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Automotive OEM use e-coating processes to build the first
(primer) corrosion protection layer before the vehicle is
sent to the paint shop where robots will take care of the
actual coloring and finishing steps. Simulation technology
is commonly available and used for the latter, simulation
solutions for the e-coating process is not yet standard.

This paper will explain how the e-coating process
can be approached from an electrochemical point of
view. Simulation technologies are available for those
electrochemical processes where metal is deposited or
removed from a substrate. E-coating processes have a
different behaviour since the resistivity of the deposited
layer changes over time when the paint deposit layer
thickness increases. This document will explain how Elsyca
successfully developed and validated a solution that allows
simulating the effect of design changes to the e-coating
layer thickness and current density, thereby delivering
results within a time frame of a few days.

Introduction

E-coating (aka electrocoating or electropainting or
electrophoretic lacquering) is basically an electrophoretic
process by which a paint layer is deposited on a substrate.
However, unlike electroplating, electrocoating layers are
composed of low-conductive paint. This process is widely
used for industrial applications, mainly in the automotive
industry, due to its excellent corrosion protection properties,
low cost and self-leveling effect. E-coatings are mainly used
for applying the primer paint layer on a substrate, although
it might also be used for the finishing paint layer.

The leveling effect is, due to the highly resistive
properties of the electrocoated paint layer, thereby
directing the electrical current to surface areas that have
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not yet received full paint coverage. The process time is a critical
parameter in a compromise between productivity and paint
layer thickness distribution. A typical automotive paint process
time takes a few minutes. Another critical parameter is the local
current density on the substrate: layer thickness values below
specifications — typically in recessed areas like e.g.a B-pillar - areas
are related to the occurrence of very low current density values.

E-coating is one of the last engineering areas where
computer simulations are not commonly used, and mainly
automotive OEMs are looking for solutions in this domain.
E-coating related engineering has to be completed preferably
before the first prototype is built. Today, this is still done based
on experience. Being able to not only identify problem areas
but also to demonstrate the effect of proposed design changes
enables corrosion engineers to drastically reduce the lead time
and to work with similar tools as their colleagues working on
crash testing, durability, NVH etc.

What is required to successfully
simulate these processes?

Key influencers

Looking at the e-coating process from a different perspective,

one can say that the process is defined by

e The e-coat bath: characteristics in combination with the
different substrates used in a BIW;

e The e-coat line: configuration: tank dimensions, anodes,

vehicle trajectory etc.;

Process parameters:imposed voltage program, line speed

The vehicle characteristics, typically the BIW (body in white)

CAD geometry.

The E-coat bath

Chemical suppliers provide different types of e-coat baths,
composed of different type of base paint chemicals and
additives. The quality of these baths is monitored in the
production process to guarantee the composition of the bath
remains within certain predefined limits. Elsyca will take a
few litre of the operational paint bath, and analyse this in its
laboratory. Characteristics of paint bath in combination with
materials are required since they determine the efficiency of the
e-coating process.The focus of the analysis is in this case not on
the chemical composition, but on the bath behaviour:

e Electrolyte (and anolyte) conductivity;

e Anodic overpotential (oxygen evolution) ;

e  (Cathodic overpotential (hydrogen evolution) ;

e  Paint resistance and paint growth parameters.

A consistent DoE must be applied to characterise the e-coat
bath for the different substrates. The e-coat bath has a limited
life-time and requires a specific treatment and operational
conditions (like temperature, stirring etc.). The substrate samples
must be prepared to mimic the same process as the one used
in the production environment. This includes pre-treatment
steps like rinsing, cleaning and phosphate, but also the post-
treatment step (bake oven).The bath characteristics are used as
input parameters the simulation model. The same information
can be used for all vehicles built using the same substrates, since
the bath characteristics are independent of the vehicle itself.
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A special case is the characterisation of new baths. This
provides objective information to compare two or more
different paint baths and understand how these baths behave
in combination with the different substrates used for the
vehicle.The samples are in this case brand new since these e-coat
samples are not available in a production tank. It is important to
realise that the layer thickness will be higher - since the sample
only contains new e-coat paint. (In the production environment,
one will have a combination of new paint, almost new paint,
older paint etc.) Hence, one must make sure to also characterise
the currently used e-coat bath starting from new e-coat paint in
order to make the comparison in the same conditions.

The E-coat line

For the simulations, only the e-coat section of the pre-treatment
line will be considered. A full digital model will be build,
including dimensions, size and position of the anodes and the
vehicle trajectory. The vehicle trajectory can either be fixed for
all vehicles, or may very depending on the vehicle type. Older
systems will drag the vehicle in the bath, following a trajectory
that can best be compared with a car driving in an underground
parking. Once the car is submerged, it remains in the same
horizontal position while moving to the end of the tank, or
follow a ‘camelback’ route. More advanced systems will allow
flipping over the vehicle and moving it any wanted rotation
position. These rotations help to remove gas bubbles and paint
drag over. The vehicle trajectory can be deducted from the
technical drawing of the tank, in some cases a direct trajectory
file is available (e.g. a .wrl file).

Process parameters

Process parameters describe how the e-coat bath and e-coat
line are actually operated. These parameters define amongst
others, the line speed, the bath temperature, the voltage ramp
up programs, the vehicle trajectory (in case of a continuous
system), bath level, etc. It is very important to understand the
impact of these individual parameters on the entire process,
since these are the only parameters that can still be changed
once the vehicle design is fixed.

Vehicle

The vehicle design has a big impact on the e-coat behaviour.
The different engineering departments involved in the
development of a new vehicle have different views on the
design of a vehicle: people from the crash department may
want to add some reinforcement structures, the acoustics
department wants to close some holes, while the corrosion
department is looking for extra holes to remove gas bubbles
and provide sufficient space to build a minimum layer thickness
in internal structures. The latter was (is?) however in many cases
an activity based on experience, while the other departments
have computer simulation packages available. Using e-coat
simulation technology allows understanding and validating
the impact of a design change: will e.g. a new reinforcement
structure have a negative impact on the e-coat layer thickness
or neighbour? Can a hole be removed if another one is made
bigger? These changes can now be validated before a first
prototype is build.
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A full CAD of a vehicle is however very complex, and
makes it hard to handle. Processing such a complex structure
on a PC will be slow if not handled in an intelligent way.
Response times are a crucial key to success: an engineer
cannot wait for weeks to see the effect of design change.

The CAD of the vehicle is typically created in a standard
CAD system like e.g.Catia V5.The CAD may be optimised for e.g.
crash or visualisation, but e-coat simulations have additional
requirements. Some examples:

e The edges must be perfectly joined ;

e The CAD must be prepared to generate a solid body;

e ’‘Dead’inclusions must not be taken into account, since
no paint will enter this area;

e Small details and trenches should be deleted, since
they will make the mesh generation process extremely
complex.

Some tools exist to automate this process to a certain
extent, but these tasks still require a lot of man-effort. This
can be managed in the early stages of the vehicle program,
response times become more and more critical towards the
design freeze.

Simulation solution

E-coating simulation solutions must incorporate the capability
to include the bath characteristics, the e-coat infrastructure,
the processing parameters and the vehicle design. The
electrochemical process simulation approach will compute
the current density distribution, hence the layer thickness
over the BIW based on afore mentioned input parameters.
The simulation solution must account for the fact that the
electrochemical conditions change over time (Figure 1).

The entire process is split into a number of steps, typically
a few hundred, and for each of the steps, the exact layer
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Figure 1: Overview of input parameters required for the simulation process
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Figure 2: Current density (left) and layer thickness (right)
near beginning of the e-coat process
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Figure 3: Current density (left) and layer thickness (right)
when paint layer covers the outside of the vehicle
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Figure 4: Current density (left) and layer thickness (right)
towards end of the process

ErR&E) Bk 7 FRINR  BENARPLEL LR
FHEREEETRRS £8) NEREEE HHYE
RARBE NN RN X  BAVEEZEFEMIND
RATEEHN  BREFSHERSLERRE

FAR FRRBXEEEORE T  REDHENE
R BEREMAR —KERERRBE AR
o XBWRERBERKIZNEHMER  SMEBRAI
XE#E =4+ BBHEARE (BT RENERER) - ()
) MEBREAMX ST 2BRE (E4) -

HENREBETIEMAURIREATIZEEN
NAWER XA#-FTERTZRHTERERNE

(EfFRELEY ZO—ZFh AT

thickness and current density values are computed. This implies
that each step n will start from the layer thickness and current
density values from step n-1.These steps allow the application
of the correct operational conditions at each moment in time,
including the orientation of the vehicle, which anode group is
active, what is the voltage value, what is the distance from the
vehicle to the various anodes, what is the distance between
the vehicle and the top of the e-coat bath, what is the layer
thickness on the different surfaces and so forth.

It is interesting to observe the evolution of the current
density and layer thickness distribution over time. The current
will follow the shortest path, and the paint layer will first be
built on the surfaces of the vehicle that are closest to the side
anodes. The resistivity of this paint will increase as the paint
layer thickness changes, and the current will redirect to follow
different paths.This is illustrated in Figure 2.

The current density distribution (left) and the layer
thickness (right) are plotted at the same moment in time near
the beginning of the e-coat process: the light blue colours on
the doors and engine hood show an initial paint layer. This
redirects the current density to the roof and engine hood area,
which are red coloured.

One can also see that the higher current density values
are mainly on outside of the vehicle. This implies that no paint
layer will be deposited on the inside (as can be seen by the
dark colour zone on the right)

Once the initial outside layer has been formed, sufficient
resistivity will be available to redirect the higher current
density values to the inside of the vehicle. This is illustrated
in Figure 3: the paint layer (green on right image) covers the
outside of the vehicle, but nothing happened at the inside. The
current density on the left now shows higher (= green) current
density values, indicating the areas where the layer thickness
will start depositing the fastest. Note that the outside of the
vehicle is not fully resistive, implying the paint layer will still
grow on the outside as well.

After a while, also the inside area of the vehicle also
becomes coated. The layer still needs to grow, but the
resistivity is up to a level that will force current density into
the cavities. This implies that only at a rather late stage in
the e-coating process, after the outside and inside area have
developed sufficient resistivity (due to the paint layer) , will
the inside of a B-pillar, for example, be coated (Figure 4).

The advantage of the simulations is that the engineers
can see the entire process at each moment in time, providing
very valuable information in further understanding the
process. This is not possible without simulations, since the
paint bath is not transparent and the process cannot be
interrupted in a real tank.

Internal structures

Structures like a B-pillar are typically composed of different
metal sheets, consisting of the outside/inside cover, but also
including the reinforcement structures. These structures are
positioned very close to each other, leaving little room for
current to pass. The position and size of the holes in these
structures are crucial in attaining the minimum layer thickness

The internal structures are the most challenging areas
in the context of e-coating. It takes a long time before these
areas show some paint growth activity. The worst part
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probably is the fact that errors are very difficult to correct and
validation is extremely difficult. The only way to properly verify
the layer thickness properly is by performing destructive tests
on expensive prototypes. Apart from the cost of the vehicle,
it is also very time consuming to measure the actual values
(Figure 5). Being able to simulate the layer thickness and the
effect of design changes on this layer will not completely
remove the need for physical testing, but the amount of
physical tests can drastically be reduced. This implies the
engineer can freely modify the BIW design and validate the
change via simulations.

One may be tempted to run a simulation on the B-pillar
only instead of using the entire vehicle CAD to speed up
the simulation response time. Limiting the simulation to
the B-pillar only would drastically reduce the complexity
and amount of data to be handled, but would result in layer
thickness values that are far above reality. For this reason, the
remainder of the vehicle must be taken into account as well.

Elsyca has developed a multi-level approach where
changes to a reinforcement structure zone like a B-pillar
can be evaluated with a time frame of a few days, while
still taking into account the effect that is caused by the
remainder of the BIW.

Summary

Simulation tools are commonly used to shorten the
development cycle of new vehicles. The advantages of these
tools are unquestioned. They provide the people involved in
the different development stages with the means to validate
new or modified products for many different domains (NVH,
durability, acoustics, etc.).

The people involved in corrosion protection are no longer
limited to working either based only on experience, or by
using some sub-optimal simulation tools that do not provide
accurate results in a reasonable process time. Solutions based
on electrochemical process simulation have now reached a
level that these solutions are indispensible to the development
of new vehicles. [f]
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Robrecht Belis studied Information Technology and Marketing
in Leuven (Belgium). He started at Leuven Measurement Systems
(LMS) in 1986 with an initial focus on software engineering creating
the framework of a new high-tech solution for the NVH industry,
later on moving towards several project management positions
with global business responsibilities. Since 2008, he manages the
worldwide activities of the Surface Finishing Business Unit at Elsyca.

ELSYCA, the electrochemical intelligence company with
HQ in Belgium (Wijgmaal) and an office in the US (Atlanta), offers
Engineering services and software solution in the context of
electrochemical processes for the surface finishing and cathodic
protection industries.
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