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1 Executive summary 
 
For the parts configuration and process parameters as provided by YYY, the analysis below 
indicates that XXX Door Handles will not be plated within specifications. The production of scrap 
parts is due to: 

 

·  high probability of rough copper deposit defects at the top and bottom rows; 

·  high probability of nodular nickel deposit defects at the top and bottom rows; 

·  high probability of chrome burn defects at the top and bottom rows; 

·  nickel show (= no chrome coverage) at the back side of the parts; 

·  nickel and copper layer thickness values below specifications on A and B type surfaces. 
 
Due to the fact that the nickel layer thickness values are not within specifications, the parts will fail 
to pass corrosion tests, e.g. CASS salt spray tests. 
 
The plating process has been analyzed for the acid copper, semi-bright nickel and hexavalent 
chrome plating steps. 
 
Since the defects occur on a large number of parts, it will not be possible to solve the problem 
solely based on adjusting process parameters.  Instead, the parts configuration will need to be 
changed, and additionally tooling components (e.g. shields, current robbers, conforming anodes) 
will need to be designed and engineered. 
 
 
2 General process information 
 

Native CAD file type CATIA 

Native CAD file name POPFA106.SLDRPT 

# faces 53 

Table 1: general data  
 
2.1 Definition of A, B, C type surfaces and insulat ed surfaces 
 

  Surface area [dm 2] 

A-type surfaces in full sight when mounted on the end product 0.98 

B-type surfaces side viewed when mounted on the end product 0.32 

C-type surfaces not visible when mounted on the end product 0.29 

Insulating surfaces resist painted, waxed, taped 0.33 

 Total: 1.92 

Table 2: surface types overview  
 

 
 

Figure 1: definition of A, B, C and insulating type  surfaces (colour code as in table 2)  
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2.2 Part load and tank configuration  
 

  Width (inch) Length (inch) Height (inch) # Anodes  

Tank 23.6 38.9 59.0  
Copper 

Anodes  9.8 3.94 51.1 4 

Tank 23.6 38.9 59.0  
Nickel 

Anodes  9.8 3.94 51.1 4 

Tank 23.6 40.9 59.0  
Chrome 

Anodes  2.36 (diameter) 59.0 10 

Table 3: Tank geometry 
 
Note: the tank height as listed in table 3 is defined from tank bottom to electrolyte surface; the tank 
width is defined from anode cage to anode cage; the tank length is defined from tank wall to tank 
wall if only one rack is present on the flight bar, otherwise only a tank segment containing one rack 
is considered, defined by the symmetry plane(s) with neighbour rack(s).   
 
In this case, all copper tanks have the same dimensions and anode configurations, same for the 
nickel tanks. 
 

 
 
Figure 2:  Parts orientation in the plating tank se gment (left, centre) and parts to be analyzed in de tail (right)  
 

# parts horizontally # parts vertically Single / Do uble Plane 

6 6 Double 

Table 4: Rack input data 
 
2.3 Process Parameters  
 

 Cu strike acid Cu Semi-br Ni high S Ni bright Ni mi cro-p Ni Cr VI 

A-type surfaces 3 micron 15 micron 12 micron 1 micron 4.5 micron 2.5 micron 0.25 micron 

B-type surfaces 1 micron 7 micron 6 micron 0.5 micron 2 micron 1.0 micron 0.10 micron 

C-type surfaces N / A N / A N / A N / A N / A N / A N / A 

Table 5: layer thickness specifications 
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 Cu strike acid Cu Semi-br Ni high S Ni bright Ni mi cro-p Ni Cr VI 

Plating time 04:50 26:05 20:00 04:50 10:30 02:45 00:30 / 03:40 

Ramp up time 60 s 30 s N / A N / A N / A N / A N / A 

Total current 125 A 350 A 377 A 210 A 408 A 342 A 1400 / 1100 A 

Bath supplier Atotech Atotech MacDermid MacDermid MacDermid MacDermid MacDermid 

Table 6: Process parameters 
 
Note: the copper strike and acid copper plating steps have a linear ramp up of the imposed current 
in time; the hexavalent chrome plating step has a flash and a plating stage, with different imposed 
current values. 
 
 
3 Simulation results 
 
3.1 Acid copper 
 

 average maximum minimum std 

Current 5.04 A 7.60 A 3.88 A 1.16 A 

Deposit weight 2.46 g 3.65 g 1.93 g 0.54 g 

Deposit thickness A type 19.0 micron 27.5 micron 15.3 micron 3.9 micron 

Deposit thickness B type 8.0 micron 11.8 micron 5.7 micron 1.4 micron 

Deposit thickness C type 7.8 micron 15.1 micron 5.2 micron 3.5 micron 

Table 7: overview of simulated plating results per part  
 
Note: the deposit thickness is integrated and averaged per part over all A-type surfaces, 
respectively B- and C-type surfaces per part; it is these part averaged values that make the basis 
for the statistical analysis as presented in table 7.   
 
An overview of the layer thickness distribution over all parts (one side of the rack) is given in figure 
4, with a zoom-in for the centre and edge sample parts (rack positions as defined in figure 2) in 
figure 5. 
 
For those two sample parts the layer thickness is analysed in more detail both graphically (figures 
3a and 3b) and statistically (table 8). The centre part reflects the situation for a group of parts with 
the lowest average deposit thickness, while the edge part has the highest deposit thickness out of 
all parts on the rack. 
 

 Centre Part Edge Part 

Current 3.88 A 7.26 A 

Deposit weight 1.94 g 3.65 g 

Deposit thickness A type 15.3 micron 27.5 micron 

Deposit thickness B type 5.7 micron 11.8 micron 

Deposit thickness C type 5.3 micron 14.2 micron 

A –type surface area within spec’s 58.3 % 80.8 % 

B –type surface area within spec’s 14.5 % 95.4 % 

Total excess plating factor  1.08 2.05 

Table 8 – overview of simulated plating results for  the centre and edge part  
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The risk for layer defects (rough deposits) is indicated in figure 6.  24 parts have a high probability 
for layer defects and the other parts have a low probability. 
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Figure 3a – Thickness distribution bar chart of the  acid Cu deposit thickness for centre part (grey) a nd edge part 

(blue) for A type surfaces 
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Figure 3b – Thickness distribution bar chart of the  acid Cu deposit thickness for centre part (grey) a nd edge part 

(blue) for B type surfaces 
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Figure 4 – acid Cu deposit thickness distribution a t front side (left) and back side (right) of the pa rts  

 

  

  
 

Figure 5 – acid Cu deposit thickness distribution o ver the centre part (left) and the edge part (right ) 
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Figure 6 – defect probability for acid Cu layer – t op of rack (figure above) and bottom of the rack (f igure below); 
Blue = low; orange = medium; red = high 
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3.2 Semi-bright Nickel  
 
 

 average maximum minimum std 

Current 5.23 A 7.82 A 4.08 A 1.18 A 

Deposit weight 1.89 g 2.82 g 1.48 g 0.42 g 

Deposit thickness A type 15.4 micron 21.9 micron 12.5 micron 3.0 micron 

Deposit thickness B type 4.9 micron 7.8 micron 3.0 micron 1.1 micron 

Deposit thickness C type 5.0 micron 11.2 micron 2.7 micron 2.9 micron 

Table 9: overview of simulated plating results per part 
 
Note: the deposit thickness is integrated and averaged per part over all A-type surfaces, 
respectively B- and C-type surfaces per part; it is these part averaged values that make the basis 
for the statistical analysis as presented in table 9.   
 
An overview of the layer thickness distribution over all parts (one side of the rack) is given in figure 
8, with a zoom-in for the centre and edge sample parts in figure 9. 
 
For those two sample parts the layer thickness is analysed in more detail both graphically (figures 
7a and 7b) and statistically (table 10).  The centre part reflects the situation for a group of parts the 
lowest average deposit thickness, while the edge part has the highest deposit thickness out of all 
parts on the rack. 
 
 

 Centre Part Edge Part 

Current 4.08 A 7.82 A 

Deposit weight 1.48 g 2.82 g 

Deposit thickness A type 12.6 micron 22.0 micron 

Deposit thickness B type 3.0 micron 7.8 micron 

Deposit thickness C type 2.9 micron 10.3 micron 

A –type surface area within spec’s 40.4 % 73.0 % 

B –type surface area within spec’s 1.7 % 57.8 % 

Total excess plating factor  1.04 1.98 

Table 10 – overview of simulated plating results fo r the centre and edge part 

 
The risk for layer defects (rough deposits) is indicated in figure 10.  24 parts have a high probability 
for layer defects and the other parts have a low probability. 
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Figure 7a – Thickness distribution bar chart of the  semi-bright Ni deposit thickness for centre part ( grey) and edge 

part (blue) for A type surfaces  
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Figure 7b – Thickness distribution bar chart of the  semi-bright Ni deposit thickness for centre part ( grey) and edge 

part (blue) for B type surfaces  
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Figure 8 –semi-bright Ni deposit thickness distribu tion at front side (left) and back side (right) of the parts 

 

  

  
Figure 9 –semi-bright Ni deposit thickness distribu tion over the centre part (left) and the edge part (right) 
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Figure 10 – defect probability for semi-bright Ni l ayer – top of rack (figure above) and bottom of the  rack (figure 

below); Blue = low; orange = medium; red = high 
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3.3 Hexavalent chrome  
 
 

 average maximum minimum std 

Current 15.3 A 23.0 A 11.6 A 3.6 A 

Deposit weight 0.047 g 0.084 g 0.031 g 0.017 g 

Deposit thickness A type 0.50 micron 0.83 micron 0.34 micron 0.16 micron 

Deposit thickness B type 0.11 micron 0.21 micron 0.05 micron 0.04 micron 

Deposit thickness C type 0.13 micron 0.42 micron 0.04 micron 0.12 micron 

Table 11: overview of simulated plating results per  part 
 
Note: the deposit thickness is integrated and averaged per part over all A-type surfaces, 
respectively B- and C-type surfaces per part; it is these part averaged values that make the basis 
for the statistical analysis as presented in table 11.   
 
An overview of the layer thickness distribution over all parts (one side of the rack) is given in figure 
12a, with a zoom-in for the centre and edge sample parts in figure 13.  Figure 12a depicts the layer 
thickness distribution over all parts in binary format, thereby indicating in red colour all zones that 
are predicted to receive a layer thickness of less than 0.05 micron.  In practice, these zones will be 
very susceptible to nickel show problems, i.e. the lack of full chrome coverage.  The problem 
occurs on the majority of all parts. 
 
For those two sample parts the layer thickness is analysed in more detail both graphically (figures 
11a and 11b) and statistically (table 12).  The centre part reflects the situation for a group of parts 
the lowest average deposit thickness, while the edge part has the highest deposit thickness out of 
all parts on the rack. 
 
 

 Centre Part Edge Part 

Current 11.65 A 22.70 A 

Deposit weight 0.031 g 0.083 g 

Deposit thickness A type 0.34 micron 0.82 micron 

Deposit thickness B type 0.05 micron 0.21 micron 

Deposit thickness C type 0.04 micron 0.35 micron 

A –type surface area within spec’s 69.7% 84.8% 

B –type surface area within spec’s 8.8% 88.2% 

Total excess plating factor  0.66 1.79 

Table 12 – overview of simulated plating results fo r the centre and edge part 
 
The risk for layer defects (chrome burn) is indicated in figure 15.  12 parts have a high probability 
for layer defects, 12 parts have a medium probability and the other parts have a low probability. 
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Figure 11a – Thickness distribution bar chart of th e hexavalent Cr deposit thickness for centre part ( grey) and edge 

part (blue) for A-type surfaces  
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Figure 11b – Thickness distribution bar chart of th e hexavalent Cr deposit thickness for centre part ( grey) and edge 

part (blue) for B-type surfaces  
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Figure 12a – chrome deposit thickness distribution at front side (left) and back side (right) of the p arts 

 

 
Figure 12b – zones with high Ni show probability (<  0.05 micron Cr) at back side of the parts - indica ted in blue 
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Figure 13 chrome deposit thickness distribution ove r the centre part (left) and the edge part (right) 

 

 

    
Figure 14 – defect probability for chrome layer – t op of rack (left) and bottom of the rack (right); 

Blue = low; orange = medium; red = high 


