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Abstract: The ultrasonic welding is applied more and more extensively due to its advantages such as environmental pro-

tection, cleaning and energy saving. By researching the mechanism on ultrasonic seam welding of copper plates and tubes

for collecting solar energy, it is put forward that the ultrasonic metal welding process can be divided into two stages, and

two factors make functions jointly to join the welded metal specimens. In order to successfully join the welding, three ba-

sic conditions must be satisfied, that is, there should be high frequency friction vibration in the contact interface; pressure

must be imposed on the plate specimen during friction vibration; the time of friction vibration and pressure imposed should

be proper. Furthermore, how to select the hardness of copper plate and tube and ultrasonic seam welding parameters is an-

alyzed by experiments.
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1 INTRODUCTION

Ultrasonic welding technologies have been used
in various industries because of its distinctive advan-
tages such as safety, environmental protection and
energy saving, for example, the welding of the end of
a thread in electronic circuit and the tip of a integrat-
ed circuit, the welding of ceramics/ metals and met-
als/metals, the welding of thermoplastics and alu-
minum plastics composites and so on. It is still a new
field that ultrasonic welding technologies are used in
the welding of copper plates and tubes for collecting
solar energy, and it is still in trying and investigating
stage in our country. Integrate copper board for heat
collecting was developed in a few developed countries
such as United States owing to the application of ul-
trasonic welding technologies. The board holds good
performances of heat conducting, long service life and
low reject rate.

At present, the study on ultrasonic welding
technologies is mainly focused on welding process and
quality of welding. For example, the effects of tem-
perature rise, frequency and vibration mode of weld-
ing tip on qualities of welding were studied heavily' "
in the electronics industry; as ceramics is brittle and
sensitive to residual stress, the processes and residual
thermal stresses were investigated in detail > in the
welding of ceramics/ metals; in metals/ metals weld-
ing industry, the study was focused on processes and
vibration mode of welding tip'® *'; for the welding of
plastics and aluminum plastics composites, its pro-

cess, mechanism, energy conversion and mechanical
properties of welding seam have been all studied sys-
tematically! >

From the above mentioned, the mechanisms of ul
trasonic welding have been studied not much and unant
mous recognition on mechanisms has also not been reached
currently. This paper studies the processes and mecha
nisms while joining copper plates and tubes for collecting
solar energy by ultrasonic welding, and how to select the
hardness of welded materials and ultrasonic seam welding
parameters is analyzed theoretically and studied by experi-
ments.

2 EXPERIMENTAL

Fig. 1 shows the configuration of ultrasonic seam
welding system for copper plates and tubes.
Welding tip
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Fig.1 Sketch of ultrasonic seam welding
equipment for copper plates and tubes
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The copper plate is 0. 2 mm thick, the wall of
the copper tube is 1 mm thick, and its outer diameter
is 12 mm. The copper plate and tube must be welded
together (as Fig. 1 shows). And so as to satisfy the
demand for continuous welding, the welding tip con-
sists of a 157 20 kHz vibration with rotating and lin-
ear motion. There s a fixed clamp board on the table,
moreover, a movable clamp board is joined with the
cylinder fixed on the working table. During work,
copper tube specimen is gripped by the two clamp
boards and welding tip presses on the copper plate
specimen with pressure p .

3 PROCESS OF ULTRASONIC METAL WELDING

The process of ultrasonic metal welding includes
two stages: one is removing the oxidization film on
metal surfaces and forming direct contact between
two metal surfaces, the other is atoms permeating
each other in direct contact zone.

3.1 Removing oxidation film on metal surface and
forming direct contact between two metal sur-
faces

A thin sheet of adsorption film and oxidization
film will appear only if metal is exposed to air ', as

showed in Fig. 2.

Adsorption film

Oxidization
film

Fig. 2 Sketch of adsorption film and

oxidization film on metal surface

The adsorption film is not stable and can dissolve
easily with temperature increasing, while the oxidiza-
tion film is relatively stable, however, it is brittle and
can be crushed up easily. It is just the sheet of ad-
sorption and oxidization film that makes the distance
of atoms be too large to produce interaction each other
in the two metal contact surfaces. During the course
of ultrasonic welding, tangential friction vibration oc
curs in the contact interface of copper plate and tube
specimens due to the high frequency and minute am-
plitude vibration of welding tip and its pressure action
on the copper plate specimen. In common conditions,
the metal contact is asperity contact as shown in
Fig. 3. Therefore the adsorption and oxidization films
in asperity contact zone are first crushed up and the
contact changes to direct metal contact. Subsequent-

ly, plastic deformation will produce with the extru-
sion going on and the heights of asperity decrease.
Thus new asperity contact zones form. The above
processes are performed again and again. As a result,
the direct metal contact areas increase continu-
ously.

/

N

Fig. 3 Sketch of asperity contact on metal
surface in common conditions

3.2 Atoms of two metal specimens permeating each
other

The direct metal contact is very close because
there s high pressure in asperity contact zone, and al-
so because the motion of atoms are stimulated, which
makes them be at an unstable state. It's useful for
atoms permeating in the contact interface. In addr
tion, in the course of friction vibration, it only takes
a very short time to complete the extrusion and plastic
deformation and mass of friction heat produced can t
be conducted in time and accumulate in the surface
layer of asperity contact zone. Consequently the metal
of surface layer in asperity contact zone becomes pli-
able or even melted. Thus, the atoms permeating is
promoted. Finally the two weldments are joined to-
gether. So the nature of ultrasonic metal welding pro-
cesses is atoms permeating in the contact interface of
two welded metal specimens.

4 MECHANISM OF ULTRASONIC METAL
WELDING

4.1 Microstructure analysis of welding seam

Fig. 4 shows microstructure of the copper plate
and tube s welding seam after being ultrasonic weld-
ed. While Fig. 5 shows the microstructure of the
part, which hasn't been welded, but is close to the
welding seam of the copper plate and tube.

After comparing Fig. 4 with Fig. 5, it s found that
serious plastic deformation occurs in the welding interface.
The deformation of plate specimen is even more obvious,
and its grains are crushed into fibre in shape. However,
deformation of tube specimen is relatively lighter. It only
occurs in the thin sheet of interface and its grains are also
crushed, but not into fibre. The copper plate and tube
specimens are joined closely. The clear melted struc
ture, metallurgical and chemical change cannot be ob-
served in the welding zone. So it is metal bonds
formed by atoms permeating that join the two metal
specimens together in the course of ultrasonic weld-
ing.
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Fig. 5 Microstructure of copper close to seam

4.2 Formation mechanism of seam by ultrasonic
welding

Unanimous recognition of welding seam forma-
tion mechanisms has not been reached currently and
there are several views on this. By analyzing the
welding process and microstructure of welding seam,
this paper concludes that welding seam formation
mechanisms should be investigated in the following
two aspects.
4.2.1 Atoms bonding and permeating in interface

In the process of ultrasonic welding, fresh con-
tact interface is formed continuously under the func
tion of tangential friction vibration. On the fresh sur
face, the atomic coordination number is different to
and the
atoms are in high-energy state due to the decreased

the coordination number within crystal,

bonding numbers. While the distance of atoms be-
tween the two fresh contact interfaces can be mea-
sured as 0. 1 nm, the atoms will bond each other and
the surface energy be lowered. Furthermore, during
welding process, mass of friction heat accumulates in
the surface layer of asperity contact zone, consequent-
ly the metal of surface layer in asperity contact zone
becomes pliable or even melted. Thus the atoms on
the two surfaces permeate each other and the two
welded metal specimens are joined together.

4.2.2 Interface interlock in the sheet of plastic de-
formation

As shown in Fig. 4, the interface is sawtooth in
shape due to plastic deformation and the two welded
surfaces are interlocked. The interlocked interface is
useful for enhancing joining strength.

According to the above analysis, it can be con-
cluded that it is the interface bonding and permeating
of atoms in the surfaces and interlocked interface that
make two welded metal specimens join together.

S BASIC CONDITIONS OF ULTRASONIC WELDING

Based on the above analysis, the ultrasonic weld-
ing processes consist of fresh, close and direct metal
contact under the functions of tangential friction vi
bration and pressure, and then the stimulated atoms
in the fresh contact zone permeation each other.
Therefore to make ultrasonic welding processes per
form smoothly, three prerequisites must be satisfied.
They are:

1) There should be high frequency friction vibra-
tion in the contact interface in order to form fresh and
direct metal contact.

2) Pressure must be imposed on the plate specr-
men during friction vibration in order to make the
fresh and direct metal contacts closely.

3) The time of friction vibration and pressure
imposing should be proper so that the processes of
atoms permeating are completed fully.

6 EFFECTS OF HARDNESS OF COPPER PLATE
AND TUBE ON TENSILE STRENGTH OF
WELDING

The relevant references don't present effects of
hardness of welded specimens on welding processes
and qualities. In this experiment, the results prove
that the hardness of copper plate and tube has heavy
influence on welding qualities.

When the wall of the copper tube is 1 mm thick,
the high hardness value of copper tube should be se-
lected in order to avoid that copper tubes are pressed
flat or sunkenly. So the hardness of copper tube is se-
lected as HV 100 ~ 110 in this experiment.

The hardness of plate specimens should be less
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than that of tube, because plastic deformation of
plates is much more serious than that of tubes. Oth-
erwise crackles occur easily in the verge of welding
seam due to strain hardening. It is discovered by ex-
periments that copper plate in seam zone is broken in-
to pieces easily during welding process if the hardness
value of copper plate is beyond HV 100. So the Vick-
ers hardness of copper plate is seldom beyond HV
100. But the hardness of plates and tubes cannot dif-
fer too much. If the tube hardness is much larger or
the plate hardness is much lower, it is very difficult
to make the contact asperity of tube in the asperity
contact zone deform during friction vibration, thus
the areas of direct metal contact decrease and atoms
permeating is hindered; as a result, the tensile
strength of welding will be impaired. So the hardness
value of copper plate must be selected properly. Fig. 6
shows the effects of hardness value of copper plate on
tensile strength of welding. From Fig. 6, it is appro-
priate for the Vickers hardness of copper plates to be
80 ~ 90.
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Fig. 6 Relationship of tensile strength 0 and
Vickers hardness of copper plates

7 EFFECIS OF WELDING PARAMETERS ON
TENSILE STRENGTH

The welding parameters exert a tremendous in-
fluence on tensile strength. The main parameters of
ultrasonic seam welding include vibration frequency
f, amplitude A, static pressure p and welding veloc
ity v.

7.1 Ultrasonic vibration frequency f and ampli-
tude A

Increasing frequency can decrease amplitude on
condition that ultrasonic power keeps unchanged. De
creasing amplitude can lessen fatigue damage that al-
ternating stress brings to thin copper sheet. But the
energy loss of high frequency vibration will grow with
frequency increasing in acoustics system. So the se
lecting of frequency and amplitude must be proper.
When ultrasonic welding is applied to copper plate
and tube for collecting solar energy, the ultrasonic

frequency should be high and its amplitude should be
small because the thickness of copper plate is only 0. 2
mm. On the other hand, low frequency and large
amplitude can be taken because the yielding strength
of copper is low and its plasticity is very good. Con-
sidering the two factors comprehensively, the vibra-
tion frequency is selected as 20 kHz and amplitude is
16 = 20 Pm. In a word, the selecting of frequency
and amplitude should depends on the thickness and
mechanical properties of welded metal specimens.

7.2 Selecting of static pressure p

The tensile strength will not be high if static
pressure is too small. The reason is that too small
pressure will lighten the plastic deformation in asperi-
ty contact zone and reduce the area of direct metal
contact. All of these are not beneficial to atoms per-
meating. On the other hand, too high static pressure
will impair tensile strength because it makes deforma-
tion of seam zone too serious even crackles occur in
the verge of welding seam. In this experiment, the
static pressure of welding tip comes from air pressure,
and it is (4~ 6) x 10° Pa. Fig. 7 shows the relation-
ship of tensile strength and static pressure. There is
an optimum value of pressure by Fig. 7. The optr
mum value of pressure is decided on experiment.
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Fig. 7 Relationship of tensile strength 0 and
static pressure p

7.3 Selecting of welding velocity

From the point of view of productivity, the
faster the welding velocity is, the higher the efficien-
cy will be. But too high velocity will impair tensile
strength because the process of welding cannot be
completed fully. So does the too low velocity, because
it will cause fatigue damage in the verge of welding
seam. In this experiment the velocity from 2 to 12
m/ min is suitable.

8 CONCLUSIONS

1) The ultrasonic seam welding process on cop-
per plate and tube is a mechanical process. The pro-
cess can be divided into two stages and three prerequi-
sites must be met in order to make the process per
form smoothly.
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2) The two welded metal specimens are joined
together through the function of mechanical interlock
in the sheet of plastic deformation and atoms perme-
ating jointly.

3) The hardness of metal specimen has signifi-
cant influence on tensile strength of welding. The
hardness of copper tube and plate is suitable to be HV
100~ 110 and HV 80 ~ 90 separately in this experi-
ment.

4) It is critical to select welding parameters
properly. As for ultrasonic seam welding of copper
plate and tube for collecting solar energy, the param-
eters are selected as follows: static pressure (4~ 6) X
10° Pa, frequency 20 kHz, amplitude 16 = 20 Hm,

welding velocity 2~ 12 m/ min.
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