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ABSTRACT

This study is aimed to investigate the application of ultrasonic welding to join round plastic pipes.
Two types of ultrasonic welding machines were designed and built. One is to be used with semi-
circular resonator and another one is to be used with conventional straight resonator. The
machines were used to weld round plastic pipes (PMMA) with the diameter of 35 mm and 2 mm
thick. The end-angles of tube were varied from 5.7, 3.8, 2.8" and 0". The welding frequency was
28 kHz. For semi-circular resonator, it was designed to operate at vibration modes 1-3 and
welding time between 5-10 seconds. For the straight resonator, it was designed to have small
diameter of 12 mm, large diameter of 25 mm, 98 mm long and 6x10 mm’ rectangular end.
Welding speeds were varied from 25 rpm, 45 rpm, 67 rpm, and 100 rpm. Both types of machine
were designed to have axial force in order to enhance welding area. It was found that the
ultrasonic welding machines are able to create the welding zone on plastic pipes. Considering the
use of semi-circular resonator to weld round plastic pipes, the majority of pipes can be welded
weather the pipes are two-ends angled (2.8°-2.8,3.8-3.8,5.7-5.7) or one-end angled .8-0,
3.8°-0°,5.7-0°). The welded area was visibly clear and may spread around the pipes or spotted
on some restricted area where the resonator vibrates. The un-welded area was unclear which was
the original appearance of machined pipes before welded. In addition, the semi-circular resonator
design chart was constructed. The chart was able to use for design the resonator with desired
vibration mode (between mode 1-6) and desired size of tube. The chart was verified with a series
of experimental results from Department of Electronics and Computer Systems, Faculty of
Eng.ineering, Takushoku University, Japan.

In case of the straight resonator, for both two-ends angled and one-end angled pipes,
the welded area is found to spread around the pipes. In this case, the welding zone may be
characterized into 2 types. First is the welding zone which spread widely around the pipes; the
welding area may be formed in 2-3 rows discontinuously around the pipes. This type of welding
zone was found for two-ends angled pipes. The explanation of this is because the contact angle of
this kind of pipes is wide, therefore the welding zone can be spread widely and discontinuously.
Another type of welding zone is formed m a thick line shape. This occurs in case of one—end

angled pipes. This kind of pipes allow only small and narrow contact angle between the pipes.



Therefore, the welding zone is formed only in the small contact area around the pipes.
Consequently, single-thick and continuous line welding zone is achieved.

In addition, some parameter that way influence the welding zone were also
investigated. The results are as followed; considering the axial force, it was found that the
appropriate axial force should not larger than 150 N, depending on end angle of pipes. It was also
found that the two-ends angled usually provide multi-lines discontinuous welding zone. While the
one-end angled provides single-line continuous welding zone. Considering the welding speed, in
case of straight resonator and take the results from the optimum axial forces only (between 60-120
N), it was found that the welding area is decreased as the welding speed increases for the pipes
with angles of 2.8'- 2.8, 3.8’- 3.8 and 5.7- 5.7 . In contrast for the pipes with 2.8"- ', 3.8"- 0" and

5.7- 0, it was found that as the welding speed increases, the welding area is also increased.
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YSulad (v) ANMIITBUVBINBINDGS (rpm) 1321/30Y (Sec)
6.0 25 2.40
7.5 45 1.58
9.0 67 1.13
12 100 0.80

M15190 0.2 vuatenligavosmsdudmiuTagate (1]

Material Amplitude £ m values adopted in practice

Polystyrol (PS) 15 to 30
Polystyrol impact strong (SB) 20 to 35
Acryl, butadiene-styrol (ABS) 20 to 30
Stryol-acryl nitrile (SAN) 15-30
Polymethy! methacrylate (PMMA) injection 20 to 35
mould

Modified (PPO) 25 to 40
Polycarbonate (PC) 25t0 40
Polyacety] resin (POM) 40 to 50
Polyamide (PA) 35t055
Polyethyl enterephtalate (PETP) 45 to 55
Polynuthyl enterephtalate (PBTB) 40 to 50
Cellulose derivatives 25to0 35
PVC hard 20 to 40
PVC soft 25 to 40
Polyethylene (PE) 25to 60
Polypropylene (PP) 30 to 60
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i m m
Material Sound velocity v, (—] Variations (—)
S S
Titanium alloy TiAIV64 4900 +100
Aluminium alloys
AlCuMg2 5100 +100
AlCuMGPb 5000 +100
Aluminium 5100 +200
Monel annealed and quenched 4350 +150
1550 steel (RT 11) tempered 5250 +50
Ferrotitanite
WEN hardened 6950 +150
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The Study on some parameters affect to ultrasonic welding of round

plastic tube
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Abstract

This study is aimed to search to a method to join round plastic tube with ultrasonic. The
specimens used in this study were round plastic tubes (PMMA) with diameter of 35 mm and 2 mm
thickness. End of each tube was machined to have inclined angle of ', 2.8, 3.8 and 5.7 degree in
order to create the contact faces. The specimens were welded with frequency of 28 kHz and tube

rotational speed of 25 rpm and 100 rpm. The axial force was applied to the tube in order to enhance
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the quality of joint. It was revealed that the modified ultrasonic machine can generate the welding

surface around the circumference of tube. It was observed that plastic is melted and bond at the
welding area. In addition, it was found that the axial force rotational speed and end incline angle

perform effect on the quality of joint.

Keywords: Plastic Tube, Ultrasonic Welding
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Welding of Round Plastic Tube by Ultrasonic Welding
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Abstract
Although ultrasonic welding is a newly developed
technique, it has been widely used in many industries i.e.

automotive parts, electronic parts and plastic industries. This is

due to its’ advantages such as shorter welding time, high
quality of joint and ability to join highly different property
materials. However, ultrasonic welding, still, has some wesk
features such as small welding area and requires complicate
control system. Therefore, research on this welding technique
is still under focused.

Normally, ultrasonic welding is used in axial welding. As
the result, only flat-shape specimen can be joined effectively.

This study was aimed to apply ultrasonic welding to weld
curve-shape specimen such as round tube. The welding jig
was designed and constructed to be able to rotate the
specimen around. The jig was tested with a normal 28 kHz
welding machine to weld round plastic tubes of 35 mm
diameter. The round tube was welded with acceptable quality.
It was observed that at the welded area, plastic is melted
together. In addition, it was found that axial force and interface

angle can affect the ~uality of joint.
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Abstract
Welding is an important process in engineering applications.

There are many conventional welding techniques available such

as spark welding, gas welding and friction welding. Nowadays,
ultrasonic welding is one of a popular technique used in many
industries. Main advantages of ultrasonic welding are shorter
welding time and able to join highly different melting point
materials. Presently it has been an attempt to join circular plastic
tubes with ultrasonic using a half ring resonator. In order to get
the most suitable frequency and vibration mode, dimensions of
the resonator has to be designed precisely. The main putpose of
this paper is to present a design chart for a half circle rescnator.
The chart was constructed with a number of data received from
FEA simulation using a commercial package (ABAQUS). The
chart offers a quick reference and very helpful in the early step of

design for half ring resonator.
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The effect of axial force and contact angle on the welded area of plastic
tube welded by ultrasonic welding
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ABSTRACT

This study was aimed to apply the use of ultrasonic welding to weld round plastic tubes. The ultrasonic welding machine
was designed to be able to work with a normal ultrasonic welding transducer by rotating the tube while it is being
welded. The specimens used in this study were round plastic tubes (PMMA) with diameter of 35 mm and 2 mm
thickness. End of each tube was machined to have angle of 2.8, 3.8 and 5.7 degree in order to create contact angle at the
interface. The specimens were welded with frequency of 28 kHz and tube rotational speeds of 25 rpm, 45 rpm and 100
rpm. The axial force was applied to the tube in order to enhance the quality of joint. The experimental result revealed
that the modified ultrasonic welding machine can generate the welded area around the circumference of tube. It was
found that the axial force and contact angle have some effect to the quality of joint. The contact angle of 2.8/2.8 provided
highest welded area compared to 3.8/3.8 and 5.7/5.7 degree of contact angle. In addition, the axial force between 80 N -
120 N provided high value of welded area. The pattern of welded area is also presented and discussed in the paper.

Keywords: Plastic Tube, Ultrasonic Welding, Tube Welding

1. INTRODUCTION

Ultrasonic welding is a welding technique that is increasingly used in many engineering applications such as automobile
part, electronics and plastic industries. This is due to the advantages of this technique such as it requires short welding
time and can join very dissimilar materials. It is well-known that the ultrasonic welding can join various kinds of ceramic
[1-4]. However, there are some weaknesses of ultrasonic welding such as it requires complicated control system. In
addition, the welded area is mostly in a tiny spot-like shape and not spread widely on the whole surface. Therefore, many
attempts have been made to increase the welded area of ultrasonic welding system. Tsujino et al [5-7] applied complex
vibration systems to improve the quality of welded area. Some investigator used insertion technique to apply ultrasonic
welding for ceramics [2, 3, 8]. Although the study on ultrasonic welding has been conducted extensively, most of them
are based on welding of flat elements only. So far, there is no study focusing on the application of ultrasonic welding for
curve surface, such as tube, yet.

This study was aimed to apply the ultrasonic welding to weld plastic tube which is a kind of curve surface. The study
was based on experiment. The welding machine was designed to compatible with commercial longitudinal transducer.
The experiment revealed that the tube contact angle, axial force and rotational speed can affect to the welding quality.

*
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2.1 Welding machine

The machine was designed to be used with commercial longitudinal transducer. The transducer was assigned to make
contact on outer surface of tube. The tube can be rotated about its axis while the vibration was being applied through the
horn. The diagram of ultrasonic welding machine is shown in Figure 1 (a) and the machine is shown in Figure 1 (b).

The transducer can be move vertically in order to allow space for changing tube and horn. The horn used in this study
was circular horn with rectangular tip of 6 mm x 10 mm. In the welding process, the tip of horn was placed on the tube
hence direct contact between welding tip and outer surface of tube was achieved. There were three rollers on the bottom
of the machine to support plastic tube. The rollers were rotated using power transmitted by a belt from a motor. The
spring was used to apply axial force to the tube while it was being welded.

Rollers

() (b)

Figure 1 (a) Diagram of the ultrasonic welding machine designed for the experiment.
(b) the ultrasonic welding machine.

2.2 Specimens
The PMMA plastic tubes were used as specimens in this study. The diameter of tube was 35 mm and 2 mm thickness.

Two pieces of tube were used to form one pair of welded tube, i.e. inner tube and outer tube. The diagrams and the
geometric parameters of those tubes are illustrated in Figure 2.

Proc. of SPIE Vol. 7522 75221Z-2
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Figure 2 Diagram of the tubes used in this study. (a) inner tubes and (b) outer tube.

Outer surface at one end of the inner tube was machined to have incline angle, as shown in Figure 2 (a). Similarly, the
inner surface of the outer tube was also machined to have inclined angle, as shown in Figure 2 (b). The incline angles of
outer and inner tubes were the same, i.e. 2.8, 3.8 and 5.7 degree. The geometric parameters of tubes are summarized and

tabulated in Table 1 and the typical tube is shown in Figure 3.

Table 1 Geometric parameter of the outer and inner tubes used in the study.

SECTION B-B

(b)

Figure 3 Typical outer and inner tubes used in this study.

2.3 Experimental procedure

The inner tube was attached to the outer tube by sliding their angled ends to fit each other, as shown in Figure 4. The
same angles between inner and outer tubes were used to make contact at the interface. The specimen composed of 2.8

Proc. of SPIE Vol. 7522 75221Z-3

Type of tube Outer radius (mm) Thickness (mm) Incline angle (&)
Outer tube 17.5 2.0 5.7

17.5 2.0 3.8

17.5 2.0 2.8
Inner tube 17.5 2.0 5.7

17.5 2.0 3.8

17.5 2.0 2.8

Outer tube Inner tube




degree inner tube and 2.8 degree outer tube will be referred as 2.8/2.8 contact angle tube. This system will be similar
when refer to other pairs of welded tubes.

LLI T ATHELD o7 [

LTI TR S
Figure 4 The configuration of tubes attachment before welding.

The attached tube was, then, placed on the machined and a certain axial force was applied to the tube using spring. The
axial forces used in this study were between 20 N - 180 N. The tip of horn was placed in touch to the outer surface of
outer tube with only its own weight. The pair of tube was rotated about axis while the transducer applied ultrasonic
vibration on the surface. The rotational speeds of tube were 23, 45 and 100 rpm. Figure 5 illustrates the experimental
setup of ultrasonic joining for round tubes.

Figure 5 Experimental setup for joining of round plastic pipes with ultrasonic.

Each specimen was allowed to be welded with only one completed round of rotation. Therefore, only few seconds were
used in the welding process. After welding, each welded tube was proceeded to investigate its welded area. The welded
area was measure using scanning technique. The quality of weld such as the area, the continuity and the distribution were
observed.

3. RESULTS AND DISCUSSIONS
The experimental results revealed that the presented ultrasonic welding machine can generate welding area around the
tubes. Some examples of welded specimens are shown in Figure 6. The transparent area is the area where the plastic is
melted and welded together due to ultrasonic vibration, whilst the white area is the area where the welding is not
occurred. The distribution of welded area around each tube was copied on tape and some examples are shown in Figures
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7-9 for tubes with contact angle of 2.8/2.8, 3.8/3.8 and 5.7/5.7 degree. In general, it can be observed that the welding
machine can generate welded area around the circumference of tubes. The pattern of welded area is in a combination of
line-shape, dash-shape or spot-shape, all over the welded zone. Although almost of welded areas are not completely
continuous, they are acceptable for the early stage of study. From Figure 7-9, it is clearly seen that the welded area of the
tube with 2.8/2.8 contact angle provide more area of weld and seems to be quite continuous. The tubes with 3.8/3.8 and
5.7/5.7 contact angles give less welded area respectively. The welded area of each tube was taken to measure by using
visualization technique. The measurement of each tube was compared to the contact area and the percentage of welded
area was obtained. The percentages of welded area of tube with various contact angle and different axial forces are
plotted in Figures 10 (a) —<{(c) for rotational speeds of 25 rpm, 45 rpm and 100 rpm respectivelv.

Figure 6 Example of the plastic tubes welded by ultrasonic welding.

(a) Rotational speed of 25 rpm

(b) Rotational speed ot 45 rom

\¢) Kotattonai speed ot 100 rpm

Figure 7 The distribution of welded area around the tubes with contact angle of 2.8/2.8 degree, with different
rotational speeds, the red part denotes welded area.
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Figure 10 The relationship of welded area (%) and axial force of tubes welded under contact angles of 2.8/2.8, 3.8/3.8

and 5.7/5.7 degree with rotational speeds of (a) 25 rpm and (b) 45 rpm.
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(c) Rotational speed of 100 rpm
Figure 10 (continue) The relationship of welded area (%) and axial force of tubes welded under contact angles of
2.8/2.8,3.8/3.8 and 5.7/5.7 degree with rotational speeds of (¢) 100 rpm.

It is observed from Figure 10 (a) — (c) that the percentage of welided areas is influenced by the contact angles and axial
forces. Regarding to the curves in Figure 10 (a)-(c), it is clearly seen that the curves of tube with contact angle of 2.8/2.8
degree generally lies above the curves of the tubes with contact angles of 3.8/3.8 degree and 5.7/5.7 degree ,
respectively. This indicated that the contact angle of 2.8/2.8 degree provides higher welded area compared to the contact
angle of 3.8/3.8 degree and 5.7/5.7 degree respectively.

Considering the influence of axial force on the welded area of tubes with contact angle of 2.8/2.8 and 3.8/3.8 degree,
their relationships are in a parabola-like shape. In case of the tube with 5.7/5.7 degree of contact angle, the curves are
also in a similar shape except for the welding speed of 45 rpm which some results were missed. It is also observed that
the axial forces between 80 N -120 N provided high percentage of welded area. Furthermore, one may observe that the
rotational speed may also have effect on the welded area. However, this is out of the present paper’s scope and more
detail based on this concern will be presented in the near future.

4. CONCLUSIONS AND REMARKS

This paper presented a technique to welded round plastic pipes using ultrasonic welding. The welding machine was
modified so that it is able to operate with a normal ultrasonic welding transducer. The experimental result indicated that
the machine can generate welded area around the tube with acceptable quality. It was also found that there are some
parameters affecting to the percentage of welded area i.e. tube interface contact angles, axial force and rotational speed.
The experimental results indicated that the contact angle of 2.8/2.8 degree provided highest welded area compared to the
contact angles of 3.8/3.8 and 5.7/5.7 degree, respectively. This result seems to leads to a conclusion that the lower
contact angle, the higher welded area is archived. However, more investigation should be done to prove this conclusion.
In addition, the present study also found that the appropriated axial force should be applied to the tube during welding
process to get high welded area. Based on the tested condition, it was found that the axial force between 80 N -120 N
provide high percentage of welded area.

It should be mentioned here that there are other parameters that may affect to the quality of welded area of tube. Some
examples of them are welding frequency, welding amplitude and rotational speed etc. Therefore, more study on these
concerns as well as detailed investigation on other ranges of axial force and contact angle should be carried out.
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