Rissbildung oder gar Zerstörung bei
Domen mit geringer Wanddicke. Es sollte ferner darauf geach-
tet werden, daß bei eingebetteten Gewindebuchsen die Ober-
fläche der Buchse mit der Kunststoffoberfläche abschneidet oder
einige Zehntel mm übersteht, damit bei einer späteren Ver-
schraubung die Kräfte der Mutter auf die Buchsenoberfläche
einwirken und nicht auf die Oberfläche des Kunststoffteiles.
Sonst tritt zwischen Buchse und Kunststoff eine dauernde Zug-
belastung auf, was bei einer Reihe von Kunststoffen zu einer
Lockerung des Gefüges oder zu Spannungsrissen führen kann.

It is best to work with a sonotrode that is already emitting sound
when it comes into contact with the metal part. The insert should
be introduced at the lowest possible sinking rate in order to
ensure that the plastic has sufficient time to melt and that
stresses are avoided. An excessively high sinking rate can lead
to crazing or can cause the boss to burst apart. The pressure
should also be set at the lowest possible level. To ensure that
optimum strength is achieved, the sound should only continue
to act until the metal part has been fully inserted. If the sound is
applied for longer than this, it will loosen the structure of the
plastic. In transparent plastics, this is manifested by the
previously transparent melt going cloudy (Fig. 2).

The amplitude should be somewhere between 25 and 40 µm. The
higher the amplitude, the greater the danger of stresses or cra-
zing developing, or even of the boss being destroyed in the case
of bosses with a low wall thickness. Care should also be taken
to ensure that, when the threaded bushes have been inserted, the
surface of the bush is either flush with the surface of the plastic
or protrudes several tenths of a millimetre above it. This will
ensure that, when the connection is done up at a later stage, the
force of the nut acts on the surface of the bush and not on the
surface of the plastic part. If this is not so, permanent tensile
stresses will develop between the bush and the plastic, and this
can lead to a loosening of the structure or to crazing in a whole
series of plastics.
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Bild 2: Gewindeeinsatz �Hit-Sert 2“ in PC-transparent 
eingebettet;
links: ts = 0,5 s = gut; rechts: ts = 1,0 s = trüb.
Gefüge wieder etwas gelockert, 
Ultraschalleinwirkungen zu lange.

Bild 3: Skizziertes Einbetten eines langen Metallteiles
in Kunststoff.

Fig. 2: “Hit-Sert 2” threaded bush encapsulated in 
transparent PC
left: ts = 0.5 s = good; right: ts = 1.0 s = cloudy.
The structure has become looser again;
the ultrasonic action time was excessively long.

Fig. 3: Diagramm showing the encapsulation of a long
metal part in plastic.
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It is only possible to insert more than one metal component 
at once using a sonotrode if the inserts are all more or less 
of the same height. If the inserts are of different heights, then 
a graded sonotrode will be required. In such cases, however,  
it is difficult to achieve an optimum match between the sono
trode and the entire face of the part. 

In many cases, difficulties are encountered in inserting long 
metal parts into plastics by the ultrasonic method, if, indeed,
insertion proves feasible at all. Where the shape of the part 
will permit, the opposite approach should be adopted, i.e. the
sonotrode should be placed on the plastic part and the latter
inserted into the metal, as is shown by the diagram in Fig. 3.

Results

Providing that the parameters described above are observed 
in the manufacture of the finished parts and during the in
sertion process, very good pull-out and torsional forces will 
be attained, which correspond more or less to those of parts 
which have been encapsulated by injection molding. These 
forces will, however, be conditioned to a large extent by the 
shape of the metal part (length, diameter), the nature, depth 
and number of undercuts to receive the molten plastic, the 
wall thickness of the bosses and the type of plastic used.  
A further important point is whether the forces that will sub
sequently be acting on the part are dynamic or static.

Fig. 3: Diagram showing the insertion of a long metal part in plastic
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