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Finish Quality

By Michael R. Bonner, Vice President, Engineering &

Technology, Saint Clair Systems, Inc., Washington, Ml

t has long been believed that air temperature has

a significant impact on spray coating [inish qual-

ity, primarily due to its impact on the viscosity of

the atomized paint particles. Millions of dollars
are spent each year controlling the booth ambient envi-
ronment based on this belief. One of the things that has
always bothered us about this concept is the degree of
seasonal variation that coaters experience. Il the ambi-
ent temperature is being held constant year-round,
why is it still necessary to have a summer blend and a
winter blend? Since seasonal variations are, by their
very nature, temperature related, it seems there must be
something else at work here.

Retrospective
When we introduced our 2018 paper, “Guns or Bells,
How Do I Decide,” one of the most controversial parts was
thermal modeling that showed that, contrary to popular
belief, paint droplets do not reach ambient temperature
by the time they hit the part. That particle temperature
change model, shown in Table 1, suggested that even for
a 13 °F temperature differential between the paint tem-
perature and the ambient temperature, the change in
droplet temperature between the atomizer and the part
would fall somewhere between (.25-2.5 °F, depending on
a host ol different conditions. This appeared to explain
the gap between the commonly held myth and the reality
we were observing.

Still, old paradigms die hard and we encountered a
greal deal of resistance to the concept. Fortunately, during
some of our subsequent work we were able to photograph

TABLE 1 » Particle temperature change model.
Coating Parameters
Distance to part 10in 254 mm
Thermal conductivity (k) 2.595 BTU in/ft? hr °F 0.374 W/mK
Specific gravity 1.200 1.200 g/cc
Specific heat (Cp) 0.500 BTU/Ib °F 2.093 /g °C
U-value of air 0.2 BTU/ft? hr °F 1.136 W/m? °C
Air temperature 77.0°F 25.0°C
Inlet paint temp. 90.0 °F 22.2°¢C
Bell Gun

Min Max Min Max
Particle speed (mm/s) 150 300 300 600
Particle speed (in/s) 591 11.81 11.81 2362
Time to part (sec) 1.69 0.85 0.85 0.42
Particle size (diameter, um) 26 28 39 65
Particle surface area (m?) 2.1237E-09 2.4630E-09 4.7784E-09 1.3273E-08
Particle size (diameter, in) 1.0236E-03 1.1024E-03 1.5354E-03 2.5591E-03
Particle surface area (in?) 3.2918E-06 3.8177E-06 7.4065E-06 2,0574E-05
Particle volume (in®) 5.6159E-10 7.0141E-10 1.8954E-09 8.7748E-09
U-value of paint (BTU/ft? hr °F) 5069.95 4707.81 3379.96 2027.98
System U-value (BTU/ft? hr °F) 0.20 0.20 0.20 0.20
Thermal gain/(loss) (BTU) -2.7955E-11 -1.6211E-11 -3.1449E-11 -4.3677E-11
Particle AT (°F) -2.3007055 -1.0681814 -0.7668867 -0.2300569
Particle temp at part (°F) 87.70 88.93 89.23 89.77
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a bell applying clearcoat with a thermal camera and, as
they say, a picture is worth a thousand words (and cal-
culations for that matter). Shown in Figure 1. the picture
clearly shows that even the particles in the cloud that have
travelled past the part are still within 3.0 °F of the tem-
perature of the paint exiting the bell (Spot 1-Spot 2). This
lends visual evidence to support the thermal model and
proves, once again, that you just can’t argue with physics.

The Myth Dispelled

Simply dispelling the myth doesn't answer the question,
“Why do we continue to have temperature-based process
fluctuations when we have a very tightly controlled ambi-
ent environment?” Ever since we introduced the concept
ol point-of-application temperature-based viscosity con-
trol in 1990, we have been searching for the answer to
that question. It turns out that there is not just one single
answer. To understand it, we must start by understanding
the hierarchy of the various temperatures involved in the
painting process.

The Temperature Hierarchy

There are three basic temperatures that must be managed
in order to accurately control the painting process. They
are (in order):

+ The substrate,

+ The paint,

* The air.

Substrate Temperature

The impact of substrate temperature is oflen acknowl-
edged and seldom addressed. This can be complicated
because substrates vary. The part may be made from

FIGURE 1 » Bell cloud temperature.

PCI August 2019

metal, plastic, composite, wood or any of thousands of
other materials. But the real reason substrate is important
in our thermal discussion is mass. The substrate will usu-
ally have a mass that is orders of magnitude greater than
the mass of the paint film. This means that the paint will
very quickly assume the temperature of the substrate once
it hits the surface. We can see in Figure 1 that the part is
warmer than the paint being applied. This means that,
once the paint hits the surlace of the part, the viscosity
will drop until the warming solvents flash off to start the
curing process. As a result, substrate temperature has a
greater influence on the paint than does ambient tem-
perature. Is it any wonder that many modern, progressive
paint shops incorporate part temperature control into
their process as shown in Figure 27

Paint Temperature

Paint temperature directly affects flash off, with warmer
paint flashing off faster than colder paint. In addition, like
most fluids, temperature inversely affects paint viscos-
ity. As shown in Figure 3, as the temperature increases,
the viscosity falls. Conversely, as the temperature falls,
the viscosity increases. This temperature-based change
in viscosity affects things like flow out, run and sag,
orange peel, and gloss, just to name a few. With this kind

FIGURE 2 » Part temperature control.
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of impact, paint temperature is certainly more important
to controlling the process than ambient air temperature.

Air Temperature
We've already established that booth ambient tempera-
ture does not have as big an impact on the paint droplets

FIGURE 4 » Measuring point-of-application ambient and paint
temperature.

FIGURE 5 » Long-term paint process temperatures.
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as most people think, But that doesn’t mean that air can't
impact our process outcome. It turns out that air impacts
many of the devices in our paint path — especially those
metal devices that can easily transfer energy with the
air — and therefore disrupt our process control strategies.

A really good example of this appeared when we mea-
sured the ambient and paint temperatures in an automo-
tive bell applicator system in a process already equipped
with paint temperature control in the recirculation loops.
The measurement setup is shown in Figure 4. One would
expect the temperature to be stable, yet when we examine
measurements taken over a five-day period, as shown in
Figure 5, the result was definitely anything but stable.

Here we see a [ull 13 °F of temperature variation. Fur-
thermore, the booth ambient temperature was reasonably
stable in the 75-80 °F range. While this long-term trend is
important, more important is the impact of temperature
variation on each individual paint cycle — which is the
underlying reason for controlling temperature in the first
place. Zooming in on this graph, as shown in Figure 6, we
get a view of how temperature varies at the bell.

This tells a very different story. Here we can see that
paint temperature is fairly stable during the painting
cycle, though well off the 95 °F HX outlet temperature.
The temperature falls during the idle time between each
cycle and during solvent purge. Each one of these losses
of temperature must be overcome during the next paint
cycle, which means variation on each and every cycle. In
examining this graph it is easy to jump to the conclusion
that all of this is due to the average 76 °F ambient.

So, air temperature does have an impact on the paint
process, but primarily due to its influence on piping and
devices in the paint path between the heat exchanger
outlet and the point of application. As shown in Figure 7,
these devices include regulators, flow meters, color chang-
ers and a host ol other devices.

Often, these devices are located at the booth wall, either
inside or outside the booth. I outside, they may or may
not be in a controlled environment. In most cases, place-
ment is driven more by available space, or the desire to
minimize paint waste, than for temperature concerns. A
recent trend is to place these devices directly in the arm of
the robot, as shown in Figure 8.

The goal of placing the color change and other com-
ponents as close to the point of application as possible is
sound, but as is often the case, there is more to the story.

When these devices are moved to the robot arm it
increases the complexity. First, everything must be
mounted and routed to accommodate the motion of the
robot. In addition, the payload limitations of the robot
must be taken into consideration. This often means that
circulation at the color changer is eliminated, which
reduces the number of paint lines by hall. but can lead
to issues with pigment separation (settling), excess
purge requirements and cleaning issues, just to name
a few. Moreover, these devices are expensive and must
be protected, yet accessible for service when required.
The most common method employed to prevent the
contamination of the devices and the robot with paint
overspray is a [lexible cover of either fabric or plastic,
as shown in Figure 9. These do double duty. not only
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FIGURE 7 » In-line devices. FIGURE 8 » Robot-mounted devices.

protecting the robot and devices, but also preventing
the leakage of air, oil, water, paint, solvent and the like
from the robot into the paint environment, which could
negatively impact finish quality.

The Hidden Air Problem

These covers creale an artificial environment around the
robot arm, but not necessarily at our carefully controlled
booth environment. This contained environment can
be affected by heat generated by the robot’s motors and
bearings, and by [luids flowing through the tubing on
the arm including the paint, solvent, etc. But there is one
factor that is generally overlooked — cooling caused by the
release ol compressed air.

Compressed air is used to drive the bell turbine, and for
shaping the particle cloud and directing it at the target
part. The effects of this cooling phenomenon in pneu-
matic devices has long been studied and understood. It
causes condensation and, in the worst cases, can even
result in ice formation on exhaust mufflers. The ability
of this ice to stop pump operation is well-documented. So
why does this happen?

The Combined Gas Law
The refrigeration caused by decompressing air is explained
by the Combined Gas Law, defined by the equation:

P*P, PV,

Where:
P = Pressure
V = Volume

T = Temperature

As the name implies, it is a combination of Boyle's Law
(1662), Charles's Law (1787), Gay-Lussac's Law (1809)
and Avogadro's Law (1811). Without getting too deeply
into the mathematics, if the compressed air is being sup-
plied at 80 PSI and we release it to atmosphere (at ~14.7
PSI), the temperature must fall to balance the equation.

PAINT & COATINGS INDUSTRY H N 37
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FIGURE 10 » Refrigeration effect on paint temperature.
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In addition, the expanding gas pulls energy from the sur-
rounding surfaces, which makes them colder. These are
the same principles employed to air-condition your home
or chill the beer in your relrigerator. So, what does this
have to do with the temperature of our paint?

Undercover Cooling

As this air is exhausted, it is trapped under the cover sur-
rounding the robot. This lowers the temperature of the
environment around the devices on the arm to well below
the surrounding booth ambient temperature. In short,
we're creating a refrigerator around our robot arm. This
is clearly demonstrated in Figure 10.

The green trace shows the clearcoat entering the booth,
and the orange trace shows the clearcoat as it enters the
bell. The blue trace is booth ambient. Around 7:15 a.m.,
we see the clearcoat entering the booth and increasing
toward 80 °F. We see the clearcoat to the bell tracking the
incoming temperature with an offset of about 2.5 °F, We
would normally attribute this to the influence of booth
ambient on the coating as it travels along the arm of the
robot to the point of application.

But a funny thing happens when painting is stopped
for the break at about 7:20 a.m. As we would expect,
with the paint sitting stationary, the clearcoat at the
booth wall loses temperature, nearly reaching booth
ambient by the end of the break. The clearcoat at the bell
inlet however, continues to lose temperature, falling a
full 2 °F below booth ambient by the end of the break.
Since this “sub-cooling” clearly cannot be the result
of the booth ambient air, it must be originating from
another source — a colder source — and that source can
be found in the exhaust air shown on the graph as the
brown trace. We can see that this air hovers between
60-65 °F, barely exceeding 65 °F during the breaks when
consumption is at its minimum.

It is easy to see how this can be misinterpreted as booth
ambient influence. When the lines are purged to restart

AUGUST 2019 | WWW.PCIMAG.COM

painting at about 7:50 a.m., the clearcoat inlet and bell
temperatures come together and then the bell tempera-
ture sits between the clearcoat inlet and booth ambient
temperature over the next two hours of runtime. But
when we consider that the clearcoat is flowing through
Teflon tubing which, being plastic, provides some level of
insulation, and also factor in the dwell time in that tubing
during continuous paint cycles, it is clear that the tem-
perature differential between the clearcoat inlet tempera-
ture and the booth ambient temperature is insullicient to
produce this drop in temperature.

From a process control and finish quality repeatabil-
ity perspective, the influence of this refrigerated air is
not consistent. As shown in Figure 10, it varies based
on the time between racks (varving gaps), based on
breaks, downtime, shutdowns, etc. It varies based on the
rate of change, which is determined by the temperature
differential between the coating temperature and the
refrigerated air temperature. And the refrigerated air
temperature varies based on the pressure and flow rate.
which can vary based on different parts being coated.
These variations are made evident when we look at the
lunch break starting about 9:55 a.m. and continuing
through the 10:30 a.m. hour.

Unfortunately, these variations are virtually invis-
ible to the line operators and process engineers, which
can make it very hard to identify them as the source
of finish quality issues. This is especially true in this
example, where the booth ambient temperature (prob-
ably the only temperature being measured) moves
nearly 8 °F in just three hours.

Solving the Problem

From this it is clear that controlling exhaust and shaping
air are likely more important than booth air in gaining
tight control over the painting process. The solution,
however, is nearly as complex as identilying the problem
in the first place. It requires monitoring the exhaust
air temperature and then controlling the incoming
compressed air temperature with a closed-loop system
designed to assure that the exhaust air temperature
matches the paint temperature setpoint, independent
of changes in plant ambient, booth ambient and com-
pressed air temperature. This requires a sophisticated
temperature control system with strategically placed
sensors and an advanced control algorithm.

One side benefit of this system is that it will also
stabilize the shaping air temperature, maintaining it
at a point where it is unlikely to generate condensa-
tion and therefore the “spitters” often associated with
this refrigeration and often addressed by other hot gas
systems that overheat the air (or other gases) and thus
creating dry spray.

Adding this to a modern paint temperature control
solution can significantly improve finish quality, resulting
in higher [irst-pass yields and more predictable process
outcomes independent from variations in ambient tem-
perature that occur from day-to-night and from season-
to-season. This can also significantly reduce operating
cost, increase throughput and therefore enhance your
competitive position in the marketplace. m

digital.bnpmedia.com/publication/?i=604320&ver=htmI5&p=34&oly_enc_id=6012A9618690A6P#{"page":38,"issue_id":604320}

77



