ARCHIWUM INZYNIERII PRODUK(JI

PRODUCTION 2014, Vol. 3, No 2, pp 14-17
ISSN 2353-5156 (print version)
ENGINEERING ISSN 2353-7779 (online version)
ARCHIVES
Acrticle history: Received: 20.04.2014 Accepted: 28.05.2014 Online: 31.07.2014
Available online on: http://www.qpij.pl Exist since 4™ quarter 2013

Analysing the thermal characteristics of
LAMP joining

Tamas Markovits®, Andor Bauernhuber?

'Budapest University of Technology and Economics, Department of Automobiles and Vehicle Manufacturing, 6 Stoczek, Budapest,
Hungary, 1111, phone: +36-1-463-3468, fax: +36-1-463-3467, email: tamas.markovits@gjt.ome.hu

?Budapest University of Technology and Economics, Department of Automobiles and Vehicle Manufacturing, 6 Stoczek, Budapest,
Hungary, 1111, phone: +36-1-463-1838, fax: +36-1-463-3467, email: andor.bauernhuber@gjt.ome.hu

Abstract. The increasing utilisation of different material groups (plastic, metal, ceramics) in our advanced construction provides many
benefits, but the fastening process is a challenge. LAMP (Laser assisted metal plastic) joining is a new technique in fastening technology. It
means an alternative process from the existing techniques like using adhesives, screwing, riveting etc. The authors have been dealing with
this technology for years. In this research work some important thermal phenomena were analysed in order to understand the process of
joining more thoroughly. The temperature of the steel partner was measured in case of different laser settings and experimental situations
with two measuring techniques: thermocouple and infrared camera. The results show the effect of different influencing factors during heating
and the applicability of different measuring methods. The received temperature values can be compared to the characteristic temperature of
PMMA polymer (decomposition temperature) in order to determine the root cause of bubble forming in the polymer material. From the result
the differences between the different applied laser pulse mode for the heating was also determined and it was possible to measure the heating
rate during the laser process.
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1. Introduction B. et al. 2011, ROESNER A. et al. 2011, JUNG K.W. et
al. 2013). However, joining metals and plastics brings

The increasing trend in application of plastics ne- new challenges due to their diverse material properties,
cessitates the research on, not just the conventional ~like strength, melting temperature or thermal expan-
joining (BOoKUVKA O. et al. 2013), but the new fasten- sion (FARAZILA Y. et al. 2012). In order to make this

ing technologies too. Laser transmission welding is a ~ new joining technology competitive with widely used
well known and used technology in industry, which technologies, like adhesives and mechanical fastening,
enables the fast and efficient joining of plastics by the difficulties have to be solved and the process of
exploiting the advantages of laser technology (KAGAN joining have to be clarified. To achieve this goal in the
V. et al. 2002). Transparent-absorbent type joining can ~ case of a post-moulding technology, the knowledge of
be applied in the case of different materials as well, as ~ temperature and temperature distribution in the mate-
much research has reported, facilitating the simultane- ~ rial and at the interface of the bonding is essential.

ous use of different material’s advantages (ACHERIEE
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According to this main motivation, the aim of this
work is to determine the characteristic temperatures
during the laser joining process of PMMA plastic and
unalloyed structural steel, and to investigate the effect
of laser settings and material partners on the tempera-
ture present during joining

2. Experiments

In the experiments S235 structural steel and poly
(methyl methacrylate) (Acriplex PMMA-XT) sheet
were used. The thickness of the plastic sheet was 2
mm, the size 15x15mm, the geometry of the steel pin
sample and the experimental setup can be seen in Fig-
ure 1. The laser beam source was a LASAG SLS 200
type, pulse mode Nd:YAG laser with a maximum
pulse power of Pmax=5.5 kW and with an average
power of Pa=220 W. The power distribution of the
laser beam was Gaussian (TEMO0,0). The temperature
was measured with a K-type thermocouple with a wire
diameter of 0.25 mm, which was welded on the lateral
surface of the steel pin, close to the edge of the head
surface. The temperature distribution of the surface
was observed by a thermovision camera type FLIR
A325sc.

The transparent part was PMMA material which
has a transparency of about 92% at the applied laser
wavelength. Thus, the heated lower material transmits
heat back to the upper partner, which melts, and by
applying an appropriate compressive force between the
joining partners, after cooling down, the joint is cre-
ated.

To clarify the effect of the plastic sheet on the
heating process, three different situations were used: in
the situation ’A’, the steel pin was radiated directly at
its face side, where the focal spot of the laser beam
coincided with the steel pin surface. The diameter of
the spot was 5 mm in each case. In situation ‘B’, the
PMMA plastic sheet was placed 0.5 mm above the
steel pin, without touching the pin. In this case, be-
cause of the high transparency of the PMMA, the laser
beam passes the plastic and will be absorbed on the
metal partner, where heat is generated. In situation ‘C’,
the steel pin is pushed into the plastic sheet with
a clamping force of 3.2 N during laser radiation. The
heated face surface transfers heat back to the plastic,

which softens and finally melts. As a result of the
clamping force, the pin penetrates into the molten plas-
tic, and after cooling down, the joint is created.

Three different laser settings were used in the ex-
periments, to investigate the effect of beam parameters
on the thermal process. The settings are listed in Table
1., each setting was used in all three situations, each
experiment was repeated 3 times.

In each case 4.75 I/min argon shielding gas was
applied. The pins were manufactured by turning, the
average surface roughness of the steel pins on the lat-
eral surface was altered between 0.8 pm and 1.4 pm.
Roughness values were measured by a Mitutoyo
Surftest 301 surface roughness tester. Before the ex-
periment the steel pins were cleaned with acetone

1. steel workpiece

2. laser beam

3. thermocouple

4. evaluation unit

5. thermovision camera
6. plastic sheet

Situation B

Situation A Situation C

Fig.1. Schematic view of experimental setup in (b) Situation
A; (c) Situation B; (d) Situation C
Source: own study.

Table 1. Used laser settings

LS5 | & |t |¢
2T | B2 = ©
Ce| 59| 82~ 8] 83
$8|EE| 222|288
Setting | 200 | 4 100 0,5 2
Setting Il | 200 | 4 5 99 | 40
Setting 11l | 200 7 100 0,5 2
Source: own study.
3. Results and discussions
Typical thermocouple measured temperature

curves are plotted in Figure 1 during heating and cool-
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ing in the three different laser settings in situation A.
The temperature reaches its maximum value at the end
of the laser radiation, and after that, the temperature
decreases to room temperature. In line with the expec-
tations, the irradiation time influences the maximum
value of the curves: the longer the irradiation time, the
higher the maximum temperature. By comparing the
curves of setting | and Il, the effect on the heating rate
and the maximum temperature can be seen: the setting
with lower frequency but higher pulse energy increases
the heating rate and consequently, the maximum tem-
perature as well.
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Fig. 2. Characteristic temperature curves in situation A at
different laser settings, measured by thermocouple
Source: own study.

In Figure 3 the measured maximum temperatures
are illustrated in the case of the 3 different settings and
situations. It can be seen, that the PMMA sheet cause
less than 10% decreasing in the temperature of the pin:
the highly transparent plastic transmits the laser beam,
which is absorbed by the metal surface. The values at
situation B are consequently lower, than at situation A.
If using setting Il and 11l the surface reaches a higher
temperature in almost every situation. When using
situation C, the temperature decreases more signifi-
cantly; the steel pin transmits heat back to the plastic
during its penetration, which melts and partially de-
grades. The heat removal caused by the plastic de-
creases the temperature of the steel. The signs of
polymer degradation are the arising bubbles at the
plastic surface, which are the decomposition products
of PMMA material. These bubbles reduce the trans-
parency of the plastic which also contributes to the
lower temperatures of the steel.
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The pictures of the infrared camera provide images
of the heat distribution on the surfaces. In Figure 4 the
heat distribution on the lateral surface of a pin in situa-
tion A, at setting | are shown. The first 4 thermograms
show the process of heating, in the 4th picture the pin
reaches its maximum temperature. In the 5th picture,
the pin is in the cooling part of the process.
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Fig. 3. Maximal temperatures at different laser settings and
situations

Source: own study.
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Fig. 4. Temperature time sequences on the lateral surface of
the pin in situation A and setting I.
Source: own study.

As Figure 4 shows, the isotherms on the lateral
surface are nearly horizontal and symmetric, and are
moving downwards on the surface during heating. This
means that the temperature on the lateral surface is not
influenced by the horizontal position, but is only de-
pendent on the time and the vertical position. The heat
distributions of the face surface in situation A and
setting | are shown in Figure 5 the same way as in
Figure 4. The face surface heats up in line with the
Gaussian distribution of the laser beam: the middle of
the surface heats up fastest, the edge and the midpoint
temperature equalizes only at the end of the heating
process. The plastic material in the centre of the pin
has to tolerate a longer-term, higher-temperature heat-
ing, which can explain the more intensive bubble for-
mation during joining.
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Fig. 5. Temperature time sequences on the face surface of
the pin in situation A and setting |
Source: own study.

Figure 6 illustrates the process of temperature in-
crease in the middle of the face surface in the case of
settings | and 11, using the infrared camera. We can see
the difference in the nature of heating: when using low
pulse frequency and high pulse energy, each pulse
appears separately in the temperature diagram. There-
fore, while setting | results in a continuous and consis-
tent increase in the temperature, setting Il causes
a pulsating thermal effect for both the steel and the
plastic material.
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Fig. 6. Difference between the heating process depending on
the laser settings
Source: own study.

4. Summary and conclusions

The main conclusions drawn from the measure-
ments described above are as follows:

o The value of maximum temperature and the rate of
heating is influenced by the feed out of laser beam:
high frequency and low energy pulses cause lower
temperature and heating rate, while low frequency
and high energy pulses result in higher temperature
and heating rate.

o The temperature of the steel pin is reduced signifi-
cantly by pushing it into the PMMA sheet: the heat
needed to melt and partly decompose the polymer
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and the deteriorating transparency of the material

caused by bubble formation results in lower tem-

peratures

The temperature distribution on the lateral surface

of the pin is only dependent on the vertical posi-

tion and time, but independent from horizontal po-
sition.

«  The temperature distribution on the face surface of
the pin is in line with the Gaussian power distribu-
tion of the laser beam; this phenomenon is respon-
sible for the more intensive decomposition and
bubble formation in the middle part of the joining
as well.

o Laser pulse frequency and pulse energy has

a strong effect on the of temperature changes dur-

ing heating which could have an influence to the

polymer degradation process too.
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