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TESTING OF ADHESIVE SPRAY PAINTING WITH ROBOT

Marek Sukop, Mikulas Hajduk, Jan Semjon, Jozef Varga,
Rudolf Janos, Marek Vagas, Martin Bezdk, Ivan Virgala

Professional paper
This article aims at setting appropriate parameters for robotic spraying of adhesives used in industry. The robot ABB IRB 1600 was used in a non-
explosive environment. The adhesive was dispensed from pressure sweat and applied by a Krautzberger RAS spray head. The article describes a detailed
diagram for automatic connection of a painting gun. The results of the individual tests are shown in the tables and the dependencies of the individual
parameters are described in the graphs. Depending on the amount of spray applied, the best samples are evaluated according to the adhesive
manufacturer's recommendations.
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Ispitivanje bojenja mlazom adhezivnog sredstva nanesenog robotom

Strucni ¢lanak
Cilj je ovoga rada odredivanje odgovarajucih parametara za raspr§ivanje adheziva koristenih u industriji uz primjenu robota. Koristen je robot ABB IRB
1600 u neeksplozivnom okruzenju. Adheziv se oslobadao iz tlatne posude i nanosio rasprSivacem Krautzberger RAS. U radu se daje detaljan opis
dijagrama za automatsko spajanje pistolja za bojenje. Rezultati pojedinacnih testova dani su u tablicama, a ovisnosti pojedinih parametara prikazane su u

grafikonima. Ovisno o koli¢ini nanesenog mlaza, najbolji uzorci su ocijenjeni u skladu s preporukama proizvodaca adheziva.

Kljucne rijeci: adheziv; pistolj za bojenje; robot; tlacna posuda

1 Introduction

Spray painting is primarily used in industry,
especially automotive. The uniformity of paint thickness
on a product can strongly influence its quality, which is
typically determined by the robot painting path. Robot
path planning with uniform material distribution remains
a challenging research topic in the spraying processes.
There are two path planning methods by robot: manual
and automatic. Manual robot path planning methods
(teaching methods) are based on manufacturing
engineers’ experience and knowledge of production
facilities, equipment, their capabilities, processes, and
tools. A manufacturing engineer has to carry out
extensive tests on a work cell to improve a painting path
in order to obtain a good spraying distribution. This
process is complex and very time-consuming. The results
vary based on each manufacturing engineer’s skills. Path
planning usually requires the engineers to use a trial-and-
error approach to find a good robot spraying path for
painting processes. The generated path is usually
operator-dependent and error-prone. It is even harder for
engineers to figure out better paths when some
performance criteria have to be considered [1, 2].

This article describes testing of adhesive spray
painting and dependence between speed of robot,
pressure of pressure pot, pressure on painting gun, nozzle
lift on the gun and distance between painting gun needle
and spraying area. Sprayed samples were evaluated and
selected to the best with optimal weight. ABB IRB 1600,
the HVLP painting gun Krautzberger RA5 HV3, pressure
pot (PP) and adhesive with viscosity 3.500 mPa-s were
used for the tests. During testing only round type of
spraying was used.

2 Main parameters of spraying adhesive

Base: Water borne polyurethane dispersion
Solid content: Approx. 45 %
Viscosity at 20 °C: Approx. 3500 mPa-s
(Brookfield RVT, Sp 3, 20 RPM)
Density at 20 °C: Approx. 1.05 gr/cm’
pH: Approx. 7.5
Consumption: Approx. 80 +120 g/m? wet depending
on the substrate
Activation temperature: 55 + 80 °C
Drying: At ambient temperature (20 °C):
20 + 60 minutes
Hot air at 50 °C between 10 + 15
minutes. It is very important that the
temperature of the adhesive film not
exceed 50 °C.

In drying tunnel:

Material and product

Temperature: 15+25°C

Pot life: Approx. 8 hours at 20 °C or 4 hours at
30°C

Dilution and cleaning:  Fresh water while the adhesive is
fresh.

This adhesive is heat-activated, two-component
dispersion adhesive for the bonding of PVC-foil, carpet
and textile to moulded body parts with ABS, fibre, wood
pulp, etc. It is used in the production of car roofs, door
trims, parcel shelves, pillar trims etc. For instance in case
of PP is needed a pre-treatment by flame is needed, in
order to increase the superficial tension to 38 + 40 mN/m.
The adhesive has very good spraying properties, fast
drying and after cross-linking, excellent water and heat
resistance. The surfaces to bind must be clean, dry,
without grease, wax or demoulding agents. The mixture
of the adhesive with hardener must be done with a
mechanical stirrer at average rotational speed max. 400
rpm, stirring during 8 to 10 minutes until homogeneous
colour [9, 11].
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The adhesive mixture is applied with spray
equipment. Best results are met with special equipment
for aqueous products as HVLP type, with nozzles of 1.5
to 1.8. Equipment, container, hoses, etc. which come in
contact with adhesive, must be of corrosion-resistant
material (as stainless steel V4a/1.451 or plastics as
polyethylene, polypropylene or Teflon, to avoid
coagulation. Any contact with non-ferrous metals, like
hoses, sealing, rings, filter bodies and similar must be
avoided in any case [8, 10].

When the adhesive film is completely dry, bonding is
possible by means of heat reactivation. The temperature
of the adhesive joint depends on the material and should
be between 55 + 80 °C. A wet coating weight of approx.
100 + 120 g/m2 is applied on the substrate depending on
the porosity of the materials [6, 7].

Adhesive must be completely dry before laminating.
During the drying process the humidity in the drying

Painting gun

channel increases very fast. The excessive moisture
content must be reduced either by fresh air supply or by
drying out physically. The maximum temperature in the
drying channel is 50 °C. In these conditions the drying
time is usually 10 = 15 minutes. The drying time can be
reduced when very dry air (relative humidity between 5
and 10 %) is used and the air circulation speed is
increased to 2 +~ 4 m/second [11].

The heat reactivation is only available within a period
of approx. 8 hours after adding the hardener at 20 °C.
Higher temperatures decrease the processing time to 4
hours at 30 °C, so we recommend not exceeding this time.
If the adhesive is applied on both parts, on the carrier
material as well as on the laminate, the open time for the
carrier material is 4 hours and for the laminate 12 hours.
These values are only valid for an application temperature
of 25 °C [4, 5].

Krautzberger
RAS

[

Robot ABB
IRB 1600

Spraying distance

Testing
area

Figure 1 Assembly of robot spraying system

Painting gun Krautzberger RAS
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Figure 2 Connection diagram for spraying system
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3 Assembly of robot spraying system

This system consists of robot ABB IRB 1600 type
with controller IRCS5, pressure pot with adhesive and
painting gun RAS5 HV3 from Krautzberger company, see
Fig. 1 [1, 12].

Connection diagram for spraying system is shown in
Fig. 2. For our testing was used only round jet — air
connected to round port (R), port StA for switching
adhesive and port M for adhesive application.

Connection diagram shown in Fig. 2 consists of [13,
14]:

1. Pressure relief 3/2 valve, G1/2"
2. Filter regulator, G1/2"

3. Pressure gauge

4. Electro-pneumatic regulator

5. Digital flow switch for air

6. Modular style regulator

7. 3/2 port solenoid valve

R — Round jet

F — Flat jet

StA — Open adhesive
StZ — Close adhesive
M — Input adhesive

4  Testing adhesive spraying with robot

In all tests adhesive is sprayed linearly at a distance
from the spraying area, and with total length of 1m. Only
round jet was used for these tests. For all cases was
primarily used weight ratio depending on speed of the
robot, pressure at pressure pot, air pressure at painting
gun and revolutions on gun. Maximum speed of robot
was 2000 mm/s [2, 3].

In the tables are shown samples with settings of main
parameters and dependencies of parameters are shown on
charts.

4.1 Spraying at distance of 10 cm

Table 1 Setting parameters for spraying at a distance of 10 cm

Sample 1 2 3 4 5 6 7
Pressure pot (bar) | 2 2 2 2 2 2 1.5
Gun air pressure
R-port (bar) 3 3 2 3 3 3 3
Width of jet (cm) 4
Revolutions on
gun (set adhesive | 5 5 1 5 5 5 5
volume)
Speed of robot
(%)
Weight of
adhesive (g/m)
Weight of
adhesive (g/m?)
(Ideal weight of | 93 [ 138 | 140 | 170 | 225 | 344 | 348
adhesive is 100 +
120g/m?)

751 50 | 25 | 40 | 30 20 25

371555668 9 |13.75]|139

At first case, the adhesive was sprayed at a distance
of 10 cm from the spraying area. Pressure at pressure pot
was in the range between 1.5 and 2 bar. The pressure in

painting gun for round spraying was set from 2 to 3 bars
and the nozzle lift was from 1 to 5 revolutions, Tab. 1.
Legend in Fig. 3 chart is the same for all charts.

—&— Pressure pot [bar]

—— Gun air pressure R-port [bar]

== Revolutions on gun (set glue volume)
——Speed of Robot

—t—Weight of glue [g/m]

100

10

93 138 140 170 225 3244 348
Weight of adhesive [g/m?]
Figure 3 Dependent parameters for spraying at a distance of 10 cm

4.2 Spraying at a distance of 30 cm

At second case, the adhesive was sprayed at a
distance of 30 cm from the spraying area. Pressure at
pressure pot was 2 bars. The pressure at gun for round
spraying was set from 2 to 3 bars and nozzle lift was from
2 to 6 revolutions. These parameters are shown in Tab. 2.
The fields marked in yellow show the best results of

spraying.

Table 2 Setting parameters for spraying at a distance of 30 cm
Sample 1 2 3 4 5

Pressure pot (bar) 2 2 2 2 2
Gun air pressure R-
port (bar) 2 2 3 3 3
Width of jet (cm) 8
Revolutions on gun
(set adhesive 2 4 4 5 6
volume)
Speed of Robot (%) 25 25 25 25 25
Weight of adhesive 59 6 79 85 93
(g/m)
Weight of
adhesive(g/m?)
(Ideal weight of 65 98 99 106 116
adhesive is 100 +
120g/m?)

4.3 Spraying at distance of 50 cm

In the third case, the adhesive was sprayed at a
distance of 50 cm from the spraying area. Pressure at
pressure pot was in the range between 2 and 4.6 bars. The
pressure at gun for round spraying was set from 2.5 to 3
bars and lift the nozzle was 5 revolutions, Tab. 3.
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100 | | | | Best results are in the 5, 6 and 7 samples. These
samples are marked yellow in Tab. 3. Dependent
parameters are shown in Fig. 5.

Width of jet is shown on a sample that is described in
chapter 4.

5 Evaluations of adhesive spraying samples

10
In testing of adhesive spraying at a distance of 10 cm
from the spraying area, the best results were obtained

from samples 1 and 2. Settings of these samples are
closest to the recommended weight of adhesive sprayed

& ¢ ¢ per m’. The obtained samples are shown in Fig. 6.
1
65 98 99 106 116

Weight of adhesive [g/m?]
Figure 4 Dependent parameters for spraying at a distance of 30 cm

Table 3 Setting parameters for spraying at a distance of 50 cm
Sample 1 2 | 314 5 6 7 8
Pressurepot | 35 | 5 132032 46 | 2 | 46 | 46
(bar)
Gun air
pressure R- 3 313 [25]25 3 25 125
port (bar)
Width of jet
(cm)
Revolutions
on gun (set
adhesive
volume)
Speed of
Robot (%)
Weight of
adhesive 52557282 |134]155| 155|181
(¢/m) _
Weight of Figure 7 Sample 4 from the adhesive spraying at a
adhesive
(g/m?) (Ideal
weight of 43 |46 | 60 | 68 | 111 | 129 | 129 | 151
adhesive is

100 + 120
g/m’)

ngure 6 Sample 1 and 2 from the adhesive spraying at a distance 10 cm

12

40 | 50 | 50 [ 25| 50 | 25 | 40 | 25

100

Figure 8 Sample 5 from the adhesive spraying at a istance of 30 cm

/)(_)\/\/\( In testing of the adhesive spraying at a distance of 30
cm from the spraying area, the best results were obtained

from samples 4 and 5. Settings of these samples were
closest to the recommended weight of adhesive sprayed
per m”. The obtained samples are shown in Fig. 7 and Fig.
8.

10

In testing of adhesive spraying at a distance of 50 cm
from the spraying area, the best results were obtained
from the samples 5, 6 and 7. Settings of these samples
were closest to the recommended weight of adhesive
sprayed per m”. The obtained samples are shown in Fig.
9, Fig. 10 and Fig. 11. The gaps between the adhesives

43 46 60 68 111 129 129 151 . >
are due to a trajectory that copies the shape of the door.

Weight of adhesive [g/m?]
Figure 5 Dependent parameters for spraying at a distance of 50 cm
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Figure 9 Sample 5 from the adhesive spraying at a distance of 50 cm

o

50 cm

Figure 10 Sample 6 from the adhesive spraying at a disfaﬂce of

Figure 11 Sample 7 from the adhesive spraying at a distance of 50 cm
6 Conclusion

This adhesive is used automotive. Currently, the
adhesive is applied manually, but it is planned to
automate the process. The aim of the adhesive spray
painting testing from different distances from the spraying
area was to determine appropriate parameters for robot
speed, setting of pressure at pressure pot, setting of
pressure and the sizing of nozzle lift (revolutions) at the
painting gun. From testing samples representative
samples were chosen with the weight of the sprayed
adhesive which is closest to the recommended value of
adhesive manufacturer. These settings of the parameters
can be applied to the robotic spraying in various
industries.
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