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Abstract
Demand for plastics increases which increases the requirements for joining of
thermoplastics with the metal inserts. These metal inserts are made of Brass in form
straight and helical gear profiles. Ultrasonic welding is one of the most preferred processes.
Thermoplastics are joined with metal inserts through ultrasonic insertion process.
Acrylonitrile Butadiene Styrene (ABS) a thermoplastic material is chosen for the work. As
heating is confined to the interface area, quality of weld mainly depends on temperature at
the interface. So temperature distribution during welding is studied to predict the quality of
weld between the metal and the plastic. Visco-elastic heating is most critical to ultrasonic
welding of thermoplastics because it is the main mechanism by which heat is developed at
the interface. Heat developed due to visco-elastic heating depends on applied frequency,
amplitude, design and material of horn which we use. For the experimental purpose we use
three parameters like inserting time, holding time, pressure to perform ultrasonic insertion
process. We performed modal and harmonic analysis for brass and stainless steel horns
and we experimentally performed ultrasonic insertion process. We analyzed the influence of
two horn materials in forming an effective joint between the thermoplastic and brass insert
then we analyzed the thermal images of inserted parts to study the thermal distribution and
we also performed tensile testing to determine the ultimate tensile load and breaking load of
the inserted part. Keywords: Thermoplastic (ABS); Metal inserts (Brass); Ultrasonic
insertion.

INTRODUCTION
One of the most important process
in manufacturing is joining of materials
together.
Among
different
joining
processes welding provides a permanent
joint and is most widely used for its
strength, reliability and versatile nature.
Welding metals is possible and more
commonly
done.
In
recent
days
requirements for joining metals and
plastics are highly demanded. Especially
inserting of thermoplastic and metal
inserts through welding are highly
advantageous over conventional method
of mechanical fastening.
As per AWS, welding is, "A
materials joining process which produces
coalescence of materials by heating them
to suitable temperatures with or without
the application of pressure or by the

application of pressure alone with or
without filler materials"
Ultrasonic welding is a solid-state
welding process which uses high
frequency sound waves in range of 20 to
20,000 Hz. This high frequency sound
waves (vibrations) generates heat energy
due to friction which is used to join
materials. Recent advancement in the field
of ultrasonic is "ultrasonic insertion".
Ultrasonic vibration energy at the interface
of parts being joined causes the plastic
material to soften and flow for a fraction of
second, when the metal is pressed
together and re-solidified where a bond is
formed. It is the process of embedding or
encapsulating a metal component in a
plastic part. This process replaces the
costly, time consuming, conventional
method of mechanical fastening of
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thermoplastic with metal component. The
thermoplastic part to be assembled is
placed together with the brass insert,
metal on top of the plastic part, in a
supportive nest called a fixture. A horn is
brought into contact with the upper metal
insert. A controlled pressure is applied to
the parts using horn against the fixture.
The horn vibrates vertically 20,000
(20 kHz) or 40,000 (40 kHz) times per
second, at distances measured in
thousandths of an inch (microns), for a
predetermined amount of time called weld
time. This vibratory mechanical energy is
directed to limited points of contact
between the two parts. The mechanical
vibrations are transmitted through the
thermoplastic materials to the joint
interface to create frictional heat. When
the temperature at the joint interface
reaches the melting point, plastic melts
and flows, and the vibration is stopped.
This allows the melted plastic to begin
cooling. The clamping force is maintained
for a predetermined amount of time to
allow the parts to fuse as the melted
plastic cools and solidifies. This is known
as hold time. Once the melted plastic has
solidified, the clamping force is removed
and the horn is retracted. The plastic part
is now joined with the metal insert and
then it is removed from the fixture as one
part.
A. Ultrasonic inserting process
Ultrasonic Insertion is the assembly
process of embedding a metal component
in a thermoplastic part. A hole is premolded into the thermoplastic part slightly
smaller than the O.D. of the insert it is to
receive. As ultrasonic energy is applied to
the insert, frictional heat is generated due
to the insert vibrating against the plastic.
The plastic melts, permitting the insert to
be driven into place. The insert is
surrounded by molten plastic, which flows
around the knurls, flutes, and undercuts
on the O.D. of the insert.
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B. Ultrasonic inserting methods
1. The horn can touch the insert,
driving it into the plastic part.
2. The horn can touch the plastic part,
driving it over the insert.
C. Process parameter guidelines.
The following basic guidelines for
ultrasonic insertion should be taken into
consideration
when
developing
an
ultrasonic insertion process:
• Low to medium amplitude - the
total gain of the horn/booster
combination should be between
1.5 to 2.5.
• Low to medium pressure - 100 to
280 kPa with pressure increased
accordingly for large or multiple
inserts.
• Pre trigger should be active.
• Slow down speed of the carriage
assembly, to allow melting to occur
and to prevent cold pressing the
insert in place.
• Rigid fixing providing ample
support during welding.
• After seating, the top of the insert
should be flush or slightly above
the surface of the part for
maximum pullout strength and
torque resistance.
D. Plastics
Plastics are based on polymers
and they are created by bonding
monomers together.A monomer is a small
molecule that combines chemically to
other monomers to form a polymer.
Example: An ethylene monomer
forms a long chain monomer due to
individual ethylene monomers joined
together. This produces the polymer
polyehtylene.
E. Advantages of ultrasonic inserting
process
Ultrasonic insertion offers several
advantages over the other insert assembly
techniques including
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Short cycle time-typically less than
one second.
• Reduced molding cycle times.
• Multiple inserts can be driven at
one time.
• Ideal
for
automated,
high
production operations.
• Repeatability, consistency, and
control over the process.
• More
consistent
results
as
compared with direct thermal
processes.
F. Applications
• Instrument panels
• Door panels
• Electronic panels
• Steering wheels
• Engine components
• Door handles and house hold
devices
•

LITERATURE REVIEW
More than 20 national and
international journals from 1994 to 2014
regarding joining of plastics and metals
have been studied. Some of them are
presented below. Rooparani et al [1],
(2007),discussed about the modal and
harmonic analysis of various horn profiles
such as catenoidal, stepped, cylindrical,
Gaussian and Bezier and analyzed the
amplitude gain at output end and Von
Mises stresses developed on the horn. To
validate the simulated results five different
horns are made of aluminum alloy and
experiments are conducted. Standard
ABS plastic parts are welded and the
temperature developed at the joint is
recorded using sensors and Data
acquisition system. It was observed that
highest temperature at the interface is
obtained when using Bezier horn and
welded joint had higher strength as
compared to other horn profiles. The
difference in the simulated and measured
temperature value for stepped horn is 50%
and Bezier horn is 40%. It was observed
by tensile testing that weld strength is
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increased with increase in interface
temperature. The stepped horn had only
75% energy utilization as compared to
85% of the Bezier horn. The horns like
Cylindrical, Gaussian and Catenoidal
which are found to have an amplitude gain
of less than or equal to two can be used
for applications involving amorphous
polymers and moderately strong joints.
The stepped and Bezier profile horns
which are having an amplitude gain of
three can be used for applications
involving semi-crystalline polymers and for
welding components in the far field. But
among the two Bezier is preferred
because of low Von Mises stress in the
nodal region and better energy utilization.
It is observed that Bezier horn profile is
having maximum displacement followed
by the stepped horn and the catenoidal
horn. As the end diameters of the horns
are same, it is evident that the amplitude
gain depends on the horn profile.
In the work of Ramani, (2004),
adhesion between low-carbon-steel and
injection-molded
poly-carbonate
was
investigated. They revealed that the fast
cooling leads to the development of higher
residual stresses and they found that
extent of residual stresses can be greatly
reduced by proper design of the injection
over-molding process.
In the work of Sasaki et al, (2006),
adhesion of injection over-molded polyamide 6 (PA6) thermoplastic polymer and
stainless steel plates pre-coated with
triazinetrithiol
polymer
(TTP)
was
investigated. Adhesion strength between
PA6 and the pre-coated 417 stainless
steel plates was found to be relatively
large. They also revealed the formation of
iron and the stainless steel. Furthermore,
formation of chemical bonds through
nucleo-philic substitution terminal amino
groups in PA6 was observed.
Laput [10], (2012), they discussed
about adhesives for assembly of hard to
bond plastics and found that polyolefin
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plastics are the most common type of hard
to bond plastics due to their low surface
energy.
Bolt [11], (2014), performed an
experimental study to examine the
application of displacement controlled
Ultrasonic Plastic Welding (UPW) during
creation of joints between aluminium or
steel and carbon fiber reinforced
polyamide 6 [CFR-PA6].
Dunn [12], (2012), performed
welding in resin by catalytic bond
exchange reaction and found that longer
holding at higher temperature will yield
better recovery of properties and it is
suitable to repair polymer structure and
recycle
the
thermoset
waste
in
engineering applications.
Menon [13], (2011), The main
ambition was to study the bonding
characteristic between stainless steel and
silane layer. Silanes are the most common
coupling agent for metal to plastic
bonding. They found that characterization
of interfacial zone between stainless steel
inserts and silane depends more on
various properties of stainless steel and
silane solutions.
Eckel [14], (2001), This report
studies the feasibility of a new technique
whose
advantages
overcome
the
drawbacks of using mechanical fasteners
or chemical adhesives for joining
thermoset (TS) composites. This new
technique is also called as fusion bonding
where two thermosets are joined in shorter
time.
Grewells [15], (1994), This paper
provides general introduction to welding of
plastics and its developments, followed by
discussion about ultrasonic welding and
also about other different types of welding.
Grujicic [16], (2007), found a
method of joining a thermoplastic material
to a thermoset material and a resultant
thermoplastic-thermoset
composite
formed from such method are studied. At
least one of the thermoplastic material and
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the thermoset material includes particles
sulpho glass or sulpho-phosphate glass
particles that melt, when the thermoplastic
material and the thermoset material are
heated during the joining operation. The
particles further produce a solid bond
between the materials after the particles
have been solidified during cooling, after
the joining operation and finally thermosetthermoplastic
joined
composite
is
obtained.
This bonding technique is also
known as a fast welding technique where
in the order of seconds an effective joint is
created by means of fusion bonding of
thermoplastics.
This is a result of visco-elastic
heating, interfacial friction induced by
perpendicular ultrasonic vibrations of a
sonotrode which is pressed over the
welding overlap. The potential of
application of this welding technique lies in
reduction of joining times in assembly line,
while maintaining high joint strengths with
low variation and also they found that the
welding strength for hybrid welds was
higher when compared to the non-hybrid
weld for same input.
In this paper they have compared
selected properties of plastics, metals and
the results determine applications of
joining of moulded pieces from plastics
and metal element. Metal inserts are
applied for the improvement of some
strength properties in mould pieces from
plastics. From this they revealed that
plastics have several times greater
coefficient of heat expansion and
contraction is several times greater than
that of metals in the range of temperatures
for transformation of materials and for
chilling of mould pieces.
Pereira [17], (2012), This paper
describes about the various joining
technologies that are used in aerospace
applications such as fusion bonding,
ultrasonic welding, resistance welding,
induction welding and many more. Finally
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they found out that each method was
effective in different applications in
different fields and has its own advantages
and disadvantages.
Nakazawa [18], (1994), describes
about the mechanism of adhesion of
epoxy resin to cold rolled steel, galvanized
steel and galvannealed steel and also the
properties were compared using tensile
test, shear test, impact test. They found
that galvanized steel adhesive joints are
inferior to other two steels joints.
Raos [20], (2002), This paper
describes about the various process of
joining plastics and composites and also
about welding evaluations and testing.
PROBLEM IDENTIFICATION AND
OBJECTIVE
A. Problem identification
• Conventional method of mechanical
fastening (hammering) of metal insert
into a plastic part provides very low
torsional resistance and tensile
strength.
• Weld
quality
between
the
thermoplastic part and metal insert
mainly depends on temperature at the
interface of metal and thermoplastic.
• Proper horn design and material used
for horn fabrication plays a vital role in
the
weld
properties
and
performance(quality) of welding in
ultrasonic insertion process. An
improper horn design will not develop
sufficient temperature at the plastic
metal interface for the plastic to
plasticize and flow.
• Tensile strength study and thermal
distribution study of inserting process
is very important to predict the quality
of insertion.
• The major problem faced by the
industries with respect to ultrasonic
inserting process is poor inserting
quality of metal into plastic and low
weld strength between the metal insert
and thermoplastic.
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B. Objectives
• To understand the mechanism of
ultrasonic Insertion and to study the
various
process
parameters
influencing the ultrasonic inserting
process.
• To perform modal and harmonic
analysis for different designs of
brass and stainless steel horns.
• To analyze the deformation for
different horn designs and for
different horn materials during
ultrasonic inserting process using
ANSYS software.
• To record thermal images and
analyze the thermal distribution in
the inserted component.
• To perform tensile testing to
determine the ultimate tensile load
and breaking load.
• To join thermoplastics with metal
inserts through ultrasonic insertion
process.
• To produce a hybrid product which
overcomes the conventional method
of using mechanical fastening to join
a metal insert with thermoplastics.
EXPERIMENTAL PROCEDURE
A. Experimental procedure
Softwares used,
• Pro Engineer
• ANSYS Mechanical APDL 14.0
• Win Tensile
• CATIA V5R17
• Moldflow Plastics Insight 3.1
Materials used,
• Thermoplastic (ABS)
• Metal Insert(Brass)
Machines/Instruments used,
• Ultrasonic plastic welding machine
(1500 W, 20 kHz) manufactured by
M/s National Indosonic
• Tensile Testing Machine (Model:
TKG-EC-10kN) (ZWICK 1484)
• Thermal Imager
Standardized samples were used in all
the experiments of ultrasonic insertion. A
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ZWICK 1484 tensile tester was used to
measure the strengths of the joints
between insert and the plastic material.
Test procedures according to ASTM
standard D638-97 (Standard Test Method
for Tensile properties of plastics) were
used.
When screws or bolts are threaded
directly into plastic components, failures
can occur due to stripped threads or
plastic creep. In situations where joint
strength and the ability to assemble and
disassemble without degradation of
components is required, threaded inserts
provide a serviceable component which
satisfies the above needs.
Modal and harmonic analysis of four
different horns were performed. We kept
the length of horn as constant and
designed four different horns by varying
the taper angle and the stepped length out
of which three models turned out to be a
failure theoretically. The fourth model was
successful after analysis using the
software where the frequency and
amplitude were both in acceptable range.
When the experiment was performed
practically, the brass horn could not insert
the metal insert completely inside
thermoplastic part, the metal insert was
inserted into the thermoplastic partially
and hence practically turned out to be a
failure too. Here are the parameters for
three trials of ultrasonic insertion using
brass horn.
•
Trial 1
Inserting time
: 2 sec
Holding time
: 2.5
Pressure
: 3bar
•
Trial 2
Inserting time
: 3 sec
Holding time
: 3.5
Pressure
: 3bar
•
Trial 3
Inserting time
: 3 sec
Holding time
: 3.5
Pressure
: 4bar
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The failure of ultrasonic insertion
using brass horn is due to change in
properties due to alloying elements
present in brass which makes the brass
material incapable to efficiently transmit
the vibrations. Since brass horn could not
perform ultrasonic insertion we use horn of
different material to perform the insertion.
Stainless steel horn is chosen to perform
the analysis, insertion process and hence
the results are compared with that done
using brass horn. Modal and harmonic
analysis of a stainless horn is made using
Ansys software and the theoretical results
were successful. Then the ultrasonic
insertion is done using stainless steel horn
which turned out to be successful. Here is
the parameter for ultrasonic insertion
using stainless steel horn.
• Trial 1
Inserting time : 3 sec
Holding time : 3.5
Pressure
: 4bar
B. Testing
Then the two tests were performed
1. Tensile testing using tensile testing
machine
2. Thermal distribution analysis using
thermal imager
•
•

•

•
•

•
•

Open the Win Tensile software and
create a new file.
Enter the header details and
specimen
details
like
width
,thickness ,load , distance between
grips etc and give ok
The given component is loaded in
the tensile testing machine using
specially designed fixture
A M10 bolt is inserted inside the
insert and the tightened
Then the machine is on and give
the command "yes" to go online
and then press" tear load"
See when the display in the
computer shows zero
Then go to parameter selection
and then perform the test
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Now browse the file and print the
required graphs and store them in
word
D. Specimen details
Specimen width
: 135.40
Specimen thickness : 3.14
Distance between grips : 225
E. Test conditions
• Load at yield
• Elongation at yield
• Yield stress
• Elongation at break
• Load at break
• Percentage elongation
• Reduction in cross section area
• Proof stress
F. Thermal distribution analysis
Using thermal imager the value of
heat generated on the interface of the
metal insert and thermoplastic material is
recorded as thermal images. This value is
compared with the theoretical value,
Q=(W * €² * È)/2
• Q=average power dissipated
• W=2*3.14*f
• f=applied frequency
• €=maximum strain
• È=loss modulus
•

Q = (2*3.14*19032*(44.4*10⁻/26*10⁻³)² *
0.42*10)/2
Q = 73232327.35 J/m³
• Initial gauge length
= 232 mm
• Final gauge length
=250.69 mm
• Initial width
=135.39 mm
• Final width
= 135.39
• Initial thickness
= 3.14 mm
• Final thickness
= 3.14 mm
• Peak load
= 5.225 kN
• Maximum crosshead travel = 8.23 mm
• Tensile strength =12.29 N/mm²
• Load at yield
= 4.208 kN
• Cross head travel at yield = 7.13 mm
• Yield stress
=9.90 N/mm²
• Load at break
= 0.086 kN
• Cross head travel at break = 18.39
mm

•

% Elongation
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= 8.06%

The peak load is 5.225 kN which is the
ultimate load which the component (insert
welded with plastic) can withstand before
the material at the interface starts yielding.
The load at break is 0.086 kN which is the
load at which the insert completely comes
out of the plastic part. Hence the plastic
part with metal insert can withstand a
comparable amount load before failure
which is achieved by a successful welded
joint between the plastic and the metal.
• Emissivity = 0.95
• Background temperature = 22ºC
• Image range = 34.3ºC to 112.0ºC
• Average temperature = 35.8ºC
• Temperature
at
plastic-metal
interface = 93.5ºC
Temperature at plastic-metal interface
of the component is 95.7ºC which is
approximately closer to 105ºC where
105ºC is the approximate (ABS being
amorphous has no true melting point)
temperature required temperature for the
plastic to plasticize which is required for
the plastic to flow and fill the grooves and
flutes of the insert completely without any
air gaps by which a successful welded
joint is achieved on cooling.
CONCLUSIONS
A detailed process study is done on
Ultrasonic plastic welding and inserting
process and its guidelines.
Carried out a study on the specification of
the system.
Modal and Harmonic analysis of different
horns of two different materials (Brass and
Stainless steel) have been performed.
Ultrasonic insertion of metal insert into
thermoplastic is performed experimentally.
Thermal distribution of the insertion
process is analyzed by both theoretical
and practical methods using thermal
imager.
Tensile testing of the component is made
by which ultimate tensile load and
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breaking load of the metal insert and
thermoplastic is determined.

•
•
•
•

FUTURE SCOPE
Design and fabrication of fixture for
holding different inserts.
Design and fabrication of horn in
Stainless steel and Aluminium.
Optimization of various inserting
process parameters.
Interpretation of results.
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Table 1: Tensile Testing Machine Specifications
Description

Sl.No

Value

1

Maximum capacity

10KN

2

Least count displacement

0.1 mm

3

Accuracy of load

4

Grip separation

+1% of indicated load from 4% to 100
or load cell capacity
25-75 mm

5

Straining rate

1 mm/min to 100 mm/min

6

Power

Single phase 220v 50 Hz AC

7

Motor

0.5Hp

Table 2: Ultrasonic Plastic Welding Machine Specifications
Sl. No

Description

Value

1

Make

Ultra

weld,

National Indosonic, Pune

2

Input power

3

Output power

1500W

4

Output frequency

20 kHz

5

Max. Amplitude

60 microns

6

Max. Pressure

10 bar

7

Stroke length

230V,50Hz Single phase

100 mm

Figure 1: Ultrasonic insertion process setup
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Figure 2: Chemical bonding in monomers and polymers

Figure 4: Ability to join different materials
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Figure 5: Methodology

Figure 6: Ultrasonic Plastic Welding Machine
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Figure 7: Thermoplastic part model

Figure 8: Thermoplastic part fill time

Figure 9: Thermoplastic part temperature (3D)
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(a) First design

(b). Second design

(c) Third design
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(d) Fourth design
Figure 8: Different Brass horn designs - Part models

Figure 9: Failed modalanalysis for brass horn of first design

Figure 10: Failed harmonic analysis for brass horn of first design
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Figure 11: Failed modalanalysis for brass horn of second design

Figure 12: Failed harmonic analysis for brass horn of second design

Figure 13: Failed modal analysis for brass horn of third design
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Figure 14:Failed harmonic analysis for brass horn of third design

Figure 15: Successful modalanalysis for brass horn of fourth design

Figure 16: Successful harmonic analysis for brass horn of fourth design
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Figure 17: Selected brass horn design

Figure 18: Tensile Testing Machine (TKG EC 10 - kN)
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Figure 19: Stress Vs Elongation graph

February

2016

Kamalaesh UK, Dr. Elangovan S

Figure 20: Load Vs Elongation graph
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Figure 21: Stress Vs Strain graph
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Figure 22: Thermal image indicating thermal distribution

33

