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The automotive and plumbing industries have stringent require-
ments for the field performance of decorative copper-nickel-
chromium coatings on plastic parts. These requirements include 
adhesion and thermal-cycle performance, as well as the cor-
rosion resistance of these coatings. This paper will review the 
relationship between the design elements of plastic parts and the 
injection molding and electroplating processes. The effects which 
certain design features have on the injection-molding process 
and the adhesion of the plating layers will be discussed. The 
paper will also examine how the design of the part infl uences the 
electroplating process and the corrosion resistance of the fi nal 
product. Finally, detailed design guidelines will be presented 
that will facilitate the optimization of the injection molding and 
electroplating processes, resulting in superior thermal-cycle and 
corrosion performance.

Introduction
During the past decade the quality and durability requirements for 
electroplated plastic parts supplied to the automotive and plumb-
ing industries have increased dramatically. These requirements 
have put an ever increasing burden not only on the suppliers of 
decorative copper-nickel-chromium fi nishes to these industries, 
but also to those companies that supply the injection molded 
product to be electroplated.
 The fi nal quality of the electroplated coating is measured by its 
appearance, adhesion and corrosion resistance. The appearance 
criteria are agreed upon between the supplier and the OEM or 
Tier I that has responsibility for the program. Appearance stan-
dards are agreed upon by both parties and kept as references for 
future comparisons.
 The adhesion is measured by thermal-cycle testing criteria that 
vary between OEMs, but essentially involve subjecting parts to 
a series of alternating low and high temperatures. In general, if 
no cracking or blistering occurs, then the parts are considered to 
have passed.
 The corrosion effectiveness of the decorative coating is mea-
sured by subjecting the part to an artifi cial corrosive environment 
for a specifi ed number of hours. This test is usually referred to as 
the CASS test, or Copper-Accelerated-Salt-Spray. The number 
of hours for testing is specifi ed by the individual OEMs, based 
on whether or not the part will be used in an interior or exterior 
environment and testing can vary from 16 to 80 hours of CASS. 
Both the appearance and corrosion resistance of the coating are 
evaluated at the end of the test to determine if it acceptable.
 The suppliers of these electroplated plastic products have 
many decisions to make which will affect the outcome of their 
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manufacturing processes. The factors that determine the final 
quality of electroplated products are not all within the control of 
the electroplating suppliers. The interrelationship of many factors 
determines the fi nal quality of an electroplated product. In Fig. 1, 
you see many different relationships, some of which we are going 
to be examining in this article.
 The keys to high quality plating-on-plastic success involve not 
only the injection molding and electroplating processes, but also 
include the part design, mold design and construction, molding 
material selection and electroplating rack design. The initial part 
design of an electroplated product will greatly infl uence the fi nal 
quality of the product and we are going to take an in-depth look 
into design elements and their infl uence on the injection molding 
and electroplating processes.
 The majority of today’s automotive designers do not understand 
the signifi cance their design plays on the manufacturing processes 
and the long term durability of decorative chromium plated plastic 
parts. Design features such as wall thicknesses, sharp edges and 
corners, attachment bosses, etc., all can have a signifi cant impact 
on the quality of the end product.
 The quality of the electroplated coating as measured by its 
adhesion and corrosion resistance is dependent on many factors. 
From the electroplating standpoint, the effectiveness of the typical 
chromic acid-sulfuric acid etch is the key to achieving optimum 
adhesion values. The adhesion is greatly affected by the quality 
of the plastic material and the injection molding conditions which 
are used to produce a plastic part. The end use of the product will 
determine the fi nal selection of the plastic resin that will be used 

Figure 1—Key plating-on-plastics relationships.
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in its manufacture. Today the majority of electroplated plastic parts 
are molded from ABS materials, but more and more applications 
are being produced in PC/ABS materials because of higher heat 
and/or impact requirements. Products such as grilles for the front 
end of automobiles and wheel covers are typical products utilizing 
PC/ABS alloys.
 When proper electroplating grades of ABS materials are not 
selected, the size and distribution of the butadiene particles are 
not optimized for electroplating. In addition, the injection molding 
contributes to orientation and stress in a plastic part. We will exam-
ine a few of these conditions. Orientation and deformation of buta-
diene can lead to a surface condition that is not evenly etched and 
therefore, adhesion is not optimized and thermal cycle failures can 
occur between the metal layers and the plastic surface. Improper 
molding conditions can also result in the top skin layer of plastic 
delaminating from the plastic immediately below the surface and 
we will discuss this in greater detail later.
 In many instances parts are not properly molded because they 
are poorly designed and have design features that lead to problems 
in the molding process. We will discuss these design elements and 
why they lead to injection molding issues that contribute to elec-
troplating problems.

Part design guidelines due to electroplating
First, let’s discuss some very basic design features that effect the 
metal thickness distribution on an electroplated part. Figure 2 
shows a basic representation of electrical current distribution and 
the relative thicknesses from high current density (HCD) to low 
current density (LCD) areas on a theoretical part. The current den-
sity is never uniform over an individual part or from part to part on 
the same electroplating fi xture. The solid dark area represents the 
relative thickness difference that can be expected for different areas 
of a part depending on the current density in that area.
 Typical thickness differences on complex shapes like wheel 
covers and claddings can be fourteen times greater in the HCD area 
than in the LCD areas. This degree of thickness variation can lead 
to assembly issues caused by excessive thicknesses in the HCD 
areas and corrosion resistance issues with low thicknesses in the 
LCD areas. This variation in thickness can be minimized with the 
use of auxiliary anodes, but at a cost of higher scrap rates and thus 
higher overall manufacturing costs.

 There are some general rules that should be considered when 
designing parts that will be copper-nickel-chromium electroplated. 
When we examine surfaces of plastic parts we fi nd that convex sur-
faces are more favorable than fl at surfaces because of the build up 
of plating on the edges. This rule is graphically represented in Fig. 
3. A convex or crowned surface results in a more even distribution 
of plating especially when the edges are well rounded.
 The ability to plate concave surfaces is dependent upon the 
depth of the recess. Deep recesses will increase plating time and 
costs to obtain a specifi ed minimum thickness. Fig. 4 shows some 
examples of these recess designs, with suggested alternatives.
 Blind holes should be eliminated whenever possible because 
they are not only extreme LCD areas but they can also trap electro-
plating solution. When blind holes are necessary, you should limit 
the depth to 50% of the hole width. It is also advisable to avoid 
diameters less than 6 mm because of the entrapment of solution. 
Figure 5 shows an example of blind hole design, with the bottom 
radii larger for more even plate distribution.
 One of the biggest problems with some part designs today are 
the sharp edges and corners that designers use to present a certain 
style or look with their products. Sharp edges are very undesir-
able because of the build up of electroplating thicknesses on these 
edges, resulting in not only cosmetic issues but also fi t and func-
tion in many cases. Figure 6 shows a number of examples of sharp 
edges and how they will be affected by plating buildup. All corners 
should be rounded whenever possible and all inside and outside 
angles should be likewise designed.

Figure 2—Current distribution is not uniform over a shaped article.  Areas 
remote from the anode receive a smaller share of the available current than 
areas near the anode.

Figure 3—Edge effects: (L) inadequate designs; (R) improved designs.

Figure 4—Recesses: (L) inadequate designs; (R) improved designs.

Figure 5—Blind holes: (L) inadequate design; (R) improved design.

Figure 6—Sharp edges and corners: (L) inadequate designs; (R) improved 
designs.

ANODE ANODECATHODE
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 Another part feature that is often designed poorly is the spacing 
between ribs or bars on the front grille of vehicles. The spacing 
between bars is often too close together resulting in very LCD 
areas that are susceptible to low plating thicknesses and thus cor-
rosion failure in the fi eld. In Fig. 7, you can see some examples of 
good and bad rib spacing. The distance between ribs should be at 
least twice the rib depth in order to achieve an acceptable mini-
mum thickness. In some cases, the back part of these ribs can be 
coated with a resist paint which inhibits the deposition of metal in 
these LCD areas. This selective plating can help improve impact 
resistance, thermal cycle performance, and a more uniform thick-
ness distribution can be achieved. The use of this resist paint in the 
recessed or low current density areas can completely eliminate the 
problems of trying to meet minimum plate thickness in those areas. 
However, in most cases on decorative parts, this resist-coated area 
will have to be top-coated with a fi nal decorative paint, resulting in 
additional manufacturing costs.
 In summary, the major plastic part design guidelines that are due 
to electroplating limitations are as follows:

1. No sharp corners or edges to minimize plate buildup.
2. Crowned (convex) surfaces are desirable over fl at surfaces to 

even out plate thickness.
3. No blind holes or bosses to minimize solution entrapment and 

dragout.
4. Adequate spacing between ribs or bars to allow plating throw.
5. Avoid deep recessed areas which are diffi cult to throw plating 

into.
6. Resist paint for selective plating can help in some cases with 

poor designs.

Part design guidelines due to injection molding limitations
There are certain design features that have a signifi cant infl uence 
on the injection molding process. These design features can force 
the injection molding processor to use certain molding parameters 
that are not conducive to molding a stress-free part for electroplat-
ing. These key elements of plastic part design are:

 1. Wall thickness
 2. Ribs
 3. Gussets
 4. Bosses
 5. Blind holes
 6. Through-holes
 7. Hole spacing
 8. Radii and corners
 9. Sharp corners
10. Draft angles

The major rule for wall thicknesses is to keep them as thin and uni-
form as possible, while meeting the functional requirements of the 
part. This will result in even fi lling of the mold and more uniform 
shrinkage is obtained. The internal stresses will also be reduced, 
resulting in a part with a greater chance of passing stringent ther-
mal cycle testing. Typically, the wall thickness should be in the 
range of 0.5 to 4.0 mm, with 2.0 to 3.0 mm optimum. Thinner wall 
thicknesses will result in shorter molding cycles and lower part 
weight resulting in cost savings. When varying wall thicknesses 
are needed for reasons of design, there should be a gradual transi-
tion of 3 to 1 as seen in Figure 8.1

 One of the biggest mistakes that design engineers still make is 
the placement and design of ribs for strength. In order to minimize 
sink on the Class A surface, rib thicknesses should not exceed 50 % 

of the nominal (or intersecting) wall. Greater thicknesses will cause 
sink marks on the surface opposite the ribs. Injection molding pro-
cess engineers will try to eliminate these sinks by introducing more 
holding pressure to the process and thereby increase the amount of 
internal stress introduced into a part. Typical rib design dimensions 
are shown in Figure 9.1 The maximum rib height should also not 
exceed three times the nominal wall thickness if possible, because 
deep ribs become diffi cult to fi ll and may tend to stick in the mold 
during ejection. In addition, the typical draft angle on ribs is 1.0 to 
1.5° per side with a minimum of 0.5° per side.
 At the intersection of the rib base and the nominal wall, a radius 
of 25 to 50% of the nominal wall section should be included. The 
recommended minimum radius value is 0.4 mm. These radii will 
help eliminate stress and improve material fl ow and cooling around 
the rib. Using larger radii will give only marginal improvement and 
increase the risk of sink marks on the opposite side of the wall.
 Gussets are a subset of ribs and the guidelines that apply to ribs 
are also valid for gussets. The height of the gusset can be up to 95% 
of the height of the boss or rib it is attached to. See Fig. 10.1

Figure 7—Rib spacing: (L) inadequate designs; (R) improved designs.

Figure 8—Effect of wall thickness changes.
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 The use of bosses for attachment purposes is commonplace 
in electroplated plastic products. These bosses should have wall 
thicknesses that are less than 60% of nominal wall thickness and 
preferably should be 50% or less. Greater wall thicknesses are 
often designed for greater strength but they can cause molded in 
stresses and result in sink marks. As with ribs, a minimum radius 
of 25% of the nominal wall thickness or 0.4 mm at the base is 
recommended to reduce stress. Figure 111 below details the boss 
design guidelines. A minimum draft angle of 0.5° is required on the 
outside dimension of the boss to ensure release from the mold on 
ejection. In addition, a minimum draft of 0.5° is recommended on 
the internal dimension for proper ejection from the mold.
 Bosses adjacent to external walls (Fig, 121) should be positioned 
a minimum of 3 mm from the outside of the boss to avoid creating 
a material mass that could cause sink marks and extended cycle 
times.

 The minimum distance of twice the nominal wall thickness 
should be used for determining the spacing between two adjacent 
bosses. If bosses are placed too close together, thin areas of stand-
ing steel that are hard to cool will be created in the mold, which 
will affect the quality and productivity. See Fig. 13.1

 We talked about blind holes being a problem from an electro-
plating standpoint and they should be avoided if at all possible in a 
part that is to be electroplated. Blind holes can trap electroplating 
solution and cause excessive scrap. In some cases blind holes may 
have to be plugged before plating in order to prevent this scrap. 
In Figs. 14 and 15,1 details of the design criteria to be used when 
incorporating blind holes into a plastic part design are shown.
 As a general rule, the depth of a blind hole should not exceed 
three times the diameter of the hole. For diameters less than 5 mm, 
this ratio should be reduced to 2:1 if at all possible. From an injec-
tion molding standpoint, blind holes should have the thickness of 
the bottom greater than 20% of the hole diameter in order to elimi-
nate surface defects on the opposite surface. A better design is to 
ensure that the wall thickness remains uniform and that there are 
no sharp corners where stress concentrations can be generated.

Figure 9—Rib design guidelines.

Figure 10—Gusset design.

Figure 11—Boss design.

Figure 12—Boss design (external walls). Figure 13—Boss design (spacing at external walls).
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 Another design consideration that can affect the quality of the 
part is the distance that is left between two holes. This also applies 
to the distance left between a hole and the outer edge of a part. The 
minimum distance should be twice the wall thickness or twice the 
diameter of the hole, whichever is greater. Figure 161 shows the 
details of this design feature.
 One of the most important design features that can affect the 
electroplating quality is that of radii and corners. As we discussed 
earlier, sharp edges and corners should be avoided for plastic parts 
that are going to be electroplated because of the buildup of metal 
on these surfaces. In general, the largest radii possible should be 
used in every area of a part. Generous radii help reduce molded-
in stress concentrations in a part. The radii should normally be 
designed between 25 and 60% of the nominal wall thickness. This 
normally translates to a minimum radius of 0.5 mm and all sharp 
corners should have a radius of 0.125 mm minimum.
 The outside corner radius is very important because if improp-
erly designed stress will be introduced in the plastic as the melt fl ow 
passes around the corner. Figure 171 shows how the outside corner 
radius should be equal to the inside radius plus the wall thickness. 
In this way, the wall thickness is kept uniform throughout the 
corner and stress is minimized during the molding process.

 While the outside corner design is important, it is also critical to 
avoid sharp inside corners. Due to the difference in the ratio of area 
to volume of the polymer at the outside and the inside of the corner, 
the cooling at the outside is better than the cooling on the inside. As 
a result, as can be seen in Fig. 18,1 the material on the inside exhib-
its more shrinkage and therefore the corner tends to defl ect. Sharp 
corners result in high molded in stresses, poor fl ow characteristics, 
reduced mechanical properties, increased tool wear and surface 
appearance problems, and therefore should be avoided.
 The draft angles designed into the different features of a plastic 
part are also critical to proper injection molding conditions. Parts 
with inadequate draft will tend to stick in the mold, resulting in 
diffi culty ejecting the part. The resulting stress that is created in the 
areas of the ejection core pins can create problems in appearance, 
dimensional integrity and thermal-cycle performance of the fi nal 
part. Typically 1 to 3° of draft angle should be specifi ed for smooth 
walled parts, with a minimum of 0.5° draft per side recommended. 
For textured sidewalls it is necessary to increase the draft by 0.4° 
for each 0.1 mm of texture depth. This is necessary in order to eject 
the part without disturbing the texture pattern.
 In summary, the major part design guidelines that have a large 
impact on the injection molding process can be stated as follows:

1. Use uniform wall thicknesses throughout the part.
2. Use the least wall thickness that will meet the needs of the 

process, material selection and product design requirements.
3. Use generous radii at all corners and intersections.
4. Design parts with the maximum draft to facilitate easy ejection 

from the mold.
5. Instead of increasing wall thickness use properly designed ribs 

and gussets to improve part stiffness.
6. Wall thicknesses of bosses should be less than 60% of nominal 

wall to minimize sink on the Class A surface.
7. The inside radius should be at least half the part wall thickness 

on corners.
8. The outside radius should equal the inside radius plus the wall 

thickness on corners.
9. Sink can be minimized by maintaining rib thicknesses to 40 to 

60% of the walls they are attached to.
10. Draft angles for ribs should be a minimum of 0.25 to 0.5 

degree of draft per side.

Figure 14—Design criteria for blind holes I.

Figure 15—Design criteria for blind holes II.

Figure 16—Design criteria for hole spacing.

Figure 17—Design criteria for corner radii.

Figure 18—Consequences of inside sharp corners.
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General discussion of injection molding influences
Just as important as selecting the proper electroplating grade of 
ABS or PC/ABS, is selecting the proper molding conditions to 
produce a particular part. Because of the unique design of each 
part, every plastic part has a unique set of molding parameters that 
will result in the best overall performance. There are many ways 
in which a particular part can be processed, but compromises are 
always being made. It is up to the electroplater, working in close 
collaboration with the molding process engineer, to validate the 
platability and performance of each new product that is launched. 
Past experience will give you a starting point for processing, but 
only through trial and error can you determine the best overall 
injection molding processing to be used on a particular product.
 After material selection, the four most important characteristics 
of a molded part that determine the fi nal properties are polymer 
orientation, polymer degradation, free volume (molecular packing 
and relaxation) and cooling stresses.2 It is these characteristics that 
infl uence the dimensional stability and thermal cycle performance 
of injection molded parts.
 The plastic polymer can be degraded via excessive melt tem-
peratures or if it has been exposed at high temperatures for a long 
period of time, for example, because of machine downtime. In 
extreme cases, high shear rates can also cause the polymer to be 
degraded. Degrading the plastic resin can result in electroplating 
problems, such as limited adhesion of the metal layers due to inad-
equate surface etching.
 The amount of packing or hold pressure that is used during the 
molding cycle can infl uence the molecular packing and relaxation 
in a part. It is important for the polymer chains to be able to relax 
during the cooling cycle. If not, the dimensional stability at ele-
vated temperatures is affected and this could contribute to thermal 
cycle failure.
 Polymer orientation is often erroneously called molded-in 
stress. Stress is different than polymer orientation and should not 
be confused. Stress results from improper mold packing or uneven 
cooling in the mold after fi lling. Cooling stresses can result in the 
surface of the part being under compression, while the core is in 
tension. If we were to examine stress on a molecular level we 
would fi nd that it is a result of deformation at the bonds between 
atoms.2 Orientation, on the other hand, simply refers to the align-
ment of polymer chains, not whether they are stretched or not. 
When polymer chains are allowed to relax they take on a more 
spherical shape, as opposed to when they are aligned similar to the 
grain in a piece of wood.

 When plastic is injected into a mold it freezes at the colder sur-
face of the mold cavity, resulting in an underlying melt fl ow that 
stretches and orients the polymer chains as the melt progresses 
through the mold cavity. The part design can have a very signifi -
cant impact on this melt fl ow and the resulting polymer orientation. 
After the cavity has been fi lled, packing and cooling takes place. 
The stretching and shearing begin to dissipate and the polymer 
begins to relax at various degrees throughout the part. The over-
all net orientation is the difference between what was generated 
during the fi lling stage and how much it is allowed to relax during 
this packing and cooling stage.
 The speed at which the plastic is injected into the mold cavity 
will greatly affect the amount of orientation in a part and where in 
the part the orientation is the greatest. A fast fi ll speed will put more 
orientation on the surface of the part and less in the core. A slower 
fi ll speed minimizes surface orientation as the mold has more time 
to cool the melt while it fl ows through the cavity. Generally, a 
slower fi ll speed is advantageous to pass thermal cycle testing.
 Another factor which affects orientation of polymers is the 
melt temperature. Hotter melt temperatures result in less orien-
tation. Because hotter melt is less viscous it reduces the stretch-
ing and shearing forces that cause orientation. Hotter melts also 
cool slower; resulting in more relaxation after total fi ll has been 
achieved. Figure 192 shows the combined effect of fi ll rate and melt 
temperature, not only on the surface but also in the core orienta-
tion.
 The actual temperature of the mold surface has less effect on the 
polymer orientation than either the fi ll rate or the melt temperature. 
A hotter mold tends to reduce the orientation in the core because 
of slower melt cool down, which allows for more relaxation of the 
polymer chains. See Fig. 20.2

 Increasing the packing or hold pressure will generally increase 
part orientation because the polymers are not allowed to relax as 
much during cooling. See Figure 21.2

 Another signifi cant issue is the tendency of parts to warp at 
elevated temperatures. This tendency can lead to thermal cycle 
failures in some cases. When a part has been processed under 
molding conditions that generated molded-in core orientation and 
cooling stresses the part may warp. As can be seen in Figure 22,2 a 
higher melt temperature and a faster fi ll time will reduce molded-in 
orientation and thus reduce warping in a part.

Figure 19—Effect of fi ll rate and melt temperature on 
the surface and in the core orientation.

Figure 20—Effect of mold temperature on the 
surface and in the core orientation.

Figure 21—Effect of hold pressure on the surface 
and in the core orientation.
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 With a colder mold temperature, polymer orientation has less 
time to relax and fast cooling of the melt introduces cooling 
stresses into the part. Figure 232 shows the effects of not only mold 
temperatures, but also packing pressure on the warping of a part.
 Molding for electroplating is much more difficult than just 
molding for painting or for functional, non-decorative parts. The 
surface appearance, dimensional stability and fi nal metal adhesion 
are all equally important. The fi nal molding conditions are a com-
promise to achieve the best possible looking part, which will also 
pass the thermal cycle testing required. The adhesion failures that 
are normally observed, take place between the thin top layer at the 
surface and the plastic layer just underneath this thin surface layer. 
This area of a part is normally referred to as the boundary layer.
 The strength of this boundary layer is determined by the orienta-
tion which is generated during the melt fl ow through the cavity. If 
orientation in this area is minimized, adhesion is maximized. Once 
again, the two factors contributing to this orientation are the melt 
temperature and the rate at which the cavity is fi lled. As discussed, 
slower fi ll rates lower surface orientation and result in a stronger 
boundary layer. Higher melt temperatures allow for relaxation of 
the polymer, especially during slower fi ll rates. Figure 242 graphi-
cally shows the impact of both the fi ll rate and the melt temperature 
on adhesion.
 In Fig. 25, you can see a picture of a copper-nickel-chromium 
plated instrument cluster bezel that has failed thermal cycle testing. 
Note the blister pattern of the metal deposit shown in the right hand 
view. Part of the failure investigation involved chemically remov-

ing the metal layers to reveal the plastic substrate. Figure 26 shows 
the obvious boundary layer failure in the plastic. The light colored 
areas are actually the skin of plastic that separated during thermal 
cycle testing. The presence of this delaminated skin boundary was 
evidence that this instrument cluster bezel had been improperly 
molded and no matter how good the electroplating process is, this 
part has a high probability of failure.

Summary and conclusions
By understanding the electroplating process and how it is affected 
by the injection molding process, we can begin to get a better 
understanding of the causes of failures in electroplated plastic 
parts, especially those parts that are subjected to the extreme per-
formance requirements of the sanitary and automotive industries. 
By further understanding the injection molding process and how 
it is affected by certain design features, we can work with the 
design engineers to optimize design for manufacturing feasibility. 
Electroplaters of plastic parts can only control a certain number of 
manufacturing variables, but to be successful they must understand 
the relationships between all aspects of product development, from 
part design to fi nal assembly.  P&SF
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Figure 22—Effect of melt temperature and fi ll 
rate warpage.

Figure 23—Effect of hold temperature and mold 
temperature on warpage.

Figure 24— Effect of fi ll rate and melt temperature 
on plate adhesion.

Figure 25—Blisters visible on instrument cluster bezel.
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Figure 26—Analysis of plating blisters on instrument cluster bezel.
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