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ABSTRACT

More and more companies are relying on the consistency and traceability that automated processes provide, so why would
selective electroplating be any different? Selective plating is a method of electroplating localized areas without the use of an
immersion tank. Automated selective plating equipment has recently been developed for some very challenging applications.
Fully customized machines can be designed for repair or OEM applications to apply engineered deposits without the need for
operator intervention, changing the perceived notion of a once highly manual operation. This presentation highlights the key
benefits of automating the selective plating process including safety, ergonomics, eliminating operator error, process
consistency, data capturing and reporting, part traceability, optimized solution management, minimized emissions, and space
savings.

Introduction and background

Selective plating was originally developed in 1938 in
Paris, France by George Icxi. It evolved from the simple
touch-up of tank plated parts. In 1959, the Steel
Improvement and Forge Company (also known as
SIFCO Industries) bought a Canadian-based firm and
moved all operations to Cleveland, Ohio. In 2012,
SIFCO ASC was acquired by Norman Hay,
headquartered in the UK. NH was originally founded in
1940 doing chromium plating and hard anodizing.
Norman Hay was acquired by Quaker Houghton in
October 2019.

Selective plating concepts

Selective plating, or more commonly brush plating, is a Figure 1 - Typical setup for selective / brush plating.
portable process for plating localized areas on a workpiece without the use of an immersion tank. There are four key elements to
a brush plating set-up, shown in Fig. 1:
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1. The workpiece, in this case is the inner diameter of a cylinder that is being rotated by a turning head fixture on the right.
2. The power pack, with current, voltage and amp-hr control, on the left.

3. The plating tools, the anode here inserted into the hole in the workpiece, and

4. The preparatory and plating solutions, contained in the tank in the solution flow system, center.

The anodes can consist of graphite, Dura-A-Form®, platinum, or platinum-clad niobium or titanium. They are typically made to
conform to the substrate to optimize thickness distribution. The red and black cables connect the power source to the anode and
workpiece, and the green and black tubing provide solution circulation between reservoir and workpiece.

The rest of operation decisions are based on if the plating
S 7 Flating ScliHom EEl solutions need to be heated, flowed, or dipped, how the
48 workpiece is to be masked to isolate the selected area, and
whether any auxiliary equipment is needed to hold or rotate
the part and/or or the plating tools.

DC Electrical Current

As shown in Fig. 2, an electrolyte containing metal ions is

Anode introduced between a positively-charged anode (i.e., the

Plting Szl preparatory or plating tool) and a negatively-charged
Deposit / Masking cathode, (i.e., the workpiece). The anode itself is wrapped
—/ with a material that can be made of cotton, PermaWrap®,
=\ red or white TuffWrap®, etc. The wrap serves two main
il functions: to prevent an anode to cathode short-circuit and
Figure 2 - Selective plating operation. to act as the carrier for the solution which helps facilitate

the current flow by wetting both electrodes to create the electrochemical cell. The solution can be introduced to the workpiece by
flowing the solution through the anode using an external pump or by dip plating, where the anode is dipped into a beaker sitting
near the workpiece.

A typical plating scheme consists of several preparatory steps that prepare the surface for the final metal deposition step. Each
prep step requires a dedicated anode. The prep steps usually entail electroclean, etch, desmut and activation of the surface of
the workpiece. The part is rinsed in between steps with DI water to avoid cross contamination and assure a clean work surface.
After the workpiece has been properly prepared, a nickel preplate is typically applied and is substrate dependent.

Selective plating versus standard tank plating

Selective plating offers a number of advantages that regular tank immersion plating cannot offer. The process is portable.
Deposition rates are considerably higher, owing to higher metal concentrations in solution. The high solution velocity involved
offers ready replenishment of metal ions at the surface. The inherent brushing action disturbs the hydrodynamic boundary layer
at the surface resulting in faster solution movement. As a result, hydrogen gas bubbles are removed by the brushing action and
high solution velocity.

Beyond the deposition process itself, the need for part masking is reduced. The process is ideal for large parts not suited for
tank immersion baths. Finally, the nature of the operation reduces the solution volumes needed for plating.

Manual selective plating

As with tank plating, selective plating does involve numerous manual tasks, including, among others:
* Parts handling
* Post-plating visual inspection
+ Modifying rectifier settings (current and voltage)
+ Changing and positioning anodes
« Opening and closing valves
Rinsing parts
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Moving and disposing of chemical trays
Monitoring and documenting rectifier settings (current, voltage and electric charge passed (A-hr))
Adjusting charge passed, based on solution life

* Maintaining solution chemistry

« Detecting equipment issues
Variations can occur during the plating process, from part to part as well as from operator to operator. The process must also be
documented for quality assurance, and there is little time to properly monitor and record the actual versus the targeted process
settings. In sum, many of the tasks are subject to repetitive routine for the operator and considerable variability in the result.

Automated selective plating

Many of the repetitive tasks and variability can be alleviated by automation. In any manufacturing process, automation can be
used to:
Increase labor productivity (greater output per hour of labor input)

+ Reduce labor cost

« Mitigate labor shortage due to unavailability of specialized training

* Reduce or eliminate routine manual tasks

* Improve worker safety

* Improve product quality

* Reduce manufacturing lead time

* Accomplish processes that cannot be done manually
Selective plating offers several possibilities in which automation can result in significant productivity gains and cost reduction, in
line with the above list.
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shown in Fig. 3, data logging captures Figure 3 - Typical programmed rectifier data report.

the actual amperage, voltage and time
for the entire process cycle, from surface preparation through final plate. Overall, improved quality control and assurance are
obtained.

Mechanized solutions
Programmable software need not be just limited to rectifier control. It can also be used to assist the operator with many of the
manual tasks associated with the selective plating processes. The software can be used to change and move anodes, open and

close valves, rinse parts and move and dump chemical trays. What follows are three examples of applications where automated
selective plating operations have been successfully applied.
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Application 1: Oil well blow out preventer
(BOP)

This application involved corrosion protection for
an oil well blowout preventer (Fig. 4). The
objective was to prevent corrosion damage inside
critical seal pockets. These parts required repair
| refurbishment in order to utilize them again in
the field. The desired turnaround time was four
to six parts every four to six weeks. The
substrate material was F22 carbon steel. The
electroplated layer specified was 0.030-0.060 in.
of nickel. The plating process cycle was (1)
electroclean, (2) etch, (3) desmut, (4) sulfate
nickel preplate (strike) and (5) sulfamate nickel
plate.

Figure 4 - Oil well blowout preventer part. Figure 5 shows the pilot scale manual plating
apparatus used in the proof-of-concept phase of

this study. The off-center pockets required anode rotation by means of an ID plater. Figure 5(a) shows the rotating anode
device, with several anode configurations displayed beside it to accommodate the various recess diameters. Figure 5(b) shows
the complete installation with the rotation axis positioned vertically.

Some problems were noted. Plating with the rotating axis positioned horizontally required flipping the part 180° to prevent
uneven thickness distribution. Plating vertically prevented flipping parts by flooding the pocket. It was difficult to align the
rotating anode assembly with the bore using the mechanical setup shown in the photo. Any misalignment created rapid wear of
the anode wrap material. Further, increased labor was involved with additional setup and masking time.

Figure 5 - Manual selective plating pilot apparatus: (L) rotating anode assembly; (R) complete pilot scale setup
(vertical orientation).
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Given these observations, a semi-automated machine was built to increase throughput and reduce the changeover time (Fig. 6).
Automated PLC controlled servos and digital position readouts were provided for precision anode alignment. Part locating
tooling, masking fixtures and rectifier software control were included. Automated valves were installed to eliminate this manual
task. The operator would still prepare the plating area with hand tools, and carbon filter ventilation was provided.

Significant benefits accrued from the semi-automated machine. Increased throughput was realized by plating two areas at the
same time. Productivity improvement was gained by decreasing setup and masking time, with reduced labor. Process control
and consistency was enhanced with anode alignment repeatability, and optimized deposit properties were obtained with
standardized plating recipes. Data logging recorded the actual amperage, voltage and ampere-hours for every part.

Table 1 shows the total productivity improvement obtained with this application. While the manual ID plater improved the bore
processing time, the vertical orientation provided a marginal improvement. Significant improvement was achieved with the semi-
automated installation, reducing human errors and reducing the lead time from 25 days to 8 days to finish one part.

T

Figure 6 - Semi-automated machine for Ni plating of oiIJBIowout preventer: (L) gneral view; (R) installation in

operation.
Table 1 - Installation 1: Total productivity improvement

Event ID Plater (Horizontal) | ID Plater (Vertical) | Machine
Setup 2-3 hrs 3-4 hrs 1 hour
Masking 2-3 hrs 3-4 hrs 0.5-1 hour
Applications/Bore | 4 2 1
Applications/Day | 1 1 2
Total Processing | 25 days 18 days 8 days
Time
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Application 2: Pre-braze nickel layer on an engine vane

The application here was to deposit a pre-braze 0.0001-0.0003-inch thick layer of nickel on Rene 80, a nickel-based alloy used in
jet turbine blades. The objective was to prevent corrosion damage inside critical seal pockets. The existing process was labor
intensive to the point where there were ergonomic concerns. The part geometry was difficult to mask, and part handling required
that the parts be brought to the anodes, rather than the reverse. The larger production volume involved required a dedicated
person for the operation.

Here, a robotic plating system (Fig. 7) was developed which featured a programmable logic control (PLC) rectifier with human
machine interface (HMI) recipe control. Robotic part handling was employed to bring parts to anodes. The system also
contained an automated DI water rinse and air blow off, a part load conveyor and an unload table.

——

Figure 7 - Robotic selective plating system: (L) overall layout; (R) robotic handling arm a ancillary equipmnt.

The benefits of automating this application included ergonomic risk reduction, labor savings, optimization and standardization of
cycle times, process control and consistency, process capability improvement from 1.50 to 4.15 Sigma, reduced human errors
and chemical exposure reduction.

Application 3: Pre-braze nickel layer on turbine engine components

The application here, also related to turbine engines,
was to apply a pre-braze 0.0002-0.0006-inch thick layer
of nickel on Inconel, an austenitic nickel-chromium-
based superalloy. The objective was to replace aging
tank plating equipment with automated selective plating
equipment. The logistics of this process were complex,
involving 10 to 30-inch diameter workpieces. Part
masking, involving wax dipping and cutting, was time
consuming. A large manufacturing space requirement
of 7000 ft2 was typical for such an installation (Fig. 8).
In addition, operator chemical exposure, environmental
requirements and the use of an air scrubber had to be
dealt with.

Figure 8 - Portion of a tank line for nickel plating Inconel turbine

A fully automated robotic selective plating system was engine components.

developed for this application. It included:
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Quick change masking tooling

Anode tool changers

Solution level and flow control/monitoring

RFID tag monitoring

Barcode driven recipe selection

Programmable logic controlled (PLC) rectifier

Data collection/reporting

Provision for operators fill solution tanks on a weekly basis
Rinse water collection tanks

Carbon filter fume extraction with airflow switch

Figure 9 - Details of quick-change tooling mechanism.

The system allows for quick change tooling for fast changeovers and precision locating. As shown in Fig. 9, air pressure causes
the cylinders to unlock and receive and locate their mating retention knobs. Removing air pressure from the cylinder allows the
internal piston cam to mechanically position five hardened steel balls around the knob, locking it into place until air pressure is
again applied to release it. The precision surfaces of the cylinder locks and mating knobs offer a repeatability of .0002", with
thousands of pounds of fail-safe mechanical holding strength. Accordingly, there is no need to center the part in a traditional
lathe chuck, eliminating the need for operators to manually center parts into traditional lathe chucks.

- i. | e
Figure 10 - Details of master anode tool changer.

A master anode tool changer is fitted with plumbing to handle all plating chemicals, DI water, compressed air, electrical
connectors and an RFID tag reader. The robot picks and places each tool in plating process in sequence. Poka-yoke (mistake-
proofing) plumbing and RFID tags prevent using wrong tool or chemical. A collision sensor was provided to prevent crashing
tooling.
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Solution handling constantly monitored critical operating parameters. The pump flow is PLC-controlled, and clamp-on
flowmeters are installed for data feedback. Sensors monitor the solution tank level and temperature, and the specified nickel
plating is regulated through ampere-hour tracking. Automated valving is used to divert recirculated chemicals and rinse waters
to their proper locations. Rinse water collection tanks store prep waste and nickel waste before being pumped to larger totes.
Separating these waste streams means that the nickel wastewater can later be recycled and reclaimed.

Summary

Overall, automating selective plating operations can offer;
+ Optimization and standardization of cycle times
* Increased throughput and productivity
* Process control and consistency
* Reduced human errors
* Reduced labor
« Ergonomic risk reduction
» Chemical exposure reduction
+ Data logging and reporting
* Reduced manufacturing space
+ Possible elimination of air scrubbers

As seen here, selective plating is not just a manual process. There are many different reasons to automate a selective plating
process. However, it is important to understand your application and what goals you have in automating your process.
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