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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

*
chawalit@rocketmail.com; phone (0066) 45 353309; fax (0066) 45 353308




longitudinal transducer. The experiment revealed that the tube contact angle, ax1al force and rotational
speed can affect to the welding quality. .

2. WELDING MACHINE AND EXPERIMENTAL PROCEDURE
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.

Motor

Rollers

(a) (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.
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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 F igure
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.

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

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 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.

BINIEEE = BTV

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 25, 45 and
100 rpm. Figure 5 illustrates the experimental setup of ultrasonic joining for round tubes.

Figure 3 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 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 carly stage of study. From Figure 7-9, it is clearly seen that the weided 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 ¢ach 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 respectively.
Welded Area

Wel ea -

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



(a)Rotational speed of ' rpm

(b) Rotational speed of 45 rpm

(©) Ro’taiona:l speed o'l 00 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.

(a) Rotational speed of 25 rppm
(b) Rotational speed of 45 1pm

" () Rotational speed of 100 rpm
Figure 8 The distribution of welded area around the tubes with contact angle of 3.8/3.8 degree, with
different rotational speeds, the red part denotes welded area.

(a) Rotational speed of 25 rppm

(b) Rotational speed of 45 rpm

-(c) Rotational speed of 100 rpm

Figure 9 The distribution of welded area around the tubes with contact angle of 5.7/5.7 degree, with
different rotational speeds, the red part denctes 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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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 (c) 100 rpm.

It is observed from Figure 10 (a) - (c) that the percentage of welded 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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Daily Lunch and Tea Breaks
= Programme & Abstracts Book

Conference Banquet
Conference Proceedings (CD ROM)*

Student registration fee include:

m Welicome Reception

» Admission to all Conference Sessions
s Daily Lunch and Tea Breaks

® Programme & Abstracts Book

*The conference proceedings will be published by SPIE and sent to participant
AFTER the conference.

Additional banquet tickets could be purchased on site. The rate will be made
known closer to the conference dates.

The login ID for registration is DIFFERENT from the one for abstract
submission. Afl registrants have to create an ID for registration by clicking on the
“Register” button on the online registration page

IMPORTANT NOTE:

1. To be scheduled in the programme/publication, each accepted paper
must be duly registered by 07 October 2009

2. Only duly REGISTERED AND PRESENTED papers will be published by
SPIE and indexed by El and 1SI

http://www.icem2009.net/registration/ 28/10/2552
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Home Programme

Organizing Committee

FINAL TECHNICAL PROGRAMME (POSTED 26 OCT 09)
International Advisory i

Committee | TO DOWNLOAD (PDF) PROGRAMME OVERVIEW, CLICK HERE

Call for Abstract
all for Abstracts TO DOWNLOAD (PDF) DETAILED PROGRAMME, CLICK HERE

Online Submission

Manuscript Submission Date 17 Nov 09 18 Nov 09 1% Nov D8 20 Nov 09
Presentation Guidelines Earty Opening Ceremony  Keynote Keynote
AM & Session 2 Sessian 3
Programme Keynole
Workshaps Session 1
Speakers Late AM Technical Session Technical Technical
Session Session
Registration
Noon Lunch Lunch Lunch
Hotel Accommodation
Early Technical Session Technical Technical
Visa Application , .
PM Session Session
Sponsorship Opportunities 77 o o ) i ‘
. Late PM Technical Session Technical
Sponsors and Exhibitors Session
Conference Venue Evening Pre- Banquet Beer &
b S Conference Karaoke
About Singapore
9ap Reception at APB Tavern

Inbound Tours

Contact Us

Co-Organisers

Optics and Photonics Society of
Singapore

SinglAf

Theorstical aml Applied Mschanicy
Society (Singapere)

Theoretical and Applied
Mechanics Society (Singapore)

Supporting Organizations

http://www.icem2009.net/programme/ 28/10/2552
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